COLORADO RIVER RECOVERY PROGRAM Project # CAP-6-GP
FY-2001 PROPOSED SCOPE OF WORK Gravel Pit Native/Nonnative Evaluation

Lead Agency: Fish and Wildlife Service
Colorado River Fishery Project

Submitted by: Frank K. Pfeifer, Project Leader
Bob D. Burdick, Fishery Biologist

Address: 764 Horizon Drive, Building B
Grand Junction, CO 81506-3946

Phone: (970) 245-9319
FAX: (970 245-6933
E-mail: Frank_Pfeifer @FWS.GOV

Bob_ Burdick@FWS.GOV

Date: 7 April 2000

Category: Expected Funding Source:
X Ongoing project X Annual funds

_ Ongoing-revised project __ Capita funds

_ Requested new project __ Other (explain)

Unsolicited proposal

|. Title of Proposal: Removal of Nonnative Fishes from Sloped Gravel Pit Ponds and
Evaluating the Use of Sloped Gravel Pit Ponds by Endangered and Native Fishes in the
Upper Colorado River near Grand Junction, Colorado

[1. Relationship to RIPRAP: Colorado River Action Plan: Colorado River; I1.A. Restore and
manage flooded bottomland habitat: monitor and evaluate success. I11.A. Reduce negative
impacts of nonnative fishes and sportfish to endangered fishes: contrd nonnative fishes

[11. Study Background/Rationale and Hypotheses:

Increase Floodplain Habitat to Benefit Native Endangered Fishes

Historically, upper Colorado River basin floodplains were inundated annually by flows
during spring runoff, but today floodplains are not regularly connected to the river
because of channelization by either levees and dikes or rip-rap near population centers
and in agricultural areas. The periodicity of out-of-channel flooding in the upper
Colorado River has dramatically decreased following the onset of transmountain water
diversions, irrigation diversions, and the construction of mainstem dams (Osmundson
and Kaeding 1991). The construction of dikes coupled with the reduction of high spring
flows has atered the natural hydrograph and either reduced or eliminated regular
flooding of bottomlands. It is believed that flooded bottomlands may have served as
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nursery areas for the razorback sucker, Xyrauchen texanus (McAda 1977; Osmundson
and Kaeding 1991). In addition, Osmundson and K aeding suggested that oxbow |akes
and flooded pastures in the Grand Valley near Grand Junction, Colorado, were
historically the primary spawning habitats of the razorback sucker. They also suggested
that low velocity, off-channel habitats were used by adult Colorado pikeminnow
(Ptychocheilus lucius) during high streamflows.

Numerous studies (Grawboski and Hiebert 1989; Tyus and Karp 1989; Wydoski and
Wick 1994) have suggested the importance of seasonal flooding to river productivity.
Other studies have suggested that flooded bottomlands were important to adult razorback
sucker for feeding prior to and after spawning and dso important for rearing of their
young (Tyus and Karp 1989). Adult fish may have used these off-channel habitats for
"velocity shelters' to escape the high water vel ocities from the spring runoff.

Theturbid rivers in the upper basin are not very productive for zooplankton that are
essential for survival during the early life stages of the razorback sucker. When
compared to the riverine environment and river backwaters, inundated bottomlands
produce the highest densities of zooplankton (Grabowski and Hiebert 1989; Mabey and
Shiozawa 1993). Although predation has been documented to be a limiting fector in
survival of larval razorback sucker in the lower basin (Minckley et a. 1991), starvation
may also limit survivd (Marsh and Langhorst 1988; Papoulias and Minckley 1990). Itis
hypothesized that the loss of these productive flooded bottomland habitats appears to be
limiting the recrutment of the razarback sucker inthe upper Colorado River basin
because of the lack of the right sizes of food organisms at the right time and in sufficient
quantity (Wydoski and Wick 1994).

Flooded bottomland habitats occur in broad valleys along low gradient stream reaches.
Bottomlands are off- or out-of-channel habitats that include oxbow lakes, former side
channelsin broad valley floodplains, ponds, and wetland depressions. During high flow
events, some of these off-channel features were temporarily connected to the river.
Former natural riverine features could be integrated back into the historic floodplain by
removing portions of man-made dikes or natural obstructions (e.g., gravel/sand bars).

Although gravel pits are artificial environmentsthat are typically diked and isolated from
the mainstem river, they comprise alarge proportion of pond habitats created by gravel-
pit mining in the floodplain in someriver corridors along the Upper Colorado River.
Gravel mining operations along the Colorado River in the Grand Valley between
Palisade and Loma, Colorado (15- and 18-mile reaches), between Rifle and Debeque,
Colorado, and near Delta, Colorado, on the Gunnison River have created numerous
gravel pitsthat vary in size, depth, shape, and orientation to the mainstem river.

During high flow events, some of these ponds have been temporarily connected to the
river allowing accessto fish. However, these ponds that do not have permanent
connections to the river have also trapped fish following recession of high flows. Ponds
that are reconnected to theriver are less likely to trap endangered fishes. Integraing
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ponds created from gravel-pit mining into the historic floodplain by removing portions of
dikes and re-establishing connedivity to the river may provide off-channel habitats
which are essential for effective management of the riverine ecosystem and recovery of
endangered fishes.

Most researches believe that connecting isolated ponds to the river can be seasonally
beneficial to endangered fishes. Pondsthat are gently graded and connected to the river
should be evaluated for their possible benefit for endangered fishes by providing off-
channel habitats while reducing or minimizing proliferation of nonnative fishes. Valdez
and Wick (1983) and Osmundson and Kaeding (1991) hypothesized that graded gravel
pits that flood during runoff and drain with descending flow may benefit adult razorback
sucker and Colorado pikeminnow by providing feeding, resting, conditioning, and
possibly spawning areas while minimizing the potential proliferation of nonnative fishes
that either compete with or predate upon endangered fishes. Habitat restoration of gravel
pits may provide food that should increase survival of larval and juvenile endangered
fishes. Graded gravel pits could function as seasonal, surrogate floodplain habitats for
use by endangered and other nativefishes.

Protection, restoration, and enhancement of inundated bottomland habitat along
mainstem riparian corridors are believed to be important for recovery of razorback
sucker. Before razorback sucker are reintroduced into historical reaches of the Upper
Colorado River, reconnecting the river with bottomlands is essential. Onesite by itself
will probably not be sufficient to establish and maintain self-sustaining popul ations of
endangered fishes. Thus, additional bottomland sites will need to be identified and
developed to provide a series or "network" of off-channel habitats.

Gardner Pond, adjacent to the Colorado River (river mile 174.4) located at 29-5/8 Road,
iIsapond that was connected to the manstem river in December 1995. Thepond held
water year-round and did not drain naturally. A report discussing the seasonal use of two
ponds by endangered and other native fishes as well as nonnative fishes was prepared
(Burdick et al. 1997). An earthen berm was placed in the connection channel in late-
1996 to prevent nonnative fish in the pond from escaping into the river. The pond was
drained and most nonnative fish were removed in mid-March 1997. The site was then
back-filled and sloped toward the river to allow seasonal flooding and draining, and
reconnected to the river in March 1998.

Gravel pitsin the floodplain isolated from the mainstem river could be connected to the
river to create ephemeral habitats for native fishes rather than perennia habitats that are
favored by nonnative fishes. Prior to being connected to the river, total eradication or
removal of all nonnative fishes would be necessary. To create ephemeral habitats, gravel
pits would have to be back-filled and sloped toward theriver to allow river water to
seasonally fill the pond during spring runoff and drain following runoff.
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Reduce Nonnative Fish and Sportfish |mpacts

The native fishes of the Upper Colorado River Basin are declining in abundance.
Significant anthropogenic changes to the physical habitat have undoubtedly played an
important role in the decline of four of the "big river" fishes, but changesin the
biological environment may also have been equally significant. Physical changesin the
riverine habitat have been accompanied by the introduction and proliferation of
nonnative fishes, and concomitant declinesin native fishes. At least 67 nonnative fishes
have been introduced actively or passively into the Cdorado River system during the last
100 years (Minckley 1982; Tyuset al. 1982; Carlson and Muth 1989; Minckley and
Deacon 1991; Maddux et a. 1993). By 1980, more than 50 nonnative fishes had been
actively introduced into rivers and reservoirs of the Colorado River basin (Minckley
1982; Tyuset al. 1982; Carlson and Muth 1989). Native big river fishes have
disappeared from about three-fourths of their original habitat while introduced fishes
have become more widespread and abundant. Recent studies have also documented a
decline in the abundance of nativefish species as nonnative speciesincreased in
abundance (Joseph et al. 1977; Behnke 1980; Osmundson and Kaeding 1989; Quartarone
1993). In some instances, drastic changes in the fish fauna have occurred in the Lower
Colorado River (downstream of Glen Canyon Dam) where nonnative fishes have
replaced native fish species (Miller (1961).

Many of the nonnative fishes introduced into the Colorado River basin are suspected of
adversely affecting the native manstem fishes in somefashion. Warmwaer gamefish
are thought to have the greatest adverse effect on endangered native fishes. Centrarchids
(e.g., largemouth bass [Micropterus salmoides], green sunfish [Lepomis cyanellus),
bluegill [L. macrochirus), black crappie [Pomoxis nigromaculatus], and smallmouth
bass [M. dolomieui)), ictalurids (e.g., channel catfish [Ictalurus punctatus] and black
bullhead [Ameiurus melas]), and esocids (northern pike [Esox lucius]) are listed as
frequent contributors to the decline of native fishes. An increasing body of evidence
characterizes the negative interactions of nonnative fishes with the endangered big river
fishes (Hawkins and Nesler 1991; Minckley et al. 1991; Maddux et al. 1993; Lentsch et
al. 1996). Some of thisevidenceisindirect that includes inferences from field data or
results from laboratory studies of predation by nonnatives on natives. Laboratory studies
have documented agonistic behavior, resource sharing, and vulnerability to predation
(Papoulias and Minckley 1990; Karp and Tyus 1990; Ruppert et al. 1993; Johnsonet al.
1993). Direct evidence or predation includes native fishes obtained from stomach
contents of nonnative fishes and by visual observation of predation. Other means by
which nonnative may adversely affect native fishesis by competition for food which
limit the success of razorback sucker (Papoulias and Minckley 1990) and interactions
that do not involve predation. These include hybridization of white suckers with other
native Colorado River suckers (Burdick 1995) that could compromise thegenetic
integrity of nativesuckers, and adut Colorado pikeminnow that prey on channel catfish
may choke on the catfish's pectoral spines (McAda 1983; Pimental et al. 1985;
Quartarone 1993).
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A substantial body of indirect evidence for nonnative predation has been assembled for
the razorback sucker. The loss of early-life history stages of the razorback sudker has
been linked to predation by nonnative fishes, and the loss of those stages hasled to a
virtual absence of recruitment to adult size. Recruitment failure has been cited as the
major cause of the decline and endangerment of the razorback sucker.

Tyus and Saunders (1996) recently produced a comprehensive review of evaluating the
impact of nonnative fishes on aquatic ecosystems, identifying and discussing the effects
of introductions of nonnative fishes on big river fishes of the mainstem Colorado River,
and proposing strategies for mitigating the negative impacts of nonnativefishes. This
document provides a strategic plan for guiding control measures in the Upper Colorado
River Basin. Lentsch et al. (1996) reviewed most of the control measures suitable for use
with nonnative fishesin the Upper Colorado River Basin that included mechanical
techniques (traps, nets, seines, and electrofishing), chemical removal (i.e., poisons),
biological techniques (introducing predators), and altering flow regimes.

The goal for nonnaive fish control or management in the Upper Colorado River Basinis
to reduce the adverse impacts of nonnative fishes on the endangered fishes. It is not
likely that nonnative fishes that have become established in the Upper Colorado River
Basin can be eliminated. However, preventive measures and active control programs
could be implemented to reduce the abundance of nonnative fishesin riverine and
adjacent floodplain habitats. Consequently, then, reducing the abundance of nonnative
fishes would reduce the potential for predation and competition on endangered fishes.

1998 Field Results

Field work was conducted during runoff and post-runoff river stages over a 7-week
period from 5 May to 19 June in Gardner and Pickup ponds using trap nets, tranmel nets,
and electrofishing to collect fish. A total of 396 native and 1,376 nonnative fish were
collected from both these two ponds during runoff and post-runoff. Ninety-eight percent
of the native fishes were captured during runoff; 73% of the total nonnative fish captured
were also collected during runoff. Twenty adult Colorado pikeminnow were captured--
al during runoff. One pikeminnow was captured six different timesin Pickup Pond. All
nonnative fish collected were removed.

1999 Field Results

This was the second year of athree-year field project. Field work was conducted during
runoff and post-runoff river stages over a 7-week period from 26 May to 9 July 1999 in
Gardner Pond and over a 4-week period from 2 June to 24 June 1999 at the Jarvis
Restoration Site using trap nets. Pickup Pond, sampled in 1998, was not sampled in
1999. Trammel netsand electrofishing were not used in 1999 at either site because
runoff was lower than 1998 and water depth in both pondswas too shallow to practically
and effectively use these two gear types. Five-hundred eighty-eight native and 6,960
nonnative fish were collected from both Gardner and Jarvis ponds during runoff and
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post-runoff river stages. Green sunfish, black bullhead, white sucker, and red shiner
were the predominant nonnative fishes collected. Seventeen sub-adut and adult
Colorado pikeminnow were captured--all from Gardner Pond. One pikeminnow was
captured threedifferent times in Gardner Pond; four different pikeminnow captured in
1998 in Gardner Pond were also recaptured in Gardner Pond in 1999. No Colorado
pikeminnow or other endangered fishes were captured in Jarvis Pond. Results to date on
endangered fish use at the JarvisRestoration Site are inconclusive. Asin 1998, all
nonnative fish collected were removed.

Study Goals, Objedtives, End Product:

Purpose

This SOW satisfies two RIPRAP action items simultaneously: 1) evaluation of gravel
pits as ephemeral, floodplain habitats for adult Colorado pikeminnow and other native
fishes, and 2) removal and disposal of nonnative fishes from these same ponds. In other
words, restoration and evaluation of this type of floodplain habitat for native fishes will
be conducted concurrently and integrated with capturing, removing, and disposing of
problematic nonndive fishes that affect the survivd and recovery of endangered fishes.

Sloped, gravel-pit ponds would creae ephemeral habitats during the spring and early
summer. Sub-adult and adult nonnative and native fish that usually reside in the river
during non runoff conditions may be dtracted to thesefloodplain ponds for shelter to
avoid high river velocities associated with runoff. Fish may also seek the warmer water
temperatures of these off-channel, ponded habitats during spring runoff for growth and
reproduction. These types of habitats may concentrate nonnative fishes for short periods
of time and may increase capture and removal efficiency.

God

Evaluate use of graded gravel pits connected to the river that seasonally flood during
runoff and subsequently drain following runoff by sub-adult and adult Colorado
pikeminnow and other native fish.

Remove al nonnative fish captured by mechanical means from graded gravel pitsthat are
connected to the river in the spring when they seasonally flood and in the summer when
they subsequently drain.

Objectives
1. Determine the extent of use by sub-adult and adult Colorado pikeminnow and
other native fishes of graded gravel pits that seasonally flood and drain and that

are connectedto the river immediately prior to, during, and immediatdy
following runoff.
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VI.

2. Determine if collecting nonnative fishesimmediately prior to, during, and
immediately following runoff from floodable and dra nable ponds connected to
the river can bean effective and feasible means to actively and consistently
remove, control, and ultimately reduce the numbers of nonnative fishes on ariver-
reach scale and off-channel lentic habitats connected to the mainstem in the Upper
Colorado River.

3. Determine nonnative fish use of off-channel, ponded habitats connected to the
river.

4. Document the spedes, numbers, and biomass of nonnative fishes removedvia
mechanical means, i. e., nets.

5. Provide recommendations for the long-term use of this strategy for controlling
nonnative fishes in floodplain habitas.

Study areac Upper Colorado River in the Grand Valley near Grand Junction, Colorado,
river mile 185.1 downstream to river mile 152.6. In the Upper Colorado River, the
highest priority reach identified for recovery of endangered fishes and highest level of
concern for nonnative interactions with native fishes was the stream reach between
Government Highline Diversion Dam (river mile 194) to the head end of Lake Powell.

Study Methods/Approach:

Removal of nonnative fishes and evaluating the use by native endangered fish of
riverside gravel pits, sloped toward the river that flood during runoff and drain during the
receding flow stage, has been conducted for one year and will be conducted for another
two years with the fourth year devoted for preparation of afinal report. One of the
strategies suggested by Tyus and Saunders (1996) tha might be cost-effective and also
be an immediate means of reducing the abundance of nonnative fishes would be
mechanical removal. Multiple gear types such as trap and fyke nets, trammel nets, and
electrofishing were used intensively to collect fish the first year. Past and recent
experience with sampling in riverside ponds has reveal ed that species composition and
size varies among different gear types used. Therefore, different sizes and severa
species of both nonnative and native fishes are anticipated to be captured with the
aforementioned traditional gear types in the mouths of connection channels and in the
ponds. Both study goals and objectives are being accomplished concurrently. Three
years of field work are necessary to evaluate both programs during spring streamflows
over arange of water years (i.e, low- vs. medium- vs. high-water years). Capitol funds
were used for draining, back-filling, and sloping these ponds.

Trap and fyke nets have been run continually throughout the spring runoff period when
these off-channel, sloped pondsfill. On the weekend, trap nets are left in place, but are
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VII.

not actively trapping fish because the throat ends are left open. Trammel nets have been
set only during daylight hours and are be checked about every two hours. Electrofishing
was conducted at least once weekly in each pond. Seining was not conducted in 1998.

In 1999, as the pond drains in early summer, seining will be used to remove young-of-the
year nonnative fish produced. These gear typeswill be used from April through July.

Gardner (river mile 174.4) and Jarvis ponds (river mile 171.0) were the two ponds
initially selected for thiswork. Gardner Pond was back-filled and sloped following
spring runoff in Fiscal Year 1997, prior to the commencement of this study. No
sampling was conducted in Jarvis Pond during 1998 because contract negatiations with
the City of Grand Junction and the Recovery Program had been delayed, and on-site
work to connect Jarvis Pond to the river and reconfigure it to slope toward the river had
not begun when this gudy commenced in May 1998. Therefore, Pickup Pond (river mile
175.0) was selected as a replacement for Jarvis Pond in 1998. The sloping, contouring,
and connection channel at the Jarvis site were completed in late 1998. Jarvis Pond aong
with Gardner Pond were both sampled in 1999; 2000 will be the final year of field work
at these two sites. Because Pickup Pond is a depression and has not undergone re-
sloping, it was not sampled in 1999 and there are no plans to re-sample Pickup Pond
during the remainder of this study.

Information recorded for each site include the numbers, age composition, and biomass of
nonnative and native fishes collected and fishing effort expended for each gear type. The
numbers, age composition, and biomass of all nonnative fish species removed from each
site are being documented.

Removal and disposal of al nonnative game fishes have and will continue to be
coordinated with representatives from the Colorado Division of Wildlife. Smaller

nongame, nonnative minnow species (e.g., red shiners, fathead minnow, and sand
shiners) will be removed and disposed.

Task Descriptionand Schedule

Description

Task 1. Capture native and nonnative fishes using trap and fyke nets, trammel
nets, electrofishing, and seines.

Task 2. Remove al nonnative fishes captured by mechanical means from graded

gravel-pit ponds adjacent to the Upper Colorado River. Enumerate all
native fishes captured by species and age-group captured with various gear

types.

Task 3. Prepare RIP annual progress repart.
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Task 4. Analyze field daa; prepare final report.
Schedule

Tasks 1 and 2. 4/98-7/98; 4/99-7/98; 4/2000-7/2000

Task 3. 10/98-12/98; 10/99-12/99

Task 4. 10/2000-5/2001

VIIl.  FY-2001 Work

Deliverables/Due Dates analyze field data; prepare draft and final report (5/2001).

Budget Estimate

Tasks 3-4
Labor (Salary + benefits for Service $ 9,500
employees)
Other (printing of final report) $ 1,500
Total $11,000
Tasks 3 and 4. $11,000
Total $ 11,000 (Annual funds plus 10% overhead)
IX. Budget Summary
Overhead
Project Cost
Cost @ 10% Total
Fy-2001 $ 11,000 $1,100 $12,100
Grand
Total: $ 11,000 $1,100 $12,100
X. Reviewers:
Mr. Patrick Martinez Mr. Keith Day
Wildlife Researcher Fishery Biologist
Colorado Division of Wildlife Utah Division of Wildlife Resources
711 Independent Avenue 152 East 100 North
Grand Junction, Colorado 81505 Vernal, Utah 84078
(970) 248-7175 (435) 789-3103
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XI.

Dr. Richard Valdez
Senior Aquatic Ecologist
BIO/WEST Inc.

1063 West 1400 North
Logan, Utah 84321
(801) 752-4202

References

Behnke, R. J. 1980. The impacts of habitat alterations on the endangered and
threatened fishes of the Upper Colorado River Basin. Bulletin 503A. Cooperative
Extension Service, Colorado State University, Ft. Collins, CO 34 pp.

Burdick, B. D. 1995. Ichthyofaunal Studies of the Gunnison River, Colorado, 1992-
1994. Final Report. Recovery Implementation Program for the Endangered Fishes
of the Upper Colorado River Basin. U.S. Fish and Wildlife, Denver, Colorado. 60
pp. plus appendices

Burdick, B. D., J. Flair, M. Lloyd, and B. Scheer. 1997. Evaluation of native and
nonnative fish use of two gravel pit ponds at 29-5/8 Road near Grand Junction,
Colorado.

Carlson, C. A.,and R. T. Muth. 1989. Lifeline of the American Southwest. Pages 220-
239in: D. P. Dodge (editor). Proceedings of the International Large Rivers
Symposium. Canadian Special Publication of Fisheries and Aquatic Sciences 106.

Grabowski, S.J. and S.D. Hiebert. 1989. Some aspects of tropic interactions in selected
backwaters and the main channel o the Green River, Utah: 1987-1988. U.S.
Bureau of Reclamation, Research and Laboratory Services Division,
Environmental Sciences Section, Denver, Colorado. 130 pp. + an appendix of 155

pp.

Hawkins, J. A., and T. P. Nesler. 1991. Nonnative fishes of the Upper Colorado River
Basin: an issue paper. Final Report. Colorado State University and Colorado
Division of Wildlife, Ft. Collins, CO. 72 pp.

Johnson, J. E., M. G. Pardew, and M. M. Lyttle. 1993. Predation recognition and
avoidance by larval razorback sucker and northern hog sucker. Transections of the
American Fisheries Society 122:1139-1145.

Joseph, T. W., J. A. Sinning, R. J. Behnke, and P. B. Holden. 1977. An evaluation of
the status, life history, and habitat requirements of endangered and threatened
fishes of the Upper Colorado River Basin. Report FWS/OBS-772, U. S. Fish and

gp CAP-6 page 10



Wildlife Service, Ft. Collins, CO.

Karp, C. A.,and H. M Tyus. 1990. Behavior and interspecific interactions of Colorado
squawfish Ptychocheilus lucius, and five other fish species. Copeia 1990:25-34.

Lentsch, L. D., R. Muth, P. D. Thompson, T. A. Crowl, and B. G. Hoskins. 1996.
Options for selectively controlling non-indigenous fish in the Upper Colorado
River Basin. Final Report. Publication 96-14, Utah Department of Natural
Resources, Division of Wildlife Resources, Salt Lake City, UT.

Mabey, L.W. and D.K. Shiozawa. 1993. Planktonic and benthic microcrustaceans
from floodplain and river habitats of the Ouray Refuge on the Green River, Utah.
Department of Zoology, Brigham Y oung University, Provo, UT. 31 pp.

Maddux, H. R. 1996. Draft Environmental Assessment for Procedures for Stocking of
Nonnative Fish Speciesin the Upper Colorado River Basin. U. S. Fish and
Wildlife Service Grand Junction, CO. 39 pp + Appendices.

Maddux, H. R., L. A. Fitzpatrick, and W. R. Noonan. 1993. Colorado River
endangered fishes and critical habitat: Biologicd Support Document. U. S. Fish
and Wildlife Service, Salt Lake City, UT 225 pp.

Marsh, P. C., and D. R. Langhorst. 1988. Feeding and fate of wild larval razorback
sucker. Environmental Biology of Fishes 21:59-67.

McAda, C.W. 1977. Aspects of the life history of three catostomids native to the Upper
Colorado River basin. M. S. Thesis, Utah State University, Logan, UT. 117 pp.

McAda, C. W. 1983. Colorado squawfish, Ptychocheilus lucius (Cyprinidag), with a
channel catfish, Ictalurus punctatus (1ctaluridae), lodged in itsthroat. The
Southwestern Naturalist 28:119-120.

Miller, R. R. 1961. Man and the changing fish fauna of the American Southwest.
Papers of Michigan Academy of Sciences, Arts, and Letters, 46:365-404.

Minckley, W. L. 1982. Trophic interrelations among introduced fishesin the lower
Colorado River, Southwestern United States. California Fish and Game 68(2):78-
89.

Minckley, W. L., and J. E. Deacon. 1991. Battle againg extinction: nativefish
management in the American West. University of Arizona Press, Tucson, AZ. 517

Pp.
Minckley, W. L., P. C. Marsh, J. E. Brooks, J. E. Johnson, and B. L. Jensen. 1991.

gp CAP-6 page 11



Management toward recovery of the razorback sucker. Pages 303-358in W.L.
Minckley and J.E. Deacon eds. Battle against extinction. University of Arizona
Press, Tucson, AR.

Osmundson, D. B., and L. R. Kaeding. 1991. Recommendations for flowsin the 15-
mile reach during October-June for maintenance and enhancement of endangered
fish populationsin the Upper Colorado River. Final report. U.S. Fish and Wildlife
Service, Colorado River Fishery Project, Grand Junction, Colorado. 82 pp.

Papoulias, D. and W.L. Minckley. 1990. Food limited survival of larval razorback
sucker, Xyrauchen texanus, in the |aboratory. Environmental Biology of Fishes
29: 73-78.

Pimental, R., R. V. Bulkley, and H. M. Tyus. 1985. Choking of Colorado squawfish,
Ptychocheilus lucius (Cyprinidag), on channel catfish Ictalurus punctatus
(Ictaluridae), as a cause of mortality. The Southwestern Naturalist 30:154-158.

Quartarone, F. 1993. Historical accounts of Upper Colorado River basin endangered
fish. Colorado Division of Wildlife, Denver, 66 pages.

Ruppert, J. B., R. T. Muth, and T. P. Nesler. 1993. Predation on fish larvae by adult red
shiner, Yampa and Green rivers, Colorado. The Southwestern Naturalist 38:397-
399.

Tyus, H. M., B. D. Burdick, R. A. Valdez, C. M. Haynes, T. A. Lytle, and C. R. Berry.
1982. Fishes of the Upper Colorado River Basin, distribution, abundance, and
status. Pages 12-70 in Miller, W. H., H. M. Tyus, and C. A. Carlson (editors).
Fishes of the Upper Colorado River System: present and future. American
Fisheries Society, Bethesda, MD. 131 pp.

Tyus, H.M. and C.A. Karp. 1989. Habitat use and streamflow needs of rare and
endangered fishes, Yampa River, Colorado. U.S. Fish and Wildlife Service,
Biological Report 89(14). 27 pp.

Tyus, H. M., and J. F. Saunders, I11. 1996. Nonnative fishesin the Upper Colorado
River Basin and a strategy plan for their control. Final Report. Prepared for the
Recovery Implementation Program for Endangered Fishes in the Upper Colorado
River Basin. Cooperative Agreement No. 14-48-0006-95-923. 84 pp +
Appendices.

Valdez, R.A., ad E.J. Wick. 1983. Natural vs manmade backwaters as native fish
habitat. Pages519-536inV.D. Adamsand V.A. Lamarra, editors. Aquatic
Resources Management of the Colorado River Ecosystem. Ann Arbor Science
Publishers, Ann Arbor, Michigan.

gp CAP-6 page 12



Wydoski, R.S. and E.D Wick. 1994. Enhancement strategies for flooded bottomlands
and other habitats in the recovery of endangered fishes in the Upper Colorado
River basin. Draft report. U. S. Department of Interior, Fish and Wildlife Service
and National Park Service, Denver, Colorado. 80 pp + Appendices.

Prepared and compiled by: Bob D. Burdick, 10 March 1997
Revised as per peer review comments: 21 April 1997
Updated: 24 April 1998 (BDB)

Edited: 27 April 1998 (PN)

Edited: 9 June 1998

Amended: 9 October 1998

Updated: 19 April 1999 (BDB & FP)

Updated: 7 April 2000 (BDB)
BOB\SOW\2001SOW\NONNATVE.O1

gp CAP-6 page 13



