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PURPOSE

This document provides Federal, State, Tribal and local agencies, and the public with
additional information about the proposed designation of critical habitat for four Colorado
River endangered fishes. This document, the economic analysis, and other supporting
documents provides additional information on the proposed designation. All comments
received will be evaluated by the U.S. Fish and Wildlife Service (Service) for use in
preparation of the final rule designating critical habitat for the four Colorado River
endangered fishes.

INTRODUCTION

The Endangered Species Act (Act) of 1973, as amended, requires the Service to designate
critical habitat to the maximum extent prudent and determinable concurrent with listing a
species as endangered or threatened. This proposal is for four species of fish in the
Colorado River Basin (Basin) which were listed as endangered without designation of critical
habitat.

The Colorado squawfish and humpback chub were listed as endangered species on March 11,
1967 (32 ER 4001). The bonytail was listed as endangered on April 23, 1980 (45 FR
27713). On May 16, 1975, the Service published a notice of its intent to determine critical
habitat for the Colorado squawfish, humpback chub, and numerous other species (40 ER
21499). On September 14, 1978, the Service proposed critical habitat for the Colorado
squawfish (43 ER 41060). The proposal was for 623 miles of the Colorado, Green,
Gunnison, and Yampa Rivers. This proposal was later withdrawn (44 FR 12382; March 6,
1979) to comply with 1978 amendments to the Act (16 U.S.C. 1531 er. seq.), that required
the Service to include critical habitat in the listing of most species and to complete the listing
process within 2 years from the date of the proposed rule or withdraw the proposal from
further consideration. The Service did not complete the listing process within the 2-year
deadline. The razorback sucker was proposed for listing as a threatened species on April 24,
1978 (43 ER 17375). The proposal was withdrawn on May 27, 1980 (45 ER 35410), in
accordance with 1978 amendments to the Act.

On March 15, 1989, the Service received a March 14 petition from the Sierra Club, National
Audubon Society, The Wilderness Society, Colorado Environmental Coalition, Southern Utah
Wilderness Alliance, and Northwest Rivers Alliance to list the razorback sucker as an
endangered species. The Service made a positive finding in June 1989 and subsequently
published a notice on August 15, 1989 (54 FR 33586). This notice also stated that the
Service was completing a status review and was requesting that additional information be
provided by December 15, 1989. A proposed rule to list the razorback sucker as an
endangered species was published on May 22, 1990 (55 FR 21154), and a final rule listing
the fish without critical habitat was published on October 23, 1991 (56 FR 54957). In the



final rule, the Service concluded that critical habitat was not determinable at the time of
listing and questioned whether it was prudent to designate critical habitat for this fish.

On October 30, 1991, the Service received a 60-day notice of intent to sue from the Sierra
Club Legal Defense Fund. The notice indicated that the Service failed to designate critical
habitat concurrent with listing of the razorback sucker, pursuant to Section 4(6)(c) of the
Act. A second notice of intent to sue, dated January 30, 1992, was subsequently received.
On December 6, 1991, the Service concluded that designation of critical habitat was prudent
and determinable and, therefore, critical habitat for the razorback sucker should be
designated. Because the intent of the Act is ". . . to provide a means whereby the
ecosystems upon which endangered species and threatened species depend may be conserved
. . .", the Service also decided to propose critical habitat for the Colorado squawfish,
humpback chub, and bonytail. The four endangered Colorado River fishes coexist in the
Basin and much of their habitats overlap.

On May 7, 1992, the Sierra Club Legal Defense Fund filed a lawsuit in the U.S. District
Court (Court), Colorado, on behalf of the Colorado Wildlife Federation, Southern Utah
Wilderness Alliance, Four Corners Action Coalition, Colorado Environmental Coalition,
Taxpayers for the Animas River, and Sierra Club. On August 18, 1992, a motion for
summary judgment was filed which requested the Court to order a final rule designating
critical habitat within 90 days. In opposition to the motion, the Service explained that the
complex analyses, required for designating critical habitat could not be completed until
September 1993. This delay was needed to compile biological and hydrological data, and
conduct an economic analysis for portions of seven western States. On October 27, 1992,
the Court ruled that the Service had violated the Act in failing to designate critical habitat
when the razorback sucker was listed. The Court ordered the Service to publish a proposed
rule within 90 days designating critical habitat for the razorback sucker, and to publish a
final rule "at the earliest time permitted and in accordance with" the Act. The Service
published the proposed rule on January 29, 1993 (58 FR 6578).

In designating critical habitat, the Service followed specific provisions of the Act, which
provide no alternatives on what must be designated. Critical habitat is defined in Section
(3)(5)(A) of the Act to include areas occupied or not that are essential to the conservation of
each species. Conservation is defined in the Act as that needed to bring about the complete
recovery of the species. Therefore, the Act dictates what is included in the proposed critical
habitat designation.

The process for designating critical habitat for the razorback sucker, bonytail, humpback
chub, and Colorado squawfish (referred to collectively as Colorado River endangered fish in
this document) consists of three major steps. The first step was to complete a biologically-
based determination of potential critical habitat areas. This step provided an inventory of
areas needed for the survival and recovery of the species. For the razorback sucker, the
biological determination was based on the primary constituent elements and additional
selection criteria determined by the Service. These constituent elements and additional



selection criteria were then applied throughout the historic range of the razorback sucker.
For the bonytail, humpback chub, and Colorado squawfish, the biological determination was
based on the primary constituent elements and existing recovery plans for these species. The
second step was to determine the potential impacts of the proposed designation. This is
addressed in an analysis of economic costs and other relevant impacts. The final step is to
decide which areas, if any, should be excluded based upon economic or other relevant
impacts (social, cultural, etc.) and to determine costs and benefits associated with the final
designation.

BACKGROUND

THE COLORADO RIVER BASIN

Headwaters of the Basin originate in the Rocky, Wasatch, Uinta and San Juan mountains of
Colorado, Wyoming, Utah, and New Mexico. The Basin drains approximately 242,000
square miles of the United States and about 2,000 square miles of Mexico. The portion in
the United States includes the states of Arizona, California, Colorado, Utah, Nevada, New
Mexico, and Wyoming. To facilitate management of the water resources, the Basin was
divided into Upper and Lower basins (Figure 1) by agreement between seven Basin States in
the 1922 Colorado River Compact (1922 Compact). The Upper Basin begins at the
headwaters and ends at Lee’s Ferry, Arizona (16 miles below Glen Canyon Dam). Major
drainages in the Upper Basin include the Upper Colorado, Green, Gunnison, and San Juan
rivers. The Lower Basin begins at Lee’s Ferry and ends at the United States/Mexico border.
Major drainages in the Lower Basin include the Lower Colorado, Little Colorado, Virgin,
and Gila rivers. The latter also includes the Salt and Verde river drainages.

The Colorado River Basin includes aquatic and terrestrial ecosystems. The fish fauna is
composed of endemic fishes (found only in the Basin), native nonendemic fishes, and
nonnative fishes that have been introduced by man.

The native fish fauna is characterized by only a few species and most of these are restricted
to different subbasins or individual river systems. Carlson and Muth (1989) identified 36
native fishes (included in Table 1). Several of the species in Table 1 include one or more
subspecies that are more restricted in distribution. Of the 38 fishes listed in Table 1, eight
(21 percent) were found throughout the Basin, six (15 percent) in the Upper Basin, and 24
(63 percent) in the Lower Basin. The large number of species in the Lower Basin is likely
reflective of climate, geologic change, and a wider variety of aquatic habitats. Because of
geologic isolation, the Colorado River contains far fewer native species than other large river
systems (e.g., Missouri River Basin has 150 native fish species; Hesse and Sheets 1993).
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Table 1. Native fish species of the Colorado River Basin.

COMMON NAME

Family Elopidae
Machete

Family Salmonidae
Apache trout
Colorado cutthroat trout
Gila trout

Rocky Mountain whitefish

Family Cyprinidae
Longfin dace
Humpback chub
Bonytail
Gila chub
Roundtail chub
Virgin chub
Virgin spinedace

Little Colorado spinedace

White River spinedace
Pahranagat spinedace
Spikedace

Moapa dace
‘Woundfin

Colorado squawfish
Las Vegas dace
Speckled dace

Loach minnow

Kendall Warm Springs dace

Family Catostomidae
Desert sucker
Bluehead sucker
Sonora sucker
Flannelmouth sucker
Mountain sucker
Little Colorado sucker
Razorback sucker

SCIENTIFIC NAME

Elops affinis

Oncorhynchus apache
Oncorhynchus clarki pleuriticus
Oncorhynchus gilae

Prosopium williamsoni

Agosia chrysogaster

Gila cypha

Gila elegans

Gila intermedia

Gila robusta

Gila seminuda
Lepidomeda mollispinus
Lepidomeda vittata
Lepidomeda albivallis
Lepidomeda altivelis
Meda fulgida

Moapa coriacea
Plagopterus argentissimus
Prtychocheilus lucius
Rhinichthys deaconi
Rhinichthys osculus
Rhinichthys cobitis
Rhinichthys osculus thermalis

Catostomus clarki
Catostomus discobolus
Catostomus insignis
Catostomus latipinnis
Catostomus platyrhynchus
Catostomus sp.
Xyrauchen texanus



Table 1 (continued).

COMMON NAME SCIENTIFIC NAME

Family Cyprinodontidae
Moapa/White River springfish Crenichthys baileyi
Railroad Valley springfish Crenichthys nevadae
Desert pupfish Cyprinodon macularius
Monkey Springs pupfish Cyprinodon sp.

Family Poeciliidae
Gila topminnow Poeciliopsis occidentalis

Family Cottidae
Mottled sculpin Cottus bairdi
Paiute sculpin Cottus beldingi

Family Mugilidae
Striped mullet Mugil cephalus

Changes to the aquatic resources of the Basin has had a profound effect on the native fish
fauna. Several species and subspecies are extinct, including the Las Vegas dace, Pahranagat
spinedace and Monkey Springs pupfish. Of the remaining species, 44 percent are federally
listed as endangered or threatened and an additional 28 percent identified as candidates to the
Federal lists. Only 20 percent of the native fish fauna has not been identified as potentially
in need of protection under the Act. The Basin States also have acknowledged the need to
protect the native fish species. Over 70 percent of the native species are on State lists of
special status species.

Historically, the native fish fauna of the mainstream Colorado River was dominated by native
minnows (cyprinids) and suckers (catostomids) (Minckley et al. 1986). However, four of
these, the razorback sucker, Colorado squawfish, humpback chub, and bonytail, are now
federally listed as endangered species. These fishes are threatened with extinction due to the
combined effects of habitat loss (including regulation of natural flow, temperature, and
sediment regimes); proliferation of introduced fishes; and other man-induced disturbances
(Miller 1961; Minckley 1973; Carlson and Muth 1989; Minckley and Douglas 1991).

Colorado squawfish populations only in the Upper Basin, where their numbers are relatively
high only in the Green River basin of Utah and Colorado (Tyus 1991a). Razorback sucker
and bonytail chub stocks consist predominately of old adult fish, and they remain only
because of the longevity inherent in these species (USFWS 1990a; Minckley et al. 1991).



Humpback chub populations in the Little Colorado River and the Black Rocks area on the
upper Colorado River appear relatively stable in number of fish, but declines have been
apparent in other locations (USFWS 1990b).

COLORADO RIVER FLOODPLAIN

North temperate riverine, or lotic, ecosystems are dynamic and complex. Large river
systems are composed not only of the mainstream channels in which water is maintained
most or all of the year, but an integral, natural part of these rivers are upland habitats that
are inundated during the higher water levels that are usually associated with spring flows.
These seasonally flooded habitats are major contributors to the biological productivity of the
river system by providing inputs of nutrients and making terrestrial food sources available to
aquatic organisms (Hesse and Sheets 1993) . The extent of flooded wetlands in the Colorado
River has been reduced by the construction and operation of water resources development
projects (Carlson and Muth 1989), and the remaining flooded uplands have great importance
for recovery of endangered fishes.

Studies of the major floodplain rivers of the world have documented the high value of
flooded bottomlands and other flooded uplands for fish production (e.g., Welcomme 1979).
Because fishes are highly mobile, many species are able to take advantage of food sources
made available by flooded lands. Indeed, many fishes have developed migratory strategies
that allow them to utilize inundated areas as spawning, nursery, and foraging areas (Lowe-
McConnell 1975; Welcomme 1979). In this context, a rich food source of terrestrial origin
may enhance fish growth, fecundity, and/or survival. Use of these inundated floodplains
increases the energy available for spawning and is necessary for reproductive success in some
species (Finger and Stewart 1987). In many cyprinid fishes, spawning is associated with
seasonal rains and flooding of rivers, and it has been found that flood-related changes in the
river environment not only induce spawning for many species, but these changes comprise
the ultimate factors limiting the survival of eggs, larvae, or young fish (Hontela and Stacey
1990).

Loss of inundated floodplain habitats in the Missouri River Basin has been associated with a
concomitant reduction of as much as 98 percent of fish biomass (Karr and Schlosser 1978).
Inundation of floodplain during spring flows also provides areas with warmer water
temperatures, low velocity resting habitat, and cover from predation in flooded terrestrial
vegetation. Recent studies in the Colorado River system have shown that the life histories
and welfare of native riverine fishes is linked with the maintenance of a natural or historic
flow regimen; i.e., a hydrological pattern of high spring and low autumn-winter flows that
vary in magnitude and duration depending on annual precipitation patterns and runoff from
snowmelt (Tyus and Karp 1989, 1990). This relationship is so evident to ichthyogists that it
has been predicted that stream regulation that results in loss of flooding will result in
extirpation of many native fish species in the Colorado River system (Minckley and Meffe
1987). .



LIFE HISTQRIES OF COLORADO RIVER ENDANGERED FISHES

The Service is mandated to determine critical habitat, and to use the best scientific and
commercial data available (50 CFR 424.12). Current knowledge of the life history needs of
the razorback sucker was presented in the Service’s final rule (56 FR 54957). The bonytail,
humpback chub, and Colorado squawfish life history needs were presented in the recovery
plans for each of those species (USFWS 1990a, 1990b, 1991). Biological information
developed since listing the razorback sucker and preparation of recovery plans has also been
used to determine habitat needs of the fishes. Also, the Service incorporated unpublished
information from current research on the Colorado River endangered fishes to ensure the best
and most recent scientific and commercial data were used for this determination.

These fishes evolved in the Colorado River and were adapted to the natural environment that
existed prior to the beginning of large-scale water development. Thus, they were adapted to
a system of fluctuating seasonal and annual flows influenced by wet, average, and dry
climatic periods. Recent population declines and disappearances of endemic fish species in
much of their former range have been associated with relatively rapid and widespread
anthropogenic changes. These changes have altered the physical and biological
characteristics of many mainstream rivers in the Basin and occurred so rapidly that the fishes
have not had time to adapt to them (Carlson and Muth 1989). Dams and diversions have
fragmented former fish habitat by restricting fish movement. As a result, genetic interchange
(emigration and immigration of breeding individuals) between some fish populations is
nonexistent. Large floods were once normal in the Basin, and provided food and nutrient
exchange between river channels and shallow-water floodplain habitats. These floods are
now controlled by numerous dams. As a result of these dams, major changes also have
occurred in water quality, quantity, temperature, sediment and nutrient transport, and other
characteristics of the aquatic environment (Carlson and Muth 1989). The altered habitats that
have resulted are now more suitable for introduced, nonnative fishes, some of which have
flourished (Tyus et al. 1982a; Carlson and Muth 1989; Minckley and Douglas 1991). These
changes have greatly altered the river environment and little or no unaltered habitat remains
in the Basin for the four Colorado River endangered fish species.

RAZORBACK SUCKER (Xyrauchen texanus, Abbott 1861)

The razorback sucker is part of a unique fish fauna endemic to the Colorado River Basin
(Miller 1946, 1959). This species was once one of the most abundant and widely distributed
fish in the mainstream rivers of the Basin (Jordan and Evermann 1896; Minckley 1973).
Historic riverine systems provided a wide variety of habitats occupied by razorback suckers
including backwaters, sloughs, and oxbow lakes (Holden and Stalnaker 1975a; Minckley
1983; Tyus 1987; Tyus and Karp 1990).



HISTORIC DISTRIBUTION AND ABUNDANCE

The razorback sucker was once abundant throughout 3,500 miles of the Basin (Figure 2),
primarily in the mainstem and major tributaries in Arizona, California, Colorado, Nevada,
New Mexico, Utah, and Wyoming; and in the States of Baja California Norte and Sonora of
Mexico (Ellis 1914; Minckley 1973).

These fish were most abundant downstream of present-day Lake Mead and very abundant
around Yuma, Arizona (Gilbert and Scofield 1898). There are few records of razorback
suckers in Grand and Marble Canyons, perhaps due to lack of early sampling in these
inaccessible canyon areas (Minckley and Carothers 1980; Minckley et al. 1991) or razorback
suckers may have been historically uncommon in turbulent canyon reaches of the Lower
Colorado River Basin (Bestgen 1990). Archeological remains of razorback suckers were
common in the Salton Sea area (Minckley 1983; Minckley et al. 1991; Gobalet 1992), but
increasing salinity made this habitat marginal for freshwater fishes after 1929 (Evermann
1916; Coleman 1929). Razorback sucker historically occurred in most warmwater reaches of
the Gila River drainage (Bestgen 1990). Early reports suggest that it was common in the
Gila River nearly to the New Mexico border (Kirsch 1888). Razorback suckers were
abundant in the lower Salt River and in lower Tonto Creek (Hubbs and Miller 1953) and it
occurred in the Verde River to Perkinsville, Arizona (Minckley 1973). Upstream
distribution in the Salt River may have been limited by extensive canyon habitat (Bestgen
1990).

In the Upper Basin, razorback suckers historically occurred in the Colorado, Green, and San
Juan River Basins. In the Colorado River, razorback suckers occurred from Lee’s Ferry to
near Rifle, Colorado. They also were found in the Gunnison River upstream to Delta,
Colorado (Hubbs and Miller 1953; Wiltzius 1978; Holden 1980). No records exist for
razorback sucker in the Dolores River (Holden and Stalnaker 1975b). Historic distribution
of razorback suckers in the Green River was from its confluence with the Colorado River
upstream to Green River, Wyoming (Jordan 1891; Evermann and Rutter 1895; Sigler and
Miller 1963; Baxter and Simon 1970; Vanicek et al. 1970). Razorback sucker have been
captured in the lower few miles of the Duchesne River (Tyus 1987). Sigler and Miller
(1963) report them uncommon in the lower White River near Ouray, Utah. Razorback
sucker occur in the lower Yampa River and are considered rare upstream to the Little Snake
River, Colorado (McAda and Wydoski 1980; Lanigan and Tyus 1989). Historic status of the
razorback sucker in the San Juan drainage is not well known (Bestgen 1990). There is some
anecdotal evidence that razorback suckers "ran" up the Animas River (Jordan 1891).
Platania (1990) reported that the first verified record of razorback sucker from the San Juan
River basin/drainage was in 1976 when two adults were collected from an irrigation pond
near Bluff, Utah.



———————

WYOMING

NEW
MEXICO

Figure 2. Historical distribution (shaded area) of the razorback sucker. (Adapted
from Minckley et al. 1991).
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CURRENT DISTRIBUTION AND ABUNDANCE

Upper Basin razorback sucker distribution has been reduced to about 750 miles (Holden and
Stalnaker 1975a; Ecology Consultants, Inc. 1978; McAda and Wydoski 1980). In the Upper
Basin, the fish persists in the lower Yampa and Green rivers, mainstream Colorado River,
and lower San Juan River (Tyus et al. 1982a; Minckley et al. 1991; Platania et al. 1991), but
there is little recruitment in these remnant populations. The largest extant riverine population
occurs in the upper Green River Basin, but consisted of only about 1,000 fish in 1988
(Lanigan and Tyus 1989). In the absence of conservation efforts, these wild populations will
be lost as old fish die and are not replaced.

The largest concentration of razorback suckers in the Upper Basin occurs in the upper Green
River from the mouth of the Duchesne River upstream to the Yampa River (Tyus 1987;
Lanigan and Tyus 1989; Tyus and Karp 1991). Lanigan and Tyus (1989) estimated that 758
to 1,138 razorback suckers still inhabit the upper Green River. In the upper Colorado River
subbasin, most razorback suckers occur in the Grand Valley area where the number of adult
captures has declined appreciably since 1974 (Valdez et al. 1982b; Osmundson and Kaeding
1989). Recent studies on the San Juan River found razorback suckers in the San Juan arm of
Lake Powell near Piute Farms, and one adult male near Bluff, Utah (Platania 1990).

In the Lower Basin, the decline of razorback suckers shortly after impoundment of Lake
Mead in 1935 was noted by several researchers (Dill 1944; Miller 1946; Wallis 1951; Jonez
and Sumner 1954). Now, a substantial population exists only in Lake Mohave estimated at
approximately 60,000 adult razorback suckers (Minckley et al. 1991).

Small numbers of razorback suckers sporadically occur in Lake Mead and the Grand Canyon
and below Lake Mohave in the mainstem and associated impoundments and canals (Marsh
and Minckley 1989). Successful spawning has been documented in Lake Mohave and
numerous larvae have been collected (Bozek et al. 1984; Marsh and Langhorst 1988).
However, juveniles have been extremely rare in collections since the early 1950’s (Minckley
et al. 1991).

No significant recruitment to any populations has been documented in recent years (Tyus
1987; McCarthy and Minckley 1987; Osmundson and Kaeding 1989; Tyus and Karp 1991).
The formerly large Lower Basin populations have been extirpated from most riverine
environments, and recruitment is virtually nonexistent in the remnant stocks (Minckley et al.
1991).

STATUS

The razorback sucker has been negatively affected by perturbations to its environment.

These perturbations have resulted in genetic isolation, lack of recruitment, and an adult
population nearing its maximum life expectancy. As these older fish die, wild populations of
razorback sucker will disappear if habitat conditions favoring recruitment do not improve.
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Recent research in Davis and Yuma coves on Lake Mohave sponsored by the Bureau of
Reclamation (Reclamation) has shown that razorback sucker larvae can survive and grow
successfully if the predator load is reduced (Burke 1992).

HABITAT RE EMENTS

Although habitat use of razorback suckers has been studied for years, the habitat preferences
and factors limiting their abundance in native riverine habitats are not well known because of
the scarcity of extant populations (Minckley 1983; Lanigan and Tyus 1989) and the absence
of younger life history stages (Minckley et al. 1991). However, based on available data
taken from the Green River, Tyus and Karp (1989) considered the lack of low winter flows,
high spring flows, seasonal changes in river temperatures, and inundated shorelines and
bottomlands as factors that potentially limit the survival, successful reproduction, and
recruitment of this species.

Spawning Habitat

Reproduction and habitat use of razorback suckers has been studied in lower basin reservoirs,
especially in Lake Mohave. Fish reproduction has been visually observed near reservoir
shorelines for many years, and spawning in the reservoir usually lasts from January or
February to April or May. The fish spawn over mixed substrates that range from silt to
cobble, and at water temperatures ranging from 51° to 70°F (reviewed by Minckley et al.
1991).

Habitat use and spawning behavior of 307 adult razorback suckers in riverine habitats were
studied by fish captures and radiotelemetry in the Green River Basin (Tyus and Karp 1990).
The fish there spawned in the spring with rising water levels and increasing temperatures.
The fish moved into flooded areas in early spring, and they made spawning migrations to
specific locations as they became reproductively active. Spawning occurred over rocky runs
and gravel bars. It has been observed that several males accompany a single female (Jonez
and Sumner 1954; Ulmer 1980).

In the Upper Basin, spawning occurs from April through June 14 (Tyus 1987; Osmundson
and Kaeding 1989; Tyus and Karp 1990). Water temperatures recorded in the upper Green
River during spawning ranged from 48° to 63°F (Tyus and Karp 1990). McAda and
Wydoski (1980) reported spawning fish in May over cobble substrates, about 3.2 feet/sec.
water velocity and 3.2 feet water depth. Tyus (1987) collected ripe adults over coarse sand
substrates and in the vicinity of gravel or cobble bars, but direct observation of spawning
was not possible because of high turbidities prevalent during that time of year. Osmundson
and Kaeding (1989) suggested that flooded bottomlands in the Grand Valley were historically
the primary spawning habitats. McAda and Wydoski (1980) collected running ripe females
from a gravel pit where they were probably spawning. Tyus and Karp (1990) found the
average water depth of the gravel and cobble bars to be 2 feet with an average water velocity
of 2.4 feet/s.
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Spawning occurs in the Lower Basin from January through April (Ulmer 1980; Langhorst
and Marsh 1986; Mueller 1989). Water temperatures during spawning in the Lower Basin
ranged from 53° to 64°F (Douglas 1952; Ulmer 1980; Langhorst and Marsh 1986).
Spawning has been extensively documented in Lower Basin reservoirs in flat or gently
sloping offshore areas over gravel, cobble, or mixed substrate types (Douglas 1952; Ulmer
1980; Bozek et al. 1984; Minckley et al. 1991). Ulmer (1980) observed spawning activity in
Senator Wash Reservoir in 10 to 18 feet of water. In Lake Mohave, razorback suckers were
observed during spawning in water depths of <3 to 16 feet, with most fish in <7 feet of
water (Bureau of Reclamation, unpublished data).

Bestgen (1990) concluded that razorback suckers may spawn in a variety of flow conditions,
from rivers to impoundments. He also concluded that their longevity allows them to persist
through several consecutive seasons of no or low reproduction; an adaptation to the pristine
conditions of the highly fluctuating and unpredictable Colorado River system.

Nursery Habitat

Habitats used by young razorback suckers have not been fully evaluated because of the low
number of young fish present in the river system. However, most studies agree that the
larvae prefer shallow, littoral zones for a few weeks after hatching, then they disperse to
deeper water areas (reviewed by Minckley et al. 1991). Laboratory studies indicated that, in
a riverine environment, the larvae enter stream drift and are transported downstream (Paulin
et al. 1990).

A number of investigators have collected viable fertilized eggs and larvae in the areas of
known spawning activity (Ulmer 1980; Bozek et al. 1984; Tyus 1987; Marsh and Langhorst
1988), but few have collected larvae larger than 0.6 inches in the wild. This indicates little
or no successful recruitment of wild razorback suckers. Several researchers have observed
predation on razorback sucker eggs and larvae by carp, channel catfish, smallmouth bass,
largemouth bass, bluegill, green sunfish, and redear sunfish (Jonez and Sumner 1954; Ulmer
1980; Marsh and Langhorst 1988; Langhorst 1989). Other researchers hypothesized that
predation is a major cause underlying the lack of recruitment to the adult razorback sucker
population throughout the basin (McAda and Wydoski 1980; Minckley 1983; Tyus 1987).
Loudermilk (1985) observed that young razorback sucker larvae inhabited the upper water
column for the first few days after swim-up and exhibited no defensive behavior from
potential predators. Karp and Tyus (1990) observed that several fish species readily attacked
razorback sucker larvae in lab experiments. Marsh and Langhorst (1988) found larval
razorback suckers in Lake Mohave survived longer and grew larger in the absence of
predators.

Juvenile and Adult Habitat

Habitat needs of young and juvenile razorback suckers in the wild are little known because
they have rarely been encountered by researchers, particularly in native riverine habitats
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(Tyus 1987). Taba et al. (1965) collected juveniles from backwaters in the Colorado River
near Moab, and G.R. Smith (1959) caught two young fish on the Colorado River in Glen
Canyon; one from a backwater and one from a creek mouth. In 1950, R.R. Miller seined
6,600 young-of-year along warm, shallow margins of the Colorado River at Cottonwood
Landing, Nevada (Sigler and Miller 1963). Marsh and Langhorst (1988) observed that larval
razorback suckers in Lake Mohave remained near shore after hatching but either disappeared
or migrated to deep water within a few weeks. In recent years, juvenile razorback suckers
have been collected from lateral canals off the Colorado River in the Lower Basin (Minckley
and Marsh 1989; Charles Minckley, USFWS, pers. comm.). Two were collected in a
backwater in the lower Green River (Tom Chart, UDWR, pers. comm.). Observations of
young hatchery-produced fish found that they remained along shorelines, in embayments
along sandbars, or in tributary mouths, eventually dispersing into channels or larger
backwaters (Minckley et al. 1991).

Based on limited razorback sucker data and analogy with life history requirements of other
native Colorado River fishes, it is probable that young razorback suckers require quiet,
warm, shallow water for nursery habitats. These habitats are provided by backwaters and
flooded bottomlands that form at various flow levels in riverine environments and by coves
in reservoir environments. Backwaters have been identified as important nursery habitat for
many species of native fish, providing quiet, warmwater and potential for increased food
availability (Valdez and Wick 1983). During high flow periods, flooded bottomlands and
tributary mouths also provide quiet water areas and Tyus and Karp (1989, 1990) implied that
flooded bottomland may be important for dispersal and rearing of young. Many off-channel
habitats were available prior to construction of mainstem dams and channelization (Beland
1953; Tyus and Karp 1989; Osmundson and Kaeding 1991).

Wick (1992) concluded that gravel-pit ponds that are adjacent to the river may be a substitute
for bottomlands, low lying wetlands, and former oxbow channels. Recently, 97 razorback
suckers were collected from waters adjacent to the Colorado River; four from Highline Lake,
one from Clough Pond, near Rifle, Colorado, and 92 from a gravel-pit near DeBeque,
Colorado (Pfeifer 1993). Providing nursery habitats in backwaters and flooded bottomlands
under reduced predator load appears to show some hope for the survival and eventual
recovery of this species.

Holden and Crist (1981) reported the capture of 56 razorback suckers in the Ashley Creek-
Jensen area of the Green River from 1978 to 1980, and about 19 percent of all ripe or
tuberculate razorback suckers captured by the Service from 1981 to 1989 were taken in
flooded bottomlands and mouths of tributaries. Seasonal movements of some fish into these
areas indicates that flooded bottomlands may provide important habitat for razorback suckers.
Warmer temperatures and increased food availability offer plausible explanations, and
Bulkley and Pimental (1983) reported that adult razorback suckers preferred temperatures of
71° to 77°F and avoided temperatures of 46° to 59°F. Tyus and Karp (1990) suggested that
both reproduction and recruitment in razorback sucker in the Green River may be adversely
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affected by loss of seasonally flooded habitats due to their impoundment via dams and dikes,
loss of fish access, and alteration of the duration and magnitude of spring flooding.

In nonreproductive periods, adult razorback suckers tend to utilize eddies, backwaters and
other types of pool habitats (Minckley et al. 1991). Adults in the upper Green and Colorado
rivers use backwaters and eddies 2.0 to 11.0 feet deep with sand or silt substrates and water
velocities of 0.3 to 2.0 feet per second during this time (Valdez 1982a; Tyus et al. 1982b;
Tyus 1987). Radio telemetry data on razorback suckers in the Verde River indicated that
deeper pools and glides with low water velocities were most often occupied (Creef et al.
1992). Other radio telemetry work on razorbacks in the Gila River indicated that flat-water
areas in the main channel as well as pools and eddy habitats were used (Marsh and Minckley
1991).  Adult razorback suckers survive successfully in reservoirs, although information on
specific habitat use outside of the breeding season is not available. Summer riverine habitat
use included deeper eddies, backwaters, holes, and midchannel sandbars (Tyus and Karp
1990; Minckley et al. 1991). Tyus and Karp (1989), based on capture and inspection of
adult razorback suckers in flooded habitats, believed that flooding of bottomland during
spring runoff was important to adults for feeding. The flooding of bottomlands provides
access to areas for feeding and also supplies nutrient and organic input into the river.

MOVEMENT/MIGRATION

Razorback suckers exhibited a variety of local and long-distance movements during the
spring spawning period. Tyus and Karp (1990) reported that 17 radiotagged fish undertook
spawning migrations of 19 to 66 miles. Osmundson and Kaeding (1989) reported movement
of 7 to 12 miles within the Grand Valley. McAda and Wydoski (1980) reported movement
of spaghetti tagged fish 16 to 86 miles although most individuals were recaptured close to the
point of release. Similar movements were noted by Tyus (1987), and historical accounts also
reported spring spawning movements of razorback suckers (Jordan 1891; Hubbs and Miller
1953; Sigler and Miller 1963).

Except for spawning migrations, razorback suckers are relatively sedentary, moving only a
few miles over several months (Tyus 1987; Tyus and Karp 1990). Valdez and Masslich
(1989) tracked 17 razorback suckers in the winter on the Green River, and they found that
most of the fish moved less than 3 miles. The radio-telemetered razorback suckers used
slow runs, slack waters, and eddies. They were found in depths of 2.0 to 4.6 feet and
velocities of 0.1 to 1.1 feet per second. Osmundson and Kaeding (1989) reported that pools
and slow eddies were predominantly used from November through April, runs and pools
from July through October, runs and backwaters during May, and backwaters and flooded
gravel pits during June. Selection of various depths changed seasonally; mean depths were
3.0 to 3.3 feet during May and June, 5.3 to 5.4 feet from August through September, and
6.6 to 7.1 feet from November through April. In Lake Mohave, mark and recapture data
shows razorback suckers moved up, down, or across the lake 2.5 to 16 miles. (Marsh and
Minckley 1989). Some individuals remained in the same locality, while one fish moved
uplake 5 miles in less than two days.
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Razorback suckers are uncommon in turbulent canyon reaches (Lanigan and Tyus 1989;
Minckley et al. 1991). Although these canyons may not be suitable for spawning, nursery,
or rearing areas, they provide corridors for movement and migration between more typically
occupied habitat. Additionally, larger tributaries within canyons may provide suitable habitat
to complete life history requirements. These canyon reaches also provide corridors for larval
drift, (e.g., Whirlpool Canyon below an identified spawning site in the lower Yampa River;
Tyus and Karp 1990). The ability for razorback suckers to move between spawning, adult,
and nursery habitats is essential for completion of all life history requirements.

COLORADO SQUAWFISH (Ptychocheilus lucius, Girard, 1856)

Colorado squawfish are adapted to rivers with seasonally variable flow, high silt loads, and
turbulence. The Colorado squawfish is the largest member of the minnow family in North
America, with maximum weights historically exceeding 80 lbs. The Colorado squawfish is
endemic to the Basin. It is the largest of four existing species of the genus Prychocheilus
(Moyle 1976). Its origins predate recorded history, but fossils indicate that by the mid-
Pliocene epoch (about 6 million years ago) early Ptychocheilus had riverine adaptations that
were similar to modern forms. During the Pleistocene epoch (about 1 million years ago), an
earlier wet climate was interrupted by periods of desert conditions (M. Smith 1981). It has
been hypothesized that the migrations reported for Colorado squawfish are a perfect life
history strategy for the survival of a large predaceous fish in the historic Colorado River
environment (G. Smith 1981; Tyus 1986, 1990). During the spawning season, adult
Colorado squawfish have been known to migrate up to 200 miles upstream or downstream to
reach spawning areas (Tyus 1990).

HISTORIC DISTRIBUTION AND ABUNDANCE

Historically, Colorado squawfish occurred throughout the Basin (Figure 3). In the Lower
Basin, Colorado squawfish were recorded in the Colorado River mainstem from the Gulf of
California in Baja California del Norte to Lee’s Ferry in Arizona, the Little Colorado River,
and the Gila River and its tributaries, the San Pedro, Salt, and Verde rivers. Colorado
squawfish also were recorded in the Salton Sea, which was sporadically filled with water
from the Colorado River (Follett 1961; Minckley 1973, 1979, 1985; Moyle 1976, Gobalet
1992). In the Upper Basin, Colorado squawfish have been captured in the lower reaches of
the Gunnison, White, Yampa, Little Snake, Dolores, San Juan, Duchesne, Uncompahgre,
and Animas rivers (Jordan 1891; Ellis 1914; Beckman 1952; Lemons 1954; Koster 1957,
1960; Johnson 1976; Valdez et al. 1982a; Platania 1990; Marsh et al. 1991), and Plateau
Creek, a tributary of the Colorado River (Bob Burdick, USFWS, pers. comm.). The species
also was common in the Colorado and Green Rivers mainstems, plus probably numerous
smaller streams (Ellis 1914; Bosley 1960; LaRivers 1962; Baxter and Simon 1970; Holden
1973; Seethaler 1978; Johnson and Oberholtzer 1987).
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Figure 3. Historical distribution (shaded area) of the Colorado squawfish. (Map
adapted from the Colorado River Recovery Plan USFWS 1991)
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CURRENT DISTRIBUTION AND ABUNDANCE

Native populations of the Colorado squawfish are restricted to the Upper Basin in Wyoming,
Colorado, Utah, and New Mexico. The species occurs in the Green, Yampa, White,
Gunnison and Colorado rivers (Holden and Wick 1982; Miller et al. 1982b; Tyus et al.
1982b; Wick et al. 1985, 1986; Archer et al. 1985; Tyus et al. 1987; Burdick 1993; Valdez
and Cowdell 1993). Colorado squawfish populations have been extirpated from the Lower
Basin.

Catches of young, juvenile, and adult Colorado squawfish are higher in the Green River sub-
basin of Colorado and Utah than elsewhere (Tyus 1991a). Recent investigations have found
many young, juveniles, and adults in the Green River from the mouth of the Yampa River to
its confluence with the Colorado (Holden 1973; Holden and Stalnaker 1975a, 1975b; Tyus et
al. 1982a, 1987; Tyus and Haines 1991).

Adult Colorado squawfish have been captured in the lower 124 miles of the Yampa River
and in Lodore Canyon of the Green River (Tyus et al. 1982a; Miller et al. 1982b), and
larvae were identified from the lower 19 miles of the Yampa River in Dinosaur National
Monument (Wick et al. 1981, 1985, 1986; Haynes et al. 1984; Tyus and Haines 1991). Two
adult Colorado squawfish implanted with radio transmitters ascended the Little Snake River
in 1988 (Wick and Hawkins 1989). Investigation of the Green and Little Snake rivers in
Wyoming in 1986 failed to produce any Colorado squawfish, (Johnson and Oberholtzer
1987); however, an adult was found in the Little Snake River in Wyoming in 1990 (Marsh et
al. 1991).

Colorado squawfish have been found in the lower 151 miles of the White River in Utah and
Colorado (Prewitt et al. 1978; Wick et al. 1979, 1981; Carlson et al. 1979; Lanigan and
Berry 1981; Miller et al. 1982a; Martinez 1986a). In the Duchesne River, a fisherman
caught a Colorado squawfish at the mouth of the Uinta and Duchesne rivers in 1975
(Seethaler 1978) and a specimen implanted with a radio transmitter ascended the Duchesne
River in 1980 (Tyus et al. 1982b).

Colorado squawfish have been collected above and below the Redlands Diversion Dam on
the Gunnison River (Valdez et al. 1982a; Wick et al. 1985; Osmundson and Kaeding 1989;
USFWS 1992a); adults have been captured above this diversion as recently as the spring of
1993 ( Bob Burdick per. comm.) Colorado are regularly collected in the Colorado River
between the Price-Stubb Dam near Palisade, Colorado and Lake Powell (Valdez et al. 1982a;
Osmundson and Kaeding 1989; Valdez and Cowdell 1993).

Adult and juvenile Colorado squawfish have been captured in Lake Powell (Minckley 1973;
Wick et al. 1981; Valdez et al. 1982b; Miller et al. 1984). Adult Colorado squawfish were
captured in the riverine portion of the reservoir in 1980 (Persons and Bulkley 1982). Valdez
(1990) also reported both adult and juvenile Colorado squawfish in Cataract Canyon at the
inlet of Lake Powell, indicating that the species is reproducing in or above that reach.
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A small reproducing population of Colorado squawfish exists in the San Juan River. A
single juvenile squawfish was captured in the San Juan River just below the confluence of
McEImo Creek near Aneth, Utah, in 1978 (VTN Consolidated, Inc. 1978; Minckley and
Carothers 1980). Platania et al. (1991) reports eight adults and 19 young-of-year were
captured in New Mexico and Utah between 1987 and 1989 (two additional adults were
observed but not captured). One adult was captured in the San Juan arm of Lake Powell and
seven in the San Juan River between Bluff, Utah, and Shiprock, New Mexico. In 1987,
1988, and 1990, 20 young-of-year were collected from the San Juan River from Shiprock,
New Mexico to the Lake Powell inflow area (Platania et al. 1991; Bill Bates, UDWR, pers.
comm.). Ryden and Pfeifer (1993) captured 12 adults from 1991-1992 in a 19.2 mile reach
between Cudei Diversion and the Mancos River.

In the Lower Basin, Miller and Lowe (1964), and Minckley and Deacon (1968) considered
Colorado squawfish extirpated from the Gila River system, and Minckley (1973, 1979) later
expanded this to include all Arizona waters except above Glen Canyon Dam. No Colorado
squawfish (other than stocked fish) have been taken from the Gila River basin since 1950
(Miller 1961); a 1958 record of this species from the Salt River, Arizona (Branson et al.
1966), was based on misidentified roundtail chub (Robert Miller pers. comm. to W.L.
Minckley). The last known adult Colorado squawfish from the Lower Basin was taken by a
fisherman in 1975 from the mouth of Havasu Creek (Smith et al. 1979).

Although Colorado squawfish were extirpated from the Lower Basin, over 300,000 Colorado
squawfish have been reintroduced in several locations. These reintroductions were classified
as experimental nonessential populations as defined in the Act. More than 96,000 fingerling
and 442 larger Colorado squawfish, 14-16 inch total length (TL), were introduced at six
locations on the Salt and Verde Rivers, Arizona, in 1985 (Brooks 1986). Seven of the larger
squawfish were captured in experimental trammel nets within 10 days after stocking, and five
more fish of the larger size group were captured about 5 months after stocking. In 1987,
31,750 fingerling Colorado squawfish from Dexter National Fish Hatchery and Technology
Center were stocked at two sites in the Salt River drainage (including 6,750 into Canyon
Creek) and 100 Colorado squawfish were stocked into the Verde River. Arizona Game and
Fish Department biologists recaptured three in Canyon Creek and one in the Salt River. In
1988, Dexter National Fish Hatchery and Technology Center personnel stocked 20,000
fingerlings into the Salt River, 18,000 into Canyon Creek, and 89,303 into the Verde River.
Bubbling Ponds State Fish Hatchery personnel stocked 120,604 fingerlings into the Verde
River and 1,194 into Sycamore Creek, a tributary to the Verde River. In 1988, 57 Colorado
squawfish were recaptured on Verde River, and six from the Salt River. Recaptures during
both years included fish which had been at large for 3 months to 1 year (Dean Hendrickson,
AGFD, pers. comm., cited in USFWS 1991). Colorado squawfish stockings continue in the
Salt and Verde rivers, and expansion of the program is planned. However, no reproducing
population of Colorado squawfish has been confirmed in the Lower Basin as a result of these
stockings.
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TATUS

Once very common throughout the Basin, Colorado squawfish populations have declined
from historic levels. Its present range is restricted primarily to the Upper Basin; Colorado
squawfish have been reintroduced in the Salt and Verde Rivers in Arizona. As with the other
three endangered fish, the decline of Colorado squawfish populations is due to various
human-initiated physical and biological changes in the Colorado River.

HABITAT REQUIREMENTS
Spawning Habitat

Most of the information about Colorado squawfish reproduction is known from the Yampa
and Green Rivers, where the fish spawns in white water canyons. This reproduction was
associated with declining flows in June, July, or August, and average water temperatures
ranging from 71° to 77°F depending on annual hydrology. After spawning, adult Colorado
squawfish utilized a variety of riverine habitats, including eddies, backwaters, shorelines, and
others (Tyus 1990). Specific spawning sites of Colorado squawfish have not been identified
outside of the Green River Basin. In the mainstream Colorado River, McAda and Kaeding
(1991) suggested that Colorado squawfish spawning may have been adversely impacted by
construction of mainstream dams and a 48 percent reduction in peak discharge.

Tyus (1990) reported radiotracking of 57 Colorado squawfish to spawning grounds in the
Green and Yampa rivers and capture of an additional 208 ripe fish at these locations from
1980 to 1988. Numerous capture locations of ripe fish and behavior of radio-tagged fish
suggested that egg deposition and fertilization were concentrated in relatively small river
reaches (<12 miles) where large, deep pools, eddies and submerged bars of cobble, gravel,
boulder and sand substrates were associated with the main channel. However, substrates in
two spawning reaches were different. Substrates in Yampa Canyon were dominated by
imbricated cobbles intermingled with gravel and sand. In the Green River, substrates were
boulders, sand and silt. Although high turbidity precluded direct observation of fish or
deposited sex products, the signal source of radio-tagged fish indicated that fish rested or
staged in pools or eddies (average depth, six feet; average velocity, 1.0 ft/sec) for hours or
days, and moved abruptly to nearby cobble or boulder bars (average depth three feet;
average velocity, 1.9 ft/sec), where they remained from 30 minutes to three hours and
presumably spawned before returning to their former habitats.

Colorado squawfish spawn after the peak runoff season from June to mid-August. Spawning
begins when water temperature reaches 64° to 77°F, and peak spawning activity occurs
between 72° to 77°F (Haynes et al. 1984; Archer et al. 1985; Tyus 1990). During the
decline in water level following peak runoff, spawning adult fish move into run-riffle areas
and also occupy run, eddy, and pool habitats (Tyus 1990). Spawning migrations were
initiated at water temperatures of 57° to 68°F, and spawning occurred at temperatures of
72°F (range 59° to 82°F), but migrations and spawning periods varied between years.
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Migrations were initiated from May 12 to June 10, associated with a mean water temperature
of about 57°F, and spawning occurred at 70°F (Tyus and Karp 1989). However, Wick et
al. (1985) and Tyus et al. (1987) cautioned that main channel temperatures may not
accurately portray temperature preferences of Colorado squawfish because the species
frequently utilized habitats outside the main river channel, such as large backwaters, gravel
pits, and flooded bottomlands, which may be influenced more by ambient air temperatures
and solar radiation.

Radiotelemetry studies of Colorado squawfish in the Green River basin indicate that
spawning is concentrated in two major sites: (1) the lower 20 miles of Yampa River canyon;
and (2) Gray Canyon of the Green River (Tyus et al. 1984; Tyus and McAda 1984; Tyus
1985; Wick et al 1985; Tyus 1990). Spawning also is suspected in Labyrinth Canyon in the
Green River about 31.25 miles upstream of the Colorado River confluence (Tyus et al.
1987). This is supported by the capture of many young larval fish (protolarvae) immediately
downstream of this reach (Valdez 1990). Collections made on the two known spawning
grounds during 1981-88 produced 308 Colorado squawfish, of which 208 were ripe and an
additional 67 fish showed secondary sex characteristics associated with breeding condition
(Tyus 1990). Four fish tagged in the White River were recaptured at the Yampa and Gray
Canyons spawning areas, and the recapture of five fish tagged and recaptured in the Yampa
River spawning grounds after 2 or more years indicated a fidelity to that area (Tyus 1985,
1990).

The Yampa spawning population is considered historical. Holden and Stalnaker (1975b)
reported increased numbers of ripe Colorado squawfish in the lower Yampa River in July
1968-70, and Seethaler (1978) reported ripe fish there in 1974-75. Successful reproduction
in the lower Yampa River was substantiated when larval Colorado squawfish were collected
in the lower 30 miles and below its confluence with the Green River from 1980-83 (Haynes
et al. 1984; Tyus et al. 1987).

Gray Canyon of the Green River was suspected as a spawning site in 1981 when a
radio-implanted Colorado squawfish from the White River was tracked to that location (Tyus
et al. 1982b; Radant et al. 1983). Spawning was confirmed there by additional data collected
in 1983 (Tyus 1985). Additional Colorado squawfish have been tracked to Gray Canyon,
and 111 ripe fish were collected there in 1981-88 (Tyus 1990).

Two reaches of the Colorado River contain spawning areas; Black Rocks to Loma and Grand
Junction to Clifton (McAda and Kaeding 1991). Additionally, the presence of larval
squawfish aggregations and suitable spawning habitat in the Colorado River near Cataract
Canyon, Professor Valley, and upstream from the Dolores River confluence indicate
spawning is occurring in or near these areas as well (Archer et al. 1985; Valdez 1990).
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Nursery Habitat

Young-of-year (up to 2.5 inches TL), juveniles (2.5-8 inches), and subadults (8-16 inches)
have been captured in shallow backwater areas over silt and sand bottoms (Holden 1973;
Holden and Stalnaker 1975a, 1975b; Wick et al. 1979, 1981; Holden and Twedt 1980;
Miller et al. 1982a, 1982b; Valdez et al. 1982b; Valdez and Wick 1983; Haines and Tyus
1990; Tyus and Haines 1991). Most of these backwaters were ephemeral along shore
embayments with little or no water currents (Tyus and Haines 1991). A significant rearing
area for Colorado squawfish occurs in the Green River (Tyus et al. 1987; Tyus and Haines
1991). Two main reaches have been documented, one from Split Mountain to Sand Wash,
the other from Green River, Utah to the confluence with the Colorado River. Young-of-year
Colorado squawfish have also been found in the Colorado River between Moab, Utah, and
the confluence with the Green River (Valdez et al. 1982; Archer et al. 1985). Other
significant nursery areas in the Colorado River have been identified: (1) in the upper
Professor Valley; (2) between the confluence with the Dolores River and Westwater Canyon;
(3) between Black Rocks and Loma; and (4) downstream from the confluence with the
Gunnison River (Valdez et al. 1982; Archer et al. 1985; Osmundson and Kaeding 1989).

No larval Colorado squawfish have been captured in the White River (Miller et al. 1982a).
Some adults that were tagged in the White River have been recaptured or radio-tracked to the
Yampa and Gray Canyon spawning sites (Tyus 1990). Osmundson and Kaeding (1989)
reported the capture of a single larval Colorado squawfish in the lower two miles of the
Gunnison River.

The 18 young-of-year Colorado squawfish captured in the San Juan River in 1987 were
collected from backwaters. Two were taken downstream of Shiprock, New Mexico; six near
Bluff, Utah; and ten were taken in the lowermost 38 miles immediately upstream from Lake
Powell. An additional young-of-year also was taken from this area in 1988, collected from a
backwater (Platania 1990). In 1990, a young-of-year Colorado squawfish was collected from
a backwater near Bluff, Utah (Bill Bates, UDWR, pers. comm.). In 1992, a young-of-year
Colorado squawfish was collected below the natural waterfall on the San Juan River
(Lashmett 1993).

Larval drift is an important part of the Colorado squawfish life cycle (Tyus and Haines
1991), and laboratory studies indicate that "drift" may be active rather than a passive
response to water current (Paulin et al. 1990). Larval squawfish drift downstream after
hatching in the Green and Yampa rivers and rear in reaches that are removed from spawning
areas (Haynes et al. 1984; Tyus and Haines 1991).

In the Green River basin, larval Colorado squawfish emerge from spawning substrates and
enter the stream drift as young fry (Haynes et al. 1984). The fish are then actively or
passively transported downstream for about six days, and they may travel average distances
of up to 100 miles to reach nursery areas (Tyus and Haines 1991). These areas are
biologically productive habitats that consist of ephemeral alongshore embayments that
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develop as spring flows decline. Such habitat is generally associated with lower gradient
reaches.

Tyus (1991b) also found that young Colorado squawfish exhibited a diel pattern of backwater
use that was positively related to backwater temperature. Most of the 1,194 young Colorado
squawfish were captured in spring when water temperature in backwaters equalled or
exceeded main channel temperature. Marked young were highly mobile and moved between
several habitat types during a 24-hour period.

Juvenile and Adult Habitat

Adult Colorado squawfish are large-river fish found in a variety of depths and velocities over
silt, sand, gravel, and boulder substrates (Holden 1973; Wick et al. 1979, 1981; Holden and
Twedt 1980; Holden and Wick 1982; Miller et al. 1982a, 1982b; Tyus et al. 1982a, 1984;
Valdez et al. 1982b). Adults and juveniles use various habitats depending upon season,
streamflow, water temperature, and availability (Holden and Wick 1982; Wick et al. 1983,
1985, 1986; Tyus and McAda 1984; Tyus 1990). During peak runoff, fish move into
backwater areas or flooded riparian areas where velocity is lower and water temperatures are
higher than in the main channel (Wick et al. 1983). Adult Colorado squawfish exhibited
little movement during winter (October-April) in the upper Green River (Valdez and
Masslich 1989). Of 20 adults radio-tagged in October, 15 moved less than 3 miles by the
end of the following March. The fish occupied primarily slow runs, slackwater, eddies, and
backwaters.

During winter, adult Colorado squawfish in the Yampa River use backwaters, runs, and
eddies, but are most common in shallow, ice-covered shoreline areas (Wick and Hawkins
1989). In spring and early summer, adult squawfish utilized shorelines and lowlands that
were inundated during typical spring flooding, and this natural lowland inundation was
viewed as important for their general health and reproductive conditioning (Tyus 1990). Use
of these habitats may mitigate some of the effects of winter stress and aid in offsetting a
large energy expenditure required for migration and spawning.

MOVEMENT/MIGRATION

Migration is an important component in the reproductive cycle of Colorado squawfish, and
Tyus (1990) reported that migration clues, such as high spring flows, increasing river
temperatures, and possible chemical inputs from flooded lands and springs, were important to
successful reproduction. Radiotelemetry studies and collections of spawning fish have added
to the knowledge of Colorado squawfish spawning activities, seasonal movements, and
habitat use (Tyus et al. 1982b; Radant et al. 1983; Wick et al. 1983; Tyus and McAda 1984;
Archer et al. 1985; Tyus 1990; McAda and Kaeding 1991). During the spawning season,
adult Colorado squawfish migrate upstream and downstream to reach spawning areas in the
Green River Basin and movements of 200 miles have been reported (Miller et al. 1983; Tyus
1985; Tyus 1990). Fidelity to spawning locations have been observed for Colorado
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squawfish in the Green and Yampa Rivers (Tyus 1985; Wick et al. 1986; Tyus 1990). Some
authors suggest that repeated use of the same spawning areas may reflect a limited
availability of spawning habitats (O’Brien 1984; Archer et al. 1985). However, Tyus (1990)
reported that migrating Colorado squawfish pass through many miles of potential spawning
habitat to reach specific spawning areas in Yampa Canyon. Colorado squawfish may not
spawn annually, and a lack of long-distance migratory behavior has been associated with less
than annual spawning and sexual immaturity (Wick et al. 1983; Tyus 1990).

One dramatic example of movement was provided by a fish radio-tagged in Gypsum Canyon
of upper Lake Powell on April 5, 1982. On July 9, 1982, the fish was in lower Cataract
Canyon. The next contact was made above the Black Rocks area of the Colorado River
some 160 miles upstream. This was 41 days later and believed related to spawning. At the
end of September, the fish was in the Colorado River near Clifton, Colorado, approximately
200 miles from its initial downstream location. Not all radio-tagged fish display such
dramatic migratory behavior. Radiotelemetry studies conducted in the Grand Valley region
of the Colorado River found that movement during April to October was generally limited to
25-30 miles ( Archer et al. 1985; Osmundson and Kaeding 1989; McAda and Kaeding 1991).
Young Colorado squawfish also undertake movements, and Tyus (1991b) documented diel
movements of age 0 and age 1 fish. The young fish. moved in response to changing water
temperature and water levels.

HUMPBACK CHUB (Gila cypha, Miller 1946)

The humpback chub is endemic to the Colorado River Basin and is part of a native fish fauna
traced to the Miocene epoch in fossil records (Miller 1955; Minckley et al. 1986). Hump-
back chub remains have been dated to about 4000 B.C., but the fish was not described as a
species until recent times (Miller 1946). This recent discovery has been attributed to its
restricted distribution in remote, white water canyons (USFWS 1990b), and its earlier
abundance and distribution is not well known.

HISTORIC DISTRIBUTION AND ABUNDANCE

Historic distribution of the humpback chub includes portions of the mainstem Colorado River
and four of its tributaries: the Green, Yampa, White, and Little Colorado rivers (Figure 4).
However, its original distribution throughout the Basin is not known with certainty.
Considerable manmade alteration occurred in the Colorado River before the 1940’s,
especially in the Lower Basin (Miller 1961), and humpback chub may have disappeared from
some river reaches before their existence was documented. For example, Miller (1955)
reported remains of this species from an Indian site near Hoover (Boulder) Dam. Thus, the
population in this area may have been eliminated when Hoover Dam was built in the 1930’s.
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Figure 4. Historical distribution (shaded area) of the humpback chub. (Map adapted
from the Humpback Chub Recovery Plan; USFWS 1990b)
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Interest in Colorado River endemic fishes increased in the 1960’s, primarily because of the
rapid disappearance of the fishes in the Lower Basin and new concerns regarding the impacts
of Colorado River Storage Project dams in the Upper Basin. Until the 1950’s, the humpback
chub was known only from Grand Canyon (Miller 1946), where the largest population
remains. A number of surveys were made in the Upper Basin in the 1950’s and 1960’s,
primarily in conjunction with pre- and post-impoundment studies of Flaming Gorge
Reservoir. Humpback chub subsequently were found in the upper Green River (Smith 1960).
Vanicek et al. (1970) reported three specimens from the upper Green River, one each from
Echo Park, Island Park, and Swallow Canyon. Specimens were taken from the lower Yampa
River in 1969 (Holden and Stalnaker 1975b) and one individual was reported from the White
River in Utah (Sigler and Miller 1963). Specimens were collected from Desolation Canyon
of the Green River in 1967 (Holden and Stalnaker 1970). One individual was reported from
the Colorado River near Moab, Utah, in the 1950’s (Sigler and Miller 1963) and other
specimens have been collected from the Colorado River above and below Glen Canyon Dam
(Holden and Stalnaker 1970, 1975a; Minckley 1973).

CURRENT DISTRIBUTION AND ABUNDANCE

The largest populations of this species occur in the Little Colorado and Colorado Rivers in
the Grand Canyon, and in the Black Rocks area of the Colorado River. Other populations
have been reported in Westwater and Debeque Canyons of the Colorado River, Desolation
and Gray Canyons of the Green River, and Yampa and Whirlpool Canyons in Dinosaur
National Monument (USFWS 1990b).

The present distribution of humpback chub reported in the Humpback Chub Recovery Plan
(USFWS 1990b) includes the lower 8 miles of the Little Colorado River, Arizona (Kaeding
and Zimmerman 1983; Maddux et al. 1987), the Colorado River in Marble and Grand
Canyons, Arizona (Stone and Rathbun 1969; Suttkus et al. 1976; Suttkus and Clemmer 1977;
Minckley et al. 1981; Kaeding and Zimmerman 1983; Maddux et al. 1987; and USBR
1988), Cataract and Westwater Canyons in Utah (Valdez 1981, 1987, 1988; Valdez and
Williams 1986), and Black Rocks Canyon in Colorado (Kidd 1977; Valdez and Clemmer
1982; Valdez et al. 1982b; Miller et al. 1982c; Archer et al. 1985). Humpback chub also
occur in the Green River in Desolation and Gray Canyons, Utah (Holden and Stalnaker
1975a; Holden 1978; Tyus et al. 1982a, 1982b, 1987), and in the Yampa and Green rivers in
Dinosaur National Monument, Colorado and Utah (Miller 1964; Holden and Stalnaker
1975b; Secthaler et al. 1979; Holden and Crist 1980; Douglas et al. 1989; Karp and Tyus
1990a). More recent intensive research has better defined their distribution include
approximately 13 miles up the Little Colorado River up to Blue Springs (Minckley 1990).
Additionally, concentrations of humpback chub have been collected in the vicinity of
Pumpkin Springs in the Grand Canyon (Valdez and Hugentobler 1993).

In the Lower Basin, the Little Colorado River in Grand Canyon, contains the largest

population of humpback chub and is the main area of humpback chub reproduction in the
Grand Canyon region (Kaeding and Zimmerman 1983). Researchers working on the
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Colorado and Little Colorado rivers in the Grand Canyon have collected over 21,000
specimens of adult and juvenile humpback chub since 1987 (Valdez 1991; Valdez et al.
1992; Douglas and Marsh 1992, 1993; Robinson and Clarkson 1992; Gorman et al. 1993;
Arizona Game and Fish Department 1993). Specimens also have been collected from
Shinumo, Bright Angel, Kanab and Havasu creeks (Maddux et al. 1987). Collections made
in mainstem backwaters suggest that these habitats serve as important rearing areas for
young-of-year humpback chub (Maddux et al. 1987). The cold tailwaters of the dam and
fluctuating flows have apparently caused major reductions in both the distribution and
abundance of humpback chub in Marble and Grand canyons (Minckley 1973; Holden and
Stalnaker 1975a; Suttkus et al. 1976; Maddux et al. 1987). Humpback chub were collected
in Lake Powell after closure of the dam in the 1960’s (Holden and Stalnaker 1970; Suttkus
and Clemmer 1977), but only young-of-year fish at the inflow area have been collected
recently (Valdez 1987, 1988).

In the Upper Basin, the highest known concentrations of humpback chub are found in the
Black Rocks and Westwater Canyon reaches of the Colorado River near the Colorado/Utah
State line (Valdez 1981; Wick et al. 1981; Valdez and Clemmer 1982; and Archer et al.
1985; Kaeding et al. 1990). A population of humpback chub has been reported from
Cataract Canyon on the Colorado River above the inflow area to Lake Powell. A total of
108 humpback chub, of which 22 were adult fish and 56 were juvenile, were collected during
a 4-year investigation of Cataract Canyon from 1985 to 1988, by Valdez (1990). These
findings and those of past studies (Valdez et al. 1982b), indicate that there is a small
population of humpback chub in Cataract Canyon. Although actual spawning has not been
documented, the presence of various size humpback chubs, including possible young-of-year
fish, through the 12-mile reach of Cataract Canyon supports the hypotheses that spawning
occurs there. Specimens also have been collected from the Colorado River in Professor
Valley above Moab, in Elephant Canyon about 2 miles above the confluence with the Green
River, and in the inflow area of Lake Powell (unpublished U.S. Fish and Wildlife Service
data; Valdez 1987, 1988). In December 1981, the Service stocked 7,600 age-I humpback
chub, marked with a coded nose-tag, (progeny from Black Rocks) into Cataract Canyon, but
no recaptures have been confirmed.

Humpback chub were collected from the Desolation and Gray Canyons of the Green River in
the early 1970’s and 1979-81 (Holden and Stalnaker 1975a; Tyus et al. 1982b). The
humpback chub also is rare in the Green and Yampa Rivers of Dinosaur National Monument
(Holden and Stalnaker 1975a; Seethaler et al. 1979; Miller et al. 1982a). Tyus et al. (1987)
reported that of 523 Gila sp. collected from the Green River basin during 1979-1986,
humpback chub comprised 28 percent of those from the Green River and 12 percent of those
from the Yampa River. Vanicek et al. (1970) indicated that the humpback chub was
adversely affected in the Green River above the mouth of the Yampa River after Flaming
Gorge Dam became operational in 1962. However, a spawning population remains in
Yampa Canyon in Dinosaur National Monument near the confluence of the Green and
Yampa rivers. A total of 32 fish in breeding condition were captured in Yampa Canyon
from 1986-1988, including 5 ripe females, 14 ripe males, and 13 fish with breeding tubercles
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(Karp and Tyus 1990a). A single humpback was collected in 1980 at Cross Mountain
Canyon of the Yampa River (USFWS 1980; Wick et al. 1981), and several specimens were
collected in 1988 from the Little Snake River 6.25 miles upstream from the confluence with
the Yampa River (Ed Wick, NPS, pers. comm.).

STATUS

This species is most often found in relatively inaccessible canyons, so it is not surprising that
the species remained undiscovered until after World War II when the use of rubber rafts
allowed easier access to canyon areas for sampling and research. The few remaining
populations of humpback chub are limited to remote reaches in canyon areas of the Basin.
This species decline, like the other Colorado River endangered fish, is attributed to
streamflow alteration, competition, increased predation, in addition to hybridization with
other members of the genus Gila (Stalnaker and Holden 1973; Rosenfeld and Wilkinson
1989).

HABITAT REQUIREMENTS

Populations of humpback chub are found in river canyons, where they utilize a variety of
habitats, including pools, riffles, and eddies. Most of the existing information on habitat
preferences has been obtained from adult fish in the Little Colorado River, the Grand
Canyon, and the Black Rocks of the Colorado River (Holden and Stalnaker 1975a; Kaeding
and Zimmerman 1983; Kaeding et al. 1990). In these locations, the fish are found associated
with boulder-strewn canyons, travertine dams, pools, and eddies. Some habitat-use data are
also available from the Yampa River Canyon where the fish occupy similar habitats, but also
use rocky runs, riffles, rapids, and shoreline eddies (Karp and Tyus 1990a). This diversity
in habitat use suggests that the adult fish is adapted to a variety of habitats, and studies of
tagged fish indicated that they move between habitats, presumably in response to seasonal
habitat changes and life history needs (Kaeding and Zimmerman 1983; Karp and Tyus
1990a). Spring peak flows, availability of shoreline eddy and deep canyon habitats, and
competition and predation by nonnative fishes were reported as potential factors limiting
reproduction of humpback chub in the Yampa River (Tyus and Karp 1989; Karp and Tyus
1990a).

Spawning Habitat

Humpback chub in reproductive condition are usually captured in May, June, and July,
depending on location. Little is known about their specific spawning requirements, other
than the fish spawn soon after the highest spring flows when water temperatures approach
68°F (Kaeding et al. 1990; Karp and Tyus 1990a; USFWS 1990b). The importance of
spring flows and proper temperatures for humpback chub is stressed by Kaeding and
Zimmerman (1983), who implicated flow reductions and low water temperatures in the
Grand Canyon as factors curtailing successful spawn of the fish and increasing its
competition with other species.
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Suttkus and Clemmer (1977) concluded that spawning of humpback chub probably occurs in
June and July in the Grand Canyon and lower Little Colorado River. Minckley (1977, 1978,
1979, 1980) collected mature fish from the Little Colorado River in March and April (at
water temperatures of 61° to 68°F) and young-of-year fish in July. Ripe humpback chubs
have been collected from the mainstem Colorado River in the Grand Canyon (Kaeding and
Zimmerman 1983; Charles Minckley, USFWS, pers. comm.).

The collection of ripe and spent fish indicated that spawning occurred in Black Rocks during
June 2-15, 1980, at water temperatures of 53° to 61°F and flows of 21,350 to 25,900 cubic
feet/second (cfs); in 1981, spawning occurred May 15-25 at water temperatures of 61° to
61.7°F and flows of 3,000 to 4,990 cfs (Valdez et al. 1982b). Humpback chub spawned in
Black Rocks on the Colorado River in 1983 when flows peaked from 37,100 to 74,200 cfs
and maximum daily water temperatures were 55° to 63°F (Archer et al. 1985). Archer et
al. (1985) also reported that humpback chub spawned in the area in 1984 when maximum
daily water temperatures were 70° to 73°F and flows were declining from 27,195 to 13,615
cfs. In the Yampa River, ripe fish were collected at water temperatures of 61°to 73°F, and
an average temperature of 68°F (Karp and Tyus 1990a). These data compare favorably with
laboratory studies (Marsh 1985).

Nursery Habitat

Information on depth, velocity, and substrate preferences of the humpback chub has been
recorded by Valdez et al. (1982b) who summarized probability-of-use criteria for adult,
juvenile, and young-of-year humpback chub from the upper Colorado River. All young-of-
year were captured in water less than 10 feet deep with a silt bottom and a velocity of less
than 1,060 cfs. Backwaters, eddies, and runs have been reported as common capture
locations for young-of-year humpback chub (Valdez and Clemmer 1982). These data
indicate that in Black Rocks and Westwater Canyon, young utilize shallow areas. Young-of-
year humpback chub in the mainstem Colorado River in the Grand Canyon may use talus
shorelines when other habitats are limiting (Valdez et al. 1992). Maddux et al. (1987)
captured large numbers of young-of-year in backwaters immediately below the Little
Colorado River.

Habitat suitability index curves developed by Valdez et al. (1990) indicate young-of-year
prefer average depths of 2.1 feet with a maximum of 5.1 feet. Average velocities were
reported at 0.2 feet per second.

Juvenile and Adult Habitat

Valdez et al. (1982b) also summarized adult habitats. Adult humpback chub (over 10 inches)
were generally captured in water less than 30 feet deep over silt, sand, boulder, and bedrock
substrate and with river flows usually less than 1,060 cfs. During 1985, 29 sets of habitat
measurements of 10 adult humpback chub obtained by radiotelemetry indicated that the fish
preferred eddies with sand substrate, a water depth mode of 5 feet (range 1 to 15 feet), and
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water flows between 0-525 cfs (USFWS 1986). Five humpback chub (age II-III years) were
captured in water 20 to 29 feet deep. An additional age-I humpback chub was caught in
water less than 10 feet deep. Humpback chub in the upper Colorado River (Valdez 1981;
Valdez and Clemmer 1982) occupy deep, swift riverine areas.

Valdez et al. (1982b) and Wick et al. (1979, 1981) found humpback chub in Black Rocks
and Westwater Canyons in water averaging 50 feet in depth with a maximum depth of 92
feet. In these localities, humpback chub were associated with large boulders and steep cliffs.

In the Lower Basin, humpback chub are found in the same general types of canyon habitats
as in the Upper Basin (Minckley 1973). These general habitats are characterized by swift
waters and rocky substrates, with the humpback chub most often utilizing shorelines, eddies
and backwaters (Kaeding and Zimmerman 1983; Maddux et al. 1987; Valdez et al. 1992).
In the Little Colorado River, large main channel pools, pools adjacent to eddies, and areas
below travertine dams are often used by adult humpback chub (Minckley et al. 1981).

MOVEMENT/MIGRATION

Generally, humpback chub show fidelity for canyon reaches and move very little (Miller et
al. 1982c; Archer et al. 1985; Burdick and Kaeding 1985; Kaeding et al. 1990). In the
Grand Canyon, humpback chub move from the main channel Colorado River into the Little
Colorado River to spawn (Kaeding and Zimmerman 1983). Juvenile fish have been collected
about 160 miles below the Little Colorado River (Maddux et al. 1987; Valdez et al. 1992).

Movements of adult humpback chub in Black Rocks on the Colorado River were essentially
restricted to a 1 mile reach. These results were based on the recapture of Carlin-tagged fish
and radiotelemetry studies conducted from 1979 to 1981 (Valdez et al. 1982b) and 1983 to
1985 (Archer et al. 1985; USFWS 1986; Kaeding et al. 1990).

BONYTAIL (Gila elegans, Baird and Girard 1853)

The bonytail chub is the rarest native fish in the Colorado River. Formerly reported as
widespread and abundant in mainstream rivers (Jordan and Evermann 1896), its populations
have been greatly reduced. The fish is presently represented in the wild by a low number of
old adult fish (i.e., ages of 40 years or more) in Lake Mohave and perhaps other lower basin
reservoirs (USFWS 1990a). The fish were once common in Lake Mohave and Wagner
(1955) observed the fish in eddy habitats. A few individuals were reported in other
locations, but concentrations of the fish have not been recently reported (Kaeding et al.
1986).

The discussion on bonytail habitat needs is presented differently than the other three
endangered species in this document. The Bonytail Recovery Plan (USFWS 1990a) divides
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life history needs into three sections (riverine, reservoir, and hatchery). Collectively, these
sections provide the only life history information available and exemplify the paucity of data.

HISTORIC DISTRIBUTION AND ABUNDANCE

The historical range of the bonytail encompassed much of the Basin (Figure 5). The original
records of bonytail were from the Colorado and Gila Rivers (Baird and Girard 1853; Jordan
1891; Jordan and Evermann 1896). However, the type locality of the bonytail was presented
as the Zuni River of New Mexico. This is contested by Smith et al. (1979), who believes
the type locality was from the Little Colorado River at Grand Falls. Captures in the Green
River indicate bonytail were present in southern Wyoming in the area now inundated by
Flaming Gorge Reservoir (Bosley 1960; Smith et al. 1979), in Dinosaur National Monument
in Colorado and Utah (Binns et al. 1963; Vanicek and Kramer 1969; Vanicek et al. 1970),
Desolation and Gray Canyons in Utah (Holden 1978), and the lower Green River in Utah
(Jordan 1891; Holden and Stalnaker 1975a). In the Colorado River, they were collected
from near Grand Junction, Colorado, downstream to the Gulf of California (Ellis 1914;
Smith et al. 1979). Major tributaries of the Colorado River where bonytail were recorded
included the Gila (Kirsch 1888), Salt (Evermann and Rutter 1895), and Verde rivers in
Arizona (Smith et al. 1979); and the Gunnison River (Smith et al. 1979). The species also
entered the Salton Sea basin in California when that area received Colorado River inflow
during 1905-1907, but disappeared when salinity became intolerable (Walker et al. 1961;
Gobalet 1992).

The bonytail was reported abundant in some locations of the Colorado River drainage in the
late 1800’s (Jordan and Evermann 1896). Jordan (1891) seined five specimens from the
Green River at Green River, Utah. Kirsch (1888) cited an expedition on the Gila River at
Fort Thomas, Arizona, which noted that the fish "took the hook freely." A number of other
reports also indicated it was common to abundant during this period (Cope and Yarrow 1875;
Gilbert and Scofield 1898; Chamberlain 1904). However, some of these and later reports
may be questionable due to possible use of the term "bonytail" for other Gila species,
particularly the roundtail chub.

There were few reports of bonytail for the Upper Basin in the first half of the twentieth
century. The species declined in the Lower Basin during this time, disappearing from the
Salt and upper Gila Rivers before 1926. Miller (1961) reported that by 1940-1942, bonytail
were rare in the Colorado and Gila Rivers near Yuma, Arizona, and absent by 1950. Soon
after closure of Glen Canyon Dam in 1962, bonytails were reported in Lake Powell (Dale
Hepworth, UDWR, pers. comm.) and downstream of the dam to Lee’s Ferry (Arizona State
University museum records 1963-1965). Fishermen have reported that bonytail were caught
in the upper Green River during the 1940’s and 1950’s (Quartarone 1993). However, the
last known riverine area where bonytail were common was the Green River in Dinosaur
National Monument, where Vanicek (1967) and Holden and Stalnaker ( 1970) collected 91
specimens during 1962-1966.
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Figure 5. Historical distribution (shaded area) of the bonytail. (Map adapted from
the Bonytail Chub Recovery Plan; USFWS 1990a.)
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CURRENT DISTRIBUTION AND ABUNDANCE

The bonytail now is very rare. In the Lower Basin, individual fish still are taken
occasionally by fishermen in Lake Havasu (USFWS 1990a). A few large, old adults also are
still found in Lake Mohave, but no successful reproduction has been documented there. A
total of 32 adult specimens was collected by biologists from Lake Mohave from 1974 to
1987, and several more were reported by anglers. An additional 16 fish were collected from
Lake Mohave in 1988 and 1989 (USFWS 1990a).

Recent distribution and abundance of the bonytail in the Upper Basin was described by
Holden and Stalnaker (1975a), Tyus et al. (1982b, 1987), and Valdez and Clemmer (1982).
Recruitment is apparently nonexistent or extremely low, with the most recent suspected
juvenile bonytails originating only from the Desolation Canyon (Holden 1978) and Cataract
Canyon areas (Valdez 1985). However, verifying recruitment is difficult due to the
uncertainty that exists in the identification of juveniles.

The bonytail was common in the Green River below the Yampa River confluence after
Flaming Gorge became operational in 1962. Vanicek and Kramer (1969) reported large year
classes in 1959, 1960, and 1961 based on the collection of fish longer than 8 inches TL
during those years. Holden and Stalnaker (1975a) found 36 adults during a 4-year study of
the Upper Basin, 29 of which were captured in 1968, three in 1969, and four in 1970. With
the exception of two fish, all were collected in the Green and Yampa Rivers within Dinosaur
National Monument. No young were identified during that study. Seethaler et al. (1979)
sampled the Green and Yampa Rivers of Dinosaur National Monument in 1974-1976 and
found no bonytail. Holden and Crist (1981) reported one adult 11 inches TL from the lower
Yampa River in 1979. However, no specimens have been reported from there since (Tyus et
al. 1982b, 1986). Miller et al. (1982b) reported no adult bonytail from Dinosaur National
Monument in 1981-1983, and Wick et al. (1979, 1981) caught no adults and could not
distinguish among larval Gila collected there. Although roundtail chub were found in the
Green and Little Snake Rivers in Wyoming during a 1986 survey, no bonytail were captured
(Johnson and Oberholtzer 1987).

In other areas of the Green River, two bonytail adults were caught in Desolation Canyon in
1974 (USFWS 1990a; Paul Holden, BIO-WEST, pers. comm.). Holden (1978) caught one
adult near Jensen, Utah, and one juvenile in Desolation Canyon in 1977. Several fish
resembling bonytail were collected from Gray Canyon in 1980 and 1981 (Tyus et al. 1982a).
During extensive sampling conducted in 1982-1985 in the Green River and a section of the
Yampa River, one individual from Gray Canyon was tentatively identified as a bonytail from
a total of 523 Gila specimens captured (Tyus et al. 1987).

During the period 1977 through 1983, no bonytail were collected from the Colorado or
Gunnison Rivers in Colorado or Utah (Wick et al. 1979, 1981; Valdez et al. 1982b; Miller et
al. 1984). However, in 1984, a single bonytail was collected from Black Rocks on the
Colorado River (Kaeding et al. 1986). Several suspected bonytail also have been captured in
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Cataract Canyon of the Colorado River within 20 miles upstream of the inflow to Lake
Powell. This includes two in 1985 (one adult 15 inches TL and one juvenile 2 inches TL),
one in 1986 (15 inches TL), and two in 1987 (one adult 11 inches TL, one juvenile 10 inches
TL) (Valdez 1985, 1987, 1988). A bonytail was caught by an angler near Wahweap Marina,
Lake Powell, in May 1985 (Randy Radant, Utah Division of Wildlife, pers. comm.). Also
no bonytail were taken during studies of the San Juan River (VTN Consolidated, Inc. 1978;
Platania 1990; Platania and Lang 1992).

STATUS

This species is very rare. Few individuals have been found in the last decade; recruitment is
apparently nonexistent or very low. Like the razorback sucker, it is feared that wild
populations of bonytail may soon no longer exist without recruitment of young fish. The
recovery priority for the bonytail, discussed in the revised recovery plan for this species,
indicates a high degree of threat with a low recovery potential under current habitat
conditions.

HABITAT REQUIREMENTS

The bonytail chub always has been considered a species that is adapted to mainstream rivers,
where it has been observed in pools and eddies (Vanicek 1967; Minckley 1973). In
reservoirs, the fish occupies an active limnetic niche (Minckley 1973). Spawning of the fish
never has been observed in nature, but Vanicek and Kramer (1969) reported that spawning
occurred in June and July at water temperatures of about 64°F. Although wild bonytails are
old fish, they are still capable of successful reproduction, and bonytail chubs placed in ponds
have produced large numbers of young (Buddy Jensen, USFWS, pers. comm.; USFWS
1990a). Although habitats that are required for conservation of the bonytail chub are not
well known, the limited data suggests that flooded, ponded, or even inundated riverine
habitats may be suitable for adults, especially in the absence of competing nonnative fishes
(USFWS 1990a).

Riverine

Bonytail is considered a big- or mainstream river species. Vanicek (1967) noted that adult
bonytail occupied pools and eddies rather than areas with more current. Spawning of
bonytail has not been observed in a river, but ripe fish were collected in Dinosaur National
Monument during late June and early July suggesting that spawning occurred at water
temperatures of about 64°F (Vanicek and Kramer 1969).

Vanicek and Kramer (1969) estimated growth rates of bonytail by back calculation of total
length based on proportional growth of scales. Fish from the Green River at Dinosaur
National Monument were 2 inches total length by the end of their first growing season, 4
inches their second, and 6 inches their third. The largest bonytail handled by Vanicek and
Kramer (1969) was 15 inches and 7 years old.
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In the Green River in Dinosaur National Monument, Vanicek and Kramer (1969) found that
young bonytail and roundtail chubs primarily ate chironomid larvae and mayfly nymphs.
Small fish became more dependent on floating food items as they grew larger. Larger
juvenile chubs ate a more diversified diet, including terrestrial and aquatic insects. During
the summer, adult bonytail fed on terrestrial insects that probably were taken from the
surface. No fish remains were found in bonytail stomachs. In the Gila River, Kirsch (1888)
reported that food of the bonytail consisted "almost entirely of gastropods and caddis-worms,
which they crush with their powerful pharyngeals."”

Reservoir

Life history data on bonytail in reservoirs have been collected by a number of biologists and
summarized by Minckley (1985). Three specimens from Lake Mohave were estimated to be
between 34 to 49 years old based on otolith examination (Minckley 1985). Bonytail in Lake
Mohave generally occupy lacustrine habitat rather than upstream riverine habitat near Hoover
Dam. W.L. Minckley (Arizona State University, pers. comm.) believes the cold
hypolimnetic water from Lake Mead precludes use of the riverine habitat in Lake Mohave by
bonytail. Wagner (1955) reported that the species was the most common one collected in gill
nets and was usually found in areas over a clean, sandy bottom with reverse eddy current.
The diet of bonytail chub in reservoirs appears to be primarily plankton and algae, although
extensive food habit studies have not been carried out (Minckley 1973). Stomach analysis of
specimens collected from Lake Mohave indicated they had preyed upon recently stocked
rainbow trout fry less than 2.5 inches TL in size (Wagner 1955).

Spawning behavior of bonytail was observed in Lake Mohave (Jonez and Sumner 1954), but
no young have been reported. Shortly after impoundment of Lake Mohave, approximately
500 bonytail congregated over a gravel bar in water up to 30 feet deep. Generally, females
were escorted by three to five males and fertilized eggs were apparently deposited randomly.
No effort to guard the spawning areas by either sex was observed (Jonez and Sumner 1954).
Based on egg development, Wagner (1955) concluded spawning began in late spring or very
early summer.

Hatchery

The majority of the collecting efforts in Lake Mohave since 1974 have been carried out to
obtain bonytail for culture purposes, producing a total of 24 fish (Minckley 1985). Six
female and five male bonytail obtained from Lake Mohave were spawned in water
temperatures of 68°F at Willow Beach National Fish Hatchery (Willow Beach, Arizona), in
1981. Most eggs (90 percent) hatched 99 to 174 hours later. Only 55 percent of eggs
placed in 60° to 63°F hatched between 170-269 hours) and 4 percent hatched at 54° to SS°F
(between 334 and 498 hours) (Hamman 1982a). Marsh (1985) incubated bonytail eggs at
9°F intervals between 41°F and 86°F. The hatching success was 35 percent at S9°F, 32
percent at 68°F, and 0.5 percent at 77°F; no eggs survived at 41°F, 50°F or 86°F. Mean
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total length at hatching was 0.24-0.25 inches. Total length of normal fry at swim-up was
greatest at 68°F (0.34 inches), compared with 0.32 inches at 59°and 77°F. The incidence of

deformed fry was highest (4 percent) at S9°F.

Bonytail fry produced at Willow Beach in 1981 were reared at the Dexter NFHTC (Hamman
1982b). Spawning trials on 2 year-old bonytail were carried out in 1983 (Hamman 1985)
when 24 females were spawned over a 4-week period using carp pituitary extract to induce
ovulation. The fish ranged from 1.6-8 ounces with a mean weight of 4.5 ounces. Fecundity
ranged from 1,015 to 10,384 eggs per fish with a mean of 4,677. Average number of eggs
per pound of body weight varied from 5,076 to 29,935 with a mean of 17,283; egg viability
averaged 67.5 percent. Eggs were hatched in Heath incubators at 70°F.

Bonytail have been placed into ponds at Arizona State University Research Park as well as
earthen tanks at the Buenos Aires National Wildlife Refuge, Arizona; these stockings were
made for research purposes and to produce fish for stockings elsewhere (Marsh 1988). An
additional refugium was established at Hassayampa River Preserve owned by the Nature
Conservancy. In 1983, 10,000 fry were shipped to the California Department of Fish and
Game, and approximately 2,000 of these fish were placed into a small golf course pond.
The young survived and grew with an expanding population of nonnative mosquitofish and
African cichlids (USFWS 1990a). Moreover, bonytail annually produce substantial year
classes through natural spawning under pond conditions at Dexter NFHTC (USFWS 1990a).

CRITICAL HABITAT

DEFINITION OF CRITICAL HABITAT

“Critical habitat," as defined in Section 3(5)(A) of the Act, means: (i) the specific areas
within the geographical area occupied by the species at the time it is listed, on which are
found those physical and biological features (I) essential to the conservation of the species
and (II) which may require special management considerations or protection; and (ii) specific
areas outside the geographical area occupied by a species at the time it is listed upon a
determination by the Secretary that such areas are essential for the conservation of the

species.

The term "conservation," as defined in Section 3(3) of the Act, means: the use of all
methods and procedures which are necessary to bring any endangered species or threatened
species to the point at which the measures provided pursuant to this Act are no longer

necessary.

Therefore, in the case of critical habitat, conservation represents the areas required to
recover a species to the point of delisting (i.e., the species is recovered and is removed from
the list of endangered and threatened species). In this context, critical habitat preserves
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options for a species’ eventual recovery. Section 3(5)(C) further states that the entire
geographical area which can be occupied by the species shall not be included in critical
habitat except in special circumstances.

ROLE OF CRITICAL HABITAT IN SPECIES CONSERVATION

Areas considered for critical habitat designation are evaluated for their actual or potential
contributions to the conservation of the species. In this regard, critical habitat serves to
preserve options for a species’ eventual recovery. In the definition of critical habitat,
"conservation" mandates designation of areas that may be needed for a species’ eventual
recovery and delisting. However, when critical habitat is designated at the time a species is
listed, the Service may not know recovery needs, but it must use the best scientific and
commercial information available at the time in determining which areas to designate.

The designation of critical habitat will not, by itself, lead to recovery, but is one of several
measures available to contribute to conservation of a species. Critical habitat helps focus
conservation activities by identifying areas that contain essential habitat features (primary
constituent elements) regardless of whether or not they are currently occupied by the listed
species. Such designations alert Federal Agencies, States, the public, and other entities about
the importance of an area for the conservation of a listed species. Critical habitat can also
identify areas that may require special management or protection. Areas designated as
critical habitat receive protection under Section 7 of the Act with regard to actions carried
out, funded, or authorized by a Federal Agency which are likely to adversely modify or
destroy critical habitat. Section 7 requires that Federal Agencies consult on their actions
which may affect critical habitat and insure that their actions are not likely to destroy or
adversely modify critical habitat. It also requires conferences on Federal actions which are
likely to result in the modification or destruction of proposed critical habitat. Except for
these added consultation (designated critical habitat) and conference (proposed critical
habitat) requirements provided under Section 7, the Act does not have other requirements
relating to critical habitat.

Designating critical habitat does not create a management plan for a listed species.
Designation does not establish numerical population goals, prescribe specific management
actions (inside or outside of critical habitat), nor does it have a direct effect on areas not
designated as critical habitat. Recovery planning and critical habitat designation are different
processes. Specific management recommendations for critical habitat are more appropriately
addressed in recovery plans, management plans, and through Section 7 consultation.

Critical habitat identifies specific areas essential to the conservation of a species. Areas not
currently containing all of the essential features, but with the capability to do so in the
future, may also be essential for the long-term recovery of the species, particularly in certain
portions of its range. These may be designated as critical habitat. However, not all areas
containing the features of a listed species’ habitat are necessarily essential to species’ survival
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and recovery. Areas not included in critical habitat that contain one or more of the essential
elements for a species may still be important to its conservation; they may be addressed
under other facets of the Act, and other conservation laws and regulations. Designated areas
may also be of considerable value in maintaining ecosystem integrity and supporting other
species, but these values are only considered in the economic analysis and exclusion process
when designating critical habitat.

PRIMARY CONSTITUENT ELEMENTS

In determining which areas to designate as critical habitat for a species, the Service considers
those physical and biological attributes that are essential to species conservation (i.€.,
constituent elements). In addition, the Act stipulates that the areas containing these elements
may require special management considerations or protection. Such physical and biological
features are stated in 50 CFR 424.12 and include, but are not limited to, the following items:

FEATURES

- Space for individual and population growth, and for normal behavior;
- Food, water, or other nutritional or physiological requirements;

- Cover or shelter;

- Sites for breeding, reproduction, rearing of offspring;

- Habitats that are protected from disturbance or are representative of the historic geographical and
ecological distributions of a species.

The primary constituent elements determined necessary to the survival and recovery of the
four Colorado River endangered fishes include, but are not limited to:

Water--This includes a quantity of water of sufficient quality (i.e., temperature, dissolved
oxygen, lack of contaminations, nutrients, turbidity, etc.) that is delivered to a specific
location in accordance with a hydrologic regime that is required for the particular life stage
for each species.

Physical Habitat--This includes areas of the Colorado River system that are inhabited by fish
or potentially habitable for use in spawning, nursery, feeding, and rearing, or corridors
between these areas. In addition to river channels, these areas also include bottomlands, side
channels, secondary channels, oxbows, backwaters, and other areas in the 100-year
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floodplain, which when inundated provide spawning, nursery, feeding and rearing habitats,
or access to these habitats.

Biological Environment--Food supply, predation, and competition are important elements of
the biological environment and are considered components of this constituent element. Food
supply is a function of nutrient supply, productivity, and availability to each life stage of the
species. Predation, although considered a normal component of this environment, may be
out of balance due to introduced fish species in some areas. This may also be true of
competition, particularly from nonnative fish species.

These primary constituent elements are interrelated in the life history of the four endangered
fishes. This relationship was a prime consideration in selection of proposed critical habitat
for the fishes.

Critical habitat may only be seasonally occupied by the fish, but such habitat may be
important for their conservation. Life history requirements of the Colorado squawfish and
razorback sucker include inundated backwaters and floodplain areas which provide feeding
and nursery habitat when inundated to include these areas. Proposed critical habitat for these
two species includes the 100-year floodplain. Only those areas in the 100-year floodplain
that contain the constituent elements will be considered part of critical habitat.

ADDITIONAL SELECTION CRITERIA FOR THE RAZORBACK SUCKER

Because a recovery plan for the razorback sucker has not yet been prepared, additional
selection criteria were developed to assist the Service in making a determination of which
areas to propose as critical habitat. Previous Service findings, other published and
unpublished literature sources, and discussions with individual members of the Colorado
River Fishes Recovery Team were utilized to develop the constituent elements and additional
selection criteria.

The razorback sucker has displayed a degree of versatility in its ability to survive and spawn
in different habitats. However, razorback sucker populations continue to decline and are
considered below the survival level (moving in direction of extinction). Thus, as versatile as
the razorback sucker appears to be in selecting spawning habitat, there has been little
recruitment of young to the adult population. Therefore, special consideration was given to
habitats required for its reproduction and recruitment.

The following selection criteria were used by the Service to help determine areas necessary
for survival and recovery of the razorback sucker.

1. Known or suspected wild spawning populations, although recruitment may be
limited or nonexistent.
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2. Areas where juvenile razorback suckers have been collected or which could provide
suitable nursery habitat (backwaters, flooded bottomlands, or coves).

3. Areas presently occupied or that were historically occupied that are considered
necessary for recovery and that have the potential for establishment of razorback
sucker.

4. Areas and water required to maintain rangewide fish distribution, and diversity
under a variety of physical, chemical, and biological conditions.

5. Areas that need special management or protection to ensure razorback survival and
recovery. These areas once met the habitat needs of the razorback sucker and may be
recoverable with additional protection and management.

RESULTS OF APPLYING PRIMARY CONSTITUENT ELEMENTS AND
SELECTION CRITERIA

The primary constituent elements were used to determine critical habitat throughout the
historical range of the Colorado River endangered fishes. In addition, the five selection
criteria described above were also used to evaluate potential razorback sucker critical habitat
areas. The proposed critical habitat designations are based on the primary constituent
elements, published and unpublished sources, Service reports and other findings, recovery
plans (for Colorado squawfish, humpback chub, and bonytail chub), additional selection
criteria, and the preliminary recovery goals being presently discussed for the razorback
sucker by the Colorado River Fishes Recovery Team.

The presence of one or more primary constituent elements or additional selection criteria did
not automatically result in inclusion as proposed critical habitat. Rather, the relative value of
each constituent element for the survival and recovery of each fish was also evaluated for
each reach. In accordance with Section 3(5)(c) of the Act, which states that: "Except in
those circumstances determined by the Secretary, critical habitat shall not include the entire
geographical area which can be occupied by the threatened or endangered species."
Generally, the entire historical range of the fish should not be designated as critical habitat.
Selection criteria number 4 was used to maximize the diversity of the selected reaches.

As discussed above under Constituent Elements-Physical Habitat, inundated floodplains
(bottomland habitats) are important for razorback sucker and Colorado squawfish. These
wooded bottomlands, side and secondary channels, oxbow lakes, and floodplain wetlands
provide nutrients, food, cover, and other features necessary for various life stages of these
fishes. In order to delineate such areas in designating critical habitat, the Service is using the
100-year flood elevation (100-year floodplain). In no way is this meant to include all land
within the 100-year floodplain as critical habitat, nor does it imply a specific frequency
of flooding will be required as part of the rule. Only those areas which provide one or
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more of the constituent elements are considered critical habitat. Areas within the 100-
year floodplain which have been previously developed are not likely to provide
constituent elements when flooded. Paved areas, road and rail corridors, built-up areas
within municipalities, and other previously developed or farmed areas are not considered
critical habitat. Diked and leveed areas to which a connection to the river remains may
continue to provide the constituent elements necessary for inclusion as critical habitat.
Similarly, abandoned sand and gravel pits may provide the constituent elements of critical
habitat. Sand and gravel operations which are currently extracting materials are not
considered critical habitat. However, the site of such operations may later provide
opportunities to recover these species. As previously mentioned, although private land
may be designated, regulation of activities only takes place when there is Federal
involvement. Critical habitat designation applies only to those projects or activities
which require Federal involvement (i.e.. funding, permits etc.) in order to proceed.

Several reservoirs or portions thereof are included in the critical habitat designation. This
designation is for all lands contained within the reservoir shorelines at the full-pool elevation.
The full-pool elevation is defined as the water surface elevation at full capacity. The
reservoirs physical features such as gravel bars, shallow depressions, washes, and areas of
riparian vegetation that when covered by water, can provide spawning, nursery, feeding or
other habitat components, can provide critical habitat. By establishing the upper boundary at
the full pool elevation, all possible physical habitats within the reservoir are included as
critical habitat regardless of the water elevation at any given time. The critical habitat
designation does not require the reservoir to be continuously maintained at the full pool
elevation. Changes in water surface elevations due to reservoir operations may have effects
to the listed species or the critical habitat, however, these effects would be considered during
project specific Section 7 consultations.

RAZORBACK SUCKER

The Service is proposing 15 reaches of the Colorado River system (Figure 6 and Table 2) for
designation as critical habitat for the razorback sucker. In the Upper Basin, critical habitat is
being proposed in the Green, Yampa, Duchesne, White, Colorado, Gunnison, and San Juan
rivers in the Lower Basin. Portions of the Colorado, Gila, Salt, and Verde rivers are being
proposed.

Fifty-two percent (1,824) of the historical range of razorback sucker is proposed for
designation as critical habitat. This represents reaches in each of the major basins of its
historic range. Other areas that are not proposed also may be important and may contribute
to the eventual recovery of razorback sucker.
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Figure 6. Map of proposed critical habitat for the razorback sucker.
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Table 2. Razorback sucker critical habitat and classifications proposed by basin and river.
(Note: Potential reach classifications are based on preliminary information provided by

members of the Colorado River Fishes Recovery Team and will likely change as the

Razorback Sucker Recovery Plan is prepared.)

Upper Basin Reaches Classification Miles
Yampa River - Cross Mtn. Canyon to Green River Downlisting 52
Green River - Yampa to Sand Wash Downlisting 128
Green River - Sand Wash to Colorado River Delisting 205
White River - Lower 18 Miles Delisting 18
Duchesne River - Lower 2.5 Miles Delisting 2.5
Gunnison River - Redlands Diversion to Uncompahgre Delisting 60
Colorado River - Rifle to Westwater Downlisting 105
Colorado River - Westwater to Dirty Devil Delisting 175
San Juan River - Hogback Diversion to Neskahai Canyon Downlisting 198.5
Subtotal = 944
Lower Basin Reaches Classification Miles
Colorado River - Paria River to Hoover Dam Delisting 345
Colorado River - Hoover Dam to Davis Dam Downlisting 65
Colorado River - Parker Dam to Imperial Dam Delisting 134
Gila River - New Mexico to San Carlos Reservoir Delisting 132
Salt River - Apache Falls to Roosevelt Lake Delisting 55
Verde River - Sullivan Lake to Horseshoe Lake Delisting 149
Subtotal = 880
Downlisting Total 471.5
Delisting Total 1346.5
Grand Total 1824
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Razorback suckers were once more abundant and widespread in the Lower Basin. However,
razorback sucker maybe more recoverable in the Upper Basin because habitat in the Upper
Basin has been less altered, and current habitat conditions warrant proposing a large
percentage of the Upper Basin (Figure 7). Approximately equal amounts of Upper (944) and
Lower Basin (880) river miles have been proposed (Table 2).

These reaches flow through a variety of shoreline ownerships, both public and private. The
National Park Service is the major manager for proposed critical habitat with 33 percent of
shoreline ownership. The approximate percentages of critical habitat by shoreline ownership
for the razorback sucker is presented in Figure 8.

RAZORBACK SUCKER CRITICAL HABITAT DESIGNATION BY AREA
Yampa River - Lily Park to Green River Confluence

Boundary Delineation: Colorado, Moffat County. The Yampa River and its 100-year
floodplain from the mouth of Cross Mountain Canyon in T.6N., R.98W., section 23 (6th
Principal Meridian) to the confluence with the Green River in T.7N., R.103W., section 28
(6th Principal Meridian).

Shoreline Ownership: National Park Service, 82.9 percent; Private 16.9 percent; Bureau of
Land Management, 0.2 percent.

Overlap with Proposed Critical Habitat for: Colorado squawfish, humpback chub,
bonytail.

Occurrence:
Historical

The historical distribution of the razorback sucker in the Yampa River is difficult to assess
due to limited data from early collections (Bestgen 1990). Historical accounts indicate
razorback suckers were common from the Lily Park area to the Green River (Quartarone
1993).

Recent

Recent collections indicate that the fish occur in the lower portions of the river, but rarely
upstream of the confluence with the Little Snake River (McAda and Wydoski 1980; Lanigan
and Tyus 1989). Concentrations of the razorback sucker were found near the Green River
confluence (Holden and Stalnaker 1975a, 1975b). Carlson et al. (1979) presented data that
showed the razorback sucker to be present at Lily Park. Spawning razorback suckers were
found in the lower Yampa Canyon (Miller et al. 1982b; Tyus and Karp 1989, 1990).
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Description of Habitat:

The Yampa River is the largest remaining free-flowing river in the Colorado River basin
(Carlson and Muth 1989). The Yampa River flows 198 miles and drops about 7,445 feet in
elevation (Tyus and Karp 1989). Only minimal physical and hydrologic changes have
occurred in the mainstream Yampa River. The most significant habitat alteration may have
been the introduction of nonnative fishes into the Yampa River; nonnative fishes represent 15
of 24 species reported by Tyus et al. (1982a).

\

From Cross Mountain Canyon to the Little Snake River, the Yampa River has
boulder/cobble/gravel substrates. The river is fairly wide here, with riffles, eddies, and side
channels common. Though there is at least one deep pool, the river is generally very
shallow. The Yampa River receives waters from the Little Snake River near Deerlodge
Park. Here, the substrate changes to sand and silt, mostly from the Little Snake River. The
habitat is not varied, with few riffle, eddies, or backwaters. At RM 45, the Yampa abruptly
enters Yampa Canyon. Here, steep canyon walls house the slow-moving river. Occasional
boulder fields create rapids, but the predominant substrate is gravel/cobble with patches of
sand. The river gradient increases in the lower portion of the canyon and the river meanders
through soft sandstone cliffs. The Yampa River comes out of Yampa Canyon at Echo Park
where it joins the Green River (Miller et al. 1982b).

Relationship to Constituent Elements:
Water

The Yampa River has minimal water development, thus, when it is compared to other rivers
in the basin, the current hydrograph reflects flows which are representative of historical
volume and timing. The Service has identified existing Yampa River flows as adequate for
the needs of native fishes (Tyus and Karp 1989). Yampa River flows have also been
identified as critical for maintaining native fish habitat in the Green River below their
confluence (McAda and Wydoski 1980; Tyus and Karp 1989). Water quality has not been
identified as a chronic problem. However, an oil spill in June of 1989 caused by a ruptured
pipeline discharged approximately 10,000 gallons into the Yampa River. This spill has been
implicated in the decline of Colorado squawfish larval and young-of-year abundance in the
upper Green River that year (Obmasick 1989; Carlson 1991), impacts to other species may
have also occurred.

Physical Habitat

Data collected in recent years indicate that this reach of the Yampa provides spawning and
adult habitat for the razorback sucker (Tyus and Karp 1989, 1990). Analysis of this reach
by the Service (Miller et al. 1982b) shows principal habitat types to be pool, riffle, eddy,

and side channel. Backwaters are an important habitat component in the lower portion of
this reach, and rapids occur in Dinosaur National Monument. Backwaters also are a
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significant habitat type in the Lily Park area. These habitats have been identified as
important areas for adult razorback suckers (Tyus and Karp 1990). Collection of adult
razorbacks in spawning condition in the lower 0.5 mile of the Yampa indicates the presence
of spawning activity in that area (Miller et al. 1982b; Tyus and Karp 1990). Temperatures
in this portion of the Yampa River have not been altered to any degree by human activities
and remain suitable for native fishes. This reach historically supported razorback suckers,
and they remain in low numbers. This reach of the Yampa is considered essential for the
survival of this species due to the presence of constituent elements and its importance to
constituent elements in downstream reaches of the Green River.

Biological Environment

Nutrient input and food sources for adult razorback suckers are present within the reach.

The relatively unmodified nature of the Yampa River system likely results in food supply
levels similar to predevelopment. The introduction of nonnative fishes is probably the
greatest alteration to the historical Yampa system. Miller et al. (1982b) found 13 nonnative
fish species within this reach. Nine native fish species were collected in the same area. The
potential for competition and predation between these nonnative species and native species is
high. Virtually all 13 species of nonnative fish found in this reach have the potential to prey
on and/or compete with native species. Maintenance of a natural (historical) hydrograph may
help limit further encroachment by nonnative fishes. The presence of nonnative fishes has
not caused the extirpation of adult razorback sucker and other native species from this reach,
and razorback sucker spawning continues in the lower portion.

Relationship to Additional Selection Criteria:

For the razorback sucker, additional selection criteria were developed to assist in the
selection of proposed critical habitat designations. This reach of the Yampa River meets
those criteria.

Presence of Spawning Population

The collection of adult razorback suckers in spawning condition in the lower Yampa River
for several years is strong indication of spawning within this reach (Miller et al. 1982b).
Tyus and Karp (1990) postulated that razorback suckers spawning in the lower Yampa River
was historic, and that the fish exhibited fidelity to that spawning site as evidenced by
repeated captures and recaptures of the same fish.

Nursery Habitat

There are no indications of razorback spawning in the Yampa River in the upper portion of
this reach. However, backwaters and other potential nursery habitats do exist throughout the
reach, particularly in the Lily Park area (Miller et al. 1982b).
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Historic or Present Distribution

This reach is known historical and current razorback sucker habitat. Historical accounts
(Quartarone 1993) and recent research (Lanigan and Tyus 1989) indicate little change in
razorback sucker distribution in the Yampa River.

Maintenance of Rangewide Distribution

The Yampa River is or is near the northern range of occupied razorback sucker habitat.
However, razorback sucker once ranged upstream in the Green River to Wyoming (Simon
1946).

Special Management

Yampa River flows are considered to be adequate for the razorbacks requirements at this
time. Efforts will need to be made to maintain a relatively unmodified hydrograph in the
Yampa River. The problems associated with nonnative fish predation and competition will
need to be addressed.

Green River - Confluence with the Yampa to Sand Wash

Boundary Delineation: Utah, Uintah County; and Colorado, Moffat County. The Green
River and its 100-year floodplain from the confluence with the Yampa River in T.7N.,
R.103W., section 28 (6th Principal Meridian) to Sand Wash at RM 96 in T.11S., R.18E.,
section 20 (6th Principal Meridian).

Overlap with Proposed Critical Habitat for: Colorado squawfish, humpback chub,
bonytail.

Shoreline Ownership: Bureau of Land Management, 31.7 percent; National Park Service,
24.7 percent; Private, 27.8 percent; Fish and Wildlife Service, 8.4 percent; Tribal, 5.4
percent; State, 2.1 percent.

Occurrence:
Historical
Jordan (1891), reported that razorback sucker were very abundant at Green River, Utah, .

Collections in the Green River just prior to and after construction of Flaming Gorge Dam
confirmed the presence of razorback sucker (Binns et al. 1964; Banks 1964).
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Recent

The occurrence of razorback sucker has been well documented in this reach since the 1960’s
(Binns 1965, 1967; Holden and Stalnaker 1975a, 1975b; Seethaler et al. 1979; McAda and
Wydoski 1980). Although they have been considered rare in some portions of the Green
River (Binns 1967), the upper portions of this reach supports the largest riverine population
of razorback sucker remaining in the Basin, its numbers decrease below the Duchesne River
(Tyus 1987; Lanigan and Tyus 1989).

Description of Habitat:

Historically, flows in the Green River began increasing in March, peaked in June, and
remained high through July (Smith and Green 1991). The spring peak averaged about 8,000
cfs for the predam period of 1951-1962 at Greendale, Utah. Yearly and seasonal variation in
this reach made flows highly variable. Mean monthly flow during spring runoff (April-July)
was about 14,000 cfs.

Construction of Flaming Gorge and Fontenelle dams in the 1960’s altered hydrologic
conditions in the Green River. The magnitude of the spring peak has been reduced, and
flows during the remainder of the year have increased. The average spring peak measured at
Greendale, Utah, has decreased to about 4,000 cfs; winter baseflows have increased about 50
percent (Tyus and Karp 1991). Additionally, temperatures and sediment transport have
changed since construction of the dams. The flow, temperature, and sediment from the
Yampa River somewhat ameliorate the reduction in spring flows from Flaming Gorge Dam
(Tyus and Karp 1989). Depletions above and within this reach have the potential to reduce
the total volume of water by 32 percent (USFWS 1992b).

The Green River from its confluence with the Yampa River in Echo Park to Sand Wash
includes several very different reaches. Substrate is a mixture of sand/silt with some large
gravel/cobble riffles. After leaving the broad, shallow Echo Park reach, the river passes
through Whirlpool Canyon, an area of steep cliffs, large pools, deep eddies, rapids, and
large boulders. After exiting the canyon, the Green River flows through Island and Rainbow
parks. The river in this area is shallow; backwaters, cobblebars, and side channels are
common. Split Mountain Canyon contains large boulder fields, swift waters, and three large
rapids. Some significant sandbars exist in the lower velocity sections of this area. The
Green River, upon leaving Dinosaur National Monument at Split Mountain, enters the Uintah
Basin where it becomes broad, shallow, and flat. The river is highly braided, and side
channels and backwater nursery areas are prominent. Some drainage occurs due to
agriculture, agricultural return flows, and urban discharge into the river. The substrate is
sand underlain with rock. The Duchesne River, from the southern slope of the Uintah
Mountains, enters the Green River near Ouray, Utah, RM 248. Just to the south, the White
River flows into the Green River, and the river becomes deeper. However, it is still
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characterized by eddies, backwaters, side channels, and some pools. The substrate is
predominantly sand/silt. This reach of the Green River ends near Sand Wash above

Desolation Canyon.
Relationship to Constituent Elements:

Water

Flows in this reach are dominated by releases from Flaming Gorge Dam and flows from the
Yampa River. During an average hydrologic year, spring peaks of about 13,000 cfs will
occur at Jensen, due to an average peak flow of 8,000 cfs from the Yampa River and 4,700
cfs from Flaming Gorge Dam. Flows above about 16,000 cfs are needed to inundate
bottomlands. Because of the distance between this reach and the dam and unregulated flows
of the Yampa River, near-historical water temperature levels in this reach can be achieved
for the fish. However, when summer and fall cold water releases exceed downstream flows,
water temperatures will be depressed.

Surveys from this portion of the Green River indicate that the concentrations of boron,
selenium, and zinc in the water, bottom sediments, and biological tissue are sufficiently large
to be harmful to fish (Stephens et al. 1988, 1992). This study detected increasing
concentrations of selenium in the water from near the detection level of 1 ug/L at Greendale
to a mean of 2 ug/L by Green River, Utah. Large concentrations of selenium were present
in water discharged from Stewart Lake (mean 6.7 ug/L) and Ashley Creek (mean 88 ug/L).
Selenium concentrations in return flows to the Green River have been shown to cause direct
mortality on razorback sucker larvae (Bruce Waddell, USFWS, pers. comm.).

Physical Habitat

Adult razorback suckers overwinter in the Jensen and Island and Echo Park reaches of the
Green River (McAda and Wydoski 1980; Valdez and Masslich 1989). Adults are attracted to
the large backwaters, tributary mouths, and flooded bottomlands within this reach in early
spring prior to spawning (Tyus and Karp 1990). Spawning habitat includes cobble/gravel
bars in Echo Park and from Ashley Creek to the lower boundary of Dinosaur National
Monument (Tyus and Karp 1990). During high water years, adults in reproductive condition
also are found in flooded bottomlands and tributary mouths within this reach (Tyus and Karp
1990). These types of areas provide warmer water temperatures, rich feeding areas, low-
velocity habitat, and potential spawning and nursery habitat. This important reach contains
high-quality nursery areas for the endangered fishes in the Green and Yampa Rivers. These
include the mouths of backwaters, bottomlands, wetlands, and tributary streams. These same
areas also are used by adult razorback sucker for feeding both pre- and post-spawning
periods.
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Biological Environment

Extensive bottomland habitats in this reach are sources of nutrient inputs into the Green
River and provide food for razorback sucker. Additionally, historical Yampa River levels of
nutrients are maintained. This portion of the Green River also contains large numbers of red
shiner, channel catfish, black bullhead, green sunfish, and common carp, all of which are
known to compete with and/or prey upon native fishes. Other piscivorous fish species in this
reach include Colorado squawfish, northern pike, and walleye.

Relationship to Additional Selection Criteria:

For the razorback sucker, additional selection criteria were developed to assist in the
selection of proposed critical habitat designations. This reach of the Green River meets those

criteria.
Presence of Spawning Population

Adults in spawning condition have been captured at Echo Park, Old Charley Wash, lower
Ashley Creek, the mouth of the Duchesne River, the Stewart Lake Drain, and areas in
between (Tyus and Karp 1990).

Nursery Habitat

Echo and Island parks and the Jensen area contain numerous backwater habitats for rearing
of young fish. Bottomlands at Escalante, Old Charley Wash, and elsewhere may be
important nursery areas (Wick 1992).

Historic or Present Distribution

This reach contains the largest remaining riverine population of razorback sucker (Lanigan
and Tyus 1989). Historically, they were much more abundant than at present. Because of
lack of recruitment, the number of razorback suckers remaining in this reach continues to
decline (Tim Modde, USFWS, pers. comm.).

Maintenance of Rangewide Distribution

This area is considered the most important riverine reach remaining for the razorback sucker
in the Colorado River basin.

Special Management

The Bureau of Reclamation and the Service have reached an agreement on the operation of
Flaming Gorge Dam to provide for some of the flow requirements of the razorback sucker in
the Green River. Flow releases are increased in Spring to allow inundation of some spring
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habitats, especially at Old Charley Wash. However, legal protection for these flows must
now be obtained to ensure the passage of this water through the reach to reach target areas.
Selenium concentrations and interactions with nonnative fishes are other issues which need to
addressed for recovery in this reach.

Green River - Sand Wash to Confluence with the Colorado River

Boundary Delineation: Utah, Uintah, Carbon, Grand, Emery, Wayne, and San Juan
Counties. The Green River and its 100-year floodplain from Sand Wash at RM 96 at
T.118S., R.18E., section 20 (6th Principal Meridian) to the confluence with the Colorado
River in T.30S., R.19E., section 7 (6th Principal Meridian).

Shoreline Ownership: Bureau of Land Management, 46.6 percent; National Park Service,
27.9 percent; Tribal, 12.6 percent; Private, 12.1 percent; State 0.8 percent.

Overlap with Proposed Critical Habitat for: Colorado squawfish, humpback chub,
bonytail.

Occurrence:
Historical

Historic distribution of the razorback sucker in this reach of the river was first documented
by Jordan (1891). Smith (1959) stated that razorback suckers were "common in the lower
part” of the river (in Bestgen 1990). Other than these accounts, little is known about the
historical occurrence of the razorback sucker in this reach of the Green River.

Recent

In more recent years, Tyus et al. (1987) reported finding only seven razorback suckers in
this stretch of the river. Two of these fish were in reproductive condition when captured in
Labyrinth Canyon (Tyus 1987). Razorback suckers have also been caught near the mouth of
the San Rafael River (Miles Moretti, UDWR, pers. comm.).

Description of Habitat:

A maximum flow of 68,000 cfs was recorded at Green River, Utah in 1917 and a minimum
flow of 255 cfs in 1931. Predam temperatures at Jensen, Utah, ranged from near 32°F in
December and January to around 70°F during July and August (Smith and Green 1991).

Below Sand Wash, the Green River enters Desolation Canyon, a wide canyon with nearly 50
riffles and rapids. Rapids gradually increase in size as the river travels through the canyon.

Habitats in this stratum include eddies, riffles, rapids, and some deep pools. Boulder cobble
and sand make up the primary substrates within Desolation Canyon. This canyon is followed
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by Gray Canyon which contains larger and deeper pools than are found in Desolation
Canyon. Other habitats within the canyon include eddies, rapids, and riffles. Side channels
and backwaters also exist here. Substrate in Gray Canyon is composed mainly of
boulder/rubble/sand with some gravel. In total, the river runs 159 miles through these two
canyons. The Green River meets the Price River in lower Gray Canyon before that canyon
ends at Book Cliffs escarpment (Tyus et al. 1987). The river then flows through the Green
River Valley, near Green River, Utah. Predominant substrate in this valley varies from
gravel/rubble to sand and silt. Few backwater habitats are found along this stretch of the
Green, but riffles, side channels, and eddies do exist. At the southern end of the valley the
San Rafael River joins the Green River before the river enters Labyrinth and Stillwater
Canyons within Canyonlands National Park. This section of the river is dominated by a
sand/silt substrate and is characterized by side channels and eddies. No rapids and few
riffles exist within Stillwater and Labyrinth Canyons (Miller et al. 1982c). The river joins
the upper Colorado River within Canyonlands National Park.

Relationship to Constituent Elements:
Water

Because of water depletions which occur above this reach, historic water levels are seldom if
ever obtained. Because of this, flooding of bottomlands is infrequent. Research to
determine actual flow needs for this reach is currently underway as part of the Upper Basin
Colorado River Implementation Program. Water depletions have the potential to reduce
water volumes in this reach by about 30 to 40 percent (USFWS 1992b).

Physical Habitat

This reach does not contain the large number of backwaters that are present in the Green
River from Sand Wash up to the Yampa River. However, large bottomlands which were
historically flooded are present throughout this reach. Eddies and other low-velocity habitats
also are present. Cobble/gravel bars which can provide spawning habitat occur within this
reach; but no spawning locations have been confirmed.

Biological Environment

Very little is known on the quantity or quality of the food supply in this reach. Sources of
input include the river above and from washes and side channels. The flooded bottomlands
along this reach were probably once sources of food into the system but are seldom flooded
the way the system is presently managed. Large concentrations of nonnative fishes in this
reach include common carp, channel catfish, fathead minnow, and red shiner.
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Relationship to Additional Selection Criteria:

For the razorback sucker, additional selection criteria were developed to assist in the
selection of proposed critical habitat designations. This reach of the Green River meets those

criteria.

Presence of Spawning Population

No spawning population is presently known to exist within this reach, although individuals
likely move to this reach after spawning. However, razorback sucker in reproductive
condition have been captured in Labyrinth Canyon (Tyus 1987).

Nursery Habitat

This reach contains bottomlands, eddies, and other low-velocity habitats which are suitable
nursery areas at certain water flows.

Historic or Present Distribution
Few razorback suckers remain in this reach. However, a larval razorback sucker was

captured near Mineral Bottom in 1992 (Ed Wick, NPS, pers. comm.) and two young-of-year
were collected in a backwater in the lower Green River (Tom Chart, UDWR, pers. comm.).

Maintenance of Rangewide Distribution

This reach may be very important for exchange of genetic material between the Green and
Colorado Rivers. This reach also may be important for razorback sucker larvae which drift
from the upper reaches of the Green River.

Special Management

Obtaining flows of sufficient quantity and at the appropriate time may be a priority for this
reach. Nonnative fish also very abundant throughout this reach.

White River - Lower 18 Miles

Boundary Delineation: Utah, Uintah County. The White River and its 100-year floodplain
from the boundary of the Uintah and Ouray Indian Reservation at RM 18 in T.9S., R.20E.,
section 21 (Salt Lake Meridian) to the confluence with the Green River in T.9S., R.20E.,
section 4 (Salt Lake Meridian).

Shoreline Ownership: Tribal, 96.9 percent; Private, 3.1 percent.

Overlap with Proposed Critical Habitat for: Colorado squawfish.
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Occurrence:
Historical

Knowledge of the historic abundance of the razorback sucker in the White River is limited.
Surveys of the White River, both historic and recent, show that the razorback sucker is rare
in these waters. Sigler and Miller (1963) stated that these fish are uncommon in the White
River.

Recent

Recent survey efforts have resulted in few razorback sucker captures (Lanigan and Berry
1981, Miller et al. 1982a). Lanigan and Berry (1981) reported one hybrid razorback sucker
collected 60 miles up the White River in 1979. In 1987, an adult razorback sucker was
captured 18 miles upstream from the Green River (Steve Cranney, UDWR, pers. comm.).

Description of Habitat:

The lower 18 miles of the White River is dominated by a wide alluvial plain with a sand/silt
substrate and occasional areas of exposed bedrock. There are very few riffles and no rapids
or deep pools. Several side channels create eddies and backwaters (Miller et al. 1982a).
Water development in the White River basin has resulted in changes to historical flows.
These changes appear to be relatively minor when compared to other Basin tributaries.
Taylor Draw and Rio Blanco Reservoirs are the major impoundments on the White River.
These facilities act as barriers, trap sediment, and provide habitat for nonnative fishes.

Relationship to Constituent Elements:

Water

Although extensive water development has not occurred in the White River basin, historical
flow patterns have changed. The completion of Taylor Draw Dam near Rangely, Colorado
altered flow and sediment transport to downstream reaches. Flows which provide seasonal
habitat requirements for razorback suckers still exist. Water quality in the White River has
not been discussed as a major issue. However, the concentration of oil, natural gas, and oil
shale resources in the White River basin may require future study of water-quality issues.

Physical Habitat

The habitat characteristics of the lower White River include backwaters, side channels, and
secondary channels which are common (Martinez 1986a). Principal habitat types are pool,
riffles, eddies, and side channels (Miller et al. 1982a). Backwaters are an important habitat
component in the lower portion of this reach; small rapids occur in the upper portion. These
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habitats have been identified as important resting and feeding areas for adult razorback
suckers (Tyus and Karp 1990). Temperatures in this portion of the White River are suitable

for native fishes.

Biological Environment

Miller et al. (1982a) found 15 species of fish in the White River (8 nonnative, 7 native).
These nonnatives may compete with and/or prey on razorback suckers. The establishment of
nonnative sport fishes in Taylor Draw Reservoir may contribute to nonnative fish populations
downstream. Food supply for larval, juvenile, and adult razorback suckers is not likely to be
limiting in the White River (Bestgen 1990).

Relationship to Additional Selection Criteria:

For the razorback sucker, additional selection criteria were developed to assist in the
selection of proposed critical habitat designations. This reach of the White River meets those
criteria as discussed below.

Presence of Spawning Population

There has been no documentation of razorback sucker reproduction in the White River.

Nursery Habitat

The habitat description by Miller et al. (1982a) indicates that potential nursery habitat is
present in this reach of the White River. Backwaters and other low-velocity environments
occur at high water providing food and higher water temperatures than the river channel.

Historic or Present Distribution

Historic accounts of razorback suckers within the White River indicate that the species was
present in the system (Quartarone 1993). Recent research efforts indicate that the razorback
sucker is rare within the White River (Bestgen 1990). An adult razorback sucker was
captured approximately 18 miles upstream from the Green River in 1987 (Steve Cranney,
UDWR, pers. comm.).

Maintenance of Rangewide Distribution

The White River through this reach is associated with the upper Green River fish
community. This reach has the potential to provide adult razorback sucker habitat for the
population which exists within adjacent Green River reaches.
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Special Management

Measures to insure that adequate flows continue in the White River will need to the
implemented. Protection of backwater and other low water velocity environmental will be
required. The problems associated with nonnative fish predation and competition will need
to be addressed.

Duchesne River - Lower 2.5 Miles

Boundary Delineation: Utah, Uintah County. The Duchesne River and its 100-year
floodplain from RM 2.5 in T.4S., R.3E., section 30 (Salt Lake Meridian) to the confluence
with the Green River in T.5S., R.3E., section 5 (Uintah Meridian).

Shoreline Ownership: Tribal, 88.0 percent; Private, 12.0 percent.

Overlap with Proposed Critical Habitat for: None.

Occurrence:

Historical

No historic data on fish species abundance in the Duchesné River is available. However,

razorback suckers were probably once common there. This is suggested, as Jordan (1891)
indicated that razorback suckers were common throughout the Colorado River basin.

Recent

Recent collections indicate that razorback sucker are seasonally common in the mouth and
lower Duchesne River (Tyus 1987).

Description of Habitat:

Historically, much more of the Duchesne River was accessible for use by the razorback
sucker. But because of diversions and water depletions, only the lower portion is presently
used by razorback sucker.

The Duchesne River enters the Green River at RM 249. The lower 2.5 miles of the
Duchesne River is predominately slow runs and eddies with cobble and silt substrates.
During spring runoff in the Green and Duchesne Rivers, the lower Duchesne River floods
and creates large eddies and slow runs.
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Relationship to Constituent Elements:

Water

Fifty-three percent of the water from the Duchesne River is being depleted (USGS gage
records). Under current flow regimes, this area attracts and is being used by razorback
suckers, but additional water could increase the value of this area in meeting other life
history needs of this species. Future projects associated with the Central Utah Project and
proposed projects by the Soil Conservation Service will result in greater depletions.
Additionally, although water quality is sufficient during most periods, this area contains
numerous oil and gas wells which can cause potential water-quality problems.

Physical Habitat

During spring runoff, the mouth of the Duchesne River becomes a low velocity (eddy)
habitat suitable as an adult feeding and staging area prior to spawning. Conditions also are
suitable for providing nursery habitat for this species.

Biological Environment

Little has been reported on the quality or quantity of the food supply in this reach.
Historically, the Duchesne River probably was a large source of nutrients into the Green
River. Water diversions and depletions have likely impacted its significance as a source of
nutrients. Nonnative common carp, channel catfish, red shiner, and fathead minnow are
common in the lower portion of this reach.

Relationship to Additional Selection Criteria:

For the razorback sucker, additional selection criteria were developed to assist in the
selection of proposed critical habitat designations. This reach of the Duchesne River meets
those criteria.

Presence of Spawning Population

Razorback suckers in spawning condition have been captured in the mouth of the Duchesne
River (Tyus and Karp 1990). However, it is unknown whether spawning actually occurs in
this area.

Nursery Habitat

The mouth of the Duchesne River provides suitable habitat for rearing of larval and juvenile
endangered fishes when flooded.
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Historic or Present Distribution

Razorback suckers are commonly collected from this area during certain times of the year
(Tyus 1987; Tyus and Karp 1990).

Maintenance of Rangewide Distribution

This reach may be important in maintaining and restoring razorback suckers within the Green
River.

Special Management

Water depletions within the Duchesne River drainage affect the usefulness of this area.
Maintenance of flows year-round through this reach would increase its value. Flows from
the Duchesne also influence the probability of bottomland flooding in the lower Green River.

Gunnison River - Confluence with the Uncompahgre River to the Redlands Diversion
Dam

Boundary Delineation: Colorado, Delta and Mesa Counties. The Gunnison River and its
100-year floodplain from the confluence with the Uncompahgre River in T.15S., R.96W.,
section 11 (6th Principal Meridian) to Redlands Diversion Dam in T.1S., R.1W., section 27
(Ute Meridian).

Shoreline Ownership: Private, 54.2 percent; Bureau of Land Management, 39.2 percent;
State, 6.7 percent.

Overlap with Proposed Critical Habitat for: Colorado Squawfish.
Occurrence:
Historical

Jordan (1891) found razorback sucker in the Gunnison River near Delta. Anecdotal accounts
suggest razorback suckers may have been abundant in the river at one time. Quartarone
(1993) cites local Delta residents reporting razorback sucker as common in the Delta area
and that they used to enter the Hartland Diversion Ditch where they would often become
stranded. Chamberlain (1946) indicated they appeared to be common in the lower portion of
the Gunnison River. Some razorback suckers were collected by the Colorado Division of
Wildlife during the 1950’s, and one was collected near Delta in 1975 (Wiltzius 1978).
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Recent

Surveys conducted on the Gunnison River from the Escalante bridge to the Redlands
Diversion Dam from 1979 to 1981 did not report any razorback sucker (Valdez et al. 1982a).
Four adult razorback sucker were collected in 1981 in a 15-mile reach of the Gunnison River
between the confluence with the Uncompahgre River and Escalante bridge crossing (Holden

et al. 1981).
Description of Habitat:

Historically, the Gunnison River was typical of Colorado River basin tributaries with high
spring turbid flows and low flows in late summer and through the winter. High spring flows
create and maintain the braided channels that provide a variety of important habitats
(Osmundson and Kaeding 1989; Osmundson and Kaeding 1991).

Water depletions began in the Gunnison River basin with private irrigation in the 1880’s.
The Redlands Diversion Dam was built on the lower Gunnison River 3 miles upstream from
its confluence with the Colorado River in 1918. The Redlands Diversion can divert up to
750 cfs and can dry up the Gunnison River below the dam during extremely low-flow
periods. It is considered a complete barrier to upstream fish passage. The Gunnison Tunnel
was constructed by the Reclamation in 1909; it diverts water from the Gunnison River to the
Uncompahgre River Valley for irrigation. Taylor Park Dam on the Taylor River in the
headwaters of the Gunnison was completed in 1937 to provide water storage for the
Gunnison Tunnel. The Aspinall Unit was completed in 1976 and consists of three reservoirs:
Blue Mesa, Morrow Point, and Crystal. The flows on the Gunnison River are regulated by
releases from Crystal Reservoir. These reservoirs store water during spring runoff and
release it gradually throughout the rest of the year. Other water projects in the Gunnison
basin include Crawford Dam, Paonia Dam, Fruitgrowers Reservoir, and Ridgeway
Reservoir. Water development in the Gunnison River basin has changed water quantity and
flow regimes in occupied habitat of the razorback sucker.

The Gunnison River near Delta (Hartland Diversion Dam, RM 59.9) to the confluence with
the Colorado River flows mostly through sedimentary canyons. Floodplains occur in about
25 percent of the warmwater reach. The most extensive floodplain occurs in the delta area
from Hartland Diversion Dam downstream to Roubideau Creek. This reach contains the
highest degree of complex channel habitats which provide the greatest diversity of river
habitats. Numerous braided channels and several large vegetated islands occur in this section
with riffles, long runs, and backwaters. The flow through this area is moderately fast.
Downstream from here, the river flows through canyon areas. Although not extensive, some
historical floodplains are now occupied by fruit orchards in these canyon areas. Two rock
irrigation diversions occur in this section but are not impediments to fish movement.
Although canyon habitat containing two small rapids, the gradient is less and the flow slower
than upstream section. Near Whitewater, the river widens for a short distance where gravel-
pit operations in historic floodplains presently occur. From here, the river meanders again
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through a low-level canyon area to Redlands Diversion Dam. Some gravel-pit operations
occur immediately upstream from Redlands Diversion Dam. Downstream from Whitewater,
there is a mixture of riffle areas with moderate velocity, quiet shoreline, and runs; adjacent
backwaters are uncommon.

Relationship to Constituent Elements:

Water

The quantity of water in the Gunnison River has been reduced by water development
projects. Flow regimes also have been altered significantly. However, reoperation of the
Aspinall Unit as the result of Section 7 consultation will provide a more natural hydrograph
in this river reach, improving the habitat for the razorback sucker. Test flows should
provide peak flows from 5,000 cfs to above 15,000 cfs during the 5-year study in river
reaches historically occupied by razorback sucker. The peak will be timed to correspond
with the peak flow on the Colorado River (McAda and Kaeding 1991).

Water temperatures have been reduced from historic temperatures by a maximum of 4°F in
occupied habitat. This probably does not affect adult habitat, but may affect maturation of
adult fish or spawning success (McAda and Kaeding 1991).

Physical Habitat

The Gunnison River provides bottomlands, side channels, secondary channels, and
backwaters that when inundated could provide spawning, nursery, feeding, and rearing
habitats for razorback suckers. Reoperation of the Aspinall Unit could provide high spring
flows that maintain these habitats. When fish passage at the Redlands Diversion Dam is
provided, these habitats would become available to razorback sucker that move upstream
from the Colorado River. The combination of fish passage at the Redlands Diversion Dam,
establishing a natural flow regime in the Gunnison River and enhancement of bottomlands
adjacent to the river, could provide valuable habitat essential for razorback sucker recovery.
Because flows released from Aspinall will be limited (i.e., 6,000 cfs), some bottomlands
historically connected to the mainstem river may still not connect during present day
conditions. Flows from Aspinall could be increased with installation of by-pass tubes.
Consequently, habitat enhancement other than providing flows (e.g., removing dikes and
levees) may be necessary to reconnect bottomlands during spring high flows.

Biological Environment

Studies conducted in 1981 and 1992 found that the Gunnison River has a high percentage of
native fishes (Valdez et al. 1982a; USFWS 1992a). Electrofishing surveys conducted in
1992 from the North Fork confluence with the Gunnison River to Redlands Diversion Dam
found juvenile and adult native fishes comprised 80.6 percent of the total number of all
fished collected. Eight adult northern pike and only one adult channel catfish were captured
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upstream of Redlands Diversion Dam during this study. On the other hand, seining surveys
conducted in 1992 found nonnative fishes comprised 90.4 percent of the total number of all
fishes collected. Predation and competition from nonnative fishes have been identified as a
contributing factor in the decline of the razorback sucker.

Relationship to Additional Selection Criteria:

For the razorback sucker, additional selection criteria were developed to assist in the
selection of proposed critical habitat designations. This reach of the Gunnison River meets
those criteria as discussed below.

Presence of Spawning Population

No known spawning presently occurs in the Gunnison River.

Nursery Habitat

While juvenile razorback sucker are not known to occur in the Gunnison River, it could
provide suitable nursery habitat when bottomlands are inundated and backwaters maintained.

Historic or Present Distribution

The Gunnison River was historically occupied by razorback sucker and has a potential for
establishment of a population with reoperation of the Aspinall Unit providing a more natural
flow regime. Fish passage at the Redlands Diversion Dam also could increase potential for
population establishment.

Maintenance of Rangewide Distribution

Establishment of a razorback sucker population in the Gunnison River would provide an
additional river system necessary for recovery to protect against catastrophic loss that could
occur in any one area or affect any one population.

Special Management

Management of flows on the Gunnison River through reoperation at the Aspinall Unit
providing fish passage at the Redlands Diversion Dam and protection and enhancement of
inundated bottomlands will be required to provide and improve habitat for razorback sucker.
Local landowners built dikes to keep bottomlands from flooding before the dams were built
that reduced spring flow levels. Some agreements, leases, easements, purchase, etc., of key
lands also may be needed.
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Colorado River - Rifle, Colorado to Westwater

Boundary Delineation: Colorado, Mesa and Garfield Counties. The Colorado River and its
100-year floodplain from Colorado River Bridge at Exit 90 north off Interstate 70 (RM 238)
in T.6S., R.93W., section 16 (6th Principal Meridian) to Westwater Canyon (RM 125) in
T.20S., R.25E., section 12 (Salt Lake Meridian) including the Gunnison River and its 100-
year floodplain from the Redlands Diversion Dam in T.1S., R.1W., section 27 (Ute
Meridian) to the confluence with the Colorado River in T.1S., R.1W., section 22 (Ute
Meridian).

Shoreline Ownership: Private, 73.5 percent; Bureau of Land Management, 24.4 percent;
State, 2.1 percent.

Overlap with Proposed Critical Habitat for: Colorado squawfish.
Occurrence:
Historical

Jordan (1891) reported razorback suckers very abundant in the river channels of the upper
Colorado River.

Recent

Razorback sucker occurrence in this reach was documented by researchers (Kidd 1977,
McAda and Wydoski 1980; Valdez et al. 1982b). Kidd (1977) classified them as rare from
Grand Junction to Rifle and as common from Westwater to Grand Junction. Razorback
sucker were collected from a variety of habitats but most were collected from gravel pit
ponds adjacent to the Colorado River. Few razorback suckers have been collected in this
reach in recent years (Osmundson and Kaeding 1989; Burdick 1992), although 3 adults were
captured in the spring of 1993 (Doug Osmundson, USFWS, pers. comm.).

Description of Habitat:

Historically, the Colorado River had high spring turbid runoff with low flows in late summer
and through the winter. These high spring flows inundated bottomlands, maintained side
channels, and created backwaters.

This reach of river begins at Rifle, Colorado, where the river has been described as a
transition zone between warm and cool water fisheries (Valdez et al. 1982b). The river
meanders through open valleys and rolling sagebrush hills until it reaches Debeque Canyon.
The substrate is predominately rock (gravel, rubble, boulder) with some silt and sand,
shallow to moderate-depth runs and riffles, pools and eddies are numerous but backwaters
are uncommon. Numerous gravel pits exist in the floodplain, where several adult razorback
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suckers have recently been captured. One razorback sucker was collected from a gravel-pit
pond adjacent to the Colorado River 4 miles downstream of Rifle in 1991. Ninety-two
juvenile and adult razorback sucker were collected from a floodplain pond near DeBeque,
Colorado, from 1991-1993 (Pfeifer 1993). The river flows for 25 miles through DeBeque
Canyon where the channel is paralleled by Interstate Highway 70 on one side and the Denver
and Rio Grande Railroad on the other which have both constricted the channel with riprap.
The flow is swift over gravel, rubble, and boulder substrate. The Government Highline Dam
is located at the lower end of DeBeque Canyon and is considered a complete barrier to
upstream fish passage. Several miles downstream, the Price-Stubb Dam also creates a
barrier to upstream fish passage. There are plans to provide fish passage at both of these
structures. From Palisade to Loma, Colorado, the river flows through the Grand Valley.
The confluence with the Gunnison River is about 15 miles downstream from Palisade. The
river meanders through a broad agricultural and residential valley. The channel is
extensively braided around vegetated gravel islands, and many gravel pit ponds occur
adjacent to the river. Predominate substrates are gravel and rubble, and the habitat consists
of runs, riffles, eddies, backwaters, side channels, and gravel pit-ponds. Flows in the 15
miles between Palisade and the Gunnison River become severely reduced during late summer
and autumn (August-October), due to upstream irrigation diversions. There are no diversions
during winter. Extensive diking and riprap have restricted the river channel throughout
much of the Grand Valley. The Colorado River from Loma to Westwater flows 29 miles
through Horsethief and Ruby Canyons with high sandstone walls and open parks. The
substrate is gravel and rubble with deposits of sand and silt. Habitats consist of runs, pools,
and eddies, with few backwaters.

Relationship to Constituent Elements:
Water

Water quantity in this reach varies between different river sections because of water
diversions for the Grand Valley. The section from Rifle to the Government Highline Dam is
upstream of major Grand Valley water diversions; therefore, substantial quantities of water
flow through this section because water must be provided to the senior water users in the
Grand Valley. The 15-mile section below the Government Highline Dam and the Grand
Valley Diversion, experiences alteration of its natural flow regime throughout the year and
extreme low flows during August-October. These extreme low flow conditions are somewhat
alleviated below the confluence with the Gunnison River and the Redlands Power canal. The
Service has developed flow recommendations for the 15-mile reach (Kaeding and Osmundson
1989a; Osmundson and Kaeding 1991) and is in the process of obtaining instream flow rights
for this reach from July to September. However, these summer flows for the 15-mile reach
do not address the shortage of spring flows considered very important for the razorback
sucker. The reoperation of the Aspinall Unit on the Gunnison River should provide a more
natural flow regime on the Colorado River below the confluence of the Gunnison River.

This will enhance the existing water quantity and flow regime required by the razorback
sucker.



Physical Habitat

This reach provides a great variety of potential physical habitat for spawning, nursery,
feeding, rearing, and corridors between areas. Predominant substrates are gravel and rubble,
and the habitat consists of runs, riffles, eddies, backwaters, side channels, bottomlands, and
gravel-pit ponds. These areas provide feeding, spawning and nursery habitats. When fish
passage is provided at the Price-Stubb Dam and the Government Highline Dam, DeBeque
Canyon would provide areas for movement and migration habitat. The reach from Rifle to
DeBeque Canyon and the Grand Valley have extensive areas of floodplain habitat that, when
inundated, would provide nursery and feeding habitat.

Biological Environment

The extensive bottomlands along this reach are sources of nutrient inputs into the Colorado
River. Valdez et al. (1982b) found that the four most common nonnative species in the
mainstem upper Colorado River (red shiner, sand shiner, channel catfish, and common carp)
decreased in abundance the farther upstream they sampled. Therefore, they found relatively
fewer nonnative fishes in this upper-most reach of occupied habitat.

Relationship to Additional Selection Criteria:

Additional selection criteria were developed to assist in the selection of proposed critical
habitat designations for the razorback sucker. This reach of the Colorado River meets those
criteria as discussed below.

Presence of Spawning Population

Razorback sucker spawning has not been documented in this reach. However, razorback
sucker in spawning condition were captured in the 15-mile reach in 1986 (Osmundson and
Kaeding 1989). Also, razorback suckers captured in a pond in the floodplain near DeBeque,
Colorado were found to be 7 to 8 years old, indicating spawning occurred in this reach in
1983 or 1984.

Nursery Habitat

This reach has numerous floodplain and backwater habitats identified as important for rearing
young fish.

Historic or Present Distribution

This reach contains a very small population of adult razorback suckers. Historically, they
were much more abundant than at present.
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Maintenance of Rangewide Distribution

This reach represents the most upstream extent of the range of razorback sucker in the
Colorado River.

Special M. ment

Providing passage at the Price-Stubb Dam and the Government Highline Dam would enhance
the recovery potential of this reach. Additional flows in the 15-mile reach and a more
natural flow regime below the confluence with the Gunnison River also will increase
recovery potential.

Colorado River - Westwater to the Dirty Devil Arm of Lake Powell

Boundary Delineation: Utah, Grand, San Juan, Wayne, and Garfield Counties. The
Colorado River and its 100-year floodplain from Westwater Canyon (RM 125) in T.20S.,
R.25E., section 12 (Salt Lake Meridian) to full pool elevation, upstream of North Wash and
including the Dirty Devil arm of Lake Powell in T.33S., R.14E., section 29 (Salt Lake
Meridian).

Shoreline Ownership: National Park Service, 48.8 percent; Bureau of Land Management,
37.6 percent; Private, 12.5 percent; State (Utah), 1.1 percent.

Overlap with Proposed Critical Habitat for: Colorado squawfish, humpback chub,
bonytail.

Occurrence:
Historical

Jordan (1891) reported razorback suckers very abundant in the river channels of the upper
Colorado River. Taba et al. (1965) collected juveniles from backwaters in the Colorado
River near Moab.

Recent -

Holden and Stalnaker (1975a) reported razorback suckers in mouths of flooded washes in
Canyonlands National Park. Valdez et al. (1982b) collected eight razorback suckers from
this reach. Seven of the eight were collected from the lower end of this reach. In 1987, one
adult razorback sucker was captured on the Colorado River 3.6 miles upstream from the
confluence with the Green River (Valdez 1990). The State of Utah captured eight razorback
suckers in the Dirty Devil arm of Lake Powell in 1990 and 1991.
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Description of Habitat:

Historically, the Colorado River had high spring turbid runoff with low flows in late summer
and through the winter. These high spring flows inundated bottomlands, maintained side
channels, and created backwaters.

The river flows through 14 miles of Westwater Canyon which is a geologic anomaly of
upthrust black metamorphic gneiss rock. It confines the river forming a narrow, deep
channel with a series of rapids, strong eddies, and turbulent currents. The river is
predominately deep runs, eddies and pools, with few backwaters. When the river leaves
Westwater Canyon, it meanders for 25 miles through shallow canyons and rolling hills. The
substrate is primarily rock and sand or rock and sand-silt. Runs and eddies are predominant
with some backwaters, providing feeding and nursery habitats identified as constituent
elements. From Fisher Towers to Moab, Utah, the river flows through high sandstone walls
and open valleys. This area is characterized by deep, slow-flowing runs and pools over
sand-rock substrate. Several small rapids are formed by rocky deltas from washes. The
Colorado river from Moab, Utah to the confluence with the Green River has predominantly
sand-silt substrate with sandy banks overgrown with tamarisk. Runs are predominant, but
backwaters and eddies are common. Valdez et al. (1982b) found more backwaters in this
reach than any other reach in the upper Colorado River. The Moab Marsh area within this
reach was probably the most important rearing area for razorback sucker in the lower river.
The river between the confluence and Lake Powell flows through Cataract Canyon where it
cuts deeply through steep canyons and talus slopes. The river has deep, swift runs, and large
eddies and pools, with a few shallow runs, riffles, and backwaters. Large angular rock and
steep gradient have created large dangerous rapids through the canyon. There are
approximately 13 miles of rapids before the river flows into the upper end of Lake Powell,
where it becomes a large, deep, and slow-flowing through high sandstone walls.

Major habitat changes occurred in Cataract Canyon when Lake Powell was formed by the
closure of Glen Canyon Dam in 1963. Prior to inundation of Lake Powell, Cataract
Canyon’s steep gradient and large rapids continued for 35 miles. Except for changes in

water quantity and historic flow regime, the habitat in portions of Cataract Canyon above
Lake Powell remains rather pristine. :

Relationship to Constituent Elements:
Water

This reach does not have major water diversions or dams, but reduction in water quantity
and changes in flow regime result from upstream developments.
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Physical Habitat

Westwater and Cataract canyons provide movement and migration corridors between flat-
water habitats. The section between Westwater Canyon and Moab provides numerous
bottomlands that when flooded provide warmer water temperatures, rich feeding areas, low
velocity habitat, and potential spawning and nursery habitat. Valdez et al. (1982b) found
more backwaters from Moab to the confluence than any other reach in the upper Colorado
River. These backwaters provide important nursery habitat. The Lake Powell section of this
reach provides feeding and rearing habitat.

Biological Environment

Bottomlands between Westwater Canyon and Cataract Canyon are a source of nutrient inputs
into the Colorado River. This portion of the Colorado River contains large numbers of non-
native fishes, especially in the backwaters identified as important nursery areas.

Relationship to Additional Selection Criteria:

Additional selection criteria were developed to assist in the selection of proposed critical
habitat designations for the razorback sucker. This reach of the Colorado River meets those
criteria.

Presence of Spawning Population

No known spawning ares have been identified in this reach.

Nursery Habitat

The section between Westwater Canyon and Moab provides numerous bottomlands that,
when inundated, provide rich feeding areas, low-velocity habitat, and in spring potential
spawning and nursery habitat.

Historic or Present Distribution

An extremely small population of razorback sucker currently occupies this reach.
Historically, the fish was much more abundant than at present.

Maintenance of Rangewide Distribution

This reach represents a major portion of the Colorado River in the Upper Basin and provides
continuous habitat between Lake Powell and the upstream end of razorback sucker range on
the mainstem Colorado River.
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S&. ial Management

Management of flow regime and nonnative fishes is needed for recovery. Restoration of
access and tamarisk control in the Moab marsh area is important for restoring razorback
sucker in this reach.

San Juan River - Hogback Diversion to Neskahai Canyon

Boundary Delineation: New Mexico, San Juan County; and Utah, San Juan County. The
San Juan River and its 100-year floodplain from the Hogback Diversion in T. 29N., R.16W.,
section 9 (New Mexico Meridian) to the full pool elevation at the mouth of Neskahai Canyon
on the San Juan arm of Lake Powell in T.41S., R.11E., section 26 (Salt Lake Meridian).

Shoreline Ownership: Tribal, 67.2 percent; Bureau of Land Management, 14.5 percent;
National Park Service, 17.1 percent; Private, 1.2 percent.

Overlap with Proposed Critical Habitat for: Colorado squawfish.

Occurrence:

Historical

Jordan (1891) reported statements of local residents who observed razorback sucker,
Colorado squawfish, and flannelmouth sucker movements in the Animas River of
southwestern Colorado. There are no records or specimens of the species from the San Juan
River in New Mexico (Koster 1957, 1960; Sublette 1977; Platania and Bestgen 1988;
Platania and Lang 1992). However, historic surveys and collections were sporadic and did
not comprehensively cover the river.

Recent

The first documentation of razorback suckers in the San Juan drainage comes from several
reports of adults "stranded" in irrigation ponds and reservoirs (Behnke and Benson 1980;
McAda and Wydoski 1980; Meyer and Moretti 1988). The first confirmed capture record of
razorback sucker from the mainstem of the San Juan River occurred in 1988 (Roberts and
Moretti 1989; Platania et al. 1991). This was a tuberculate male captured at approximately
RM 91 near Bluff, Utah. Prior to the 1976 irrigation pond captures, there were no verified
reports of razorback sucker in the San Juan River drainage.

Small concentrations of adult razorback suckers have been reported from the inflow area of
the San Juan arm of Lake Powell (Meyer and Moretti 1988). In 1987, 12 razorbacks sucker
were captured from the San Juan arm of Lake Powell near Piute Farms Marina. Of these
fish, eight were ripe males and four appeared to be ripe females (Platania 1990; Platania et
al. 1991). A total of ten individuals were captured in the same vicinity in 1988, five of

69



which were in reproductive condition (Platania et al. 1991). No razorback sucker larvae or
specimens of size classes other than adults have been collected in the San Juan River basin.

Description of Habitat:

Spring peak flows in the San Juan River above the confluence with the Animas River
generally ranged form 3,000-5,000 cfs (Holden 1980). Winter flows above the Animas
River confluence generally averaged from 200-300 cfs. Below the Animas confluence, San
Juan River flow and habitats are increasingly influenced by inflowing tributaries. The
highest flow, 70,000 cfs was recorded at Bluff, Utah, (at site below all major tributaries) on
10 September 1927 (Meyer and Moretti 1988). Summer low-flow conditions in the lower
San Juan River have included zero-flow measurements at Bluff in July 1934 and August 1939
(Meyer and Moretti 1988). Many of the tributary streams that enter the San Juan River
below Farmington, New Mexico introduce substantial sediment amounts. Historic sediment
input by the tributaries is not well known, but influenced riverine conditions.

The geomorphology of the San Juan River is variable throughout the subject area. From the
Hogback Diversion to Bluff, the floodplain is wide. The river is relatively sinuous with split
channels and minor braiding common. Substrate size ranges from sand to cobble/boulder.
Riffles and minor rapids are frequent. Major riverine habitat types which occur include
runs, riffles, eddies, backwaters, and side channels. Between Bluff and Mexican Hat, the
river flows through low hills and narrow canyon reaches.

The San Juan River channel is confined within a narrow, high-walled canyon from Mexican
Hat to Neskahai Canyon,. The floodplain is significantly reduced. Overall gradient is high
with substrate size ranging from sand to cobble/boulder. The channel is single thread with
only occasional islands or instream bars. Minor rapids and riffles are common. The
remoteness of this reach has limited human activities and impacts to the river and shoreline.
Major riverine habitat types which occur include runs, riffles, eddies, and backwaters.

One significant barrier occurs in this section. A new waterfall (25-30 feet high) developed at
the Lake Powell inflow area during declining reservoir levels and changing river channel
alignment between Clay Hills and Piute Farms . It is considered a complete--albeit
temporary--barrier to upstream fish passage. Other than this, minimal modification of
physical habitat has occurred in or along the river. Hydrograph alterations related to
upstream water projects constitutes major change to the natural system.

Relationship to Constituent Elements:
Water
Water release patterns from Navajo Dam have recently been altered by the Bureau of

Reclamation to provide suitable flows for fish. Research is currently underway to determine
more specific flow recommendations of the endangered fishes. Because of the extensive oil
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and gas development along the San Juan River and its tributaries, questions have arisen
regarding water quality. - Current efforts are underway to assess the water quality problems
and determine the impacts to fish.

Physical Habitat

The San Juan River has two thirds fewer backwaters per mile of river than occurs on the
Green River (Goettlicher and Pucherelli 1992). However, recently researchers have
suggested that secondary channels on the San Juan River may be just as important for
providing low-velocity habitats for fish. Too few razorback sucker have been captured to
locate spawning areas, although potential spawning habitat is located within this reach.
However, research of flow/habitat relationships and habitat needs of razorback sucker will
identify optimum channel conditions.

Biological Environment

Surveys of main channel and low-velocity habitats in the San Juan River 1987-1989
illustrated differences in distribution and abundance patterns of fishes. Native species
accounted for 70-80 percent of all specimens collected from main channel habitats.
Conversely, in low-velocity habitats (secondary channels, backwaters, edges, eddies),
nonnative species were most abundant, totalling 60-90 percent of all fish collected.
Flannelmouth and bluehead suckers were the most abundant native species (Platania 1990).
Red shiner and fathead minnow were most abundant in low-velocity habitats, and channel
catfish and carp dominated mainchannel nonnative species collections. Previous benthic
macroinvertebrate surveys by Holden (1980) illustrated longitudinal patterns of diversity and
abundance. In general, invertebrate density declined, but diversity increased from upstream
(Navajo Dam) to downstream (below Hogback Diversion) reaches.

Relationship to Additional Selection Criteria:
Additional selection criteria were developed to assist in the selection of proposed critical
habitat designations for the razorback sucker. This reach of the San Juan River meets those

criteria.

Presence of Spawning Population

No spawning locations have been documented. However, fish showing signs of being
sexually mature have been captured in the upper end of the San Juan arm of Lake Powell
(Platania et al. 1991).

Nursery Habitat

Analysis of videography from the Hogback Diversion to Mexican Hat, found that the total
number of backwaters in that reach ranges from 68 to 216, depending on flow. This
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represents about two backwaters per mile of river. The number of secondary channels in this
reach ranges from 91 to 170 depending on flow (Goettlicher and Pucherelli 1992).

Historic or Present Distribution

Razorback suckers occur in the San Juan River from Bluff, Utah, to Neskahai Canyon in
Lake Powell. The largest concentrations are known from the San Juan arm of Lake Powell.

Maintenance of Rangewide Distribution

Recovery of the razorback sucker in the San Juan River will contribute to the rangewide
diversity of habitat occupied by the species. Recovery potential of razorback sucker in the
San Juan is dependent upon preservation of all lifestage habitats.

Special Management

Future depletions to meet water needs for tribal and state lands may adversely affect this
value of the reach for the razorback sucker. Qil and gas development in the San Juan Basin
may also impact the razorback sucker. Development of backwater areas may be considered
to provide habitat.

Colorado River - Paria River to Hoover Dam

Boundary Delineation: Arizona, Coconino and Mohave Counties; and Nevada, Clark
County. The Colorado River and its 100-year floodplain from the confluence with the Paria
River in T.40N., R.7E., section 24 (Gila and Salt River Meridian) to Hoover Dam in
T.30N., R.23W., section 3 (Gila and Salt River Meridian) including Lake Mead to the full
pool elevation.

Shoreline Ownership: National Park Service, 84.7 percent; Tribal, 15.5 percent.
Overlap with Proposed Critical Habitat for: Humpback chub.

Occurrence:
Historical

Razorback suckers were known from the portion of the Colorado River that now comprises
Lake Mead, and they were abundant in the reservoir in the 1940’s and 1950’s (Moffett 1943;
Wallis 1951; Jonez and Sumner 1954). There are few historical records for the species in
the Grand Canyon, but fish collections in this area are sparse. A razorback sucker was taken
from Bright Angel Creek in Grand Canyon in 1944 (Minckley and Carothers 1980; Minckley
and Deacon 1991).
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Rpcent

Significant declines of razorback suckers were recorded in Lake Mead the 1960’s and 1970’s
(Minckley 1973; McCall 1980). However, in the last few years, captures of ripe adults and
spawning aggregations of adults have been reported in the Echo Bay and Las Vegas Wash
areas of the reservoir (Burke 1992; Heinrich and Sjoberg 1992).

Recent records for the Grand Canyon area include captures in the Paria River in 1978 and
1979, the mouth of the Little Colorado River in 1989 and 1990, and Bright Angel Creek in
1987 (Minckley and Carothers 1980; Carothers and Minckley 1981; Maddux et al. 1987,
Minckley 1991).

Description of the Habitat:

This reach has both riverine and lacustrine portions. The river portion extends from the
Paria River through Marble and Grand canyons. Lake Mead was formed by Hoover Dam
and is at the lowermost end of the reach.

This riverine segment of the Colorado River is confined by steep canyon walls for virtually
its entire length. The Paria and Little Colorado rivers join with the Colorado in this reach
and there are smaller tributary streams that drain into the river throughout the Canyon.
Kanab Creek, Bright Angel Creek, and Havasu Creek are examples.

The Colorado River through these canyon areas is characterized by high-gradient sections
forming rapids separated by long runs and pools. Historically, water flows varied seasonally
and annually. High silt loads were characteristic and water temperatures over the year were
subject to 50°F fluctuations (Carothers and Brown 1991). Mouths of tributaries, eddies, and
shallow water areas behind sand and gravel bars provided habitat out of the main channel.
Substrates were largely boulder, cobble, gravel, and, in slower water areas, some sand and
silt.

The riverine portion of the reach has been modified by the construction and operation of
Glen Canyon Dam. The dam is located upstream of the Paria River and controls the
Colorado River flows through the canyons. There has been substantial change to the natural
hydrograph of the river with the operation of Glen Canyon Dam for hydropower purposes.
Weekly and seasonal peaks in water flow cause erosion of sand and gravel beaches and
desiccate shallow water habitats. Water velocities vary widely. The released water is cold
(48°F) and carries no sediment load to replace material lost by erosion. Some sediment is
added to the main flow from the Paria and the Little Colorado rivers. Changes to water
temperatures from predam conditions can be observed through the Grand Canyon to Lake
Mead.

The closing of Hoover Dam created Lake Mead, a large, deep reservoir. The reservoir first
filled in 1941 and has a maximum depth of 590 feet, is approximately 110 miles, long and
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experiences seasonal water-level fluctuations. Lake Mead has an irregular shoreline with
many large and small bays and coves. The Muddy and Virgin rivers are the perennial
tributaries in this portion of the reach and enter the Overton Arm of the reservoir.

Water quality is good throughout the reach. Temperatures, turbidities, and other parameters
are within ranges that support aquatic communities. Productivity varies between the upper
and lower basins of the reservoir (Paulson et al. 1980), and the low level of nutrients may be
the cause of declines in the nonnative sport fish populations in recent years. The size of the
reservoir and the changes in temperature and seasonal volume of inflow from the Colorado
River results in complex stratification and current patterns within the reservoir.

Populations of many nonnative game fish species are found in the reach, including
largemouth bass, striped bass, channel catfish, and trout. Carp, threadfin shad, and other
nongame species are common.

Recreational use of the canyon and reservoir portions of this reach is heavy. Rafting,
boating, camping, and fishing are popular activities. There are facilities for boat launching,
camping, and other activities around the reservoir and in locations in the canyon itself. Any
future recreational developments presumably would be similar to those already present.

Releases of water from Glen Canyon Dam are currently under valuation by federal agencies.
These changes could have effects on the physical habitat in the riverine canyons, and to some
extent, in the reservoir portion of the reach.

Relationship to Constituent Elements:
Water

With the construction of Hoover Dam and the filling of Lake Mead, the natural river
hydrograph in Lake Mead was converted to a reservoir. With the construction of Glen
Canyon Dam, water flows into both the remaining riverine canyons and Lake Mead were
entirely controlled by the releases from the dam. Fluctuations in reservoir water levels occur
on seasonal and weekly cycles as inflows differ from outflows. There has always been
adequate water to maintain aquatic communities.

Flows in the riverine canyons fluctuate with releases from Glen Canyon Dam, thus water
depths and velocities vary considerably. The presence or extent of shallow water,
backwater, or pool habitats in any part of the reach is affected by the changes in flows. The
severity of change attenuates with greater distance away from the dam.

Water quality in Lake Mead is good, with a variety of temperatures available throughout the

year. Productivity in the reach is adequate to sustain aquatic communities. Evaporation is
high, but there have been little changes to salinity or other chemical parameters.
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Water quality in the riverine canyon portion of the reach is good, although major changes in
temperature and turbidity over historic conditions has occurred.

Physical Habitat

Lake Mead provides several lacustrine habitat including deep-water, shallow bay, and cove
habitats. Permanent connections to the riverine habitats in the canyon exist. Adult
razorbacks have been captured throughout the reach, but their movement patterns are
unknown.

Razorback sucker spawning has been observed in coves and bays in Lake Mead. These
coves and bays may be as important in Lake Mead as they are in Lake Mohave.
Temperatures are suitable for adult maturation and for egg incubation and hatching of larvae.

Coves and bays also provide physical habitat needed for nursery habitat. These areas have
little to no current, cover from aquatic plants, and food resources in the benthos and
planktonic communities. These areas are likely analogs to the oxbow lakes and backwaters
of the riverine system.

In the canyon portion of the reach, razorback sucker habitat may be provided by eddies,
nearshore runs, midchannel sandbars, mouths of tributaries, and flat water runs. There are
no complete barriers to migration in the reach. Cold water temperatures in most of the
canyon may not be suitable for spawning, although this may not be true for the tributary
streams. No spawning has been reported from the canyon portion of this reach.

Biological Environment

Existing nutrient resources in the reach are adequate to support populations of aquatic
organisms. Plankton, benthic invertebrates, periphyton, and other potential food resources
are available in both portions of the reach. Adult razorback suckers have been present in
Lake Mead for almost 50 years. Although little known, there are sufficient records on the
canyon population to indicate adult fish are present.

Predation on or competition with razorback suckers by nonnative fish in the reach exists.
Carp, sunfish and catfish are all common or abundant in the reach and these species have
been shown to prey on eggs, larvae, and juvenile razorback suckers. A lack of recruitment
in the razorback population in Lake Mead may be related to this predation in addition to the
changes to the physical habitat.

Relationship to Additional Selection Criteria:
Additional selection criteria for the razorback sucker were developed to assist in selecting the

areas proposed for designation as critical habitat. The Colorado River: Paria River-Hoover
Dam reach meets these criteria.
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Presence of Spawning Population

Observations of spawning razorback suckers in Lake Mead were reported into the mid-1950’s
(Jonez and Sumner 1954). Because spawning aggregations were not looked for, it is not
clear whether spawning populations continued to inhabit the reservoir through the 1950’s to
1980’s. In recent years, congregations of razorback suckers have been observed in some
areas of Lake Mead (Heinrich and Sjoberg 1992).

Nursery Habitat

Coves and bays provide shallow-water habitats. These habitats are used by razorback sucker
larvae in Lake Mohave and if reproduction does occur in the canyon portion, the shallow
waters in tributaries or nearshore areas could provide nursery habitat.

Historic or Present Distribution

Razorback suckers were found in the Lake Mead portion of the reach in 1935 and a
population currently exists in the reservoir. The collection records in the Grand Canyon date
back to 1944 and adults are currently found there.

Rangewide Distribution

Although reservoirs were not a part of the historical habitat for the razorback suckers, long-
term observation of several mainstem Colorado River and tributary reservoirs has shown that
adult fish can survive in these habitats. The decline in numbers of razorback suckers from
reservoirs results from a lack of recruitment. The reduction in or disappearance of
populations in Lake Mead and Lake Havasu on the Colorado River and Roosevelt Lake on
the Salt River corresponded with senescence and mortality of the 30- to 45-year old
razorback suckers that made up the population.

Because adult razorback suckers have been shown to survive in reservoirs, these systems
have value in recovery programs. Reservoirs are useful in the maintenance of large
populations of razorback suckers to provide stock for reintroduction or augmentations of
other populations. The large numbers that could be supported in Lake Mead also allow for
the retention of greater genetic diversity within the population.

The connection between Lake Mead and the Colorado River in the Grand Canyon provides
an opportunity for razorback suckers to use both riverine canyon and reservoir habitats. The
length of the reach also provides for a variety of physical conditions to be available.

The extent of historical or present use of the Grand Canyon by the razorback sucker is not

well documented. The availability of both riverine and lacustrine habitats may be of value to
maintaining the population of razorback suckers in the reach.

76



Special Management

Natural recruitment of razorback suckers in this reach has not been documented in many
years, and the present population consists of old adults. Spawning habitat exists, and
spawning has been observed. Recent experiments in Lake Mohave have shown that, in the
absence of predators, razorback sucker larvae can grow to juveniles in reservoirs.
Opportunities to provide suitable predator-free nursery environments in Lake Mead to
provide for recruitment to the population may be enhanced by designation.

Changes in the pattern of flows released from Glen Canyon Dam is currently under
evaluation. The presence of critical habitat in the area affected by the dam may have effects
on this process.

Colorado River - Hoover Dam to Davis Dam (Lake Mohave)

Boundary Delineation: Arizona, Mohave County; and Nevada, Clark County. The
Colorado River and its 100-year floodplain from Hoover Dam in T.30N., R.23W., section 1
(Gila and Salt River Meridian) to Davis Dam in T.21N., R.21W., section 18 (Gila and Salt
River Meridian) including Lake Mohave to the full pool elevation.

Shoreline Ownership: National Park Service, 92.3 percent; Private, 7.7 percent.
Overlap with Proposed Critical Habitat for: Bonytail.

Occurrence:

Histori

Pre-dam development records for this area are not available. Razorback suckers were
recorded downstream of Hoover Dam in the 1940’s (Wallis 1951). Jonez et al. (1951)
reported them as very common in the river section that was flooded by the creation of Lake
Mohave by Davis Dam. '

Recent

The estimated 60,000 adult razorback suckers found in Lake Mohave constitute the largest
population remaining in the Basin (Minckley et al. 1991). The Lake Mohave population has
provided the primary brood stock for hatchery propagation of this species.

Recruitment has not been documented in recent years and the adult population is aging to
senescence. Efforts are underway to provide grow-out habitats in coves and backwaters for
both locally produced and hatchery produced larvae and juveniles to provide replacements for
the old adults. While still experimental, these efforts have resulted in 153 fish from the 1992
year class being introduced into Lake Mohave late in 1992. Five of these released fish were
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recaptured in March, 1993 (Bureau of Reclamation 1993, unpublished data, Boulder City,
Nevada).

Description of the Habitat:

Historically, this 63-mile portion of the Colorado River was a transition area between the
upstream canyons and the downstream plains. Black Canyon, the uppermost portion of the
reach, is the last large canyon on the lower river. Below the Black Canyon, the river valley
was still incised, but was wider and more open. The Colorado River flows varied seasonally
and yearly, depending upon runoff amounts. This reach does not contain any major
tributaries. Runoff in the washes from seasonal storms may have provided important
additions to the river flow. River waters could be quite warm in the summer and carried
heavy sediment loads.

River substrates likely included boulder, cobble, gravel, and sand as well as silt in quiet
water areas. Wash inflows provided inflow of sand and gravel to form bars in the channel.
Backwaters and shallow areas were uncommon in the canyon sections, though the lower
section of the reach may have had those habitats.

Lake Mohave is a mainstream reservoir impounded by Davis Dam and filled in the 1950’s.
It is a long, narrow reservoir and is generally less than 1-mile wide except at the central
basin where it widens out to 5 miles.

The upper 20 miles are confined by the steep walls of the Black Canyon, and depending
upon reservoir water level, can be riverine or lacustrine in character. Water depths are
shallow, approximately 10 to 40 feet, depending upon the level of releases from Hoover
Dam. Substrates are composed of cobble, gravel, and sand. There are few coves in this
section, but shallow waters are found around the gravel bars at the inflows from washes.
Flows are controlled by releases from Hoover Dam and vary on daily and seasonal
schedules. The water released from deep in Lake Mead is cold and carries no sediment.
Several hot springs are found in this reach and used to varying degrees by razorback sucker.

The lower 43 miles of the reservoir becomes wider as it leaves the canyon and becomes
deeper, reaching about 100 feet deep near Davis Dam. Substrates include cobble and gravel
near the shorelines and sands and silts in deeper water. The shoreline is complex and
irregular with many coves and bays. Water levels fluctuate in response to releases from
Hoover and Davis Dams. Water is normally released from Davis Dam only in response to
downstream contracts. The inflow of colder water from Hoover Dam creates extensive
stratification and current patterns in the reservoir. This water also contributes most of the
nutrients that support the aquatic communities. Paulson et al. (1980) discusses the limnology
of Lake Mohave.

Lake Mohave is in the Lake Mead National Recreation Area and recreation is managed by
the National Park Service. Boating, camping and recreational fishing are popular activities.
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The fishery includes rainbow trout, largemouth bass, striped bass, and channel catfish.
Other nongame fish species such as threadfin shad, carp, and green sunfish are common.

Development around the reservoir is restricted by the National Park Service. There are some
boat launching and marina facilities, campgrounds, and similar recreational support facilities
at points around the reservoir. Any expansion of recreational facilities would be of similar

types.

Plans to alter the water release schedules from Hoover Dam to enhance hydropower
generation have been suggested by Reclamation. The existing generating capacity has been
upgraded by a generator rewinding program completed in 1992. Construction of additional
generating capacity is under consideration.

Relationship to Constituent Elements:
Water

The construction of Davis Dam and creation of Lake Mohave, changed the natural river
hydrograph. Water flows into Lake Mohave are entirely controlled by the releases from
Hoover Dam. Fluctuations in reservoir water levels occur on seasonal and weekly cycles as
inflows differ from outflows from Davis Dam. In 1990, the reservoir fluctuated 15 feet over
the year (Boner et al. 1991). There has always been adequate water to maintain aquatic
communities, including the estimated 60,000 razorback suckers.

Water quality in the reservoir is good, and temperatures vary both seasonally and with
location in the reservoir. The reservoir has a short water retention time but retains
significant amounts of nutrients (Paulson et al. 1980). Evaporation is high, but there are no
significant changes to salinity.

Physical Habitat

Lake Mohave provides deep water, shallow bays, coves, and riverine habitats for the
razorback sucker. Razorback suckers may freely move throughout the reservoir, selecting
seasonally desirable habitats.

Coves and bays have sand and gravel substrates and are used as spawning habitat for the
razorback sucker in Lake Mohave. Hundreds of spawning razorback suckers can be
observed each spring in the clear water of the coves. Temperatures and other conditions are
suitable for adult maturation and for incubation and hatching of larvae (Douglas 1952).

Coves and bays also provide features needed for nursery habitat. These areas have little or
no current, cover in the form of aquatic plants, and food resources in the benthos and
planktonic communities. These areas are likely similar to the oxbow lakes and backwaters of
riverine systems.
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Biological Environment

Existing nutrient resources to support populations of plankton, benthic invertebrates,
periphyton, and other potential food resources in Lake Mohave (Paulson et al. 1980).

Adult razorback suckers have survived for over 40 years on these resources, and in
controlled experiments, young-of-year razorback suckers have been successfully raised in the
TEServoir.

Predation on and competition with razorback suckers by nonnative fish exist in the reach.
Carp, sunfish, and catfish are all common or abundant, and these species have been shown to
prey on eggs, larvae, and juvenile razorback suckers. When these nonnative predators have
been eliminated, young-of-year razorback suckers do survive and grow. Thus, recruitment
of razorback suckers has been linked to predation more than alteration of physical habitat
features in Lake Mohave.

Relationship to Additional Selection Criteria:

Additional selection criteria were developed for the razorback sucker to assist in selecting the
areas proposed for designation as critical habitat. The Colorado River: Hoover Dam to
Davis Dam (Lake Mohave) reach meets these criteria.

Presence of Spawning Population

Razorback sucker spawning has been observed in Lake Mohave from 1950’s to the present
back to the 1950’s (Jonez and Sumner 1954). Buth et al. (1987) concluded that the Lake
Mohave population had little genetic introgression from other sucker species (particularly
from the flannelmouth sucker) and the genic composition of wild and hatchery bred fish was
identical. This information has enabled the use of gametes, larvae and juveniles from the
Lake Mohave stock for reintroductions elsewhere in the Basin.

Nursery Habitat

Larval razorback suckers have been found in coves and bays in Lake Mohave. These
provide shallow water habitats that may be similar to backwaters and other shallow habitats
that may be used as nursery habitat in the riverine environment.

Historic or Present Distribution
Lake Mohave contains the largest remaining razorback sucker population in the Basin.

Efforts to ensure this population continues to exist are underway, sponsored by federal and
state agencies.
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Maintenance of Rangewide Distribution

Several mainstream Colorado River and tributary reservoirs support adult razorback suckers.
these fish were present in the river before the reservoir was created. The disappearance of
razorback suckers from reservoirs very likely results from a lack of recruitment to the adult
population rather than habitat deficiencies. The reduction in or disappearance of populations
in Lake Mead and Lake Havasu on the Colorado River and Roosevelt Lake on the Salt River
corresponded with the senescence and mortality of the 30- to 45-year old razorback suckers
that made up those populations.

Reservoirs are useful in the maintenance of large populations of razorback suckers to provide
stock for reintroduction or augmentation of other populations. The large numbers also allow
for the retention of greater genetic diversity within the population. Perpetuation of this stock
will also aid in the recovery of the species in future years by sustaining those populations.

Special Management

The Lake Mohave population is important to the long-term survival and recovery of this
species. The genetic quality of the population (Buth et al. 1987) has enabled a widespread
reintroduction effort. The size of the population enables research into topics of age and
growth (McCarthy and Minckley 1987) and parasites and disease (Valdez et al. 1982b;
Minckley 1983; Minckley et al. 1991). The efforts led by Reclamation to develop isolated
cove culture techniques for rearing juveniles to recruitable sizes have applicability throughout
the Basin.

Habitats in Lake Mohave that support this important population be studied and evaluated.
The existing spawning and nursery areas as well as adult habitats must be maintained if
efforts to restore recruitment are to be successful. It is unclear how much the limnology of
Lake Mohave contributes to the success of the adult population and would affect recruitment
potentials. Conditions in Lake Mohave are the result of operations of Hoover Dam and
downstream water releases. Designation may enable a more detailed evaluation of
operations.

Colorado River - Parker Dam to Imperial Dam

Boundary Delineation: Arizona, La Paz and Yuma Counties; and California, San
Bernardino, Riverside, and Imperial Counties. The Colorado River and its 100-year
floodplain from Parker Dam in T.11IN., R.18W., section 16 (Gila and Salt River Meridian)
to Imperial Dam in T.6S., R.22W., section 25 (Gila and Salt River Meridian) including
Imperial Reservoir to the full pool elevation or 100-year floodplain, whichever is greater.

Shoreline Ownership: Tribal, 33.9 percent; Fish and Wildlife Service, 25.8 percent;
Bureau of Land Management, 18.7 percent; Private, 18.2 percent; State, 3.3 percent.
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Overlap with Proposed Critical Habitat for: None.
Occurrence:
Historical

Earliest razorback sucker collection records are from the lower Colorado River (Abbott

1861; Lockington 1881; Gilbert and Scofield 1898; Snyder 1915; and others). Many of these
accounts indicate the species was abundant in the lower Colorado River and its larger
tributaries, such as the Gila River. In 1942, survey of the lower Colorado River from
Needles, California, to Yuma, Arizona, Dill (1944) only caught razorback suckers near
Parker, Arizona, in 1942. He also reported that according to local residents, the fish had
previously been plentiful in the area. A decline in razorback sucker populations in the lower
Colorado River below Parker Dam occurred in the last 30 years but has not been extensively
documented in the literature.

Recent

During the late 1960’s and through the 1970’s, razorback suckers were collected occasionally
in the lower portion of this reach. Fish were captured by angling and gill net operations near
Blythe, Riverside County, California (Ulmer and Anderson 1985; Minckley and Deacon
1991). Survey information reported in Minckley (1979, 1983); Ulmer and Anderson (1985);
Marsh and Minckley (1985, 1987); and Loudermilk and Ulmer (1985) indicates that adult
razorback suckers are now rare in this reach.

Although the adult population of razorback suckers appears to be low in this reach, the river
and its associated irrigation systems, especially those on the Colorado River Indian
Reservation, have yielded the largest number of juvenile razorback suckers found in recent
years. Between 1974 and 1988, 24 juvenile razorback suckers have been caught downstream
of Parker Dam (Marsh and Minckley 1989). Of these captures, 23 were made in irrigation
canals. Marsh and Minckley (1989) postulate that 16 of these specimens were wild fish and
8 were hatchery fish. Captures in these canals continue, with 10 juvenile razorbacks from
12-16 inches in length found in 1993 (Charles Minckley, USFWS, pers. comm.)

Efforts to increase the existing population of razorback sucker in this reach have included the
stocking of hatchery-bred fish. The State of Arizona made several stockings of razorback
sucker in the Parker area in 1986. The State of California also had a program from 1986 to
1989 to stock razorback suckers in the river. More recently, 50 three-year-old tagged
razorback suckers were released into Colorado River Indian Tribe waters and others were
released into Lake Havasu on the Bill Williams River National Wildlife Refuge (Charles

Minckley, USFWS, pers. comm.).
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Description of the Habitat:

This river reach flows through low-elevation Sonoran and Mohave deserts. There are no
major tributary rivers or streams entering the Colorado in this reach, but numerous small
washes drain into the channel along its 133 mile length. River substrates include cobble,
gravel, sand, and silt. Historic records describe a river with a low gradient and scarcity of
canyons and other channel-confining topography. The lack of topography allowed the lower
Colorado River to meander across the desert plains. Numerous backwaters, oxbow lakes,
and marshes were formed by the river as it shifted location, and extensive riparian forests
flanked the channels. Seasonal variation in flows was very high, and Grinnell (1914)
reported flows that varied from 4,000 to 100,000 cfs in a year. Flood and drought years
significantly affected both annual flows and the creation of new channels and backwater
areas. Sediment loads were very high, and contributed to forming bars and barriers and
filling in shallow water areas. The extreme desert temperatures also influenced water
quality, especially in shallow backwaters and lakes, because of high evaporation rates and
summer water temperatures.

The reach is confined between Parker Dam on the north and Imperial Dam on the south.
Imperial Dam was constructed in the 1930’s to create a settling basin for water diversions to
the Imperial Valley. Imperial Reservoir is shallow with many coves and backwater areas.
There are other diversion dams or structures in the reach, such as Palo Verde Diversion Dam
and Headgate Rock Dam, that form partial barriers to fish migration.

Flows through the reach have been controlled by Parker Dam since 1938. Releases from the
reservoir are in response to downstream agricultural and municipal needs and international
treaty requirements. All flows are allocated and there is no unused water. Flows may reach
very low levels, but this reach is never dry. Seasonally, drainage from the washes provides
some additional flows, but amounts are generally low. Overall, water velocities are
generally low to moderate.

Projects to provide bank protection and stabilization, flood control, and to manage the
delivery of water have considerably altered portions of the reach. This development
throughout the reach is not uniform. Channels are created or maintained by dredging
between riprapped levees and banks. In the lower portion of the reach, conditions are more
natural, with braided channels, backwaters, and marshes. Efforts have been made to
maintain some backwaters in channelized sections by providing water inflow and outflow
structures in the levees to allow some water circulation into the backwaters.

Dams have changed flows and blocked streams, thus changing some water-quality
parameters. Releases from Parker Dam carry little or no sediment; however, sediment load
gradually increases downstream in the reach. Flushing of sediments from the upper portion
of the reach leaves the substrate dominated by boulders, gravels, and sands. Backwaters and
coves tend to have sand and silt dominated sediments, especially in the lower reach. The
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portion of the reach dominated by Imperial Reservoir has predominantly sand and silt
substrates. The washes along the reach are important inflow sites for sands and gravels.

The changes to flows also has altered salinity levels, available nutrients, and temperature
patterns. Continual reuse of Colorado River water concentrates salts, increasing the salinity
of the water. In backwaters with limited circulation but high evaporation rates, salinities
may be quite high. Blocking of upstream nutrient sources by the large reservoirs may have
lowered the available nutrient levels (Paulson et al. 1980). Significant local inputs to nutrient
levels may be introduced to the system in agricultural return flows through canals and drains
that connect to the river channel. Nutrients also reach the system via storm runoff from the
washes. It is not likely that the reach was historically very highly productive due to the
sediment loads that blocked light penetration into the water. Because water released from
Parker Dam is not drawn from the surface of Lake Havasu, the tailrace is cooler (70° to
77°F) than the lower portion of the reach (79° to 88°F) in summer. Winter temperatures
are more uniform throughout, ranging from 54° to 69°F. Backwaters and other shallow
water areas are generally from 2° to 7°F warmer or colder than the main channel, depending
on the season (Ohmart et al. 1988).

There are significant populations of nonnative game fish in this reach. Sport fishing is a
popular recreational pursuit, especially for catfish and sunfish species. Nongame species
such as carp also are very common. Some stocking of warmwater game fish is done by state
agencies in this reach, but the recreational fishery is not maintained by these activities.
Efforts to provide and enhance fish habitat to increase the recreational fishery by the
placement of tree bundles or artificial habitat structures in coves and backwaters have gone
on for several years.

There are few new development activities in this reach. Most of the modifications deemed
necessary to control the river and its flow were accomplished in the past. There are potential
channelization projects in the reach, especially in the Parker Division, but these efforts are
still in the planning stages.

Relationship to Constituent Elements:

Water

Flows in this reach are completely controlled by Parker Dam. Deliveries must be made to
downstream users during the entire year. Lowest releases occur in the winter (November
through January) when irrigation demand is lowest. September, October, and February are
transition months with the highest releases in March through August (Boner et al. 1991).
Canals and drains may go dry in the winter months, but retain water the rest of the year.
Higher flows in the summer contribute to water exchange in backwaters, improving water
quality in those areas. Although releases do not correspond with the historic hydrograph for
this reach, rising water levels in the spring do provide for inundating shallow water habitats
potentially used for spawning (Ulmer 1980; Bestgen 1990; Minckley et al. 1991). Higher
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water levels also allow better access to canals and backwaters for young fish. In this reach,
young razorback suckers have been found using canals and drains (Marsh and Minckley

1989).

Water quality is generally acceptable to support aquatic communities in the reach. There
have been modifications to the temperature, salinity, and nutrient loads in the reach, but
these changes appear to be within the tolerance ranges for aquatic life. More information on
contaminants from agricultural runoff, urban discharge, and water reuse is needed.

Physical Habitat

The lower Colorado River in this reach provides a variety of habitats for the razorback
sucker. Shallow backwaters, unmodified river banks, and floodplains as well as the main
channel are accessible to this species.

Temperatures in the reach are suitable for razorback sucker spawning (Douglas 1952; Ulmer
1980). Shallow gravel bars are potential spawning habitats and are found throughout the
reach. The upper portion of the reach has more sand and gravel areas, but wash inflows of
sand and gravel create spawning habitats even in areas more dominated by silts. In other
areas of the Basin, razorback suckers can spawn successfully under a variety of flow
conditions (Bestgen 1990) and it is likely that flows in this reach are not preventive of
spawning.

The quiet, shallow habitats formed by backwaters are physically suitable for nursery habitat
(Bland 1953; Tyus and Karp 1989; Osmundson and Kaeding 1991). Canals and drains also
may serve as nursery and juvenile habitat areas. Since these are dried periodically, the
populations of predatory fish is lower, perhaps allowing for better survival opportunities for
young razorback sucker that use them. Most recent captures of young razorback sucker in
the Lower Basin are from canals (Marsh and Minckley 1989).

Shallow backwaters and coves also are appropriate adult habitat, used seasonally for feeding
and sheltering. Deeper water channel habitats in the altered portions of the reach allow
access up and down the river. In the less modified portions, braided channels, backwaters,
and shallows off sandbars and nearshore areas provide acceptable adult habitat.

Biological Environment

Existing nutrient resources are adequate to support populations of aquatic organisms.
Plankton, benthic invertebrates, periphyton, and other potential food resources are available
throughout the reach. Adult and juvenile razorback suckers have been taken in this reach.

Predation on or competition with razorback suckers by nonnative fish in the reach exists.

Carp, sunfish and catfish are all common or abundant in the reach and these species have
been shown to prey on eggs, larvae, and juvenile razorback suckers. A lack of recruitment

85



in the razorback population in this reach may be related to this predation in addition to the
changes to the physical habitat.

Relationship to Additional Selection Criteria:

Additional selection criteria for the razorback sucker, were developed to assist in selecting
the areas proposed for designation as critical habitat. The Colorado River: Parker Dam to
Imperial Dam reach meets these criteria.

Presence of Spawning Population

The population of razorback sucker in this reach, while likely small, is extant. Observation
of spawning activities in this reach is limited, but the captures of presumably wild-bred
juvenile razorback suckers in canals of the reach strongly implies that spawning is occurring
(Marsh and Minckley 1989). Three ripe male razorback suckers were captured in Colorado
River Indian Tribe waters in January 1993 (Charles Minckley, USFWS, pers. comm.).

Nursery Habitat

The existence of 11- to 12-inch juveniles in the irrigation canals demonstrates that acceptable
nursery habitat exists, even though recruitment is limited in this reach. The backwaters,
shallows, and marshes of the lower end of the reach contain acceptable nursery habitats.

Historic or Present Distribution

This reach is known historic habitat for the razorback sucker. Some of the earliest records
for the species are from the lower Colorado River (Abbott 1861; Lockington 1881; and
others). The present population is likely to be made up of older individuals and be small,
but it is still present in the reach.

Maintenance of Rangewide Distribution

This reach is part of the lowest elevational segment of the Colorado River that still has
permanent water. The only other low-elevation river with similar historic habitats is the Gila
River. The Gila River is now dry throughout the low deserts except during flood releases
from upstream dams and limited irrigation return drainage. The Colorado River: Parker
Dam to Imperial Dam reach does maintain significant backwater and riparian areas to
represent the types of habitats historically available in this portion of the species range.

Special Management

The population of razorback suckers in this reach is still declining. While suitable physical
habitat for spawning, nursery, and adult requirements apparently exists, large populations of
nonnative fish in the reach have impacted survival and recruitment of young razorback
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suckers. Work with other agencies and groups in managing this reach should encourage
razorback sucker recovery.

Gila River - Arizona-New Mexico Border to Coolidge Dam

Boundary Delineation: Arizona, Graham, Greenlee, Gila, and Pinal Counties. The Gila
River and its 100-year floodplain from the Arizona-New Mexico border in T.8S., R.32E.,
section 34 (Gila and Salt River Meridian) to Coolidge Dam in T.3S., R.18E., section 17
(Gila and Salt River Meridian), including San Carlos Reservoir to the full pool elevation;
Bonita Creek and its 100-year floodplain from the infiltration gallery in T.6S., R.28E.,
section 5 (Gila and Salt River Meridian) to the confluence with the Gila River in T.6S.,
R.28E., section 21 (Gila and Salt River Meridian); and Eagle Creck and its 100-year
floodplain from the Phelps-Dodge Pumping Plant in T.4S., R.28E., section 26 (Gila and Salt
River Meridian) to the confluence with the Gila River in T.5S., R.29E., section 31 (Gila and
Salt River Meridian).

Shoreline Ownership: Private lands, 50.0 percent; Tribal, 28.0 percent; Bureau of Land
Management, 20.1 percent; State, 1.9 percent.

Overlap with Proposed Critical Habitat for: None.
Occurrence:
Historical

Early researchers reported the razorback sucker in the Gila River confluence with the
Colorado River (Lockington 1881), the Gila Bend vicinity (Bartlett 1854), near Fort Thomas
(Kirsch 1888), and near the Arizona-New Mexico border (Gilbert and Scofield 1898). It was
extremely abundant in the Gila River from the late 1800’s to the early 1900°’s (Ellis 1914;
LaRivers 1962; Minckley 1973). Razorback sucker were caught for use as human and
animal food and processed to make fertilizer (Minckley 1973).

Recent

Surveys completed through the 1970’s (Minckley and Clarkson 1979) failed to locate any
razorback suckers in the Gila River. As part of an interagency effort to restore the
razorback sucker to its range in Arizona, stockings of hatchery-bred fry and juveniles have
been made into the Gila River and some of its tributary streams since 1981. Some
individuals have been recaptured (Arizona Game and Fish Department files); but Minckley
(1985) did not locate any specimens in his survey of the Gila River in the mid-1980°’s. When
the razorback sucker was listed as endangered, the final rule protected razorback suckers in
the Gila River under the Act.
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Description of the Habitat:

The Gila River rises in the mountains of west central New Mexico and flows generally south
and west into Arizona. The San Carlos and San Francisco rivers are the only large
tributaries to the Gila River in this reach. There are several smaller streams, most notably
Bonita and Eagle creeks.

The significant tributaries to the Gila River in the reach all flow southward through higher
gradient, canyon-bound channels. Floodplains are scarce and not well developed in these
areas. Substrates tend to be cobble, gravel, and sand and during erosive high water events,
considerable material may be moved into the main channel from the tributaries. These
materials contribute to the formation of riffles, rapids, and pools in both the tributaries and
the main channel.

The Gila River goes through higher gradient canyons and more open alluvial valleys in the
reach. Flood plains are more developed in the valleys, the deeper alluvial soils spread flood
waters over wide areas. Channel morphology often changes after high-flow events due to re-
deposition of gravels and sands. In the lower portion of the reach, there were extensive
riparian forests flanking the channel. Little is mentioned of backwaters or oxbow lakes in
the literature (Minckley and Sommerfeld 1979).

The natural hydrograph showed both winter/spring and late summer high flows. Snowmelt
and winter rains contributed to the winter/spring high flows. Summer high flows were the
result of rains from thunderstorm activity. The winter/spring flows were slower to rise but
were more stable over time. The summer flows rose and fell quickly. Outside of these
periods, flow in the river could be very low (Minckley and Sommerfeld 1979). La:ge flood
events were a regular part of the hydrograph.

Sediment loads varied considerably due to the lack of fine materials in the substrate.
Turbidity was likely higher below the alluvial valleys and after erosive flood events. There
is little data on water temperatures. Inflow to the mainstem came from colder, higher
elevation streams that warmed significantly in the high summer air temperatures (typically
reaching 90° to 100°F). The low flows during portions of the summer and fall allowed
water to heat more readily

By the early 1900’s, the Gila River had undergone significant changes. Overuse of the
watershed increased runoff, raising the flood peaks. These extreme flows destroyed much of
the riparian vegetation and created a wide, shallow channel across the floodplains. By the
mid-1900’s, smaller peak floods carrying more sediments began to aggrade the channel.
Channel width was reduced, more meanders appeared, and the physical structure of the Gila
River began to more closely resemble the conditions found in the previous century.

There are no major upstream dams on the Gila River or its tributaries in this 132 mile reach,
although there are some diversions. As a result, the natural patterns of the hydrograph have
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been retained although flow levels have changed. Streambanks have not been modified
except near developed areas. Salt cedar has become the dominant riparian shrub/tree species
along portions of the reach. Overuse of rangelands along the reach has contributed to the
loss of the natural riparian community.

Above the reach, water is diverted to irrigate 6,200 acres in New Mexico (Boner 1991).
Other diversions are made in the Duncan and Safford valleys for irrigation on approximately
60,000 acres (ground water also is used on these lands) and industrial and municipal uses.
Water also is diverted from Bonita and Eagle Creeks for municipal and industrial uses. Flow
data recorded at gaging stations in the reach indicate the normal hydrograph has not been
completely disrupted by the diversions. Seasonally, flows may be very low, especially in the
lower part of the reach above San Carlos Reservoir. Portions of Bonita and Eagle Creeks
may dry up in the summer due to upstream pumping.

San Carlos Reservoir was formed by Coolidge Dam in 1928. All the remaining flow of the
Gila River is stored in this large (original storage capacity 1,285,000 acre-feet (af)) reservoir
for use on the San Carlos Irrigation Project lands downstream. Because irrigation
requirements are often higher than inflow to the reservoir, water levels in San Carlos
Reservoir are not stable, showing the most decline over the summer. The reservoir has
effectively gone dry or had very low water levels several times in the last 50 years.

Most streambanks in the agricultural and urban areas along the Gila River have already been
modified for flood control. Outside of these areas, banks are in near natural conditions.
Backwaters were never a common feature of the Gila River and remain uncommon today.
Mainstream pools and eddies behind gravel or sandbars provide quieter water habitats. The
predominant substrates in the reach are cobble, gravel, and sand.

Water quality has not likely changed significantly and is still suitable for aquatic
communities. Water temperatures may be slightly higher or lower due to reduced flows at
certain times of the year that may affect rates of water heating and cooling. Temperatures at
the USGS gage near Calva ranged between 46° and 82°F in water year 1990 (Boner 1991).
Turbidity levels continue to show wide variation due to flow events.

Nonnative fishes in this reach include largemouth bass, smallmouth bass, sunfish, carp,
channel catfish, and flathead catfish, but populations of most nonnative fish species in the
main channel of the Gila River are not high (Minckley and Sommerfeld 1979). The lack of
backwater habitats and the periodic flood events do not encourage the establishment of large
populations of these species. San Carlos Reservoir does have larger populations of these
species, but the reservoir is susceptible to large drawdowns and these tend to limit nonnative
populations.

Impacts due to urban development and mining are likely to increase in the reach, but
increases in agricultural use of Gila River water is not likely. Adverse impacts to aquatic
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habitats in the reach, due to diversions, road crossings, overuse of rangelands, and other
factors, will continue.

Relationship to Constituent Elements:

Water

Despite the large depletions of water from the Gila River in the Duncan and Safford valleys,
the existing hydrograph indicates that adequate water remains in the system to support
aquatic communities. Aside from summer flows in and below large diversions, the Gila
River does not dry up. Pools in the main channel and the tributaries allow fish to survive
over during these periods. Flow levels increase in the early spring, providing razorback
suckers spawning habitat (Ulmer 1980; Bestgen 1990; Minckley et al. 1991). Water
temperatures of around 55° to 69°F in the February to April period (Boner et al. 1991) are
within the range needed for successful spawning (Minckley et al. 1991). Spring flood flows
may contribute to providing nursery habitats in the flooded areas.

Water quality is generally acceptable within the reach. There have been changes to
temperature, turbidities and salinities, but current levels are within the range of tolerance for
aquatic communities. More information on contaminants in agricultural runoff and return
flows, and use by mining operations and municipal users is needed to further review the
water quality issues.

Physical Habitat

Aside from alterations in flow levels and limited flood control works, most of the physical
habitat of the Gila River is similar to historical conditions. Substrates suitable for spawning,
cobble, and gravels, (Mueller et al. 1982, 1985) are abundant in the reach. Inundation of
riparian areas by floodflows may provide nursery areas for young fish. Shallow waters in
the tributary streams also may be used for nursery habitat.

The Gila River reach provides adult and juvenile razorback suckers with habitats similar to
historic conditions. The main channel, with its pools, runs, and riffles provides a variety of
water depths and velocities on a seasonal basis. Seasonal changes in use of pools, eddies,
runs, and backwaters have been reported from the Upper Basin (Osmundson and Kaeding
1989). Except for backwaters, which may be replaced by tributaries in this area, all these
habitats are common in the Gila River.

Biological Environment

Nutrient levels are adequate to support aquatic communities. Physical and water-quality
conditions have provided for a diverse invertebrate community (Minckley and Sommerfeld
1979).
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Floods events on the Gila River and its tributaries in this reach results in the periodic
removal or reduction in nonnative fish populations as they are washed downstream during
these events (Minckley and Sommerfeld 1979). The native fish species have been shown to
be much more able to maintain position in the stream or river in the face of heavy flows.
The tolerance of native fish for the harsher summer conditions in the pools and shallow
channels also is important in exploring differential survival, but pools also may enable the
more reservoir species, such as largemouth bass, as well as riverine species, to remain in the
system. Surveys indicate that nonnative fish populations are higher in the smaller tributaries
than in the main channel (Minckley and Sommerfeld 1979).

San Carlos Reservoir provides a recreational fishery for the warmwater species found in the
reach. This area also may act as a refuge for nonnatives after flood events. That the
populations undergo periodic declines due to low reservoir elevations may be helpful in
reducing emigration to the river.

Relationship to Additional Selection Criteria:

Additional selection criteria for the razorback sucker were developed to assist in selecting the
areas proposed for designation as critical habitat. The Gila River: Arizona-New Mexico
border to Coolidge Dam reach meets these criteria.

Presence of Spawning Population

No spawning activity for the razorback sucker has been documented in this reach in recent
times. Historically, spawning is very likely to have occurred here.

Nursery Habitat

Shallow, nearshore areas, flooded bottomlands, and the mouths of tributary streams could
provide nursery habitat for razorback suckers. Bays and coves in the reservoir also may be
used.

Historic or Present Distribution

Razorback suckers were historically common in the reach, and were reintroduced during the
1980’s.

Maintenance of Rangewide Distribution

The Gila River basin historically supported large populations of the razorback sucker. The
proposed reach has both canyon and open valley habitats representative of the higher
elevation watersheds. It is the last large river segment in southern Arizona to maintain an
approximation of the normal hydrograph and has limited development along the banks. This
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portion of the Gila River experiences elevational changes that affect climate conditions, water
flows, and temperature that are different from the conditions in other proposed reaches.

Observation of several mainstream Colorado River and tributary reservoirs has shown that
adult populations can survive very successfully in these habitats. The disappearance of
razorback suckers from reservoirs results from a lack of recruitment to the adult population
as the older adults die off. The reduction in or disappearance of populations in Lake Mead
and Lake Havasu on the Colorado River and Roosevelt Lake on the Salt River corresponded
with the senescence and mortality of the 30- to 45-year old razorback suckers that made up
the population.

Reservoirs are useful in the maintenance of large populations of razorback suckers to provide
stock for reintroduction or augmentations of other populations. The large numbers also
allow for the retention of greater genetic diversity within the population.

Special Management

Natural recruitment of razorback suckers in this reach has not occurred in many years.
Suitable spawning and nursery habitats do exist, and it is believed that stocked razorback
suckers will spawn when they achieve sexual maturity. Opportunities to control the
nonnative fish populations in the reach by managing for natural conditions may be an
important part of the establishment of a self-sustaining population.

Salt River - US60/SR77 Bridge to Roosevelt Diversion Dam

Boundary Delineation: Arizona, Gila County. The Salt River (the river channel and the
100-year floodplain) from the old US60/SR77 highway bridge in the Salt River Canyon to
Roosevelt Diversion Dam. Also included are Cherry Creek and its-100 year floodplain from
the road crossing in T.4N., R.15E., section 3 to the confluence with the Salt River and
Canyon Creek and its 100 year floodplain from the OW Ranch Road crossing on the Tonto -
National Forest in T.10 'AN., R.15E., section 22 to the confluence with the Salt River.

Shoreline Ownership: National Forest, 69.7 percent; Tribal, 30.3 percent.

Overlap with Proposed Critical Habitat for: None (designated as an Experimental Non-
Essential Population for Colorado squawfish).

Occurrence:
Historical

The razorback sucker was first recorded from the river below this reach by Chamberlain
(1904). There are no records for the species in the reach itself; however, there were no
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barriers between the recorded sites and the proposed reach until Roosevelt Dam and smaller
diversions were constructed after 1911.

The species persisted in Roosevelt Lake until the 1930’s, but could still be found in the lower
Salt River Reservoirs into the 1950’s (Minckley 1973). No captures or observations of the
razorback sucker in the Salt River or the mainstem reservoirs were made in the period 1967-
1977 (summarized by Minckley et al. 1991).

Recent

The species has been stocked into the Salt River reach since 1981 under a cooperative effort
to reintroduce the species in its historic range. Twenty-two fish have been recaptured from
this effort (Arizona Game and Fish Department data). The final rule listing the razorback
sucker as an endangered species protected the population in the Salt River under the Act.

Description of the Habitat:

Except for some limited diversions above the reach for the irrigation of 3,100 acres and the
construction of Roosevelt Diversion Dam and Theodore Roosevelt Dam below this reach, it
is largely unmodified and retains the natural hydrograph. There are no artificial barriers in
the reach, although access may be somewhat impeded by rapids and waterfalls.

This 55-mile reach of the Salt River is confined to a deep canyon above and through the
reach. High gradients have resulted in many rapids. Interspersed throughout the river are
slow moving runs, pools, and eddies. Substrates vary but are primarily boulders, cobble,
and gravels. Few, if any, backwaters are found; and riparian communities are limited. At
bends in the river, the channel can widen out and shallow, slow-moving waters, floodplains,
and gravel bars form.

Flows through the reach come from the Black and White Rivers which join to form the Salt
River upstream of the reach. Smaller inflows from Cibecue, Canyon, Cherry, and Pinal
creeks also contribute to flows. Spring snowmelt produced the highest flows, with a second,
late- summer peak resulting from thunderstorm events (Boner et al. 1991). Sediment loads
were seasonally high, and water temperatures varied significantly over the year. The Salt
River was named for the salt springs that drain into the river. Water quality was generally
acceptable for aquatic communities.

Flows in the Salt River are not significantly different from the historic patterns or levels.
Water-quality parameters have not changed, except in Pinto Creek at the bottom end of the
reach. Mine tailing ponds have occasionally released polluted water into the creek and, thus,
into the Salt River.

There is road access to portions of the north shore of the Salt River, and there is a highway
bridge over the reach at the upstream end. Overuse of the watershed may have contributed
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to degradation of riparian communities and perhaps an increase in sediment loads. Other
than these areas, the river channel, banks, and floodplain remain unmodified.

Nonnative fish species in this reach include smallmouth bass, green sunfish, channel catfish,
flathead catfish and carp. Recreational fishing is limited due to access problems.

A new bridge over the Salt River for the US60/SR77 highway is planned. On the Tonto
National Forest, the lower portion of this reach is in the Salt River Canyon Wilderness. No
significant shoreline developments are anticipated in the reach. Flows through the reach may
be affected in the future by water-development projects on the Fort Apache Indian
Reservation.

Relationship to Constituent Elements:

Water

Unlike other Arizona rivers, the Salt River in this reach is little affected by upstream
diversions and retains its natural hydrograph. Below the reach, four large water storage
reservoirs regulate the flow of the Salt River. The limited upstream diversions from the
Black and White Rivers may have some impact on flow levels, but the effect is likely slight.
Some flows are diverted from Cherry Creek upstream of the reach, but there are no
diversions from Canyon Creek. Flows are not limiting in this reach.

Water quality in the reach is acceptable for aquatic communities. The high turbidities
sometimes seen are within historical levels and are tolerated by native fish species adapted to
this environment.

Physi bi

The narrow canyons in this reach provide riverine habitats dominated by rapids, pools, and
runs. The shallow tributaries, eddies, and nearshore shallows also provide acceptable
habitat. Access through the reach may be affected by larger rapids and waterfalls, but
restrictions are likely not complete.

Floodplains are rare in the reach, mostly found at bends in the river, but sand and gravel
bars are not uncommon, and may provide for spawning habitat. Water temperatures in the
reach are within the acceptable range for razorback sucker spawning (Douglas 1952; Ulmer
1980). Flow conditions in the reach are likely close enough to historical flows to be suitable
for spawning.

Nursery habitats may be limited to areas near floodplains or behind sand or gravel bars.
These sandbars are found the entire length of the reach. In wider areas of the river, these
bars may divide the river flow between more than one channel and create shallow, quiet
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water areas at their downstream ends. These types of habitats are suitable nursery habitat for
razorback suckers elsewhere (Bland 1953; Tyus and Karp 1989; Osmundson and Kaeding

1991).

Biological Environment

Without large additional nutrient inflows from development of agriculture and urban areas,
current nutrient levels are likely very similar to historical levels. There may have been some
increases due to livestock grazing activity on the watershed, but the amount is unknown.

Predation on and competition with razorback suckers by nonnative fish species exists. Carp,
channel catfish and flathead catfish are common or abundant in the reach and have been
shown to prey on eggs, larvae, and juvenile razorback suckers. With the limited habitat
changes that have occurred in the reach, this predation is likely a significant restriction on
expansion of the razorback population.

As on the Gila River, floods on the Salt River and its tributaries in this reach may result in
the periodic removal or reduction in nonnative fish populations as they are washed
downstream during these events. The native fish species have been shown to be much more
able to maintain position in the stream or river in the face of heavy flows. The tolerance of
native fish for the harsher summer conditions also is important in exploring differential
survival. Pools also may enable the more reservoir oriented species, such as largemouth
bass as well as riverine species, to remain in the system. Roosevelt Diversion Dam at the
bottom of the reach restricts nonnative fish in Roosevelt Lake from coming up into the reach.

Relationship to Additional Selection Criteria:
Additional selection criteria were developed for the razorback sucker to assist in selecting the

areas proposed for designation as critical habitat. The Salt River: US60/SR77 bridge to
Roosevelt Diversion Dam reach meets these criteria.

Presence of Spawning Population

No razorback sucker spawning activity has been documented in this reach in recent times.
Historically, spawning may have occurred here, but there are no specific records.

Nursery Habitat

Shallow nearshore areas behind sand and gravel bars and tributary streams all could provide
nursery habitat for razorback suckers. Floodplains are not common in this reach.
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Historic or Present Distribution

Razorback suckers were reported from river sections downstream of this reach and the
species was likely present in the reach. Razorback suckers were reintroduced during the
1980’s.

Maintenance of Rangewide Distribution

Historically, the Salt River supported a population of razorback sucker. The presence of the
species in Roosevelt Lake immediately below the reach provides evidence for the existence of
this historic population (Minckley 1973). Except for the Grand Canyon, this reach is the
only major canyon habitat for the species in Arizona. The Salt River reach has the fewest
changes due to human development of any proposed critical habitat reach for the razorback
sucker in the Lower Basin.

Special Management

Recruitment of razorback suckers in this reach has not been documented. Suitable spawning
and nursery habitats exist; and it is believed that stocked razorback suckers will spawn when
they achieve sexual maturity. Opportunities for control the nonnative fish populations in the
reach by managing for natural conditions may be an important part of the establishment of a
self-sustaining population.

Protection of the existing flows may be more effective with the designation of critical habitat.
There are agricultural programs and projects proposed for the White River upstream of the
reach.

Verde River - Dam at Sullivan Lake to Horseshoe Dam

Boundary Delineation: Arizona, Yavapai County. The Verde River and its 100-year
floodplain from the base of the dam forming Sullivan Lake in T.17N., R.2E., section 15
(Gila and Salt River Meridian) to Horseshoe Dam in T.7N., R.6E., section 2 (Gila and Salt
River Meridian), including Horseshoe Lake to the full pool elevation; and Sycamore Creek
and its 100-year floodplain from the boundary with the Sycamore Canyon Wilderness Area in
T.17N., R.3E., section 8 (Gila and Salt River Meridian) to the confluence with the Verde
River in T.17N., R.3E., section 7 (Gila and Salt River Meridian); Oak Creek and its
floodplain from Page Springs State Fish Hatchery in T.16N., R.4E., section 23 (Gila and
Salt River Meridian) to the confluence with the Verde River in T.15N., R.4E., section 20
(Gila and Salt River Meridian) and West Clear Creek and its 100-year floodplain from the
boundary of the West Clear Creek Wilderness Area in T.13N., R.6E., section 15 (Gila and
Salt River Meridian) to the confluence with the Verde River in T.13N., R.6E., section 21
(Gila and Salt River Meridian).
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Shoreline Ownership: National Forest, 70.7 percent; Private, 29.0 percent; State, 0.3
percent.

Overlap with Proposed Critical Habitat for: Designated as an Experimental Non-Essential
Population for the Colorado squawfish. A population of the federally threatened spikedace is
present in the upper portion of the reach. The upper portion of the reach was proposed as
critical habitat for the spikedace. That proposal has not been finalized.

Occurrence:
Historical

The razorback sucker was reported in the Verde River in 1898 (Gilbert and Scofield 1898)
and persisted until the 1950’s. The last record of razorback sucker in the Verde River was
from Peck’s Lake in 1954 (Minckley 1973). The species was abundant enough to be a food
resource for native peoples in the area, as illustrated by the remains of a razorback sucker
found in an archaeological site near Perkinsville (Minckley and Alger 1968).

Recent

Razorback suckers have been stocked into the Verde River reach since 1981 under a
cooperative effort to reintroduce the species in its historic range. Of the large number of
razorback suckers stocked in the Verde River, only a very low percentage have been
recaptured (Arizona Game and Fish Department, unpublished data). Radiotelemetry studies
are ongoing to evaluate habitat use. The final rule listing the razorback sucker as an
endangered species included the population in the Verde River as fully protected under the
Act.

Description of the Habitat:

The upper portion of the Verde River in the reach is confined between steep watersheds that
limit floodplains and prevents the river from meandering. Gradients are moderate and there
are many riffles and pools. Substrates in the upper portion of the reach are more likely to be
boulder, cobble, and gravels, with sands and other fine materials in the wider floodplain
areas, especially near the mouths of tributaries. Sycamore Creek joins the Verde River in
the upper portion of the reach. Flows of surface water are augmented by springs, seeps, and
other ground water contributions.

In the 1800’s, the middle Verde River was a wide, low-gradient stream with a substantial
floodplain. There were many backwaters and extensive riparian forests. During high flows,
overbank flooding was common. Substrates are dominated by gravel and sand, with cobble
and boulders locally common in the channel. Marshes and oxbow lakes were formed in the
old river channels and had sand and silt substrates. Shallow riffles, pools, and runs provided
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habitat in the main channel. Oak and West Clear Creeks join the Verde River in this part of
thé reach.

Below the Verde Valley, the lower river becomes more confined, with steep mesa slopes
preventing establishment of floodplains. There are places where the valley opens up wide
enough to allow the river to meander, forming backwaters and marshes. Substrates tend to
be cobble and sand. There are several areas of rapids in this portion of the reach, along with
shallow riffles and pools. Gravel bars are common in this portion and are often above water
in low-flow conditions.

There are no major dams in this 149-mile reach, but there are significant diversion dams,
mostly in the portion from Clarkdale and Beasley Flats (the middle Verde River in the Verde
Valley). Flows below these diversions reach very low levels during the irrigation season
(Boner et al. 1991). River flows between diversions are restored by ground water accretion,
irrigation return flows and inflow form tributaries. Recent USGS gage data (Boner et al.
1991) for the Verde River shows that seasonal flow changes do not appear to be as great as
in other Arizona rivers. Spring runoff peaks usually are not significantly larger than base
flow in other seasons, but a small summer peak also was recorded. Flow differences were
greater at the bottom of the reach than at the top. Diversions to irrigate over 12,500 acres
and provide municipal and industrial water may be responsible for attenuating any natural
peaks (Boner et al. 1991). Oak Creek in the reach also has significant diversions and also
shows little seasonal flow variation. Irrigation diversions also remove much summer flow
from West Clear Creek (Boner et al. 1991).

The upper portion of the Verde River has been affected by livestock grazing, mining, and
recreation use (Sullivan and Richardson 1993). Riparian resources and streambanks have
been most heavily impacted and there is little modification of the stream channel itself.
Through the Verde Valley, diversions, sand and gravel operations, agricultural and
residential development adjacent to the channel and may have affected channel morphology,
especially in restricting the Verde River from meandering. Riparian and backwater areas
have been degraded. The lower portion, from Beasley Flats to Horseshoe Reservoir, is not
heavily developed and is affected only by the changes in seasonal flows.

Horseshoe Dam was constructed by Phelps-Dodge Corporation between 1944 and 1946.
Horseshoe Reservoir had an initial storage capacity of 131,427 af. It is subject to extreme
fluctuations in water levels, sometimes reaching over 70 feet in a year and has been known
to reach very low pool elevations (USBR 1990).

Water quality was affected by the changes to the river. Alterations in seasonal flows and
elimination of riparian vegetation created changes in water temperatures. In the areas below
diversions, summer temperatures in isolated pools may exceed tolerances for fish. Water
temperatures of near 86°F are already reported in August and September. Inflows from
agriculture carry salts, nutrients, and agricultural chemicals from irrigated fields into the
river. Runoff from urbanized areas also enters the river and may carry contaminants. There
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are extensive sand and gravel operations in the Verde Valley. Turbidity may be affected by
thése operations.

The Verde River supports a diverse native fish community in the upper portion of the reach.
At least six native species are maintaining populations, including the federally threatened
spikedace (Sullivan and Richardson 1993). Nonnative fishes are present, but not dominant
except in backwater areas. In the remainder the Verde River, smallmouth bass, sunfish,
flathead catfish, channel catfish, and carp are common. In addition to those species,
Horseshoe Reservoir has largemouth bass and black crappie.

Adequate water supplies for the communities and industries in the upper Verde River and
Verde Valley portion of the reach are lacking. There are several projects under evaluation to
divert more water from the Verde River or its tributaries or to pump ground water resources
that may be resupplying the surface flows below diversions. Additional bank stabilization in
the Verde Valley portion of the reach will likely be considered in the wake of the high flood
flows of the winter of 1992-1993.

Relationship to Constituent Elements:

Water

Flows in the Verde River and tributaries have been affected by large diversions of water,
especially in the Verde Valley. Flows in the upper and lower portions have been affected,
but not to the same degree. In the upper Verde River, natural flows have been maintained to
the extent that the native fish community is dominant over the nonnative fish. In the lower
Verde River, flows are higher and sufficient flows exist to support the aquatic community.
Horseshoe Reservoir experiences severe water level fluctuations due to demands for
irrigation and municipal water downstream and may go nearly dry in some years.

The existing water quality is adequate. Changes to nutrient load, salinity, turbidity, and
other parameters may have occurred, but levels are within the tolerance of aquatic
communities. High temperatures may be significant in isolated pools during the summer.
Additional information is needed on the levels of pesticides and other contaminants in return
flows.

Physical Habitat

The Verde River reach provides a diverse collection of habitats for the razorback sucker. In
the upper portion, main channel riverine habitats include runs, riffles, pools, and eddies, but
few backwaters. The Verde Valley has both main channel and backwater habitats and the
lower portion is more riverine in character. Shallow water habitats are available in the
tributaries. Horseshoe Reservoir provides either reservoir or riverine habitats depending
upon water levels.
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Temperatures in the reach are within the range for razorback sucker spawning (Douglas
1952; Ulmer 1980). Shallow gravel bars are available for spawning habitat throughout the
reach. The alteration in flows may not preclude razorback spawning because they can spawn
successfully under a variety of flow conditions (Bestgen 1990).

Backwaters and floodplains for nursery habitat are locally available in the reach. Potential
spawning habitat is common and there is suitable nursery habitat nearby. Habitats for adult
use include both main channel and backwater areas. Access throughout the reach may be
constrained during the irrigation season, but there are no complete barriers to movement.

Biological Environment

Existing nutrient resources in the reach are adequate to support aquatic communities.
Plankton, benthic invertebrates, periphyton, and other potential food resources are available
throughout the reach.

Nonnative fish are common in this reach, dominating in the lower and Verde Valley
portions. It appears that the nonnative species have a competitive advantage in human
disrupted streams over the native fish. Predation and other forms of competition have been
an issue in the reintroduction of the razorback sucker to the Verde River. As elsewhere, a
factor in the elimination of the razorback sucker from the Verde River is the presence of
these nonnative fish. Flood flows in the upper Verde may help to remove nonnative species
by washing them downstream. Additionally, fluctuations in Horseshoe Reservoir may reduce
the nonnative fish populations there and also may reduce its value as a source of nonnative
species in the river.

Relationship to Additional Selection Criteria:

For the razorback sucker, additional selection criteria were developed to assist in selecting
the areas proposed for designation as critical habitat. The Verde River: Dam at Sullivan
Lake to Horseshoe Dam reach meets these criteria.

Presence of Spawning Population

No spawning activity for the razorback sucker has been documented in this reach in recent
times. Historically, spawning is likely to have occurred here.

Nursery Habitat

Shallow nearshore areas behind sand and gravel bars, backwaters, floodplains, and tributary
streams all could provide nursery habitat for razorback suckers.
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Historic or Present Distribution

Razorback suckers were historically present in the reach and were reintroduced during the
1980’s.

Maintenance of Rangewide Distribution

The Verde River was the last of the Gila River basin rivers to retain a population of
razorback sucker, which persisted there until 1954. The Verde River reach shares some
habitat characters with the Gila River reach, in elevational changes and the mix of canyon-
like portions with restricted floodplains and more open valleys with meanders and
backwaters. Existing patterns of flow in the two rivers are very different as is the
arrangement of developed areas.

Special Management

Razorback sucker recruitment has not occurred in this reach in many years. Suitable
spawning and nursery habitats exist, and it is believed stocked razorback suckers will spawn
when they achieve sexual maturity. Development of isolated ponds or coves to act as grow
out facilities may be appropriate to consider to assist in establishment of a breeding
population in this river. Opportunities to control the nonnative fish populations in the reach
by managing for natural conditions may be an important part of the establishment of a self-
sustaining population.

The continued pressure for the development of water sources for municipal and agricultural
purposes is a continuing concern. Maintaining the physical habitat conditions that have
enabled the native fish fauna in the upper portion of the Verde River is of considerable
importance.

COLORADO SQUAWFISH

The Service is proposing six reaches of the Colorado River system (Figure 9 and Table 3)
for designation as critical habitat for the Colorado squawfish. In the Upper Basin, critical
habitat is being proposed in the Green, Yampa, Colorado, White, Gunnison, and San Juan
Rivers. No critical habitat for the Colorado squawfish is currently being proposed for <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>