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ABSTRACT—Young-ofyear Gila chub (Gile intermedia) were abundant in upstream reaches of
Sabino Creek, Arizona, devoid of green sunfish (Lepowmis oyanellus), but were absent in downstream
areas occupied by green sunfish. We examined potential reasons for this pattern by studying
piscivory and habitat use of small green sunfish {75 mm TLY, the dominant size-class in Sabino
Creek. In one piscivory experiment, we greatly reduced numbers of green sunfish prior to spawn-
ing by Gila chub, but there was no recruitment of young-ofycar Gila chub. In a second experi-
ment, three sizesclasses of green sunfish (45-55 mm TL, 62-65 mm TL, and 76-84 mm TL)
readily consumed two size-classes of young-ofyear Gila chub (15-20 mm TL and 21-25 mm TL)
in instream enclosures. Green sunfish predation rates were strongly size-dependent, with larger
size-classes consuming notably more young-of-year Gila chub than smaller size-classes. Shallow
habitats may provide refugia for young-of-year Gila chub in the presence of large (=150 mm 1L}
green sunfish. However, even small green sunfish were highly predacious on young-of-year Gila
chub, and our habitat study demonstrated that both taxa occupied similar mesohabitats. Co-oc-
currence of Gila chub and green sunfish in Sabino Creek seems to be the result of periodic
downstream movement of adult Gila chub from reaches devoid of green sunfish. Young life stages
of Gila chub apparently do not persist in sections of Sabino Creek occupied by green sunfish.

REstUMEN—Juveniles dei afio de charalito de Gila {Gila éintermedio) abundaban rio arriba de
Sabino Creek, Arizona, carente de robalo verde (Lefiowmis eyanellus), pero no estaba rio abajo ¢n
areas ocupadas por Lepomis eyanellus. Analizamos las razones probables para este patron al estudiar
la piscivoria v el uso de hidbitat de Lepomis cyanellus pequenos (<75 mm LT), la clase dominante
en Sabino Creek. En un experimento de piscivoria, redujimos notablemente el niunero de Lepomis
cyanellies antes del desove de Gila intermedia, pero no s¢ observd reclutamiento de juveniles de Gile
intermedia. En un segundo experimento, tres clases de tamano (45-56 mm LT, 62-65 mm LT, y
76-84 mm LT} de Lepamis eyanellus consumieron facilmente dos clases de tamano (15-20 mm LT
y 21-25 mm IT) de Gila intermedia ¢n jaulas en el riachuelo. Las tasas de depredacion por Lepomis
ryanellus fucron altunente dependientes del tamaio, con las clases de tamario grande consumien-
do notablemente mas juveniles del afo de Gila infermedia que clases de tamano pequeno. Los
habitats poco profundos pueden proporcionar refugio para los juveniles del aho de Gile intermedia
cn presencia de Lepomis cyoanellus grandes {150 mn 1T}, Sin embargo, incluso pequenaos Leponis
cyaneffus depredaban altamente los juveniles del ano de Gilu intermedia, y nuestro estudio del
habitat demostré que ambos taxa ocupaban similares mesohabitats, La coexistencia de Gila inier-
media v Lepomis oyanelfus en Sabino Creek parece ser el resultado de los movimientos periodicos
rio abajo de los adultos de Gile intermedic desde areas libres de Lepowis eyanellus. Las etapas juve-
niles de Gile intermedia aparentemente no persisten en las dreas de Sabino Creek ocupadas por
Lepronnis eyanellus.
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Gila chub (Gile intermedia) 1s endemic to
streams of the upper Gila River basin in New
Mexico, Sonora, and Arizona (Rinne, 1976).
This chub is most abundant in deep pools with
extensive cover {(Minckley, 1973; Griffith and

Tiersch, 1989), and the loss of such conditions
is associated with decreases in its range and
abundance (Hendrickson and Minckley, 1984;
Meffe, 1985). Gila chub is listed as endangered
in New Mexico, is present in low densities in
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two ciénegas of the San Pedro River in Sonora,
Mexico (Varela-Romero et al, 1992), and is
listed as a species of special concern in Arizo-
na. Gila chub currenily occupies 23 isolated
streams and ciénegas in central and southern
Arizona, and all populations except one {Cié-
nega Creek, Pima and Santa Cruz counties)
are considered imperiled (Weedman et al.,
1996).

Green sunfish {Lepomis cyanellus) has suc-
cessfully colonized areas far outside its native
range (Lee, 1980), in part because of its ability
1o thrive in a wide variety of environments
{Werner and Hall, 1979). Green sunfish is the
most piscivorous member of the genus (Car-
lander, 1977, Werner, 1977) and has been im-
plicated in the decline of several native fishes
in the American Southwest (Marsh and Lang-
horst, 1988; Fausch and Bramblett, 1991; Lohr
and Fausch, 1996). Although the piscivorous
food habits of large green sunfish (2150 mm
total length, TL) are well documented (Carlan-
der, 1977, Lemly, 1985; Lohr and Fausch,
1996), little is known regarding the level of pis-
ctvory by smaller green sunfish. The objectives
of our study were to investigate piscivory and
habirat use of small green sunfish (<75 mm
TL) co-occurring with Gila chub.

METIIODS AND MATERIALS—Sabino Creek, Pima
Co., Arizona, originates in the Santa Catalina Moun-
tains {elevation 2,440 m) and drains a canyon-bound
area of 92 km?* (United States Geological Survey,

1992). The study arca was in the lower reaches of

the stream (elevation <1,088 m) where green sun-
fish and Gila chub were the only fishes present.
Stream width rarely exceeded 14 m, depth was gen-
erally <0.5 m, substrate ranged from sand to boul-
der-bedrock, and vascular aquatic vegetation was
generally absent. Seasonally heavy rainfall, snow
melt, and drought resulted in erratic annual lows.
Mean discharge for 1903-1911, 1933-1974, and
1990-1992 was 0.37 m? sec ! with instantaneous dis-
charge ranging from 0 to 219 m* sec ! (United
States Geological Survey, 1992).

Sabino Creek flows over nine solid stone bridges
(1.5 to 2.5 m high) that act as barriers to upstream
movement by fish. Gila chub occurred from a nat-
ural waterfall (4 m high) about 1.6 km upstream
from bridge 9 to a point .5 km downstream from
bridge 1; green sunfish were present throughout the
creek downstream r
bridge 9 (Fig. 1). Although green sunfish were
stocked into the small lake created by Sabino Dam
soon after its completion in 1938 (Lazaroff, 1993),

from a waterfall barn
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this species was not present upsiream [rom the
bridges (also completed in the 19%0s) unti! about
1882 (Dudley, 1995). Recent and heavy recreational
use of Sabino Canyon may have resulled in the mrans-
port of green sunfish upsiream [rom these bridges.

To study piscivory, we reduced the density of
green sunfish in three experimental pools between
bridges 3 and 9 from April to July 1994, Green sun-
tish were captured in minnow traps and by electro-
fishing with removal ctforts lasting 6 10 9 days per
pool. Recruitment of young-ofsycar Gila chuly was
maonitored at least weekly throughout the study pe-
riod by use of both bank and underwater observa-
tions in the three removal pools, in three conurol
pools where green sunfish were not removed, and
in pools containing only Gila chub,

A second experiment was conducted from 7 to 16

June 1994, Plastic fish enclosures (62 by %4 by 31

cm) were equipped with lids that provided shade
and prevented escape of fish. Two panels (24 by 17
cm) were cud from each enclosure and the openings
covered with 0.83-mm mesh aluminun screen that
allowed free flow ol waler through the enclosure but
blacked escape of fish, Enclosures were placed in
Sabino Creek just upstream from bridge 8 and an-
chored at depths between 15 and 20 cim. One green
sunfish and 10 young-ofsyear Gila chiub were placed
toguther in each trial, We tested three size-classes of
green sunfish (4555 mm TL., 6265 mm TL., and
7684 mum TL) and two size-classes of voung-ofyear
Gila chuly {15-20 mm TL and 21-25 mm TL). Each
green sunfish and voung-ofsvear Gila chub combi-
nation was replicated three times with the exception
of the largest green sunfish and smallest Gila chub
combination {twe trials). Fish remained together (or
15-18 h overnight, including dusk and dawn. Newly-
captured green sunfish from bewween bridges 8 and
8 and young-of-year Gila chub from upsircam of
bridge 9 were used for cach trial. We conducted
three control trials with only young-of-year Gila chub
in enclosures to determine if individuals were escap-
ing or dying and decomposing overnight.

Habitat use and availability data were collected
from May o July 1994 at 11 sites between 0.5 km
downstream from hridge 1 and | ki upstream {rom
bridge 9. We marked locations of green sunfish and
Gila chub with munhbered washers while snorkeling
slowly upstream. Water depth and velocity were mea-
sured at cach fish locarion, Water velocity (0.6 col-
umn depth {from surface) was measured with a
Marsh-McBirney flow meter mounted on a top-set
rod. Visual estimation using a modified Wentworth
classification (Cummins, 1962) was used to classify
predominant substrate (silt, sand, gravel, cobble,
boulder, or bedrock) at cach fish location, Habitan
availability was estimated by measuring depth, veloc-
ity, and substrate size every 50 cm along at least [our
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Sabino Road

“‘;4 Sabino Dam

Fii;, 1—Study area in Sabino Creek, Arizona {A = reach with Gila chub only, B

and green sunfish, C

equal]y spaced transccts across the stream, perpen-
dicular 1o the direction of llow and =4 m apart.

Nonparameltric statistics were used, due to non-
normal distribution of data, to test for differences
between habitats available and occupied. A two-sam-
ple Mann-Whitney-Wilcoxon procedure {(Zar, 1984,
with chi-square approximation (NPARIWAY proce-
dure; SAS Institute Inc., T9849), was used to test for
differcnees between water depth and velocity use
and availability. A chi-square test of independence
(Zar, 1984} was used o test for differences between
substrate size nse and availability.

Resurts—Pools were connected by surface
flow for the first 3 weeks of green sunfish re-
moeval experiments, but declining water levels
isolated those pools (width <6 m and maxi-
mum depth <1 m) by late May 1994, preclud-
ing re-invasion by green sunfish. Nearly all
green sunfish were removed after pools be-
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came isolated, making capture more feasible.
We reduced the density of green sunfish by
more than 90% in experimental pools (density
before, X = 4.34 = (1.47/m?; density after, X =
0.31 = 0.07/m*) by removing a cumulative
1,626 mdividuals (Fig. 2}. About 86% of the
green sunfish removed from and all observed
sunfish remaining in experimental pools were
<75 mm TL. There was no recruitument of Gila
chub in experimental pools or in control pools
(green sunfish not removed) despite spawning
behavior by adult Gila chub in those pools
from May through July 1994. However, young-
of-year Gila chub were abundant in reaches up-
streamn from bridge 9 during this time. We
found young-of-year green sunfish in wo ex-
perimental pools, but did not find any in the
third pool before it dried in late June 1994
In the cage piscivory study, all three size-clas-
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Fic. 2—Relative frequencies of green sunfish sive-
classes removed [rom three pools in Sabino Creek,
Arizona (n = number of individuals).

ses of green sunfish consumed both size-classes
of Gila chub (Fig. 3). In three of six trials, the
smallest size-class of green sunfish did not con-
sume Gila chub. Conversely, the two larger
size-classes of green sunfish consumed between
60 and 100% of the 10 young-of-year Gila chub
made available. No Gila chub escaped during
the control trials and the only Gila chub that
died was easily recognizable at the end of the
trial.

Nearly all young-of-year Gila chub and small
green sunfish (<756 mm TL) used depths =20
cm. Depths occupied by Gila chub and green
sunfish were shallower (x* = 12.43; df = 1; P
< 0.001 and x? = 19.23; df = 1; P < 0.001,
respectively) than depths commonly available
in pools. Although current was available, both
taxa used shoreline areas with no measurable
water velocity. Both Gila chub and green sun-
fish occurred over small substrates (e.g., sand)
more {requently (x? = 22.86; df = 4; P < 0.001
and x* = 18.60; df = 4, P < 0.001, respectively)
than expected based on substrate availability.

Discussion—Smaller size-classes of nonin-
digenous predaceous fish, including green
sunfish, may diminish recruitment of native
fish by foraging efficiently in shallow nursery
areas (Lemly, 1985; Marsh and Langhorst,
1988; Ruppert et al., 1993). Predation by green
sunfish has been hypothesized to cause de-
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Ii6. 3—Mean number (x1 8£) of youmg-ofyear
Gila chuly, out of 10, consumed by green sunfish
(category |, vange = 43-55 mm TL; category 2,
range = 62-65 mm TL; category 3, range = 76-84
nun TL) in nstream enclosures in Sabino Creek,
Arizona.

clines in the distribution and abundance of
Gila chub (Minckley et al., 1977). However,
previous studies did not provide direct evi-
dence to corroborate the effect of predation
by green sunfish on recruitment of Gila chub.

Gila chub were not recruited in areas of Sa-
hino Creek occupied by green sunfish, despite
a >90% experimental reduction in the density
of green sunfish. Abundant young-of-year Gila
chub were observed in the early 1980s (prior
to the recent upstream presence of green sun-
fish) in areas currently containing green sun-
fish and no young-ol-year Gila chub (D. W. La-
zaroff, United States Forest Service, pers.
comumn.}, thus physical factors apparently were
not limiting to young-of-year Gila chub in these
areas prior to the presence of green sunfish.
This assumption was also supported by habitat
studies conducted by Dudley (1995) which in-
dicated no differences in available habitat in
areas where young-of-year Gila chub were and
were not present. Our predation experiments
demonstrated that small green sunfish are ca-
pable of consuming young-ofsyear Gila chub;
this could account for the absence of young
life stages of Gila chub in areas where the spe-
cies now co-occur. The vulnerability of young-
ofyear Gila chub to predation probably in-
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creased as pools in Sabino Creek became iso-
lated during summer.

Despite the predatory impact of green sun-
fish, Gila chub continue to co-occur with green
sunfish in downstream reaches of Sabino
Creek. However, autumnal densities of Gila
chub in areas downstream from bridge 8 were
consistently <0.1/m? compared with autumnal
densities of about 1.5/m? in areas where Gila
chub occurred alone (Dudley, 1995). Nearly all
Gila chub occupying reaches of Sabino Creek
with green sunfish were adults (i.e., individuals
>100 mm TL), and Gila chub <40 mm TIL
were never found in areas with green sunfish.
Larger Gila chub were probably relatively in-
vulnerable to predation because of their size.
Bestgen and Propst (1989) noted a similar pat-
tern in Turkey Creek, New Mexico, where they
found all life stages of roundtail chub (Gilu re-
buste) in reaches immediately upstream from
barrier falls that prevented invasion by small-
mouth bass (Microplerus dolomien) but found
only a few adult roundtail chub and no smaller
individuals downstream from the falls.

Co-occurrence of Gila chub and green sun-
fish in Sabino Creek, Arizona, is apparently
maintained, in part, by periodic downstream
movement of Gila chub from upstream areas
devoid of green sunfish. Gila chub probably
persist in Sabino Creek only because a water-
fall barrier has prevented upstream movement
of green sunfish above bridge 9. Introduction
of green sunfish into upstream refugia,
through transport by humans or passage above
barriers, could cause the loss of young life-stag-
es of Gila chub throughout Sabino Creck. Con-
servation of remaining populations of Gila
chub in the American Southwest would benefit
greatly from the prevention of further intro-
ductions of nonindigenous fishes, such as
green sunfish, and their elimination from cur-
rently occupied areas.

The annual flow regime of Sabino Creek
provides the opportunity for elimination of
green sunfish from this system. During sum-
mer low-flow periods, when the stream consists
mainly of isolated pools separated by long
reaches of dry streambed, Gila chub could be
removed temporarily and the pools treated
with fish toxicant to eliminate green sunfish.
Elimination of green sunfish from lower Sabi-
no Creek could allow for reestablishment of
young life stages of Gila chub in those areas.
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