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Abstract: Global climate change models predict that the southwestern United States will become warmer and drier, re-
sulting in decreased reservoir volumes, increased water temperatures, and changes in fish distributions. Such conditions
may also result from drought and water extraction. Our observations of humpback chub Gila cypha allowed us to test pre-
dicted impacts of increased water temperatures released from Glen Canyon Dam on this federally listed endangered cyp-
rinid endemic to the Colorado River Basin. We modeled the potential that the young humpback chub we captured in 2006
and 2007 were hatched and reared up to 50 km upstream from the Little Colorado River, the natal origin of the majority of
the humpback chub population below Glen Canyon Dam. Larval and adult humpback chub have been observed by others
in our study reach in the post-dam era. Humpback chub assumed to be juveniles have been observed in our study area, but
their ages were not confirmed. Our observations of humpback chub were coincident with not only increased water tem-
peratures as a result of regional drought, but also decreasing rainbow trout population numbers and some constraints on
dam release fluctuations. One or all of these factors could have contributed to increased survivorship of young humpback
chub. The most parsimonious explanation for our observations was that the largest young humpback chub captured at our
study site took advantage of warmer water temperatures to grow to one and two years of age. Continued favorable habitat
conditions in this reach would likely support recruitment to adulthood and reproduction. Managers wish to increase the
likelihood that a self-sustaining mainstem Colorado River population of humpback chub is established, distinct from the
larger Little Colorado River population. Our results indicate that a separate population may be successfully established.

Key Words: Colorado River, Grand Canyon, humpback chub, endangered species, bioenergetics, modeling to inform man-

agement.

INTRODUCTION

Recent analyses of global climate change and water use
patterns predicts loss of fish species around the world in the
coming century, including in the Colorado River of the
southwest United States [1-2]. Analyses of the patterns of
these changes predict that warm water fishes [3-6], including
cyprinids [7-8] and, in some cases, nonnative fishes [9] will
expand their distributions in response to global climate
change patterns, while cool and cold water fishes will be
more likely to experience declines. Drought in the Colorado
River Basin, regardless of the cause, and/or increased water
withdrawals upstream will also cause reduced flows and res-
ervoir levels in Lake Powell leading to warmer release water
temperatures from Glen Canyon Dam. The humpback chub
Gila cypha, a warm water cyprinid endemic to the Colorado
River in Grand Canyon, including Marble Canyon, offers an
opportunity to examine a local response to changes in reser-
voir condition. The humpback chub population of Grand
Canyon is distributed in both Marble Canyon, upstream from
the mouth of the Little Colorado River, and in Grand Canyon
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proper, downstream from the Little Colorado River. Marble
and Grand Canyons together are collectively referred to as
Grand Canyon in this article (Fig. 1). The local standard for
referring to Colorado River locations in Glen, Marble, and
Grand Canyons is by longitudinal River Miles above or be-
low Lees Ferry, a convention we follow.

The humpback chub population in Grand Canyon has
been exposed to cooler water temperatures, particularly in
the summer and fall months, in the years since the Glen
Canyon Dam on the Colorado River was closed in 1963 to
provide water storage and delivery and also for hydropower
generation. Cooler water temperatures were hypothesized to
have led to the population decline observed by Douglas and
Marsh [10] an effect supported by the work of Clarkson and
Childs [11]. However, beginning in 2000, reduced precipita-
tion and warmer temperatures in the Colorado River Basin
upstream of Glen Canyon Dam resulted in a decreasing sur-
face elevation on Lake Powell, the reservoir impounded by
Glen Canyon Dam, causing it to drop to levels not seen since
the dam was first closed and the reservoir began its initial
filling [12]. Water temperatures released from Glen Canyon
Dam from 2003 through 2006 were above the 12-year run-
ning average, reaching a high of 16°C in October 2006 [13].
Released water temperatures were slightly lower in 2007
than in 2006 (Fig. 2). Release fluctuations to generate hy-
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Fig. (1). Map of Colorado River in Marble Canyon from Lake Powell

and Glen Canyon Dam to the mouth of the Little Colorado River

where Grand Canyon proper begins. Areas of high flow referred to in the text are indicated by their river mile number.

dropower were moderately constrained in 2006 and 2007
compared to previous years. Water released from Glen Can-
yon Dam warms as it goes downstream, especially between
June and September, when solar radiation is high in this
reach of the river that runs generally from north to south
[14].

There are eight known springs emerging near Fence
Fault, River Miles 30-34.5 [15] that release their water into
the Colorado River to provide additional, local warming.
Spring temperatures range from 17°C to 22°C. Depending on
the season and the year, these temperatures may be substan-
tially warmer than the mainstem Colorado River in this reach
that, in the post-dam era, varies between 9°C and 16°C [13].
Mainstem river temperatures in the immediate vicinity of the
springs have been measured at 11°C to 21°C [15]. The results
of our examination of observed captures compared to growth
model results suggests that climate warming in the Colorado
River basin may have had an indirect impact on the hump-
back chub population by expanding suitable nursery habitat

(warmer water) beginning at River Mile 30, 75 km below
Glen Canyon Dam, and extending downstream.

Humpback chub is a federally listed endangered species
currently found in six discrete populations in the Colorado
River Basin of western North America [16]. The southern-
most of these populations is found in the Little Colorado and
Colorado Rivers in Grand Canyon, which includes those
individuals found in Marble Canyon. Individual humpback
chub may reach 480 mm and more than 1 kg during their 30
or more years of life [17,18]. They reach sexual maturity in
the wild in about four years [17-19], though rate of matura-
tion is highly dependent on water temperature [18]. The
Grand Canyon adult population experienced a decrease of
more than 50% between 1989 and 2001, but increased about
50% between 2001 and 2008, and currently numbers ap-
proximately 7,650 adult fish four years old or older [20].
Despite recent adult population increases, managers remain
concerned about the long-term fate of the Grand Canyon
humpback chub population in part because most or all of the
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Fig. (2). Comparison of Lake Powell surface elevations and Glen Canyon Dam release temperatures 1999-2007.

reproduction occurs in one tributary, the Little Colorado
River [10, 21, 22]. The Little Colorado River provides a
warmer, relatively constant aquatic environment [13] in
which humpback chub can reproduce and mature, though
this environment is disrupted regularly by seasonal storm
events.

The majority of the Grand Canyon humpback chub popu-
lation, including in the Colorado and Little Colorado Rivers,
spawn between March and May [19, 22, 23]. At 20°C, the
approximate mean temperature of the Little Colorado River
[13], fertilized eggs incubate for about three days before
hatching [24]. Growth and maturation is faster in the Little
Colorado River [25], than in the mainstem Colorado River
[11, 17, 18]. For example, Minckley [25] reported humpback
chub in the Little Colorado River grew at 10 mm/30 days,
while Valdez and Ryel [17] reported humpback chub in the
mainstem Colorado River grew at 2-4 mm/30 days. Coggins
[18] used mark-recapture data to confirm that humpback
chub growth rates are faster in the Little Colorado River than
in the mainstem Colorado River.

There are nine known aggregations of humpback chub
found repeatedly in Grand Canyon [17, 26]. Proceeding
downstream from Glen Canyon Dam and Lees Ferry, the
first is found in our study reach, 30 Mile, river miles (RM)
29.8-31.3, approximately 50 km below Lees Ferry (Fig. 1).
The second is in the vicinity of the Little Colorado River
Inflow, RM 57-65.4, between 95 and 109 km downstream of
Lees Ferry. The remaining seven aggregations are all below
the Little Colorado River inflow. The reach of the Colorado
River that includes the mouth of the Little Colorado River is
the only mainstem aggregation where successful recruitment
of humpback chub to the adult size class has been repeatedly

documented [17, 18, 22, 23]. The humpback chub captured
in aggregations downstream of the Little Colorado River
may have been produced locally (the humpback chub in
these aggregations exhibit high site fidelity [26]) or may
have been produced in the Little Colorado River and drifted
downstream. The 30 Mile aggregation is unique because it is
the only Grand Canyon aggregation upstream of the Little
Colorado River. Valdez and Masslich [27] documented post-
larval (n = 14, mean total length = 24 mm, range = 18-31
mm) and adult humpback chub in the 30 Mile reach. Valdez
and Masslich [27] also reported that juvenile humpback chub
(32-300 mm) had been observed by multiple personnel in
Marble Canyon but could not confirm the ages of these fish.
Movement of some adult humpback chub from the Little
Colorado River upstream to 30 Mile has been documented
[26].

Nonnative fishes are known to threaten native fishes in
the Colorado River Basin [28, 29]. Representatives of vari-
ous cyprinid, salmonid, ictalurid, and centrarchid species
competitors and predators are known from the mainstem
Colorado River between Lees Ferry and the Little Colorado
River [30, 31]. Rainbow trout Oncorhynchus mykiss has
been the nonnative species with the largest population in this
river reach in recent times is [17, 31, 32]. Because of the
threat to humpback chub posed by rainbow trout and other
nonnative species, the Glen Canyon Dam Adaptive Man-
agement Program mounted a removal program for nonnative
fishes, employing night time boat-mounted electroshocking,
that removed more than 19,000 rainbow trout between 2003
and 2006 in the reach between River Miles 55 to 75, down-
stream of the 30 Mile aggregation [31]. Rainbow trout num-
bers were decreasing throughout the system during this time
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period, likely in response to over-population in River Miles -
15 to 0 leading to density-dependent population reductions
(sensu [33]). The warming releases from Glen Canyon Dam
during the period 2002-2007 in river miles -15 to 0 (Glen
Canyon Dam to Lees Ferry) increased into the temperature
range in which rainbow trout grow optimally and prefer [34,
35], so water temperature does not appear to have been limit-
ing.

Suspended sediment below Lees Ferry in Marble Canyon
was elevated over levels observed in the 1990s beginning in
2004 [36]. Because high levels of suspended sediment can
have negative impacts on salmonids, including rainbow trout
[37], the elevated suspended sediment in the Colorado River
during our study may have negatively impacted the resident
rainbow trout population. Numbers of rainbow trout in River
Miles -15 to 75 were relatively low between 2000 and 2007
when compared to the 1990s. It appears that density depend-
ent decreases, mechanical removal, and increased sediment
may have all contributed to the observed decrease in the
rainbow trout population.

Both runs and high velocity areas (riffles, runs, and rap-
ids) are found on the Colorado River between River Miles 30
and 56 in Marble Canyon (Fig. 1). Of the 100 or more rapids
in greater Grand Canyon, including Marble Canyon [38], the
rapids in Marble Canyon are the least severe owing to a rela-
tively more gradual drop in this portion of the Canyon, the
“eastern convexity” of Hanks and Webb [39]. Owing to sub-
stantial logistical and technical constraints, the actual veloc-
ity of water through all Grand Canyon rapids has not been
determined. Magirl [38] was able to determine instantaneous
velocities in two Colorado River rapids at a single release
volume, but releases are variable and it is known that veloci-
ties vary across the width of the stream in the boulder-strewn
rapids of the Colorado River. While maximum velocities at
typical post-dam release levels in the heart of rapids may be
greater than 5 m/s, velocities in the boulder-laden margins
and near the bottom of channels in Grand Canyon may be
less than 0.5 m/s [38]. In general, flows in high velocity rif-
fles and rapids are most often higher than in the intervening
runs, and so present fish swimming upstream with obstacles
requiring greater expenditure of energy [39] than the inter-
vening runs.

Between rapids and runs, lower velocity backwaters form
in the Colorado River in Marble and Grand Canyons, usually
as a result of return current eddies that deposit sand bars
downstream of large debris fans [40, 41]. These sand bars
isolate the shallow backwaters from the mainstem where
water may warm when exposed to sunlight, especially in the
late summer and early fall months. During our sampling in
2006 we observed water temperatures in backwaters that
were warmer than the mainstem, especially later in the day
when the backwaters had been exposed to solar radiation.
Our sampling in 2007 was conducted on days when cloud
cover was present, limiting solar radiation, and so the back-
waters did not warm appreciably above the mainstem river
temperatures during collection days in that year.

METHODS

We surveyed backwater habitats in Marble and Grand
Canyons in the fall of each year 2002 through 2007. The
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sampling teams seined backwater habitats with seines meas-
uring 3.65 m x 1.82 m x 3.18 mm (width x depth x mesh).
Fish were sampled in the 30 Mile reach in this fashion 2002-
07.

Each backwater was seined starting at the opening to the
mainstem and ending at the terminus. In backwaters in which
the mouth was too deep to safely sample, the haul was
started where personnel could safely cross the backwater
with one end of the seine. All of the fish caught in the seine
were transferred into a bucket. Each fish was identified by
species and measured for total length. After data were col-
lected, all fish were released back into the backwater. Water
temperatures were recorded in each backwater habitat sam-
pled. Water temperatures in the adjacent mainstem river
were also recorded.

We used the bioenergetics parameters developed by
Petersen and Paukert [32] for young humpback chub in Fish
Bioenergetics 3.0 [42]. Fish Bioenergetics 3.0 utilizes the
general bioenergetics equation

G=C-(R+SDA +F +E), 1)

where G is growth, C is consumption, R is respiration, SDA
is specific dynamic action, F is excretion, and E is egestion.
The basic form of the consumption function is

C = Chax X p X f(T), where 2
Crax = CA x W, (©)

where C is specific consumption rate, Cpax IS maximum spe-
cific feeding rate, p is proportion of maximum consumption,
f(T) is a temperature dependence function, T is water tem-
perature, W is fish mass, CA is intercept of the allometric
mass function, and CB is slope of the allometric mass func-
tion. The basic form of the respiration and specific dynamic
action functions are

R = RA x WRB x f(T) x ACT, (4)
S =SDA x (C-F), ®)

where R is specific rate of respiration, W is fish mass, RA is
intercept of the allometric mass function, RB is slope of the
allometric mass function, f(T) is temperature dependence
function, T is water temperature, ACT is activity multiplier,
S is proportion of assimilated energy lost to specific dynamic
action, SDA is specific dynamic action, C is specific con-
sumption rate, and F is specific egestion rate. For additional
detail see [42].

Petersen and Paukert [32] used the warmwater form for
the temperature dependence of both consumption and respi-
ration [43] and we did also. Petersen and Paukert [32] esti-
mated bioenergetic parameter values for young humpback
chub by Monte Carlo filtering and corroborating modeled
humpback chub growth with growth rates from independent
field and laboratory studies.

As a result of the high amount of variance associated
with CA, CB, RA, RB, and ACT, equations (3) and (4), a
sensitivity analysis was conducted on each of these parame-
ters to see how altering each of these values influenced
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growth of young of the year humpback chub. Both birth date
and temperature were kept constant. Each of the individual
parameters (CA, CB, RA, RB, and ACT) was altered over a
range of values while keeping all other parameters constant
(Table 1). After establishing which of the parameter values
allowed for optimal growth of young of year humpback
chub, that value was evaluated over a range of proportions of
maximum consumption (p). Petersen and Paukert [32]
showed that a p-value near 0.6 likely approximates the actual
p-value humpback chub experience in the wild. In addition,
certain combinations of the optimum values were evaluated,
including CA-CB, RA-RB, RA-RB-ACT, and RA-RB-ACT-
CA-CB.

We used the bionenergetics model to determine what
mass a young humpback chub could achieve by the capture
date in their first year of life. For model runs, April 1% was
used as the birth date. April 1% is a conservatively early es-
timate for birth date and is likely earlier (and would allow
for more growth) than the typical birth date for humpback
chub observed in the Little Colorado River of March to May
[22, 23, 44, 45]. Growth simulations were always run until
the last capture date of each year’s sampling; September 25"
in 2006 and September 22" in 2007. Because of the variety
of factors that determine the actual water temperatures that
an individual young of year humpback chub experiences in
their first year, simulations were run using the average daily
temperature of the mainstem Colorado River recorded at
River Mile 30. As noted above, backwater habitats usually
warm when exposed to sunlight, so using the mainstem tem-
perature is likely a conservative (cooler) estimate of the tem-
perature to which our specimens were exposed on sunny
days.

Output of the Fish Bioenergetics 3.0 is always given as
mass (g). In order to compare the length of simulated fish
with fish captured in the 30 Mile reach, the output of each
simulation had to be converted to length using a length-
weight relationship. We developed the length-weight regres-
sion equation from weight measurements (g) of humpback
chub ranging from 55 — 150 mm total length captured in the
Colorado and Little Colorado Rivers in Grand Canyon from
1981 through 2001. The equation derived is:

In(Total Length) = 0.316(In(Weight)) + 3.937

Andersen et al.

We used this equation to predict the length of a hump-
back chub based on model outputs of weight and calculated
the prediction intervals (p = 0.05).

RESULTS

Subadult humpback chub were captured in backwaters in
the 30 Mile reach in 2006 in water temperatures that ranged
between 12°C and 21.7°C. In previous years the length dis-
tributions of the subadult humpback chub captured were not
suggestive of two or more distinct age classes, as in 2005
(Fig. 3). The largest humpback chub captured in this reach in
2005 was 59 mm.

The length distribution for humpback chub captured in
the 30 Mile reach in 2006 (Fig. 4) and 2007 (Fig. 5) differed
from 2005 in that there were distinct distributional patterns
to the data, especially for the 2006 data. The largest hump-
back chub captured in this reach in 2006 was 66 mm, and 80
mm in 2007.

Mainstem water temperatures for the period of this report
in our study reach are nearly identical to the released water
temperatures shown in Fig. (2) [13]. Water temperatures in
backwaters exhibit a diurnal pattern, warming with sunlight
and cooling off at night, on sunny days. Subadult humpback
chub were captured in backwaters in the 30 Mile reach in
2006 in water temperatures that ranged between 12°C and
21.7°C depending on time of capture. The backwater with
21.7°C water was located at River Mile 31. Backwaters were
fewer, and backwater temperatures were cooler, in 2007,
ranging from 11.8 to 13.3°C owing to overcast skies and
cooler ambient air temperatures.

Simulations from Fish Bioenergetics 3.0 show that under
mean daily temperatures at River Mile 30, and given a very
conservative (early) birth date of April 1%, a young of year
humpback chub would have grown to 27 mm (upper 95% Pl
= 31 mm) in 2006 and 26 mm (upper 95% PI = 29 mm) in
2007 by their capture date at a p-value of 0.6 using the pa-
rameters determined with Monte Carlo filtering by Petersen
and Paukert [32]. When all parameters analyzed (CA, CB,
RA, RB, and ACT) were set for optimum growth, simulated
fish achieved mass corresponding to a length of 48 mm (up-
per 95% Pl = 54 mm) in 2006 and 45 mm (upper 95% PI =

Table 1. Parameters for Which a Sensitivity Analysis was Conducted. Parameter Values Shown with an Asterisk (*) are Values
Tested that are Optimum for Growth of Young Humpback Chub

Petersen and Paukert (2005) Sensitivity Analysis
Parameter
Range Min Monte Carlo | Range Max Low Monte Carlo High
Consumption
CA 0.11 0.154 0.2 0.114 0.134 0.154 0.174 0.194*
CB -0.3 -0.251 -0.2 -0.291* -0.271 -0.251 -0.231 -0.211
Respiration

RA 0.0004 0.0049 0.01 0.0009* 0.0029 0.0049 0.0069 0.0089
RB -0.15 -0.084 -0.02 -0.134 -0.109 -0.084 -0.059 -0.034*

ACT 0.5 1.16 2.0 0.56* 0.86 1.16 1.46 1.76




Evidence of Young Humpback Chub Overwintering The Open Fish Science Journal, 2010, Volume 3 47

30

25

20

15

10

Number of Humpback Chub

Total Length (mm)

Fig. (3). Length frequency distribution of humpback chub captured by seining in the Colorado River in Marble Canyon between River Miles
30 and 56.5 in September 2005.
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Fig. (4). Length frequency distribution of humpback chub captured by seining in the Colorado River in Marble Canyon between River Miles
30 and 56.5 in September 2006.
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Fig. (5). Length frequency distribution of humpback chub captured by seining in the Colorado River in Marble Canyon between River Miles
30 and 56.5 in September 2007.

51 mm) in 2007 at a p-value of 0.6. In 2006 we captured 154 days. A fish that achieved 48 mm length in 175 days grew at

humpback chub, of which 35 (23%) were 48 mm or larger. a mean rate of 0.27 mm/day. In 2007 our captures were on
In 2007 we captured 58 humpback chub of which 26 (45%) 21 and 22 September. From 1 April to 21 September is 174
were 45 mm or larger. In 2006 our captures were on 22, 24, days. A fish that achieved 45 mm in 174 days grew at a

and 25 September. From 1 April to 22 September is 175 mean rate of 0.26 mm/day.



48 The Open Fish Science Journal, 2010, Volume 3

These growth rates are near the high summer, short-term
estimate of Minckley [25]. When we allow for an additional
year to grow to the modeled minimum size of 48 mm and 45
mm long for fish captured in 2006 and 2007, respectively,
the growth rates are 0.089 mm/day for 2006 and 0.083 for
2007, values similar to the approximately 0.1 mm/day rate
reported by Valdez and Ryel [17].

DISCUSSION

The evidence presented in this article strongly suggests
that a proportion of young of year humpback chub produced
in the 30 Mile reach of the Colorado River in Marble Can-
yon, upstream of the main Grand Canyon, overwintered to
reach age 1 in both 2006 and 2007. Furthermore, a small
proportion of the fish produced in 2005 may have survived
over the winters of 2005-06 and 2006-07 to reach age 2. It is
likely that we captured at least 35 age-1 humpback chub
(from the 2005 year class) in 2006 and at least 26 age-1
humpback chub (from the 2006 year class) in 2007. Using
empirical water temperatures and the modeling refined by
Petersen and Paukert [32] we determined that the largest
captured humpback chub in 2006 and 2007 were much more
likely to have been produced in the previous year; growth to
the largest sizes in five or six months is highly unlikely.

Despite the strong evidence of our post-hoc analysis for
overwintering and additional humpback chub growth in
Marble Canyon, there are other possible explanations for our
observations. We cannot categorically dismiss the potential
that young humpback chub will swim upstream in the Colo-
rado River from the mouth of the Little Colorado River, the
natal origin for most Grand Canyon humpback chub. While
there are at least 9 rapids, or other high velocity areas, in the
mainstem between River Miles 30 and 56.3, these areas have
been shown to be highly variable, with areas of low flow, 1
m/s or less, found along the margins of the river [38, 46]. We
do not hypothesize that one-year-old and younger humpback
chub would leave an area of moderate currents and sufficient
food, such as the Little Colorado River, to expend energy to
swim upstream, but the literature suggests that such swim-
ming could be possible.

Berry and Pimentel [47] determined that the 120 minute
absolute swimming speed at 14°C for humpback chub was
0.40 m/s, so fish swimming upstream are likely to have
needed to expend additional energy to locate areas of lower
velocity if they chose to leave the Little Colorado River
reach or they employed high-energy, short-duration, critical
maximum swimming speeds to move upstream [48]. The
results of Berry and Pimentel [47] are generally consistent
with the results of Ward [49] for a closely related species,
bonytail Gila elegans, and to other cyprinids [50]. In general,
fish swim more slowly at cooler-than-optimum temperatures
[50] owing to a faster conversion to less efficient anaerobic
metabolism at cooler temperatures [51]; the water tempera-
tures we observed were cooler than those tested by Berry and
Pimentel [47] for much, but not all, of the year. Cyprinids
are generally strong swimmers, and can employ physiologic
mechanisms to maintain their position in strong currents,
including grasping surfaces with their mouths when critical
swimming speeds are exceeded [52]. Oral grasping has not
been observed in humpback chub (nor in any cyprinids in the
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wild), but such adaptations illustrate how the cyprinid
humpback chub may have evolved strategies and adaptations
that allow it to move against strong flows when required.
Because high flows that overtop rapids will reduce the ve-
locities in these locations, such flows could be invoked to
explain fish movement above rapids, but such high flows did
not occur during the period when our study fish were col-
lected.

Swimming upstream would be very energetically expen-
sive, and unlikely when considering that food resources are
available below these rapids. Although we cannot identify
the natal origin of the young humpback chub we captured in
the 30 Mile reach with absolute certainty, it is most parsimo-
nious, and even conservative, to conclude that the humpback
chub greater than 48 mm, n = 35, that were captured in the
30 Mile reach in September 2006 were produced in this
reach in the hatch of 2005, and that humpback chub greater
than 46 mm, n = 26, captured in this reach in 2007 were pro-
duced in 2006.

Our data do not allow us to draw definitive conclusions
in this report regarding the reasons for overwinter survival of
humpback chub. However, we note that during the winters of
2005-06 and 2006-07, there were three conditions that we
would hypothesize were consistent with increased survival
of this species in the mainstem Colorado River. First, water
temperatures were warmer than they had been for many
years following the closure of Glen Canyon Dam. Secondly,
the rainbow trout population was lower than it had been
since the mid-1990s. Thirdly, we note that the release fluc-
tuations were constrained in 2006 and 2007 compared to
2005. One or all of these factors may have contributed to
increased overwinter survival. Our results and the three cor-
related conditions described above suggest that if resource
managers wish to establish a second population of humpback
chub based in the mainstem Colorado River in Grand Can-
yon then such conditions may be required. Further experi-
mentation with nonnative fish control, water temperatures,
and flow conditions could be utilized to help resolve the
causative factors, which in turn would provide more defini-
tive parameters to support management decisions.

The humpback chub population in Grand Canyon is al-
most entirely dependent on the Little Colorado River for
reproduction and survival of young. While this tributary has
been supporting an increasing population since 2001 [20],
the dependency on a single tributary presents inherent risks
to this, or any other, wild fish population because one cata-
strophic event, such as an anthropogenic accident or wide-
spread disease, could decimate such a concentration of the
species. If conditions in the mainstem Colorado River can be
modified to encourage more widespread reproduction and
survival the single-tributary risk to the population can be
reduced. The results of our study suggest that if preda-
tory/competitive fish can be reduced and warmer water and
steadier flows are available, then humpback chub can find
conditions that will allow them to overwinter in the main-
stem Colorado River in Marble and Grand Canyons. Natural
resource managers have expressed interest in determining
whether mainstem populations of humpback chub can be
supported through survival that allows for recruitment into
the adult population and reproduction. The analysis we con-
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ducted suggests that suitable mainstem conditions may allow
humpback chub to persist in mainstem habitats.

The change we observed in the Grand Canyon humpback
chub population distribution, albeit small, was consistent
with models predicting cyprinid expansions during times of
warmer atmospheric temperatures and reduced river dis-
charge. At least at this localized scale the effects of climate
change (less precipitation, higher air temperatures) appear to
have encouraged expanded distribution of humpback chub in
the mainstem Colorado. Our data show that backwater habi-
tats may provide temporary thermal refuges, although these
habitats are not consistently warmer than the mainstem and
they cool diurnally when not exposed to direct sunlight.

Continued warm, dry conditions are forecast for the
southwestern United States [53]. It remains to be seen
whether these effects will continue to support expanded dis-
tribution of humpback chub in Grand Canyon. Warm, dry
meteorological conditions led to a lower Lake Powell eleva-
tion and warmer releases from Glen Canyon Dam into the
Colorado River below the dam. While such releases benefit
humpback chub, they also have high potential to benefit
nonnative warm water fishes [6] already present in Grand
Canyon, such as common carp Cyprinus carpio, fathead
minnow Pimephales promelas, and channel catfish Ictalurus
punctatus. While increasing water temperatures are favorable
to the fishes that evolved in Grand Canyon, and so should be
provided by managers wishing to conserve humpback chub
to the extent possible, such actions will have to include ag-
gressive control of nonnative, warm water fishes if the na-
tives are to thrive in the altered aquatic environment below
Glen Canyon Dam.
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