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Apsrraci—Native fishes of the Upper Colordo River Basin have experienced substantial de-
clines in abundance and distribition, and are extirpated from most of Wyoming, Mueddy Creek,
in south-central Wyoming (Linde Snake River watershed ), contains ssmpatric populations ol native
roundtail chub {(Gils mbusa), bluoehead sucker, { Cafostomus discofalus), and flannelmoarh sucker
(O dagipimnds), and represents an arca of high conservation concern because it is the only arca
koown o have sympatic popolations of all 3 species in Wyoming, However, introduced creek
chuby (Nemedifoes atromacidotesy are abundant and might bave a negative influence on native fishes,
We assessed summer foodd haabits of roundail chob and creck chub o |)|'1:|ﬁ1’i{" information on the
coology of cach species and obtain insight on potential rophic overlap, Roundeail chob and creek
chub seemed w be opportunistic generalists that consumed a diverse array of food iems, Stomach
contents of both species were dominated by plant material, agquatic and terrestrial insects, and
fishes, but also included gastropods and mussels. Stemach conwents were similar berween species,
indicating high trophic overlap, No length-related patterns indiet were observed for cither spe-
cies, These resulis suggest that creck chubs bave the potential o adversely influence the roundeail
chub population through competition for food and the native fish assemblage through predation.

FesvseEsN—Peces nativos de Upper Colorado River Basin han experimentado una decadencia
substancial en abundancia v distribucion, v han sido eliminados de T mavor parte del Estado de
Wyeming., Muddy Creck, en la parte sur central de Wyoming (la cucnca del Linle Snake River),
conticne pollaciones simpatricas del charalivo aleta redonda (Gile redusta), v ode los maalotes
Cootostommes diseobofies, v O fafifinms v representa c

area de alta preccupacion para la conservacion
debido a que es la dnica drea conocida gue nene poblaciones simpatricas de las tres cspecies en
Wyoming. Sin embargo, L especie exanca Sy afromandatus, es abundante v puede tener una
influencia negativia en los peces nativos. Analizamos [os hibitos alimenticios de € mobusta v 5
afromacwlalos con el l:rl‘.!!f.‘!ilu'l:l e proveer informacion sobre la ecologia de cada especie v obtener
ieleas con respecto o una posible superposicion tofica entre ambas especies, Gile reduste v 5.
erfromercdadens parceen ser generalistas v oportunistas que consumen una diversidad de alimenos
Material vegeal, insecios acwiticos y terrestres, v peces dominaron los contenidos estomacales de
ambas especies, aunogue gasterdpodos v moluscos mmbién fueron detectados. Los contenidos es-
tommacales de ambas especies fueron similares, lo que indica una alta superposicion rrafica, Ningin
patran en dicta relacionado con longitad fue observado en estas dos especies. Los resaludos de
st invesiigacion sugicren que S afrmueadadus tene el potencial de afectar negativamente a (2
rafesta o traves de una competencia por alimentos voal gropo de peces nativos g través de la
depredacidn,

Mative fishes of the Upper Colorado River

Basin (UCRB) have experienced substantial
declines over the last 10y (Minckley and Dea-
con, 1991; Tyus and Saunders, 20003, Several
native species receive federal protection (eg.,
endangered bonviail, Gile elegany, Colorado

pikeminnow, Plychocheilus lucius;, and razorback
sucker, Xyrauchen texanus), and many others
are listed by various state and tribal agencies
(Tyus and Saunders, 2000; Berzzerides and
Besigen, 2002). Though not federally protect-
ed under the Endangered Species Act, the
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roundtail chub, Gila rolesia, has experienced
dramatic declines in disiribution and abun-
dance across its native range, Bezrerides and
Bestgen (2002) estimated that roundiail chub
oooupy approximately 55% of their historical
UCRE habitais. Mechanisms responsible for
the decline of roundrail chub and other native
fishes in the UCRE are complex and include
the elfects of water development, habitan deg-
radation, and interactions with nonnative spe-
cies {Minckley and Deacon, 1991; Tvus and
Saunders, 2000; Minckley ot al,, 2003),

The native fish assemblage in the Colorado
River drainage of Wyoming includes 11 species
{Baxter and Stone, 19953, Rarorback sucker,
honytail, and Colorado pikeminnow probably
have been extirpaced, and bluehead sucker
Mannelmouth  sucker
LD datipinais), and roundail chub are rare in
Wyoming (Baxter and Stone, 1995). Roundeail
chub is considered imperiled by the Wyoming
Natural Diversity Database and sensitive by the
United States Bureau of Land Management.
The Wyoming Game and Fish Department
identihes roundil chub as experiencing on-
going, significant losses of habima, with popu-
lations that are greatly vestricted or declining,
with the possibility of extinction (Miller and
Weitzel, 20003),

Muddy Creek, a cold-desert steppe stream in
soth-ce

{ Certostomus  diseobodis),

ral Wyoming, is a wibutary 1o the
Little Snake River and is the only known area
in Wyoming with sympatric populations of
roundtail chub, bluehead sucker, and flannel-
mouth sucker. The Muddy Creek watershed is
approximately 2,500 km® and ranges in eleva-
tion from 1,900 e 2 500 m abowve sea level, His-
torically, downstream reaches of Muddy Creek
were dominated by native warmwater species
(e, roundiail chub, bluchead sucker, lan-
nelmouth sucker), but creck chub { Semotifis
atromanulaius)  and white sucker ( Calostomus
commersarid) have invaded lower reaches, The
effects of creek chub and white sucker on na-
e warmwaler species in Muddy Creek are not
well understood, The likely ellect of white
sucker on native species is through competitive
interactions and hvbridization with native suck-
ers (Bezzerides and Besigen, 2002). Creek
chub is native o the castern USA and might
compete with roundtail chub or prev on native
lishes (e, Dinsmore, 1962 i
Mincklev, 19713, Creek chub is of particular

Barber a
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concern given that nonnative predators are a
major factor influencing native fishes in the
Colorade River basin  (Bestgen and Propst,
1985, Despite the current status of roundeail
chub throughout its native distribution, round-
tail chukb is one of the leastsiudied and leas-
understood species in the UCRE (Beezerides
and Besigen, 2002), partcularly in Wyoming,
where litde is known about their ecology.
Therelore, this study was conducted 1o 1) de-
seribe the summer food habits of roundeail
chub and creek chub, 2) determine if there is
trophic overlap between the 2 species, and 3)
determine i creek chub prey on native fishes
in Muddy Creck.

MeTHOps—Roundiail chob and creek chub were
collected from Muddy Creek approxvimately 70 kim
upstream from its confluence with the Litle Snake
River during July 204 using a backpack elecirofish-
g unit (Smith Roor, Model 1228, Vancouver, Wash-
imgion). Ouwr sampling was limited 1o the collection
ol 5 fish of each species doe o the rarity and stas
of roundiail chub, However, we attempied o collect
al least 10 fish per Scm length group w account for
protenrial variation in diet doe o fsh length, Col-
lected Tish were immediately enthanized and wial
lengrh (TLY was measured 1o the nearest millimeter,
The entire digestive tract was removed from each
fish b cutting at the junctions of the csophagus and
the vent, and then Axed m 10% formalin (Bowen,
|R2.2T5Y]

Wee idennfied prev items in stomachs o the lowest
posssible tixonomic level (genevallv order o family}
vsing kevs by Eddy and Underchill (1978), Pennak
(19780, Merrint and Commins {1984, and Sublete
el al, (199 . Prev items in stomachs were counted
amel weighed 1o the nearest 0000 g, Prev items in
intesines also were examined, bor digeston limited
our analysis 1o a description ol presence or absence
of prey .

stomach coments of roundiail chub and oreck
chub were summarized using frequency of accur-
rence {HHY X number of Ash with prey tasa /o)
mumber ol fish), percent ocourrence by nomber
{HHE = namber of prey taxa i/ total number of prey
itemis], and percent occarrence by weight (10 =
weight ol prev msa iwtal weight of prey items)
(Bowen, 19967, Percent by number and percent by
weight were determined for each individual and av-
eraged 1o oblain an estimate of the relative impor-
tance of each prev taxon in the dier Length-relaed
pallerns in prey consumption were exaimined by
plowting percent by number or percent by weight of
each proy taxon against fish length, Linearregres-
sionn analysis also was used o examine length-related
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tremels by regressing percent by number and percent
by weight of each prey taxon against fish length. The
magnituee of trophic overlap berween roundiail
chubraned creck chinh was evaloated wsing Schoener’s
incex of rophic overlap: &, = 1 — H.:_rl:\_"'.llf.l__, &5 .'r"--l]'
where € s the index value, {5 the proportion ol
prev F used by species x, aned p s the proportion ol
prev § used by species v (Schoener, 1971 Crowder,
19500 Baswoen, caloilaned
using percent by number and percent by weight.

1966, Index values were

ResUL Ts—Roundail chubs ranged fromm )
to 25% mm TL {mean = S 1641 = 7.5 mm;
o= 51 and creek chubs ranged from 70 o
175 mm TL {132.0 = 5.8 mum; » = 50). Emply
stomachs were observed for 34% of the round-
tail chubs and 28% of the creek chubs, Results
of regression analses (roundiail chub, r# =
0.01 1o 0,16 and P = 0,06 w L96 among spe-
cies; creek chub, ¢2 = (0L01 to (L 12 and P = 0.03
o (9% among species) and examination of bi-
variate plots did not indicate length-related
trends, The most comman items in roundtail
chub stomachs were dewits (e, plant mate-
rial}t, aquatic and terrestrial insects, and Ashes
(Table 1}, Although we were unable to identify
many prey items due 1o mastication and diges-
tiomn, @ large portion of the idenifable insects
were of terrestrial origin (44% ), We were un-
able 1o identify the fish species consumed by
roundail chub, except for a creek chub con-
surmed by a 2549 mm TL roundtail chub, Pisciv-
orous roundiail chubs were 95 1o 25% mm TL.
In addition, mussels (Veneroida) were Tound
in the stomachs of roundiail chubs. The only
prey items found in the intestines and not in
the stomach were leptocerids (Trichoprera),

The most commaon prey items observed in
terrestrial and
aquatic insects, followed by detritus and fishes
(Table 1), Similar w roundiail chub, a large
portion of the identifiable insects were of ter-
restrial origin (43% ). Plscivorous creek chubs
were 144 1o 175 mm TL, We were unalble 1o

creck chub stomachs were

identify the species of most fishes consumed,
but we identificd one creck chub (consumed
bv i 144 i TL fish b and one bluehead sucker
(eonsumed by a 175 mm TL hish). Leprocerids
were the only prey items observed in creck
chub intestines that were not found in stom-
achs.

Detritus and unidentified insects were the
maost frequent {by number and weight) prey of
roundreail chub (Table 1), but lishes were also

visl, B, mes, |

important in the diet and averaged 12% of
both the number and weight of all prey in
stomachs. Among identifiable insects, brachy-
centrids were relatively important in the dier
of roundtail chub, but were not extremely
commoen. Additional prey taxa of high impor-
tance 1o roundiail chub included aguatic in-
sects, such as larval Diptera, Trichoptera, and
Siphlonuridae, and terrestrial invertebrates,
such as ams (Formicidae) and grasshoppers
fAacrididac).

Insects and plant material were the most fre-
quent (by number and weight) prev items in
creck chub stommachs (Table 1), The next most
frequent prey items with respect to number
were ants, larval Gomphidae, and hishes. These
sarme prey items were most frequent with re-
gard to weight, but the order of importance
was larval Gomphidae, fishes, and ants. Addi-
tional prev @axa important in creek chub diegs
included mussels, Tarval Trichoptera (Limne-
philidac and unidentified Trichoptera), and
larval and adult Hymenoptera (adule Ichneo-
monidae and unidentified Hymenoptera),

Owerall diet composition was similar  be-
tween roundail chub and creek chub. Schoe-
ner indes values were (L97 {using percent by
number) and 098 (using percent by weight),
suggesting a high degree of overlap between
the 2 species.

nscussion—Competition with nonnative
species s considered one ol the most impor-
tant factors influencing the conservation of na-
tive fishes in the UCRB (Tyus and Saunders,
20000 Berzerides and Bestgen, 20025 Minckley
e al., 200085, Our resulis and published siudies
{egr., Moshenko and Gee, 1973 Copes, 1978;
Tyus and Minckley, 19858; Rinne, 1992) suggest
that wrh roundrail chub aned creek chuly are
opportunistic generalists that feed on a varicty
of prey items. In addition, we observed high
wophic overlap between roundiail chub and
creck chub in Muddy Creek, Our study was
conducted over a relatively short period of the
suminer, but summer is often considered a crit-

ical period alfecting hishes, particalacly in de-
sert stream systems (e, Minckley and Dea-
con, 1991 Magoulick and Kobea, 2003). Con-
sequently, competilive interactions belween
roundeail chub and creck chub might be im-
portant in Muddy Creek and other areas of the
UCRB. Additional field studies conducted over




March 216G Cuist et al—Trophic averlap of roundiail and creek chubs *h

Tavie |—Frequency of acourrence (%0}, frequency by number (5N), and frequency by weight {5 W)
of prey items in stomachs of roundail chub (Ge rofasta, BTC; 0= 330 and creek chub { Semarifus atrona-
cwlatis, CRO; no= 36) with [ood items in the Muoddy Creek watershed, Wyoming, July 2004, Numbers in

' parentheses represent 1 5E.

gl TN W
Preyv taxa RTC CRL RTC CRC RTC CEC
Arachnida
Unicentificd Araneae [ERE 2.8 0 L7 00.7) {0y Lail4)
Insecta
Unidentified Insec 24.2 228 246 (TH) 20 (6.2) 233 (B4) 211 (6.4
Hemiptera
Unieentified Hemiprera 0.0 2.8 (1 {in 2.7 (2.7) 0 {ir 27027
Naucoridae .0 5.6 (1 (K 2.3 (1.6) 0 (i) 10 {0L8)
Hymenoptera
Unidentified Hymenopiera 0 s 0 ik 27 (2T 0 iiny 2T ET
Ferrmicidae B0 139 4.2 (4.2} 104 (4.5) 4.2 {4.2) T
Tehnewmonidae X1 2.8 (i 2727 0 {1 2727
Ephemeropter
Siphlonuridae 30 [N} 5.7 (8.7) {0 0.2 {12y im
Crlomata
Unidentified Odonara A0 B3 1.4 (1.4) {1 (L6 () (i
Comphidae .0 159 (i 97 4.3 R G (4.5)
Trichoptera
Unidentified Trichoptera .0 A 4.2 (4.2) LB {1.3) 4.2 (4.¥) 27 (1.8
Brachycentridae 6.0 0.0 [ERCE Y ({1} G i4.5) [0y
Limmnephilidae EL B3 0 (in 54 (5.2) i 4.7 08m
Colenplera
Uniddentilied Coleopiera (it a8 o L& {1.5) (i L6 (1.5)
Coccinellidae Al 28 i L4 {4 i 22 (2.2
Dwvopriclae: A0 XL o 2.7 (2.7) (i 2.7 12.79)
Elmiclac (i L 28 (28] URLL] (.4 (4] UL
Diptera
Unidentified Diprera a0 28 4.2 (4.3) 0.4 {1kt 4.2 (4.2) LAk (1.0
Chironomidae a0 XL 0.7 0T 0 (i 0.2 02 LRI
Orthoptera
Unidenufied Orihoptera A UL L4l 0 AE (AR {1
Acridicae 50 28 4.2 (4.2) 07 (7} 4.2 40 LA (1.4}
Castropoda
Unndentified Castropoda 0.0 B3 1 (1) 4.0 (2.2} nm 32 {19
Bivalvia
Veneroida A0 54 1.4 (1.4) fid (5.9 0.2 (0.2 6.2 (3.8
Osteichihves
Cypriniformes
. Unidentified Cyprinilormes 121 1LY T1LE (G0 0.5 55) 117 06.4) 7.7 (4.3)
Bluehead sucker .1 2.8 0 {1} 1.4 (1.4 LR L6 (1.6
Creck chuhb 2.0 2.8 42 {42 L (1.4 4.2 (4.2) 22(2.2)

Detrits 242 222 26.2 (B0 128 (4.5) 325 (961 14.4 (A1)
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a longer temporal scale and detailed experi-
mental studics are needed o better under-
stand potential competitive interactions.

Another mechanism by which nonnative spre-
cies might influence native species is by pre-
dation {Taylor et al, 19584 Minckley et al,
2003} . We Tound that creek chub preved on al
least one native species (i.e., bluchead sucker),
Most (=90%) of the unidentified fishes were
either creek chub or roundiail chuab, but given
that both species have a 2.5-42 pharyngeal
tooth count (Sublene ctal, 19901, we were un-
able to accurately identify the species when
only pharyngeal weeth were present. Similarly,
pharyngeal tooth counts for suckers (other
than bluehead sucker) were inconclusive given
similar woth counts for white sucker and flan-
nelmouth sucker (Sublewe er al, 1990}, Be-
cause unidentified fishes were one of the most
important prey items for roundiail chub, pre-
dation by roundiail chabomight be as high or
greater than by creck chub, Regardless, creck
chubs consumed bluchead suckers, suggesting
that they might adversely influence native spe-
cies,

Roundiail chub in Muddy Creek had a di-
verse diet of aguatic and terrestrial insects,
have
shown that small, juvenile roundail chubs con-
sume a variety of prev iems, including larval

mollusks, and lishes, Previous studies

Diptera, Ephemeroptera, Trichoptera, and al-
gae (MNeve, 19706, Bestgen, 1985), Large juve-
nile and adult roundiail chubs generally have
a more diverse diet of terrestrial and aquatic
insects, fish, plant matter, crustaceans, and rep-
tiles {Koster, 1957; Vanicek and Kramer, 1969,
Schreiber and Minckley, T951; Tyvos and Minck-
ley, 1988; Karp and Tvus, 1990; Rinne, 1992,
In Muddy Creek, plant material was comimon
in stomachs of roundial choabe Plang material
might be consumed as an artifact of preving
on agquatic macroinverichrates or epiphytic
prey {ew, Bestgen, 1985). Numerous studies
have shown that consumption of alzac and
other plant material increases with reductions
in invertebrate biomass {e.g., due o looding),
suggesting  that ingestion of plant material
might be purposcful {Neve, 1976; Schreiber
and Minckley, 1981 Bestgen, 1985).

Creek chub in Muddy Creck also consumaed
a diverse array of prey items, Although creck
chub is a nonnative species in the svstem, s
dlier was similar w0 areas in which v is native,

val. B, nac |

For instance, Dinsmore (1962} described the
foordl habits of creek chub in the Des Moines
River, lowa, and found that they consumed a
diversity of aquatic and terrestrial insects, fish,
and maollusks, and that plant material was ane
ol the most frequent lems during summer,
Similarly, Barber and Minckley {19711 [oundd
that the summer food habits of creek chub in
the \-‘Timii.\al'.i]_}pi River, Minnesota, consisted of
aquatic and terrestrial insects, mollusks, and
fish. Other studies across the distribution of
creck chub have shown its diverse diet {e.g.,
Moshenko and Gee, 1975 Copes, 1978),

O study was limited o the Muoddy Creek
drainage of Wyoming and focused on the sum-
e ]'H'l'ic:d, bur it provides important infor-
mation on the wophic ecology of roundiail
chub and creek chub in the UCRB. Liule is
known ahout the ecology of roundiail chub or
the coology of creck chub in arcas where it has
been introduced. In Wyvorming, the lack of in-

formation s particalacly apparent and Muddy
Creek might harbor one of the last remaining
il chub in the
state. Therefore, information on roundtail
chub and their interaction with nonnative spe-

cies is important for their conservation in Wy-

lotie populations o round

oming and the UCRB. Oure results sugpest that
both roundrail chub and creek chub are ro-
phic generalises that feed on a diverse array of
prey taxa. Cur resulis also suggest high rophic
overlap between the 2 species and that creck
chub consume native fishes. Future research
should focus on the specific effects of creck
chub on native fishes to help guide conserva-
tinn and management activities in the basin,
Potential avenues [or research inchade invesii-
gating early life history interactions and ex-
amining  season-specific competitve  interac-
tions and predation.
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