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ABSTRACT

This study was conducted to describe the distributions of both native and
nonnative fishes and to identify spatial patterns in fish assemblage structure of Muddy
Creek in the upper Colorado River basin of Wyoming using data collected from 77
reaches during 1999-2004, Fish assemblages in high-elevation reaches were
characlerized by brook trout (Salvelinuy fontinalis) and represented a coldwater faunal
zone. Reaches at lower elevations were characlerized by warmwater fish species. The
upper segment of the warmwater faunal rone contained four native (i.e., bluchead sucker
[ Catostomus discobolus], Nannelmouth sucker |C. latipinnis), speckled dace [Rhinichthvs
oscufis], roundtail chub [Gila rebusia]) and two nonnative (i.e.. white sucker [C.
commersoni] and creek chub [Semotilus atromaculars]) species. The lower segment of
the warmwater faunal zone included species present in upstream segments and three
additional nonnative species (i.e., common carp [Cyprinns carpio], redside shiner
[Richardsonins baleains], and Tathead minnow [Pimephales promelas]). Dilferences in
lish assemblage structure between coldwater and warmwater faunal zones were likely due
o physiological constraints of species adapted for either coldwater or warmwater
habitats. Changes in fish assemblages over the warmwater faunal zone are due to
introduction and naturalization of nonnative fishes and anthropogenic barriers preventing
upstream movements and colonization by some of these species.

INTRODUCTION

Understanding spatial patterns in fish assemblage structure is critical for the
conservation and management of native fishes (Matthews 1998, Jackson et al. 2001,
Wright and Li 2002). A large body of knowledge has accumulated regarding the spatial
distribution of fishes in stream systems. A prominent concept in stream ecology [oeuses
on longitudinal gradients that structure fish assemblages through either the addition of
species or faunal zonation. Species addition is the gradual addition of species with
downstream progression (Matthews 1998}, In some streams, species are simply added
without replacing other species {e.g., Sheldon 1968, Morin and Naiman 1990); whereas in
other syslems, species are added while others disappear from the assemblage (e.g., Gard
and Flitner 1974, Malthews 1998). Zonation cccurs when ecologically-similar species
form unique assemblages in response to abrupt changes in habitat, such as thermal
conditions or channel morphology (Huet 1939, Winemiller and Leslie 1992, Kirchhofer
1995),
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Mearly all studics focusing on spatial patterns of fish assemblage structure have
been conducted in the eastern and midwestern U.S. {e.g., Lotrich 1973, Matthews 1986).
These studies generally support the notion that species richness increases with
downstream progression (Angermeier and Schlosser 1989). Many changes in fish
assemblage structure are gradual with little or no evidence of biotic zonation; so biotic
zonation is oflen ignored as a feature of fish assemblage structure in eastern and
midweslern regions (Matthews 1998). In contrast, many streams in the western U.S.
originate in montane habitats and then transition, often abrupily, to prairie or desert
habitats. As such, coldwater and warmwater faunal zones are common. However, only
recently have spatial patterns in fish assemblage structure been investigated for western
streams (e.g., Hughes and Gammon 1987, Rahel and Hubert 1991, Wright and Li 2002,
Quist et al, 2004). Not only are more studies needed to contribute knowledge on the
organization of fish assemblages, but threats to native fishes from water development and
ivasions of nonnative species illustrate the importance of understanding factors affecting
fish assemblage patterns in western streams (Richter et al. 1997, Minckley et al. 2003),

Our purpose was o examine spatial patterns in {ish assemblage structure in Muddy
Creek (Little Snake River watershed of the upper Colorado River basin} of Wyoming.
Specifically, we sought to determine how species were distributed and whether there were
distinct assemblage tvpes (i.e., repetitive species associations) in the watershed.

MATERIALS AND METHODS
Muddy Creek, a tributary to the Little Snake River in southcentral Wyoming (Fig,
1}, is an area of high conservation value for native [1shes because it historically contained
populations of Colorado River cutthroat wout { Oncorhynchus clarki plewriticus) and
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Figure 1, Map of the Muddy Creek watershed, Wyoming. Sampled reaches { 1999-2004)
are indicated by open circles.
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currently contains populations of roundtail chub (Gila robusta), bluehead sucker
(Catostomus discobolus), and flannelmouth sucker (C. latipinnis), all species of high
conservation concern (e.g., Bezzerides and Bestgen 2002). The watershed is about 2,500
km’, and elevation varies from 2,500 m in the headwaters to 1,900 m at the confluence of
Muddy Creek with the Little Snake River. Topography in the watershed is variable with
gentle to moderately-sloping flats and hills, badlands, and canyons with steep slopes.
Most of Muddy Creek and its tributaries have perennial flow, but Barrel Springs Draw
and Muoddy Creek downstream of its confluence with Barrel Springs Draw are generally
intermittent during July and August. Streams in headwater areas flow through narrow,
mederately-steep valleys and have channel gradients of 2-4%. Welted stream widths are
generally less than 2 m, and substrate is dominated by gravel with some cobble, boulder,
and sand. As streams flow off the mountains and onto the plains, channel gradients are
reduced (< 1%), stream width increases (< 3 m), and substrate becomes dominated by silt
and sand in pool habitats and gravel in riffle habitats. The stream has high turbidity
during periods of high flow and experiences wide fluctuations in temperature and
dissolved oxygen during summer. Primary forms of instream structure include woody
debris (e.g., waterbirch [Beula occidentalis], willow [Salix spp.]), and submerged aquatic
vegetation (e.g., Potamogeton spp.).

Muddy Creek has experienced water development for agricultural uses, bank
stahilization, and instream struclures huilt to prevent upstream movement of nonnative
brook trout (Salvelinus fontinalis) as part of cutthroat trout restoration activities.
Progressing upstreamn from the mouth of Muddy Creek, the first barriers to upstream
movements by fishes are a series of dams (> 1.0 m high) constructed in the 1980s (o
creale wetlands and store water for agriculiural use. The next barrier is a concrete
structure (~10 m high} constructed in 2002 to stabilize a large headeut that was
progressively moving upstream. A small irrigation diversion structure constructed in
2002 farther upstream may prevent upstream movement of fishes during low flow periods
but is probably not a barrier during high flow periods. Lastly, two [ish barriers were
constructed as part of cutthroat trout restoration activities—one on Muddy Creek (1995)
and one on Littlefield Creek (1999).

Fish were sampled during June-August 1999-2004 in 200 m reaches with a
backpack electrofishing unit. Immediately following electrofishing. fish were also
sampled in each reach using a bag seine in pool and run habitats. Seventy-seven reaches
were sampled, 68 of which were upstream of the wetland complex. All captured fish
were identified (o species, counted, and released.

Elevations ol sampled reaches were estimated by combining global positioning
system coordinates with a digital elevation model for the watershed. The median,
percentiles, and range of elevation where each species was lound were calculated using
the Statistical Analysis System (SAS Institute, Cary, North Carolina) to provide insight on
longitudinal patterns of species occurrence. Similarities in the presence or absence of
species among reaches were evaluated by calculating Jaccard's index of similarity for
each pair of species (Jongman et al. 1993), The unweighted pair-group method was used
to cluster the matrix of similarity indices. Results of this analysis produced a dendrogram
depicting those species that were most often collected in sympatry (Matthews 1998),
Cluster analysis was conducted using NTSY Spe version 2.1 (Exeter Software, Setauket,
New York).

RESULTS
Five native and six nonnative species were sampled (Table 1). Speckled dace
i Rhinichthys ayxculus), creek chub (Semorilus atromaculaims), white sucker (Catostoms
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commersoni), and roundtail chub were the most common species and were present in over
75% of the sampled reaches. We found similar patterns of occurrence when only data
collected upstream of the wetland complex were considered. The most commaon species
upstream of the complex included two introduced species (white sucker and creek chub)
and two native species (speckled dace and roundtail chub). Common carp, fathead
minnew, and redside shiner were not sampled upstream of the wetland complex.

Brook trout occurred in high-elevation reaches (Fig. 2). Mountain sucker
[ Catostamus platyrhynchus), bluehead sucker, creek chub, and speckled dace occurred
with brook trout in a few reaches, but they also occurred throughout the watershed in
sympatry with other warmwater fishes. The only exception was mountain sucker, which
was generally restricted to higher elevations. We observed no evidence of a gradual
addition of native species with progression downsiream. Three nonnative species
{common carp, redside shiner, and fathead minnow) were added downsiream of the
wetland complex.

Jaccard index values of similarity varied from O to 0.86, indicating that some
species were never collecied together while other species were almost always found in
sympatry (Fig. 3). Brook trout and mountain sucker often occurred together in coldwater
portions of the system. Creek chub and speckled dace almost always occurred in the
same reaches and were oflen sampled in association with white sucker, roundtail chuh,
bluehead sucker, and flannelmouth sucker. This group of species generally comprised fish
assemblages upstream of the wetland complex. Redside shiner and common carp were
often collected in the same reaches and, along with fathead minnow, represented fish
assemblages in the lower segment of Muddy Creek.

Table 1. Occurrence of fish species in Muddy Creek, Wyoming. * = nonnative species.

All reaches (N = 77} Reaches upstream of the
welland complex (N = 68)
Number of g MNumber of %
Species reaches reaches
Salmonidae
Brook trout® 3 6.3 3 74
Cyprinidae
Common carp® 2 2.6 4] 0
Creek chub™* o7 870 59 86.8
Fathead minnow® 1 13 0 0
Redside shiner® 3 30 0 i
Roundtail chub 58 15:3 35 a0.9
Speckled dace 69 89.6 63 92.6
Catostomidae
Bluehead sucker 50 64,9 46 67.6
Flannelmouth sucker 42 54.5 40 58.8
Mountain sucker G 78 6 8.8
White sucker® 63 818 55 209
DISCUSSION

We observed biotic zonation in Muddy Creek, with two distinct faunal zones—a
coldwater faunal zone dominated by brook trout and a warmwater faunal zone comprised
of native and nonnative cyprinids and catostomids. The warmwater faunal zone may he
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further described as having upper and lower segments, where fish assemblages upsiream
of the wetland complex included bluehead sucker, flannelmouth sucker, white sucker,
speckled dace, roundtail chub, and creek chub, and fish assemblages downstream of the
wetland comples included all fishes found in the upstream warmwater segment plus
fathead minnow, common carp, and redside shiner.

A short transitional area was observed between the coldwater zone and the
warmwaler zone with a fish assemblage comprised of mountain sucker, speckled dace,
creck chub, while sucker, and bluchead sucker. OF these species, only mountain sucker
was not also found in strictly warmwater habitats, suggesting that it may be the sole
representative of a coolwater or transitional faunal zone. Once in the warmwater zone,
fish assemblages generally contained the entire suite of native lishes with no addition of
native fishes with downstream progression.

Changes in fish assemblage structure with progression downstream in the
warmwater zone were due (o addition of nonnative fishes and influences of instream
structures that prevent upsiream movements by fishes. Specifically, common carp,
fathead minnow, and redside shiner were added to the fish assemblage in the lower
segment of the warmwalter zone, and their presence in upsiream areas was likely
prevented by the wetland complex. Fathead minnow and common carp have general
habitat requirements (¢.g., Cooper 1987, Matuszek et al. 1990, Quist el al. 2003).
Redside shiner is commonly found in both coldwater and warmwaler streams (e.2.,
Zaroban et al. 1999, Wright and Li 2002). Thus, if these three nonnative species had
access to the upper segment of Muddy Creek, they would likely invade the entire
warmwater zone.
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Figure 2. Box plots of elevation (m above sea level) for 77 stream reaches in the Muddy
Creek watershed, Wyoming. during 1999-2004. ALL = all reaches; BKT =
brook trout, MTS = mountain sucker; BHS = bluehead sucker; FM5S =
flannelmouth sucker; SPD = speckled dace; CKC = creek chub; RTC =
roundtail chub; WHS = white sucker; CRP = common carp; RSS = redside
shiner; and FHM = fathead minnow (FHM was collected from only one reach).
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Muddy Creek did not exhibit a gradual addition of fish species [rom the
headwaters to the plains, but a rapid transition from species associated with cold,
mountain streams to species associated with warm, plains streams. Once on the plains
and in the warmwater zone, there was no addition of native species with downstream
progression. Changes in fish assemblage structure with downstream progression were
associated with addition of nonnative fishes and influences of barriers to upstream
maovement by nonnative fishes. The observed pattern of fish assemblage structure is
probably not unique to Muddy Creek because many headwater streams in the upper
Colorado River basin have similar geomorphology and human disturbances (i.e., barriers).

EI' 8 S I'.I:'Zl 043 065 0.36
Jaccard's index

Figure 3. Dendrogram depicting reach similarity among species sampled from 77 stream
reaches in the Muddy Creek watershed, Wyoming, during 1999-2004. ALL =
all reaches; BKT = brook trout, MTS = mountain sucker; BHS = bluchead
sucker; FMS = flannelmouth sucker; SPD = speckled dace; CKC = creek chub;
RTC = roundtail chub; WHS = white sucker; CRP = common carp; RSS =
redside shiner; and FHM = fathead minnow.
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