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PREFACE

In August of 1995, the Recovery Implementation Program for Endangered Fish
Species in the Upper Colorado River Basin, acting through'the US Fish and Wildlife
Service contracting office in Denver, initiated a project with the Center for Limnology,
University of Colorado at Boulder (Center) to review and report on the impacts of
nonnative fishes on native Colorado River fishes, and to prepare a strategic plan for
guiding control of nonnative fish in the upper Colorado River basin. The Center was
responsible for obtaining information about fish control issues by reviewing pertinent
documents produced by the Program, searching the scientific literature, contacting
other experts, and by conducting and facilitating discussion at an interagency
workshop. The Center had the tasks of evaluating the impact of nonnative fishes on
aquatic ecosystems, identifying and discussing the positive and negative affects of
introductions of nonnative fishes on big river fishes of the mainstream Colorado River,
and proposing a strategy for mitigating the negative impacts of nonnative fishes. This
document constitutes a report of findings and a strategic plan for guiding control
measures in the Upper Colorado River Basin. The opinions and conclusions stated in
this document do-not necessarily represent the official position of the upper Colorado
River recovery program or those of its cooperating agencies and groups.

“*Additional information’ abouf

| by contactlng Ms. Connie Young, 'PUblic Information Coordmator or Mr. John'Ham_lﬂ,‘
Program Director, U.S. Fish and Wildlife Service, P.O. Box 25486 Denver Federal
Center, Denver Colorado 80225 or at telephone 303-236-2985.
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EXECUTIVE SUMMARY

The native fish fauna of the Colorado River basin has been greatly affected by
human actions that have occurred primarily since the 1930s. Four of the seven large
species in the “big river” assemblage are endangered and federally listed, and the
remaining three are species at risk. Dams, diversions, and extensive flow regulation
have produced significant changes in the physical environment including habitat loss
and fragmentation. These changes were undoubtedly a major factor in the decline of
the endangered fish species, but changes in the biological environment now may be an
equally significant threat.

Many nonnative fishes have been introduced into the Colorado River basin in
this century. Nonnative fishes were introduced by various federal and state agencies,
as well as by private individuals. Successful establishment of several nonnative fishes
(e.g., channel catfish, common carp, fathead minnow, and red shiner) has presumably
been facilitated by their “preadaptations” to the ¢hanged conditions now found in the
Colorado River system. However well-intentioned the introductions may have been,
the effects have been almost exclusively detrimental to the native fauna. A successful
introduction results not only i in the addition of nonnative individuals to the receiving

e ... —waters, but almost always |
~occur in low-abundancesis
local extirpation or complete extinction of one or more native specnes

The threat to natural systems posed by nonnatives is by no means restricted to
the Colorado River system; it is part of a nationwide problem that is particularly acute
wherée species have been introduced intentionally to satisfy recreational or commercial
demands. The possibility of hastening the decline of native fishes as a direct result of
these fish introductions is real, and displacement has been documented in other river
systems. Continued decline of rare species will ultimately lead to extinction and the
irrevocable loss of biological diversity. This loss has widespread effects, because it
encompasses not only the number of native species present, but also the ecological
functions of those species and the genetic material they contain. ’

)

The scope of problems with nonnatives has been investigated at length in the
Upper Colorado River Basin (UCRB). There haye been numerous surveys
documenting the distribution and abundance of nonnatives. Direct and indirect
evidence for the adverse impacts of nonnatives on the native fishes and the precarious
status of the native fauna is well-known. Researchers have identified control measures
that may be applied to most of the common nonnatives. However, a strategic plan is
needed to target specific nonnatives for control by selected methods in designated
locations. Also needed are combined efforts of many agencies, governmental and
private, and the cooperation of private citizens who may not be aware that nonnative
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fishes pose a threat to the Colorado River fauna. Finally, institutional recognition of
and support for such a plan is urgently needed.

A workshop was held in Boulder, CO on Nov 30 and Dec 1, 1995 to seek
answers to four basic questions concerning the kinds of solutions avallable for the
UCRB: (1) In what geographic areas would control measures have the greatest
benefit? (2) Which life history stages of the endangered fishes are most susceptible to
negative interactions with nonnative fishes? (3) Which nonnative species pose the
most serious threats? (4) Which control methods will be most effective? The workshop
tapped the collective expertise of scientists and managers who were familiar with
problems in the upper basin, and who represented perspectives from the various
geographical areas and governmental agencies within the basin. Participants identified
priority geographic areas for recovery of the native fishes in the Green River below

~ Echo Park, the lower Yampa, and the Colorado above the Green River confluence.

Larval and juvenile stages of all natives fishes were considered most susceptible to

- predation by a wide range of introduced predators. The channel catfish was

considered the greatest threat, but green sunfish, fathead minnow, red shiner and

- others also were recognized as threats.

prevent - nonnative fishes from entering the systenﬂ 2) remO\—/_ewannatsves from the main

_ _'orrkshop partncupants also proposed al number of, _control scenanos Eased

channel, and 3) exclude nonnatives from interactions with larval and juvenile native
fishes. Installation of effective escapement controls on major reservoirs such as
Elkhead, Kenney, Highline, and Starvation, and on other known source areas like
Browns Park and Stewart Lake waterfowl management areas in Utah could reduce the

" supply of nonnative fishes such as common carp, northern pike, smallmouth bass, and

(O,

black crappie. For the ponds in the floodplain, chemical techniques could be applied to
eliminate nonnatives. Mechanical techniques such as trapping or electrofishing could
be applied in critical habitat (e.g., lower Yampa, lower Green, and the Colorado above
the Green) for the removal of larger nonnatives such as channel catfish, carp, and
centrarchids. Flow management, especially in high gradient areas, has some potential
for reducing populations of small cyprinids and the centrarchids. Active management
of the inundation cycle for backwaters and floodplain ponds could be a principal

" mechanism for reducmg negative interactions (i.e., predation) on larval nonnative

. o

fishes. Barriers, weirs, and other exclusion measures could be installed in certain high
priority areas.

Scenarios developed by workshop participants form a large component of the
technical basis of the proposed strategic plan, which will guide control efforts. The plan
reaches beyond workshop scenarios because it must integrate control efforts in a
basinwide context, and it ventures beyond a strictly technical framework because it
acknowledges potential sociopolitical conflicts and major non-technical constraints.




From a practical perspective, successful plan implementation may depend on reducing
conflict between control measures and other interests, especially recreational sport
fishing. .

The strategic plan uses a two-tiered approach in applying fish control measures
to geographic locations. At the basin-wide level, control of nonnative fish would be
facilitated by 1) changing stocking protocols, 2) increasing harvest (take) of nonnative
fishes in target waters, and 3) reducing escapement from impoundments. At the scale
of river reaches, the plan defines more specific measures for nonnative fish control in
high priority recovery areas.

For at least 10 years, there has been a clear mandate from the Recovery
Implementation Program to.initiate actions that would reduce the negative effects of
nonnative fishes on the listed native species. Specific tasks have been identified, but
there remains a general institutional reluctance to agree that nonnative fishes are a
significant problem and to proceed with nonnative fish control. Instead, there is a
tendency to commission further evaluations and studies rather than to pursue specific
control measures. The reluctance to take action may be attributed to an
understandable prudence on the part of scientists and managers, who seek
__assurances of success before taking action.- However, without control of nonnative
“fishas it is anticipated that extant stocks of listed fishes. wilLcontinue to-decline, - AS=

populations of the listed fishes dwindle, the probability of extinction rises. We conclu
that there simply is not the time or the biological material to risk on time-consuming
pilot studies that may or may not be sufficiently convincing to justify significant control
actions. The pressing threat of extinction calls for a greater reliance on best
professional judgment for assessing the available scientific evidence. The strategic
plan embodies such an approach and offers direction for control efforts. The '
effectiveness of those efforts, which cannot be guaranteed at the outset, can be tested
as they are implemented and the new information can enable program directors to
redirect resources as necessary. Because of the extensive anthropogenic changes
that have occurred, the insular nature of the entire Colorado River basin, and the
fragmentation of native fish populations, we believe that bold steps are needed to
maintain the native fauna of the upper Colorado River basin and to avert extinctibn of
its endangered fishes. ’

vi
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SECTION I. INTRODUCTION

The endemic fishes of the upper Colorado River Basin (UCRB; Figure 1) are
declining in abundance. The problem is particularly acute for the so-called “big river”
fishes that occupy main channel habitat. Four of the seven large specues are
endangered and federally listed. The other three are considered species ‘at risk.
Significant anthropogenic changes to the physical habitat have undoubtedly played an
important role in the decline of these species, but changes in the biological
environment may now be equally significant. Nonnative species have been introduced
into the Colorado River Basin and have been so successful that they have displaced
native species in some river reaches. However, the problem of introduced species is
pervasive and by no means confined to the UCRB. Before reviewing the problems that
nonnatives have caused in the UCRB, it is instructive to review the issue in a broader
geographical and biological context. :

Many nonnative species have been introduced into North America. A recent
study by the Office of Technology Assessment (USOTA 1993) concluded that
introductions of harmful species have produced cumulative impacts and “are creating a
growing economic and environmental burden for the country.” The report states that
..4,500 forelgn specnes have estabhshed Populations in the Umted States» Many of -

actlvmes (Taylor et al 1984)

Humans have a penchant for supplementing their local biological environment
with imported plants or animals that are perceived to have special beauty or
usefulness, or are simply reminders of a pleasing biological environment in another
geographic location. Exotic species were introduced from Europe and other continents
with the intent of benefiting their “new ecosystem,” but most exotic species were the
bane of, rather than a benefit to, the new environments (Kurdila 1988). There are
many examples of these harmful introductions. The melaleuca (Melaleuca
quinquenervia) was imported because it grows quickly and is fire resistant, but the tree
is having devastating effects on the Florida Everglades. The attractive purple
loosestrife (Lythrum salicaria) has become a major wetland weed and the water
hyacinth (Eichhornia crassipes) is choking waterways. The salt cedar (Tamarisk sp.) is
displacing native riparian vegetation in arid regions and changing river geomorphology.
(USOTA 1993; Graff 1978). Introduction of the zebra mussel (Dreissena polymorpha)
has imposed enormous economic hardships on water and power industries particularly
in the Great Lakes region (Nalepa and Schlosser 1993).

Fish species have been introduced intentionally for such diverse purposes as
food resources (e.g., the common carp Cyprinus carpio), for biological control (e.g., the
mosquitofish, Gambusia affinis), or unintentionally by release of bait fish (e.g.,
sheepshead minnow, Cyprinodon variegatus). These examples, and many others,




. (reviewed by USOTA 1993)

have become very abundant in river systems throughout the US. These introduced
fishes have some practical or aesthetic value, but all have caused problems in natural
ecosystems and resulted in unanticipated costs (USOTA 1993, Taylor et al. 1984,
Courtenay and Robins 1989). Even seemingly innocuous species like grass carp
(Ctenopharyrodon idella), which was introduced in 1963 to control aquatic vegetation
(Stanley et al. 1978), is now suspected of altering native fish communities’ (Raibley et
al. 19995).

If the impact of introduced species were simply to-add some individuals to the
existing biological community, it would be less of a cause for concern. introductions do
not happen in a biological vacuum, however. The complexity of fish communities, for
example, makes it difficult to predict the outcome when introducing a new species ina
native community (Li and Moyle 1981). Most introductions prove harmful and have
unanticipated, and usually adverse, effects on native communities. The biological
system receiving the invader will be altered, typically by displacement of a native
species (Li-and Moyle 1981,.Courtenay and Robins 1989, Courtenay 1993). The
problems caused by many introduced plants and animals seem to worsen with time
(Leopold 1949, Laycock 1966). In the extreme, introduced species can cause the local
extirpation or extinction of native species with the result that biodiversity is decreased

Native freshwater fish communities have been affected severely by human ,
actions (Miller 1972, Williams et al. 1989). During the last 100 years, 27 of the native
North American fishes (N= 1,003) have become extinct and 265 species are threatened
with extinction (reviewed by Wilson 1992). The demise of species has been linked with
more than one factor, but displacement by an introduced species was cited an agent in
the decline of a native species in 68% of cases reported; introductions were about as
important as destruction of physical habitat (73%; Wilson 1992). In areview of 31 case
studies in which fishes had been introduced into stream communities, Robs (1991)
found that 23 (74%) caused declines in native fish populations. Native populations
also may experience reduced growth and survival rates as a result of their introduction
(Moyle et a}l. 1986). '

The adverse effect of introductions on the native fish fauna has been recognized
by the American Fisheries Society (AFS), which is the premier fisheries organization in
North Ametica. While acknowledging the benefits that stocking has brought to
recreational and commercial fisheries, the AFS states that stocking has had
“undesirable effects on native species” and that stocking policy should be tempered by
the need for preserving biological diversity (Starnes et al. 1996).

Biological diversity is at risk when nonnative species are introduced. Biological
diversity is not simply the number of species present, but also encompasses the
“ecological roles they perform, and the genetic diversity they contain” (Wilcox 1984).

- - - i
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' ”specues becomes very small. Random events such as a chemical spill that would have -

[

Because biodiversity is a characteristic of natural ecosystems, it is not enhanced by the
introduction of nonnative species. Biodiversity can be reduced by shifts in the natural
patterns of relative abundance (Temple 1990). There is no doubt that biodiversity is
declining on the planet and there may be serious and unanticipated consequences for
humans (Ehrlich and Ehrlich 1983, Wilson 1992, Ward 1995).

Extinction results in an irrevocable loss of biodiversity. Three sets of factors are
thought to contribute to extinction: bictic factors, isolation, and habitat alteration
(Frankel and Soulé 1981). Most extinctions involve a combination of factors (Frankel
and Soulé 1981, Soulé 1983, Wilscn 1992). Biotic factors such as predation and
competition from introduced species may reduce or alter the density, range, and habitat
use of a native species. While these alterations may not eliminate a robust and
widespread species, they are likely to cause its decline and make the native population
more susceptible to other factors such as habitat alteration or isclation. Population
decline results in small population size, and small populations are prone to problems
such as demographic stochasticity, genetic deterioration, social dysfunction, and
extrinsic forces (reviewed by Raup 1991). Extinction is more likely to occur in small
populations that have fallen below the size of minimum viability (MacArthur and Wilson
1967; Simberloff 1974,1986; Raup 1991).

~“The case for conservation becomes mosf Tfe he pchTaflon SraEel
a relatively minor impact on a large and widely distributed population, could have
catastrophic and perhaps permanent effects on a smaller, restricted population. In the
interest of preserving the species and maintaining biodiversity, extraordinary measures
may be required to prevent extinction. For species like the big river fishes of the UCRB
that are threatened by biotic factors, control of introduced species becomes imperative.
The task is not necessarily a simple one: control of introduced species has been called
the “nasty necessity [because of] misconceptions about the nature and magnitude of
the problem, fears of the negative public reactions...and intimidation by the inefficient
labor-intensive nature of current eradication technologies” (Temple 1990).

Easy or not, the control of introduced nonnatives that are threatening the big river
fishes of the UCRB has become a necessity, and control measures must be developed
using an objective and structured approach. This report has four main objectives: (1) to
assess the effects of nonnative fishes on aquatic communities from national and
regional perspectives, (2) to identify and discuss the effects of introduced nonnative
fishes on the endangered big river fishes of the mainstream Colorado River, (3) to
identify measures appropriate for reducing or preventing negative impacts of nonnative
fishes on the big river fishes, and (4) to provide a strategic plan for guiding measures
for controlling nonnative fishes in the UCRB. The goal of this plan is mitigation of these
biotic factors that could lead to the extinction of the native big river fishes.




- -.example, habitat degradation.may.!

SECTION Ili: SCOPE OF THE NONNATIVE PROBLEM:

General

Problems caused by introduction of nonnative species into aquatic habitats have

become a national and international concern. In an extensive review of fish
introductions in the United States, Taylor et al. (1984) stated that harmful effects to
native populations should be a “foregene conclusion.” The evidence was sufficiently
compelling that these authors believed a “no effects” argument would be implausible to-
the point of straining “one’s confidence in ecological principles.” The scope of the
problem is captured in a document prepared by the national interagency Aquatic
Nuisance Species Task Force (ANSTF 1994). - .

“By competing for resources, preying on native fauna, l
transferring pathogens, or significantly aitering habitat, the
introduction of a nonindigenous species may work synergistically
with other factors, such as water diversions or pollutants, to alter
the population and distribution of indigenous species. The
factors are often cumulative and/or complementary. For

vulnerable to the introductionof

The ANSTF (1994) review found that the species cited most frequently for
endangering native fishes nationwide was the largemouth bass (Micropterus
salmoides), but other centrarchids such as green sunfish (Lepomis cyanellus), bluegill
(L. macrochirus), crappies (Pormoxis spp.), and smallmouth bass (M. dolomieu) were
also contributors. The family Ictaluridae, which includes channel catfish (Ictalurus
punctatus) and bullheads (Ameirus spp.), was the second most cited group. Smaller
species, including the red shiner (Cyprinella lutrensis) and fathead minnow (Pimephales

promelas) also were mentioned (ANSTF 1994). Al of these species have been

introduced into the Colorado River Basin, either for recreational sport fishing or as.
baitfish (Miller 1952, Minckley 1982, Tyus et al. 1982).

)
Endemic Colorado River Fishes

b

The scope of the nonnative fish problem in the UCRB is best understood by
considering the evolution of the native fauna, which originated in a system that was
very different than the one that exists today. Native Colorado River fishes had a long
evolutionary history of adaptations to a rivér system characterized by extreme seasonal
variations in flow and generally turbid water. Peak flows produced extensive seasonal
flooding of low-lying areas. Smaller tributaries were subject to flash flooding after
unpredictable storm events. In the geologic past, the river system was wetter, and large
lacustrine areas were prevalent (Minckley et al. 1986, Stanford and Ward 1986a). In




-
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more recent times, the climate has been characterized by extreme aridity. Stanford and
Ward (1986a) consider the Colorado River basin one of the driest in the world.
Because of its geographic isolation, Molles (1980) described the Colorado River as an
“aquatic island in a terrestrial sea.” The fishes have adapted to a system that
historically exhibited a wide range conditions ranging from lacustrine to riverine, and
they are considered extreme generalists (Smith 1981). They exploit every ‘available
habitat to their advantage, and developed some complex life histories in the process
(e.g., see Minckley and Deacon 1991). The geographical isolation of the Colorado
River fish fauna suggests that the concepts of island biogeography (insular ecology)
provide an appropriate model for understanding the process of endangerment and
possible extinction (Smith 1978, Molles 1980).

The native fish fauna of the Colorado River is characterized by a high level of
endemism. Of the 467 native fishes (species and subspecies) present in recent times,
38 of these are classified as endemic (Miller 1958, Stanford and Ward 1986b). This
high level of endemism was heavily influenced by the Quaternary history of the
intermountain area of western North America. Populations were isolated by
desertification and faunal composition was changed by local extinctions during the
Pleistocene (Smith 1978, Stanford and Ward 1986b). At one point, native Colorado
River fishes consisted of only 32 to 36 species, depending on taxonomic lnterpretatlon
“(Stanford afnd Ward 1986b7. .Cérrson“aﬁd Muth 1989),7and they. hveam Hiee
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habitat types. Native salmonids and sculpins live in-cooler headwater or low orge
streams at high and intermediate elevations. These species also occur, or have close
relatives in similar habitats of adjacent basins. A second group consists of daces and
minnows in small warmwater streams at low and intermediate elevations. The third
group of fishes, which are the focus of this document, inhabit the mainstream river
channels and are called the “big river” fishes. These include seven large fishes of the
mainstream channels, and two smaller forms that are restricted primarily to shallower
habitat (Minckley et al. 19886).

Decline of Native Fishes

Fishes of the Colorade River basin have not fared well since the time of human
settlement. Several fishes, including the Las Vegas dace (Rhinichthyes deaconi),
Pahranagat spinedace (Lepidomeda altivelis), and the Monkey Springs pupfish
(Cyprinodon sp.) are recently extinct, and bonytail chub (Gila elegans) may only survive
due to hatchery stocks. Of the extant native species, 19 (40%) are federally listed or
proposed for listing as threatened or endangered (Carlson and Muth 1989). Declining
fish populations of the mainstream ecosystem are not restricted to listed species. The
flannelmouth sucker (Catostomus /atipinnis) and roundtail chub (Gila robusta) have
been considered as candidates for listing as threatened or endangered species
(USFWS 1994). The flannelmouth sucker, which was previously reported in various
locations in the lower basin, has been extirpated south of Lake Mead (Minckley 1973).




Bluehead sucker (Catostomus discobolus) populations also may be declining. They
are uncommon to rare in many mainstream habitats in the upper basin (Tyus et al.
1982), and may once have been more widely distributed. More species may be
experiencing decline, but thorough study has been constrained by a lack of institutional
interest and, therefore, funding.

The decline of native fishes in the lower basin has been extensive and the
endemic fauna of the main channel is almost gone. It has been replaced by a new
fauna consisting of about 44 forms (Minckley 1982), many of which were introduced
from more mesic environments and apparently better suited (i.e. “preadapted”; Taylor
et al. 1984) to the new conditions in the Colorado River basin. Many of the successful
introduced species had certain attributes that enabled rapid colonization and -
population growth in these novel environments (Taylor et al. 1984). About 20 of these
species are abundant locally or regionally. In the upper basin, more natural conditions
support most of the native fishes, but 42 introduced fish species or subspecies occur
and 10 of these are considered abundant (Tyus et al. 1982). :

Habitat of the native Colorado River fish fauna has been greatly changed during
the last 100 years by physical habitat alterations and the introduction of nonnative
species. Alterations to the physical environment have been descnbed elsewhere and

“resulted from constriction of water development. prqecfsiﬁﬁe Jariy "'i_ea_fy"“l 9005~
(Fradkin 1984, Carlson and Muth 1989). By the 1960s, much'of the mainstream river
had been converted into a system of dams and diversions (Figure 2). As a result,
extensive flow reguiation substantially altered the timing, duration, and magnitude of
annual flood flows. The large floods that were once normal in the Colorado River are
now controlled by more than 50 mainstream dams and major diversions. These
structures have caused changes in water temperature, sediment load, nutrient
transport, and other facets of water quality (Carlson and Muth 1889). For example, silt
load in some reaches has been reduced 90% (Fradkin 1984). Thus, most existing
mainstream habitats are now different than the historic habitats in which the native
fishes evolved.

''SEN NI BN EE BN EBE EE BN =

Physical changes in the riverine habitat were accompanied by the mtroductlon
and proliferation of nonnative species, and concomitant declines in natlve species.
Some introduced fishes have become very successful under the environmental
conditions that now prevail in the Colorado River system. These fishes. may compete
with native species for food and space in some habitats. Although the native fishes
were well adapted to their natural environment, conditions may have been tilted in favor
of the introduced species by major environmental changes. For example; introduced
visual predators may have benefited from the reduction in turbidity that is the result of
new impoundments. The big river fishes evolved in turbid conditions and lack
evolutionary “experience” with the introduced predators.

0.
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" "al.1993). The creation of the US Fish Commiss

Native big river fishes have disappeared from about three-fourths of their original
habitat while introduced fishes have become more widespread and abundant. Even
where physical habitat has been altered relatively little, nonnative fish abundance has
increased, and the abundance of native fishes has been reduced. Although it is
obvious that suitable physical habitat is a requirement for the native fishes, the
suitability of the physical habitat is no longer the only issue. Most suitable physical
habitat now is occupied by introduced species, including many of which are
predaceous, highly competitive, and harmful to the native fish fauna (Minckley 1982,
Tyus et al. 1982, Carlson and Muth 1989). Because nonnative fishes have displaced
native fishes even from habitats whose physical attributes should be ideal for the
natives, there is a clear implication that natural physical habitat conditions are a
necessary, but not a sufficient condition for recovery of the endangered species.

Introduction of Nonnative Species (
As important as the physical changes have been in endangering native fishes,
the most significant threat to the existence of the native fishes is probably not physical
or chemical, but biological. At least 67 nonnative species have been introduced
actively or passively into the Colorado River system during the last 100 years (Minckley
1982, Tyus et al. 1982, Carlson and Muth 1989, Mlnckley and Deacon 1981, Maddux et
SIOTEIr iscitedas'the begrnnmgof
large stocking initiatives in the Colorado River ba n"‘(Mlﬂérw 1961). The original
recommendations for stocking were apparently based on the assumption that it would
benefit the relatively depauperate Colorado River fauna (e.g., Jordan 1891). At least
36 fish species, mostly game fishes from the eastern US, were introduced from 1930 to
1950 (Miller 1961). By 1980, more than 50 nonnative species had been actively
introduced into rivers and reservoirs of the Colorado River basin (Minckley 1982, Tyus
et al. 1982, Carlson and Muth 1989). The desire to expand or enhance sport fishing
opportunities was the reason for most intentional introductions; other reasons include
forage for game species, biological control of unwanted pests, and for aesthetic or
ornamental purposes.

The states of Colqrado and Utah have curtailed stocking of nonnative fishes
directly into waters of the Colorado River basin and now stock only coldwater
salmonids such as brown and rainbow trout. The state of Wyoming continues to stock
nonnative fishes above Flaming Gorge Reservoir and had been stocking channel
catfish in the Yampa basin as recently as the late 1980s. Even though much of the
direct stocking has ceased, previous stocking efforts have left a potent legacy that
continue to effect native- Colorado River species. Well-established populations of
warm- and coolwater fishes are recruiting individuals in riverine habitat. For example,
smallmouth bass in the Uinta River and northern pike in the Yampa River yield a steady
supply of predators to the UCRB. Escapement of predaceous sunfishes, pikes and




perches from impoundments and other water bodies results in the input of a substantial
number of nonnatives to mainstem habitat. *

Over time, escapement from various reservoirs has contributed a steady supply
of predators and competitors to riverine habitats occupied by native Colorado River fish
species. However, the magnitude of this contribution has not been quantified. For a
perspective on the potential, escapement from reservoirs in the Missouri River system
included 16 fish species (Walburg 1991), many of which also occur in the Colorado

. River basin (e.g., common carp, channel catfish, various centrarchids, and walleye).
The number of escapees was remarkable; peak numbers ranged from 170,000 channel
catfish to 10 million freshwater drum in a single 24-hr period (Walburg 1971).

. Although such releases have not been quantified in the Colorado River basin, there are

i many examples of fish that have been stocked in one location that are now found in

other more distant locations (e.g., Courtenay and Robins 1989, Tyus and Beard 1990).

Escapement may eventually result in large numbers of individuals in the riverine
environment. In the Yampa River system, for example, northern pike and smalimouth
bass populations have increased dramatically since the 1970s when Holden and
Stalnaker (1975) did not collect either species. By the early 1980s, northern pike and
‘ _smallmouth bass were present in extremely low numbers (Tyus et al. 1982). By the end
SFETU8f the 1980s, northern pike were abandant ithe Yarmpa system(Nesler™ 995),affe

" had dispersed into the Green River system (Tyus and Beard 1990). Smallmouth bass

" remained uncommon in the Yampa system as of 1991 (Nesler 1995). However, in

September, 1995, the authors seined shoreline eddies and found that smalimouth bass
were more common than the native fishes in these habitats. It is probable that the
abundance of smallmouth bass in the Yampa River has now increased several orders
of magnitude due to continued recruitment from stocked populations in the Yampa
River basin. Modde and Smith (1995) present evidence that the relative abundance of

. northern pike and smallmouth bass increased greatly after 1992 due to escapement
from Elkhead reservoir in Colorado.

Not all nonnative fish introductions have been sanctioned by those agencies
" officially responsible for managing fisheries. Some have been introduced unwittingly
. through release of bait fish or unwanted pets, others have been introduced
. accidentally, and some intentionally (Miller 1952, Minckley 1982, Taylor et al. 1984).
Illegal transfers, typically of gamefish, are now thought to be a major mechanism by
which some nonnative fish become established in new locations (L. Lentsch, Utah
Division of Wildlife Resources, personal communication, 1996). '

Effects of Nonnatives on the Endemic Colorado River Fauna

For at least 50 years, scientists have been concerned about the role nonnatives
have played in the decline of native fishes. Early changes in the Western fish fauna




noted in Colorado by Ellis (1914) who attributed declines, in part, to competition by
introduced fishes. Dill (1944) was one of the first to suggest that nonnatives were
responsible for declines observed in native fish populations in the lower Colorado River
basin. He recognized that the decline began about 1930, and that it was coincident
with a large increase in the abundance of nonnative fishes, especially channel catfish
and largemouth bass. By 1960, populations of the big river fishes had beeri reduced
greatly. Miller (1961) noted “drastic changes” in the fish fauna and observed that the
“most impressive documentation for changing fish fauna” occurred in the lower
Colorado River where it was associated with a replacement by introduced fishes.
Schoenherr (1981) considered the evidence “overwhelming” for replacement of native
fishes by aggressive introduced fishes, and he provided examples in which predation
resulted in extirpation. More recent studies document a decline in the abundance of
native fish species as nonnative species increased in abundance (Joseph et al. 1977,

Behnke 1980, Osmundson and Kaeding 1989, Quaterone 1993). ,

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. 1983, Lentsch et al. 1995). Many of the reports

present evidence that is indirect because they lack direct observations or absolute
uch indirect evidence may include inferences from ﬁe:!d

iFact Gviderice of predation inclidgghativefishes

dat or results of labGratory sfu
obtained from stomach conten
predation.

Indirect evidence connecting the decline of native fishes to the proliferation of
nonnative fishes has been given by many workers (Dill 1944, Wallis 1951, Jonez and
Sumner 1954, Miller 1961, Vanicek 1967, Rinne 1971, Vanicek and Kramer 1979,
Baxter and Simon 1970, Moyle 1976, Holden 1977, Joseph et al. 1977, Allan and

_ Roden 1978, Deacon 1978, Behnke 1980, Miller et al. 1982 and references therein,

Kaeding and Zimmerman 1983, Minckley 1983, Wick et al. 1985, Bestgen and Propst
1989, Marsh and Minckley 1989, Tyus and Karp 1989, Tyus and Beard 1990, Tyus and
Nikirk 1990, Valdez et al. 1990, Minckley and Deacon 1991 and references therein,
Propst and Bestgen 1991, Rinne 1991, Rinne and Mincklei' 1991, Scoppertone 1893,
Trammel et al. 1993, and Valdez and Ryel 1995). Other workers have studied dietary
overlap and postulated that competition for food and/or space was occurring (Jacobj
and Jacobi 1981, McAda and Tyus 1984, Grabowski and Hebert 1989, Muth and
Snyder 1995, and Valdez and Ryel 1995). Laboratory studies have documented
agonistic behavior, resource sharing, and vulnerability to predation (Papoulias and
Minckley 1990, Karp and Tyus 1990, Ruppert et al. 1993, and Johnson et al. 1983).

A substantial body of indirect evidence for nonnative predation has been
assembled for the razorback sucker. An almost total lack of recruitment to an adult
size has been cited as the major cause of the decline and endangerment of the

he nonnative fishes and by visual observation of ===




razorback sucker. Recruitment failure has been linked with loss of early life-history
stages of the fish, and is the result of predation by nonnative fishes (reviewed by
Minckley et al. 1991; Johnson et al. 1993). Marsh and Langhorst (1988) reported that
larval razorback suckers in Lake Mohave survived longer and grew larger in the
absence of predators. Loudermilk (1985) observed that young razorback sucker larvae
exhibited little defensive behavior in the presence of potential predators. Johnson et al.
(1993) compared predator avoidance of razorback sucker larvae with that of northern
hog sucker (Hypentelium nigricans) and concluded that "larval razorbacks are not likely
to survive in habitats that support high numbers of nonnative fishes" (Johnson et al.
1993). Smaller species such as red shiner and fathead minnow may attack or display
agonistic behavior toward razorback sucker larvae (Karp and Tyus 1989). Young of
some of the more aggressive game fish are highly agonistic ( Sabo et al. 1996) and
can be expected to consume the relatively naive young suckers (Tyus and Karp 1989). .

Razorback suckers are susceptible to predation from several nonnative fishes.
Green sunfish, common carp, and flathead and channel catfish have been observed
feeding on eggs and/cr larval razorback suckers (Medel-Ulmer 1983; Minckley 1983;
Brooks 1985; Langhorst 1987, Marsh and Langhorst 1988; Marsh and Brooks 1989).
An experiment performed by Karp and Tyus (1989) demonstrated voracious

“consumption of razorback sucker larvae by several nonnative fishes in 4-minute trials
(green sunfish; ¢ e R AT
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1 Consumed 90% present; red shiner, 50%; and redside shingf 10T A~
field experiment in Lake Mohave provided indirect evidence of the predation effect by
monitoring larvae in habitats with and without predators. Razorback sucker larvae ina
predator-free environment grew to 30 mm during the trial, while the size distribution of
those exposed to predation was truncated at 10-12 mm (Brooks 1985; Langhorst 1987,
Marsh and Brooks 1989). Competition with introduced fishes for food also may be a
factor limiting the success of the razorback sucker as suggested by Papoulias (1988)
and Papoulias and Minckiey (1990), who demonstrated that some recruitment failure of
young razorback suckers in Lake-Mohave could be caused by starvation. Minckley et
al. (1991) provided conclusive evidence that predation of nonnative fishes on young
razorback suckers was the primary factor responsible for the near complete recruitment
failure of this species. '

Di_)rect observations, including stomach content analyses, of predation by
nonnative fishes have been reported for many species native to the Colorado River
basin, which include the endangered big river fishes (Table 1). The table is
supplemented by reports of humpback chub with characteristic bite marks that have
been attributed to channel catfish. These marks could not have been made by native
cyprinids or catostomids which lack jaw teeth (Kaeding and Zimmerman 1983, Karp and
Tyus 1990). The list is extensive and should leave no doubt that predation by
nonnatives is a powerful force. The number of predator species is great, especially for
the early life history stages of the razorback sucker. Part of the difficulty in
documenting predation in early studies is that the rapid digestion of some of the

10




centrarchid fishes was not appreciated. Langhorst and Marsh (1986) found that
razorback sucker larvae were only distinguishable in stomachs of green sunfish
(Lepomis cyanellus) for about 30 minutes. After that time the larva essentially were
dissolved.

Negative interactions with introduced fishes also have been well documented for
some Colorado River basin fish species that occupy smaller habitats. Meffe (1985)
demonstrated that direct predation on juvenile topminnows (Poeciliopsis occidentalis)
by an introduced mosquitofish (Gambusia affinis) was the primary means for species
replacement. Another introduced mosquitofish (G. holbrooki) exerted significant
negative effects on the abundance of the least killifish (Heterandria formosa), and only
complete removal of the predator reversed the effect (Lydeard and Belk 1993). In
another investigation, Deacon (1978) documented competitive interactions between
introduced goldfish and Pahrump Killifish (Empetrichthys latos latos).

There are less obvious, but nonetheless potentially important adverse
interactions that do not involve predation by nonnatives. Colorado squawfish are
known to prey on channel catfish, but may choke on the catfish's spines (Vanicek 1967,
McAda 1983, Pimental et al. 1985, Quaterone 1993). Hybridization of white suckers
with other native Colorado River suckers has been reported and ould compromlse the
genetrc mfegrlty of the native fishes (BurdicK 19957 o

The body of evidence documenting the deleterious effect of nonnatives on the
native fishes of the Colorado River system is sufficiently compelling to have convinced
most experts in the region. Hawkins and Nesler (1991) polled regional fisheries
experts and found that 81% believed nonnative fishes were responsible for significant
problems in the UCRB. Maddux et al. (1993) reviewed issues related to the recovery of
the four endangered big river fishes and found that interactions with nonnatives were
the primary factor limiting recovery in some areas. Lentsch et al. (1995) identified the
nature of negative interactions of many nonnatives with the endangered species. The
nonnative fish issue has been studied thoroughly and we believe the conclusion is
inescapable that introduced species have played a significant role in the decline of the
native big river fishes, and continue to adversely effect the native fishes and their
habitats.

i

The adverse effects that nonnatives have on the native species makes the
natives “more susceptible to extinction by chance, catastrophe, and habitat alteration’
(Franke!l and Soulé 1981). Whereas competition and predation would not be regarded
as major forces for extinction of continental biota, they could be significant factors for
small populations of an insular fauna (Frankel and Soulé 1981, Raup 1991). The
endangered fishes of the UCRB have already been described as part of an insular
fauna, and the extant populations are small and isolated. It is therefore an appropriate
and necessary that the UCRB fauna be viewed in the context of present theories
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regarding insular ecology (Wilcox 1980, Smith 1978, Molles 1980, Stanford and Ward
1986D). . '

The island (insular) model originally proposed by MacArthur and Wilson (1967)
has been expanded by various workers to include any system that is insulated by
barriers so inhospitable that movement and dispersals of organisms into or out of the
system is greatly restricted (reviewed by Wilcox 1980, Frankel and Soulé 1981).
Studies of large insular systems have shown that faunal collapse of vertiebrate
communities (i.e., loss of most of the vertebrate species) may occur when isolated
ecosystems (isolates) are invaded by more diverse faunas (Wilcox 1980, Frankel and
Soulé 1981). This collapse occurs for various reasons, but lack of habitat diversity and
lack of defenses to new predators are main reasons (e.g. see Frankel and Soulé 1981).
Smaller isolates, such as reserves, have been shown to be universally sensitive to
faunal collapse (Wilcox 1980). The increasing fragmentation of. the Colorado River
system is presumably very similar to these smaller isolates, and pressures on the
limited fauna do not have to be very gréat to cause serious impacts to them. In this
context, the impact of nonnative fishes must be considered as a great menace to
isolates of the once iarger native fish community.

.--..Nonnative Species of Concem ... . ...

All of the fishes introduced into the Colorado River basin are suspecte
adversely affecting the native mainstream fishes in some fashion. Salmonid fishes
potentially have the least effect because they seldom come in contact with the younger
stages of the native fishes in the upper Colorado River. As an example, it has been the
experience of the senior author (HMT) that only the adults of the endangered species
are collected sympatrically with salmonids in the Yampa and Green rivers. However,
there are cases in which unusual circumstances result in predation by brown and
rainbow trouts on one or more of the endangered species. Valdez and Ryel (1995)
estimated that brown trout consumed 230,000 humpback chub annually in the Grand
Canyon, and that rainbow trout consumed 27,375 annually. In addition, these authors
reported that the trouts also compete with the chub.

)

Warmwater gamefish are thought to have the greatest adverse effect on
endangered native fishes. This is consistent with the ANSTF (1994) report which listed
centrarchids (e.g., largemouth bass, green sunfish, bluegill, black crappie, and
smallmouth bass) and ictalurids (e.g., channel catfish and bullheads) as frequent
contributors to the demise of native fishes nationwide. All of these species have been
identified as causing problems in the Colorado River system (e.g., Hawkins and Nesler
1991, Lentsch et al. 1995).

In a survey of regional fisheries biologists, Hawkins and Nesler (1991) identified
28 nonnative fish species in the Colorado River Basin that were threats to the
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endangered fishes. Of these, channel catfish was considered the biggest threat. Other
species listed by at least 35% of the respondents included red shiner, northern pike,
common carp, green sunfish, and fathead minnow. Lentsch et al. (1995) determined
that 6 nonnatives were existing threats (red shiner, common carp, sand shiner, fathead
minnow, channel catfish, and green sunfish), 7 were considered potential threats, and
21 were no threat to the endangered fishes. The findings of these authors agreed with
most of the fishes identified by Hawkins and Nesler (1991).

SECTION Il INSTITUTIONAL FRAMEWORK
General

Prior to 1950, fisheries programs in North America were devoted largely to
stocking gamefish. There were few ecologists, and “virtually all fisheries biologists
were fish culturists” (Wiley 1996). The introduction of nonnative fishes caused
considerable damage to native fish populations, but little concern was registered in the
scientific literature. Only recently have federal and state fisheries agencies developed
management measures for nongame species.

— The roles and responsibilities of federal and state agencies for protecting natural

ecosystems have evolved gradually. Changes in policies of traditional fish and wildlife
agencies have occurred in response to a growing perception that biodiversity is worth
preserving and due to legislative pressures. The nonnative problem is so serious and
pervasive that proposals to extend federal responsibilities, which would have caused
considerable controversy with state agencies in the past, now have been met with a
majority of acceptance (63% of state game and fish Agencies; USOTA 1993). Even so,
gaps in federal and state efforts “constitute a serious threat to the Nation's ability to
exclude, limit, and rapidly control harmful fish and wildlife” (USOTA 1993). Recovery
efforts in the UCRB require the cooperation of federal and state agencies, as well as
local government. It will therefore be helpful to review the legal framework at the
federal and state levels, within which control actions may be taken in the UCRB.

Federal Agency Responsibilities

Federal wildlife agencies share the responsibility of managing natural
ecosystems in the United States with state agencies. Control of wildlife species by
federal agencies has arisen through a patchwork of laws that generally augment those
of the states (Gilbert and Dodds 1992). Direct control by federal agencies occurs on
lands under their control (e.g., Trust Lands administered by the BLM; National Wildlife
Refuges administered by the US Fish and Wildlife Service, National Parks
administered by the National Park Service) or indirectly through regulation (e.g.,
Migratory Bird Treaty Act, Fish and Wildlife Coordination Act, Lacy Act, Endangered
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Species Act). Actions of federal executive agencnes also are influenced by Executive
Orders and Policy Statements.

Endangered Species Act

The Endangered Species Act of 1973, as amended (ES Act; P.L. 93'-205), and
earlier versions of the act required federal agencies to protect threatened and
endangered species. Listed freshwater fishes were placed under protection of the U.S.
Fish and Wildlife Service (Service). In accordance with the act, the Service has
published rules listing four of the big river fishes of the Colorado system (the Colorado
squawfish and humpback chub in 1967, bonytail chub in 1980, and the razorback
sucker in 1991). Critical habitat was designated for all of these fishes in 1994 (USFWS
1994). These rules and listings were followed by recovery plans that discussed the
status of, threats to, and other information about these fishes, and proposed a recovery

- outline and narrative to guide recovery efforts for them. Included with recovery efforts

were biological consultations and opinions issued for the construction and operatlon of
water development projects pursuant to Section 7 of the Act.

The Service, in consultation with other federal agencies in the upper Colorado

River basin, has issued over 100 Biological Opinions pursuant to Section 7 (Rose a d_
Hamill 1988) In general, th, e ¢ p{nions determined that water depIe’uons and dam
operations would likely Jeopardlze the continued existence of one or more of the
endangered fishes. A Recovery Implementation Program (Program) was established in
1987 and it oversees recovery activities in the UCRB, except the San Juan River
(USFWS 1987). The Program provides funds for evaluating habitat requirements of the
fishes, and seeks ways to obtain flows needed by the fish. Of the five management
elements developed by the Program for recovering the endangered fishes, the
"Nonnative Species and Sportfishing Management" component has been one of the

. most difficult to implement.

Participants in the Program have produced draft or interim procedures to limit
stocking of nonnative fishes and to control nonnatives already present. Stocking
protocols are being developed to provide guidelines for stocking nonnative fishes in a
way that would not adversely affect the recovery of the endangered species. The
procedures would be implemented to manage stocking in both public and private \ water.
The elimination or removal of problem fishes is also being considered by the Program
and its cooperators, and several studies have stressed the need for some plan to
identify problems and recommend solutions.

Nonindigenous Species Act

Passage of the Nonindigenous Aquatic Nuisance Prevention and Control Act of
1990 (NIS Act; P.L. 101-646) was in response to concerns of United States and
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Canadian governments about introduction of the exotic zebra mussel and other
nonnative aquatic species were largely the result of economic hardships to the power
industry and other parties. This act was the first major Federal initiative designed to
stop or slow the invasion of nonnative species into the waters of the United States and
Canada. Objectives of the NIS Act include: to prevent unintentional introductions of
nonnative species; to coordinate federally conducted research, prevention, and other
activities for aquatic nuisance species; to develop and initiate environmentally sound
control measures to prevent, monitor and control lntroductions of nonnative species;
and for other purposes.

The Aquatic Nuisance Species Task Force (ANSTF) was established by the NIS
Act and given the task of identifying and recommending measures for the control of
aquatic nuisance species (i.e., a nonnative species whose presence threatens native
species and their aquatic ecosystems). The ANSTF was also instructed (Section 1207)
to identify and evaluate ways for reducing adverse impacts caused by intentional
introductions of aquatic organisms, and to submit a report on the findings. The ANSTF
(1994) found that most nonnative species constitute a threat to the maintenance of
biodiversity that is "vastly under recognized".

Lacey Ac

The Lacey Act (as amended in 1981) makes it |Ilegal to lmport export transport
acquire, purchase, or sel! fish, wildlife, or plants that were taken, possessed,
transported or sold in violation of US or Tribal Law. The act also makes international or
interstate transport of wildlife taken, possessed, or sold in violation of foreign or state
law illegal. This law covers all species protected by the Convention on International
Trade in Endangered Species, the Endangered Species Act, and by state law. In
addition, the act discourages the introduction of mjunous species, such as the zebra
mussel.

The Lacey Act does not provide adequate protection for natural ecosystems
(Kurdila 1988), and it has other shortcomings that limit its effectiveness (USOTA
1993). The USOTA report inclydes recommendations that could strengthen the the
Lacey Act to further protect against introductions of nonnative species..

)
Executive Orders and Policy Statements

Regulations for effective implementation of the NIS Act have yet to be finalized.
However, Executive Order 11987 (Sections 2a,b) states that Federal executive
agencies shall, to the maximum extent possible, restrict the introduction of nonnative
species into natural ecosystem on lands and waters that they own, lease, or administer,
and shall restrict the introduction of these species into any natural ecosystem of the
United States. Although'there has been no rulemaking on the NIS Act (ANSTF 1994),
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it is clear that federal agencies must be concerned with the nonnative issue. It is
possible that Federal funding, including that provided by the Federal Aid in Sport Fish
Restoration Act, may be reviewed for problems where intentional introductions of
nonnative species may be impacting native species, especially endangered species
‘and their ecosystems. Additional emphasis could be placed on using these funds to
aid in the nonnative fish control problem.

Executive Order 11987 restricts federal agencies from using funds for nonnative

species introductions unless it has been determined that the introduction will not have

an adverse impact of natural ecosystems. The ANSTF (1994) defined intentional
introductions as species that are knowingly brought into an ecosystem beyond its
historic range. In recent cases, federal funding for nonnative introductions have not
been approved without an Environmental Impact Statement, and it is anticipated that
Section 7 consultations under the Endangered Species Act may also be required. The
Task Force also discussed accidental escapes of nonnative species, which in some
cases also were classified as intentional introductions, and cautioned that "even when
the purpose of such import or transport is not direct introduction into an open
ecosystem [, the] eventual introduction into open waters as the result of escapement,
accidental release, improper disposal . . . or similar releases are the inevitable
consequence of the original |mport or transport not an unmtentlona ntroductlon

| “(ANSTF 1994), | . AR s S S

‘One of the major conflicts that has constrained efforts to control of nonnative
fishes has been the potential loss of recreational sportfish opportunities in affected
areas. There is widespread concern that increasing federal powers would limit
recreational sport fishing, because many of the species of concern are game fish that
have been introduced outside of their natural ranges (ANSTF 1994). President Clinton
signed Executive Order 12962 on June 6, 1995 in response to this conflict, and
pledged the support of U.S. agencies in cooperative agreements with states and tribes
in furthering recreational fishing opportunities. In addition, recreational interests (i.e.,
the Sport Fishing and Boating Partnership Council) have met with the Fish and Wildlife
Service and National Marine Fisheries Service and jointly developed a proposed policy
statement recognizing the importance of endangered species, but striving to balance
endangered species needs with the need for mitigating losses to recreational fishing.
The policy statement recognizes:

"1) the irreplaceable intrinsic and ecological value of all indigenous species; 2)
States have primary management responsibility for non-listed and candidate
aquatic species; 3) the preeminence of the ESA in issues effecting conservation
and recovery of listed or proposed species; 4) the nationally important societal
and economic value of recreational fisheries programs; and 5) the necessity of
effective partnerships between stakeholders to achieve mutual goals." (SFBPC
1995).
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___purpose of conserving any endangered species or threatened species.”

Lead federal fish and wildlife agencies responded and clarified their policy and intent in
a proposed rule that would guide development of any future regulations (US Fish and
Wildlife Service and National Marine Fisheries Service 1995). This proposed policy
acknowledges the potential for conflict between recreational fishing and the need to
protect and recover federally protected species. Furthermore, it pledges that the
Services will work with other Federal and State, Tribal, and Local agencie’s to reduce
conflicts.

State Responsibilities and Regulations

State agencies regulate take, transport, culture, and other aspects of resident fish
and wildlife by statute and regulation. States also protect and manage migratory (non-
resident) species of fish and wildlife. As indicated above, there are overlapping :
responsibilities between federal and state jurisdictions, and as an example, federal {
agencies must fully cooperate with states when dealing with endangered and
threatened species. Section 6 of the Endangered Species Act states: “In carrying out
the program authorized by this Act, the Secretary shall cooperate to the maximum
extent practicable with the States. Such cooperation shall include consultation with the
States concerned before acquiring any land or water, or interest therein, for the

e

The three states involve recovery program are Colorado Utah and
Wyoming. The involvement of Wyoming in proposed nonnative fish control efforts is
likely to be minimal because waters of that state do not support populations of the
endangered fishes, and because the state fisheries agency no longer stocks fish
species that might compete with or prey upon the endangered fishes. Colorado and
Utah are directly involved with the development of fish control programs and are
cooperating with the Program.

Both Colorado and Utah have issued regulations that prohibit the “taking” of
protected species (e.g., Colorado Division of Wildlife Regulations Chapter 10,
Nongame Wildlife; State of Utah Code 23, Natural Resources Proclamation R657).
While these regulations are important and necessary, they may pot be sufficient for
protecting endangered species. For example, Wilson (1992) reported that excessive
harvesting, or illegal taking, has been a factor in the demise of Iess than 15% of the
endangered fishes in North America. In addressing this problem some states have
passed their own version of endangered species statutes (e.g, Title 33, Colorado
Revised Statutes) in an attempt to restore populations of endangered species and to
remove the need for Federal listing.

General protection of wildlife is similar in the states of Colorado and Utah, and

the principle agencies regulating fish and wildlife (wildlife) within these states are the
Colorado Division of Wildlife, and the Utah Division of Wildlife Resources. Wildlife
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authority of the State of Colorado is provided under Title 33, Article 1 of Colorado Law,
and all wildlife not lawfully owned by private individuals is the property of the state. No
“right, title, interest, acquisition, transfer, sale, importation, exportation, release,
donation, or possession of wildlife shall be permitted only as provided. . ." by state laws
or regulations (Title 33-1-102). Utah Code 23-15-2 states that “All wildlife,within this
state, including but not limited to wildlife on public or private land or in public or private
waters within this state , shall fall within the jurisdiction of the Division of Wildlife
Resources”, who shall protect propagate, manage, conserve, and distribute protected
wildlife throughout the state.” Wildlife laws in Utah are determined by the Wildlife
Board, which has responsibility under Utah Code 23-14-3 for establishing the policies
best designed to accomplish the purposes and fulfill the intent of all laws pertaining to
wildlife and the preservation, protectnon conservation, perpetuation, introduction, and
management of wildlife.”

- Any collection, importation, transportation, or possession of wildlife species or
their parts are prohibited or ¢ontrolled in the UCRB by state law. In general, this
includes the operation of a private fish installation or pond requires (See Utah
proclamation R657-3. Collection, importation, Transportation, and Possession of
Zoological Animals, Part IV. Certlflcates of Registration). Private fish facmtles cannot

-channets within thesastates without =

Management policies for state wildlife agencies have been influenced by the fact
that the agencies were established to regulate hunting and fishing (Gilbert and Dodds
1992) and most revenues are derived from sales of hunting and fishing licenses. Now
that states are also responsible for managing federally protected species (e.g.,
migratory birds, endangered species) by permit, the task has become more complex
and subject to controversy. For example, states have stocked game fish to expand
recreational opportunities, but these nonnatives now pose a threat to endangered
fishes. All upper basin states are now active participants in the Program and have
expressed their desire to control nonnative fishes. However, little action has been
taken because no final decisions have been reached about the fish species that should
be controlled, where this control should take place, and what control methods should
be used. There is a valid concern held by the states and others that actions taken in
the UCRB tq restrict intentional introductions (i.e., to remove the game fish, stop their
release, or prevent their escapement) of certain injurious species would be met with
political resistance, as has occurred elsewhere (Goodrich and Buskirk 1995).
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SECTION IV: NONNATIVE FISH CONTROL
Conflicts, Attitudes, and Progress

Implementation of control measures for nonnative fish would bring this recovery
need of the endangered species into conflict with established sport fishind interests in
some locations. The issue is sociopolitical, and thus beyond the formal purview of this
document, but an understanding of the potential for conflict must accompany any -
proposal for control measures.

A recent survey of nearly 900 people in eastern Utah and western Colorado
reveals much about public attitudes and awareness about endangered Colorado River
fishes (Vaske et al. 1995). A majority (66%) of those surveyed were not aware that the
stocking of nonnative sportfish was detrimental to the endangered fishes. The survey
also assessed attitudes about the extent to which the stocking of nonnative gamefish
would improve the quality of.fishing. Only about 50% of the general public, elected
officials, and persons in environmental groups believed stocking improved fishing; but
69% of anglers believed that fishing quality was improved. When respondents were
informed that stocking harmed endangered fishes, 75% believed that stocking should

not occur. It is pertinent that the respondents hved in the area that could be.. a_ff_ ctedby
orifishirig ‘policies and it EE appe Clahs
specnes would have been even higher if the poll had mcluded the Iarge*méfrrob"o an .
areas of those states, or if respondents had been made aware that the potential loss of
sport fishing opportunities could be mitigated by opening new fishing areas.

- The issue of nonnative fish control will have to be discussed more thoroughly in
the public arena. The public is insufficiently aware of the threats that introduced
species pose to the endangered fishes of the Colorado River system, and probably

. almost entirely ignorant of the possibility that inaction will lead to irreparable harm to

the natural ecosystem. Awareness may be increasing now that some environmental
groups have expressed dissatisfaction with proposals to stock predaceous game fish in
the UCRB because they are concerned about potential threats to the native fish fauna
(Wigington and Pontius 1996).

The ramifications of the conflict between control of nonnatives and sportfishing
interests are felt acutely by the AFS, which strongly supports recreational and
commercial fishing interests. The society is being forced to make some very difficult
choices, but recognizes that “the integrity of ecosystems cannot be compromised to
achieve fisheries management goals” (Wiley 1996). In a recent position statement
(Starnes et al. 1996), the AFS asserts that fish introductions which have the potential to
affect threatened and endangered species “should be very carefully regulated and '
ecological risk minimized.” Furthermore the AFS recommends that potential effects on
the entire watershed be thoroughly evaluated prior to stocking (Starnes et al. 1996).
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The AFS had previously adopted protocols for introducing fish species (Kohler and
Courtenay 1986).

There is little doubt that control of nonnative fishes will cause some reduction in
recreational fishing opportunities; it is a necessary tradeoff. However, there are ways
to mitigate such losses. On the other hand, if no action is taken to control nonnatives,
and endangered species are lost, damage to the natural ecosystem cannot be
mitigated. Both Federal and State agencies have responsibilities for protecting
nongame species and for providing recreational spot fishing opportunities. Both are
evaluating solutions. State agencies are working to refine stocking protocols and
assisting with identifying potential problem areas. Federal designation of critical
habitat (USFWS 1994) included a predator-free environment as a primary constituent
element of critical habitat needed for recovery of the endangered Colorado River
fishes. All federal agencies are mandated by the ES Act to do everything in their power
to assist with those provisions needed in critical habitat, including aiding control
measures for nonnative fishgs or by assisting in mitigating losses in sportfishing.

Present Technology, Constraints, and New Options

‘'l EE BN Tl N I BN O .

Fish control measures have been so widely used in the US that aimostall fish ... ..
“spécies have been the object of some control program:{\Wiley:and WydoskiAD =

most commonly controlled fish include herrings, minnows, an (
effort), suckers (11%) and bullhead catfishes (11%). Wiley and Wydoski (1993)
provide a comprehensive review of techniques, which fall generally into three
categories: mechanical, chemical, and biological. Most of the techniques have been in
use for many years and are well understood. Some of the more recent, and exotic,
techniques (such as filtration of small life stages or establishment of fish
guidance/removal facilities) are costly to implement.

A simple recitation of techniques without context is of little interest, because the
choice of techniques is heavily influenced by the target species and the habitat in
which the technique will be applied. It is therefgre more useful to survey techniques
that might be applied for controlling nonnatives in the UCRB.

There have been several reviews of control techniques that might be applied in
the UCRB (Hawkins and Nesler 1991, Nesler 1995, Lentsch et al. 1995). In general,
these reviews cover control methods that are well known among fisheries managers.
Those authors advocate a cautious approach of establishing test areas and evaluating
control effectiveness before applying a technique to other areas. The authors justified
their caution by stating that the performance of individual control techniques has not
been adequately studied in the UCRB. Some recommendations provided by Lentsch et
al (1995) included: liberalizing fishing regulations to promote higher angler take;
mechanical removal by nets, traps and shocking; barriers to keep out nonnative fishes;
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...cycle in the river and the adjacent f ﬂooqp!am The introduced nonnative spec:es-which
" “would be the target of control measures .-

use of fish toxicants to kill nonnative fishes in certain areas; biological controls by
stocking Colorado squawfish; and management of flows to confer advantage on the
natives and disadvantage on the nonnatives.

From a technical perspective, a control technique should be selected for its
potential to remove the target species from a specific habitat without harming the
beneficiary (i.e., endangered) species. The technical considerations, which alone
present a formidable challenge, are complicated by sociopolitical (e.g., angler
opposition) and economic factors. Predicting the effectiveness of a control technique
can be difficult and imprecise. In a recent review of 250 fish control projects in the US,
Meronek et al. (1996) found that only 43% met their objectives for controlling fish. The
typical project involved mechanical removal of “rough fish” (e.g., minnows, catfish,
suckers) from a small impoundment for the purpose of altering community composition

. in favor of gamefish. The authors also pointed out that a successful outcome of any
. control measure depended on providing suitable habitat and water quality for those
~ fishes that were intended beneficiaries.

The endangered fishes, which are the presumed beneficiaries of any control
project in the UCRB, are residents of the main river channel and complete their life

rinthemaln thannel habral
must be removed. Because many of the nonnatives do not reproduce in main channel
habitats, consideration must also be given to control measures that will eliminate the
source of nonnatives. Control measures for main channel habitats are constrained by
the presence of endangered fishes and the physical complexity of the habitat.

. Chemical control techniques are therefore undesirable for the riverine habitat because

it would be virtually impossible to prevent the loss of native endangered fishes. Control
techniques which are suitable for use in the main stem, and which minimize the by-
catch (incidental capture) problem, are chiefly mechanical, but may also include some
flow manipulation options. Because the appropriate control measures are unlikely to
be 100% effective, complete eradication of the target species is not a realistic goal
where recruitment cannot be prevented. If the target species can restore its population
through recruitment, the removal effort must be repeated. Managers must be prepared

_ for a continuing investment in control measures.

The list of mechanical control techniques is extensive, but can be divided
generally into the following categories: physical barriers (e.g. screens and nets),
structural guidance devices (e.g. racks, louvers, collectors), modification to existing

- structures (e.g. bypass chutes, siuiceways), behavioral guidance devices (e.g.

acoustic, visual, and electric barriers), and physical removal (e.g. traps, pumps)(Bates
1993, USOTA 1995). Once the nonnatives have been removed, they may be
transported to another location if it is desirable to retain these individuals for
recreational purposes. Because the traditional technologies are relatively well known
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among fisheries managers and have been reviewed elsewhere, the remainder of this
review will focus attention on special considerations for main channels and more exotic
techniques.

Fish passage, diversion, salvage, and removal facilities have been in place in .
various locations across the country for many years. These facilities are dperated by
public and private agencies, and usually have been constructed in an effort to reduce
the loss of fish drawn into intakes for irrigation canals, power generation facilities and
the likes (Bates 1995; USOTA 1995). One example with characteristics that might be
suitable for the UCRB is a fish salvage project operated jointly by the US Bureau of
Reclamation (USBR) and the State of California near the town of Tracy in the Central
Valley (USBR 1985, California Dept. of Water Resources 1991). One facility was
constructed in the 1950s and a second in the 1970s for the purpose of reducing the
loss of fish (primarily striped bass and chinook salmon) when water is pumped from the
Sacramento-San Joaquin River delta. A louver system separates fish from the intake
water and the fish are transperted to another location. The system takes advantage of
fish movement in a manner that could be applied in the UCRB. Nonnatives could be
separated from natives and the nonnatives could be relocated or destroyed.

Barriers can prevent fish movements permanently or selectively. Th
S en_afﬁoreugh‘ﬁ'rioﬁedge; SR
dispersal, migration, home rang vements) of both target and beneficiary spe
Physical structures and electrical devices have been used to block fish movement at
various locations in the Colorado River system. For example, the Arizona Game and
Fish Department operates the Granite Reef Electric Fish Barrier on the Arizona Canal
in the Salt River drainage (Wright and Sorenson 1995). Barriers could be used
permanently or seasonally to prevent nonnative fishes from entering high prlorlty
habitat such as spawning areas or special recovery areas.

One scenario for a long-term control effort could be based on increased
exploitation of channel catfish. The channel catfish is a predator that poses a serious
threat to the endangered big river fishes of the UCRB. It is abundant and is able to
reproduce in the riverine environment; ccmplete eradication is not a realistic goal The
best a control strategy can anticipate for this species would be to minimize its negative
impacts on the native fishes. This can be accomplished by focusing effort on the larger
channel catfish, which are more likely to be piscivorous. Hill et al. (1995) found that
channel catfish in South Dakota did not become highly piscivorous until they exceed
400 mm, at which time the relative importance of fish in the diet increased 25 times or
more relative to that of smaller fish. Similar results were obtained by Tyus and Nikirk

(1990) in the Green River basin. Although the size threshold for predominant piscivory

may vary among river systems (Zurlin 1982), larger catfish still consumed more fish.
Reduction in the abundance and size of channel catfish should aid the native fish
communities by reducing predation risk.
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Although a detailed accounting of emerging technology.is beyond the scope of thi

Increased exploitation has the potential to cause a major shift in the size
distribution of a channel catfish population, especially in locations where growth is slow
due to natural conditions. In the Powder River system of Wyoming, effective
exploitation virtually eliminated larger channel catfish (Gerhardt and Hubert 1991). The
age and growth rates of channel catfish in Wyoming are very similar to that reported for
the UCRB (Tyus and Nikirk 1290). ) -

Commercial harvesting of channel catfish in the Missouri River was so effective
at removing the larger, and commercially desirable, fish that the fishery had to be
closed (Hesse 1994). The response of the fish population to closure of the fishery was
dramatic. In six years, the proportion of larger fish (>330 mm TL) increased by 36%. If
channel catfish in the UCRB could be exploited to a similar degree, the threat of
predation could be greatly minimized. The level of effort is likely to be high and may
not be sustainable without a commercial operation. , ‘

Fish control technology is an active area of research for public and private
entities (e.g., Stone and Webster 1986, EPRI 1988, Cada and Sale 1993). Entirely
new approaches, like guidance systems that rely on fish behavioral responses for
redirecting fish movements (Bell 1990), have been developed in recent years.

report, it is-encouragingthat new options-are becoming'avaiab

In addition to the use of mechanical techniques for controlling nonnative fishes in
the main channels of the UCRB, physicochemical methods also may have merit
(Lentsch et al. 1995). Flow regulation helped meet habitat needs of the endangered
species, especially the Colorado squawfish in the Green River (Tyus and Haines
1991). There is some indication that the timing and duration of instream flows may not
only benefit the native fishes, but also place some of the nonnative fishes at a
disadvantage. Enhanced flow regimes can shift fish communities to a more diverse
fluvial community of native species (e.g., Travnichek et al. 1995). According to Muth
and Nesler (1993): “Management of flow regimes to approximate natural hydrographs
and periodically provide above-average magnitudes in spring-summer discharges may
benefit native fishes and inhibit gertain prolific nonnative fishes.”

Physicochemical manipulations may also influence.the growth and survival of
nonnative fishes. For example, increasing turbidity may be disadvantageous to visual
predators, thereby advantageous to native prey species (Wootton 1990; Miner and
Stein 1996). Also, manipulating water temperature holds potential as a control
mechanism for species that are marginal under present conditions (see Tyus and Nikirk
1990, Rutherford et al. 1995).

Flow manipulation may be the only available control option for some of the small
cyprinid species, such as fathead minnow, red shiner, sand shiner, and redside shiner.
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There is some evidence that the abundance of these species is reduced by high river
discharges and lower water.temperatures (reviewed by Lentsch et al. 1995).
Management of flow regimes to approximate natural hydrographs could suppress the
abundance of these cyprinids. Muth and Nesler (1993) found that moderately high
daily mean discharges were associated with later initiation of spawning and shorter
spawning season for the red shiner, sand shiner, and fathead minnow. Higher
discharges resulted in an earlier initiation of spawning for the redside shiner, probably
due to the preference of this species for cooler water. Smaller life history stages of
cyprinids and centrarchids may be especially susceptible to flow changes, and Harvey -
(1987) found that fishes 10mm or less in length were very susceptible to downstream
displacement by flooding. However, displacement of the small life stages may depend
on “small differences in the timing of reproduction and of flooding” (Harvey 1987).
Cause and effect relationships between discharge and the abundance of cyprinid

~ populations in the UCRB appear to be weak at this time.

For some of the nonnative species, the principal source of recruitment is not the
riverine environment. Nonnatives, especially most of the centrarchids, are reproducing
in impoundments or floodplain ponds. Escapement from these areas provide a steady
source of individuals into the river system. Control of these nonnative species would
.. be moreeffectlve if the sources were ehm:nated _Chemical remaval techmqges could o

public where recreatlonal opportunmes would be lost. Escapement controls mlght be
an acceptable alternative. Many traditional devices exist for preventing escapement.
In addition, new technologies have recently been developed for filtering and/or
destroying small organisms from discharges and intakes. These new technologies are
the result of recent invasion of the zebra mussel into the Laurentian Great Lakes, and
the zebra mussel veliger, which is smaller than ichthyoplankton, is now being
completely removed (e.g., see Nalepa and Schlosser 1993 and references therein).

. The technology is available for preventing the escapement of even the smallest fish.

SECTION V. DEVELOPING SOLUTIONS
Background

Considerable scientific effort has been devoted to understanding how nonnative
fishes have affected the endangered big river fishes of the upper Colorado River
basin. The scope of the problem is well known, albeit complex: predation and
competition by nonnative fishes have contributed to the decline of endangered native
fishes. Resolution of the problem, in a broad sense, will require removal or reduction of
nonnative fish populations that threaten listed fishes. The problem and the general
solution were clearly defined in element 4.4 of the Recovery Implementation Program
(Program; USFWS 1987).
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:Workéhop Format .

Much less effort has been expended on developing practical solutions and
prioritizing tasks. In essence, the Program lacks a strategic plan that will guide efforts
to control nonnatives. A formal strategic plan is presented in the final section of this
document. In developing a useful strategic plan, answers to four basic questions were
required: (1) In what geographic areas wouid control measures have the greatest
benefit? (2) Which life history stages of the endangered fishes are most susceptible to
negative interactions with nonnative fishes? (3) Which nonnative species pose the
most serious threats? (4) Which control methods will be most effective? Answers to
questions 1 and 4 are required for developing more site-specific implementation plans,
which are beyond the scope of this document.

The Program specified that a logical step in the development of a strategic plan
would include a workshop to tap the collective expertise of scientists and managers
familiar with problems in the UCRB. The workshop would focus on nonnative fish
control issues as perceived by experts from different geographical areas and
governmental agencies within the basin. It would provide an opportunity to expand the
information base for control options, and be a forum for reviewing the problem and
establishing priorities for future action.

A facilitated workshop on contro! of nonnative fishes in the UCRB was held on
November 30 and December 1, 1995. Every effort was made to identify and include all
major stakeholders, and to involve a wide range of technical and managerial expertise.
The agenda and a list of participants with their agency affiliations are given in the
Appendix. The workshop dealt with the technical issues and consisted of three parts.
In Part 1, six presenters discussed potential control measures and factors that could
affect the success of those measures in the UCRB. In Part 2, state representatives
discussed present opportunities for fish control in their respective jurisdictions. In Part
3, all workshop participants assisted in developing elements of the strategic plan. The
workshop specifically avoided sociopolitical and economic issues. The workshop
provided an opportunity for mapping areas where consensus already exist and for
identifying areas where additional information is urgently needed. It was not intended
as a vehicle for forging consensus. ,

The first workshop session consisted of formal presentations by experts familiar
with fish control issues and techniques. National and regional perspectives of
technical and management issues immersed participants in the various facets of fish
control. In the second session, representatives of State fish and wildlife management
agencies in Colorado and Utah described fish control practices and possibilities
appropriate for their jurisdictions. The third session began at the end of the first day
when all participants received a packet of handouts (see Appendix) that outlined the
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- that focused attention on4 -the:geograp)

major questions posed for the next day. The handouts included information sheets to
serve as a focus for discussion and for mapping consensus on priorities. Each
participant reviewed the materials and marked rankings for:those items for which he or
she had sufficient expertise. On the next day, participants were assigned to one of four
subgroups in which there was a mix of scientists, managers, and interested parties from
different parts of the basin. Each group reviewed individual responses to the handouts
and produced a single set of responses that was a distillation of group views. Where
consensus was easily achieved, a single ranking might be shown, but where group
members differed, a range of rankings might be shown. At the conclusion of the small -
group discussions, the entire group assembled to review and comment on the small
group findings.

After the worksheets and priorities had been discussed, participants returned to
subgroups for developing control solutions that would address priority needs. Each
subgroup then presented control scenarios to the whole group and discussed
potentials and problems.

Workshop Results

..=-1Ne tangible products of the two-day.wo orkshop. consist.chiefly of a set- of priorities.

hig-areas where- nORNatives impe
endangered species, 2) which nonnatives pose the most serious threats and )w at
techniques were the most promising for control of the nonnatives. The list of priorities
was supported and explained by extensive notes recorded during discussions, and
transcriptions of the formal presentations (see Appendix for.a brief synopsis of topics).
Results of the workshop provided guidance in developing the Strategic Plan (Section Vi

of this document), but did not cover all areas addressed in the strategic plan.

Geographic priorities

The list of river reaches used in the workshop (Figure 2) is only one of the
possible classification systems. It reflects years of experience with the fishes and their
distributions, and conforms more or less to major geomorphologic features. A more
formal geomorphologic scheme is under development, but was not ready for use at the
workshop (Frank Pfeifer, USFWS, personal communication, 1996). The
corresponderice between river reaches identified for the workshop and critical habitat
as defined by the USFWS (1994) is also shown in Figure 1.

The gedgraphical distribution of life history stages (Table 2) was compiled prior to
the workshop (based chiefly on Tyus et al. 1982) and amended by participants based
on their experiences. Certain river reaches, for example the lower Yampa (Y1) and the
Green River from Split Mountain to Echo Park (G3 and G4), are important for most or
all life history stages of the three endangered species. Other river reaches (e.g., Y3,
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G6, DO1) do not support populations of these species. The geographical distribution
of the endangered fish was an important determinant of control strategies.

Within each of the four small groups of the workshop, there was extensive
discussion regarding the assignment of priority for recovery to each of the geographic
reaches. The rankings presented in Table 3 reflect the outcome of some negotiations
that occurred within each small group. Groups differed somewhat in terms of the
criteria on which priorities were based. For example, one group attached a higher
ranking to an upstream reach or a tributary if it provided flows or influenced water
quality in a manner beneficial for the maintenance of one or more life history stages of
the endangered species. The importance of physicochemical parameters such as
flow, temperature, and sediment was also recognized in terms of their effect on
possible reintroductions. Some participants assigned recovery priorities mainly on the
basis of the current distributions of the endangered species, while others included
reaches with potential for recovery. Because the small groups employed somewhat
different evaluation strategies, the authors have had to exercise some judgment when
summarizing the information for the Strategic Plan.

Concern for the presence of nonnatives in various locations was governed by
some of the same geographical cop&deratnons that influenced priorities-for.recover - of .
natives, but other factors-alsorcame into-play.  Discussionat-the workshops a«
pragmatic assessment of prnormes The predominant approach involved aSSignlng .
priorities on the basis of the following question: “If you were going to kill nonnative fish
today, where would you go?” Not surprisingly, the ranking of reaches on the basis of
control prospects shows a somewhat narrower scope than priorities for recovery (Table
4). Concern for nonnative fishes occurred chiefly, but not exclusively, where the listed
species are most abundant. In general, there was much less concern about the
potential for interactions than for those interactions that are likely to be occurring now.
There were also two reaches (Y3 and D1) where the concern for interactions exceeded
priorities for recovery. These selections are significant because they acknowledge
importance of upstream reservoirs as sources of nonnatives that should be controlled.

The importance of geographic areas for fish control were assessed after the
workshop was over. Each participant received copies of tables summarizing workshop
results and was asked for additional comments. Workshop results and supplemental
comments were used to prepare a summary (Table 5) for each geographic area
addressed in Tables 2-4. For information given in tables 3 and 4, a Low score was
assigned if three or four of the small groups had given the geographic area a low
priority. In cases where three or four small groups assigned a rank of High or
Medium/High, a score of High is given in Table 5. Other combinations of small group
scores resulted in a summary score of Medium. In case of even divisions among the
work groups (e.g., 2 medium and 2 high rankings), the summary score would include
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both rankings (e.g., M/H). The information on Table 2 was not ranked by workshop
participants, and presented as the sum of all life history stages.

4

Interactions with Nonnative Fishes

The geographic assessment of concerns for the presence of nonnative fishes
does not reveal the identities of the nonnative species or the type of threat posed to the
native species. However, much of this work has been done previously and is essential
for developing control strategies. Using information compiled from Hawkins and
Nessler (1991) and Lentsch et al. (1995), a table was prepared to indicate major
nonnative fish threats to listed species, the type of interaction, and the location that
provides the source of each nonnative species. The information in the table was
refined and expanded with the expertise of the participants (Table 6). .

At least 20 nonnative species may have negative interactions with the listed
species. The riverine populations of most of these species are maintained by
reproduction in the river or escapement from ponds in the adjacent floodplain. Some
species are derived chiefly by escapement from reservoirs. Smalimouth bass,
Y:.J.__;crapples blueQLILgreensunflsh and northern ptkejj,qr__ _exa: g‘l‘_e,“t;gy“eentered the

system below Flaming Gorge Dam.

“Negative interactions occur primarily through predation or competition; predation
on eggs and larvae is particularly troublesome because it preciudes recruitment.
Hybridization of the razorback sucker with the white sucker is a concern because white
suckers are known to hybridize with other native Colorado River suckers (Burdick
1995). :

Nonnative Threats

Workshop participants identified numeréus negative interactions, actual and
potential, between introduced species and listed species. However, not all interactions
were considered equally important. The relative importance varied according to the life
history stage of the listed species. White sucker and trout, both of which were listed on
Table 6, were not assigned a rank for the strength of negative interactions. Therefore
those species were deleted from further consideration.

Predation was the primary basis for ranking the negative interactions. In general,
the rankings for the Colorado squawfish and the razorback sucker were very similar
and will be discussed together. Nonnative predation on eggs and adults was regarded
as relatively minor. Threats to juveniles were typically less of a priority than threats to
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larvae, because the larger size of the juveniles (130 to 150 mm at the end of the first
year for razorback suckers)-would greatly reduce their vulnerability to predation. Green
sunfish, channel caffish, red shiner, and fathead minnow were considered the most
serious threats to Iarvae of both of the native species. Concern for interactions with
centrarchids was generally high. ,

As mentioned previously, negative interactions of nonnative fishes on the
juveniles of Colorado squawfish and razorback sucker were less than that for the
larvae. Channel catfish, smallmouth bass, and pike were a greater concern for the
juveniles of the two natives. From a control perspective, channel catfish, small
cyprinids, and centrarchids merit attention.

The rarity of the humpback chub and lack of knowledge about its interactions with
~nonnative fishes in the UCRB made it difficult to identify chief threats them. Most
- participants felt they did not have sufficient information to evaluate those threats with
any certainty. Nevertheless, the general opinion held that threats from channel catfish
were the most serious. ' '

Channel catfish was regarded as a highly significant threat to the listed species.
...t was accorded a high level of concern for interactions with larvae and juveniles of all
- listed fishes, and no other species ‘received-as manyh

nkings—T he fish- fish-species
representing the next most important threats were the green sunfish, fathead minnow,
and red shiner.

Control Measures

Most of the control measures suitable for use with nonnative species in the UCRB
were reviewed recently in Lentsch et al. (1995). These fall into four general categories:
- mechanical techniques (traps, nets, seines, and electrofishing), chemical removal (i.e.,
poisons), biological techniques (introduce other predators, infectious agents like
channel catfish viral disease), and physicochemical manipulations (altering flow regime
! or water chemistry through reservoir releases). During the workshop, experts
) suggested four measures not treated in Lentsch et al. (1995). Larry Hesse presented
insight into commercial harvesting, which relies on mechanical techniques, on a large
; scale that could greatly reduce channel catfish populations. Todd Crowl discussed the
use of exclusion structures for protecting nursery habitat and enhancing the recruitment
of native fishes. Escapement controls were suggested for reservoir outlets to prevent
the nonnative fishes from reaching surface waters connected with the river. Larry
‘Hesse also brought up the possibility of using a Llewellyn weir, which incorporates
electroshock.

Not all nonnative species are equally susceptible to specific control measures
(Table 8). Furthermore, the listed species also will be removed by many of the control
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measures. The chief problem with any fish removal measure is one of selectivity. How
can the method be applied in space or time so that the “by-catch” of natives is
minimized? The decision process by which a method is selected must include
consideration of any adverse effects the method may have on natives.

Workshop participants ranked control measures according to their potential for
controlliing nonnatives (Table 9). Some participants expressed great hope in the
potential of commercial harvesting to remove channel catfish and perhaps common
carp. However, the fear of unintended mortality to some of the native fishes also was
of concern. It was thought that choice of bait and placement of traps could make the
harvesting technique sufficiently selective to minimize concerns about by-catch.
Northern pike and common carp are thought to be relatively susceptible to other
mechanical techniques such as nets, electrofishing, or traps. Centrarchids are also
susceptible to mechanical techniques but may not be present in sufficient abundance in
the main channel to justify the effort.

Management of the flow regime has been suggested as a mechanism for
reducing populations of small cyprinids that are reproducing in the main channel as
well as centrarchids. There is some concern however that the potential for success
-=with this technique is unproyen S

& p B e e

Most mechanical techniques have poténtial for reducing the abundance of
nonnatives in the river. However, if the recruitment of nonnatives cannot be curtailed
or eliminated, removal becomes a continuing obligation. The single most important
mechanism for reducing recruitment of those nonnatives that do not spawn in the river
channel is either to eliminate stocking in the floodplain or to install effective
escapement controls on reservoirs and smaller water bodies connected to the river.
Populations in the floodplain can be eliminated by chemical techniques, but the risk for
loss of natives in the main channel may be too high for chemicals to be applied in some

locations.

Ultimately the control measures must reduce the threat of negative interactions to
the point where natives will have successful recruitment. To the extent that exclusion i
structures may enhance recruitment of natives, they would be worth considering.

However there are considerable logistical obstacles.
)]

The goal for controlling the nonnative fish populations is to increase recruitment
of native fish populations. Control efforts should therefore be focused on various
nonnative species that pose the most serious threats and in the locations where control
of nonnatives would be the most beneficial. Ideally, each of the promising techniques
should be evaluated in scientific trials that would test efficiency and cost effectiveness.
Unfortunately, stocks of some native fishes are dwindling and, despite a clear need for
more research, the urgency of the situation dictates that actions be taken on the basis
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of best professional judgment. Participants were therefore asked to describe scenarios
that could be used for applying a specific control technique for the control of one or
more nonnative species at particular geographic locations. .

Solutions

Scenarios for control of nonnative fishes involve four significant dimensions:
(1) geographic scope, (2) nonnative species, (3) source of the nonnatives, and
(4) control techniques. The geographic considerations are arguably the most important
of the four dimensions for defining a scenario. For example, a scenario could target
critical habitat of one or more listed species, or it could specify the most important
sources of the nonnatives. The selection of a target nonnative species is an important
consideration that will shape a control scenario. Once the target location and
nonnative species have been selected, the control technique can be tailored to the
target species and the principle source of the nonnatives.

An abbreviated version of the many scenarios presented at the workshop is
shown in Table 10. The scenarios generally follow three basic themes. The first theme
involves preventing nonnative fishes from entering the system. For example,
escapement controls could be installed on major reservoirs like Starvation, Elkhead

floodplain, chemical techniques'€an can beappl
to eliminate nonnatives. In general, however, stocking pollcy may be very nmportant
especially for floodplain sources. The second theme deals with removal of nonnatives
from the main channel. Typically mechanical techniques such as trapping, would be
applied in critical habitat for the removal of larger nonnatives such as channel catfish,
carp, and perhaps some centrarchids. Flow management, especially in high gradient
areas, has some potential for reducing populations of small cyprinids and the
centrarchids, if timed correctly. The third theme involves excluding nonnatives from
interactions with native fish species chiefly during early life history stages. Backwater
exclusion devices and the active management of the inundation cycle for backwaters
and roodplain ponds could reduce predation on larval nonnative fishes. :

The specific geographical area selected for applying control techniques would
depend on the theme being pursued and the scope of the control activity. Participants
adopted a two-tiered approach in which control strategies were proposed basin wide, or
they focused on specific geographic Idcations. In general, the geographic locations
identified in Table 10 conformed with priority areas designated for recovery and for
interactions with nonnative fishes (Tables 3 and 4). Important geographical locations
included the Lower Yampa and Green rivers (Y1, G1-4) and the upper Colorado River,
UC1 and UC2). A few of the strategies were less specific about geographic locations
(e.g., “critical habitat”, or “nursery areas”), but it was relatively easy to associate the
strategies with important habitats described in Tables 3 and 4. Thus, for the most part,
participants recommended only a few key geographic areas for implementation of
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control strategies, especially for those strategles that required a large investment of
labor. .

Virtually all of the scenarios focus control efforts on nonnatives that have been
identified as predators. This is not surprising, due to significant problems that have
“been reported for some of the fishes. Of ali the predators discussed, the channel
catfish was mentioned most frequently in the scenarios. Common carp and several
centrarchids were also mentioned frequently, perhaps due to the possibility for using
the same control method for all three of these species.

Most participants were concerned with predation of nonnative fishes on larval
and juvenile life stages of the listed fishes and many of the scenarios directed effort at
reducing the abundance of predators in the channel or in nursery areas. Other
scenarios were directed at controlling the input of nonnative fishes from lentic habitats
(e.g., floodplain ponds and reservoirs) or from stocking.

The recommended control measures were a diverse mix of techniques and
methods that have been recommended in the past. The most commonly mentioned
method was mechanical removal by use of traps. The most unusual technique involved
-éestabhshment of a commerCIal fushery for channel caffish and common cg_p Otherw o

"l BN N N TN N B I E

. l_!“, g

to assist in removal of nonnatlve fishes. Flow management for nonnatlves is already
part of the Program and presumably will be implemented as part of a program that
improves habitat for the native fishes as well. Some techniques were intended to
prevent or reduce the movement of nonnatives into the mainstream river, and included
pond reclamation (chemical fish removal), escapement control, and nursery protection.

The beneficiary native species was not always specified in the scenarios (Table
10). Nevertheless, it was clear from the workshop discussions that threats to the
Colorado squawfish and razorback sucker were very similar (Table 6). There was less
certainty about interrelationships between nonnatives and the humpback chub, due to a
general Iack of information about the humpback chub in the UCRB.

Workshop discussions also included the need for pursuing some control actions
in a particular sequence. For example, northern pike now exist in the Gunnison River
because of escapement from Paonia Reservoir. There are plans to improve floodplain
and backwater habitats in this area to benefit native species. However, these
improvements also could harbor nonnative species such as northern pike. It would be
prudent to remove the pike from the system before preceding with the habitat
improvements.

The scenarios developed by workshop participants represented a range of
possibilities, but should not be taken as an exhaustive list. A limited amount of time
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was available at the workshop for discussing solutions. Proposals reflect clearly the
priorities identified for geographic location, target species, and control measures.
Rationales for additional scenarios should incorporate these priorities. However, the
workshop was limited only to discussing technical problems and solutions. Obviously,
sociopolitical issues will have bearing on any control strategy, and those issues were
not discussed in this forum. ‘

33




h . ‘uonebniw (g pue ‘jonuod (Z ‘uonuanaid
€L st swa|qoud Buissaippe Joj Ajuond Jolispio ey ‘eale [eolydesboab yoea ulyiM sayoeas Auoud ybiy aaiyy
8y} Jo yoea Ul suoys AJsnodas uo Buleaq 9alip aAkY Jogley Asy) seAljeuuoU 8Ly asnedaq doysyiom ayy Bulinp paubisse
sem uey} ue|d ay) ul asuepodwi Jayealb sawns @,w\ﬁme seaJe o1ydeiboab jJuaoelpy "uoljeWLIOUI j[RUCHIPPER JO SISBYJUAS
woJj pue syuedionied doysyiom Wolj UOHBULIOJUI [0:SISBq BY) U0 pejoa|as Sayoeal Jaall 9aiuy) 0) paubisse sem Ajuold Jo
[@A8] Ixau 8y -uoljejuswajdwi Joj Ayioud «mmcmf_@r.a paubisse uaaq aAey swolqoid apm-uiseg ‘swa|qoud [eanijodoioos
|enuajod jo uonebIIW SaA[OAUI 8A0BIGO PAYYEUL seideds aAIJEULOU JO [0J)UCD pUB UoNUBASd Jo sjoadse [eaIuyda)

8y} Ub snooy saAjoafqo omy jsuiy syl ueld oibejesis Siy; Jo |eob aibuls ay) Jopun paulep aie saAIalqo ulew asay |

: "'Sanssl| Jo suoljese|o

pue suoyjoe Joj suotjeoyisni yim auino ay) sjuswelddns pue jew.oy ydeibeled e ul suiinQ ue|d o169)eng ay) sised

aAljesleN ay] -ejeudosdde se paliddns ale Uo.ﬁqu [0Jju0D pue ‘saldads Aselolyauaq 'saioads jabie) Jo s|ielaq ‘seale

aydeiBoab oii0ads 0} maIAJBAQ BU) JO Yiomawel; _Wm_co:mN_cmm_o ay} saidde auiinQ ue|d 2168jeI}S 841 ‘Spouiaw |oJjuod

uo Ajjouq A|Uo s||amp I pue ‘saiads bm_ocmcmn_w_._o ‘sol0ads jobie} ‘seale oiydelboab Jnoqe s|iejop ou sapn|oul ‘sula)
jesauab Ul saAoalqo pue jeob ay) sisi] yoiym .ms_m_?_go ay] ‘suoioas aaly) ut pajusasaud si ueid oibsjens ay

. o "Juawnoop siyj jo adoos ay} puokaq ale se} yoes Joj

saljljiqisuodsal jo Juswubisse ay) se ||am se ‘uolejuawajdwl Jo s|iejep ooads sy ‘seibajelis pasodoud Bunjuaswajdwi

Joj Atessaoau sue|d jeuonesado pajiejep ay) Bunuasaid Joj wnioy e Jou Ajssaidxa si ueid ay) ‘aseyd uoneyuswaidwi

pauonuawaloje ay} sapnjoul ue(d oibsielis ay) ybnoyjly "uonnjosal JO UOHOR SWOS sayuap! ueid ay) ‘1o1juod

Jo wa|qold jenuajod yoea 104 ‘ABajelis zomm. jo uonejuawas|duw Japuly Aew ey s1ol)juod pue swajqouid ajedionue

0} aseyd uonejuswaeldun ue sapnjout osje ueld sy} ‘way) Buiajos 1oj saibajess Buisodoid pue swajqosd Buiuijep

JO sJsisuod ueid ay) jo aseyd uoie|NWIo) 8y | ‘saysly pasabuepus ay) Jo A1oAooas ay) Bunejioe; Joy sdsjs saulno

ey ue|d oi16ajess e Juasaid |IM JUBWINDOP BYJ JO UOIIDaS [eulj 8Y L "UOIIN|OS S}l 10 palinbal sjuawald 8y} pue gydN
8y} Jo saysy aAljeu ay} Joj asod saAljeuucu jey; :.EEoE 3y} passnoasip aAeY juawnaop siy) Jo suonoas Buipasald

NOILVLINIS3dd ANV LNIJWJOTAA3A

NV1d D193 LVy1S THL ‘IA NOILDAS




‘says peuebuepua ayj Jo siejiqey ug saysy NN ajeulll|a Jo mo:vmh 0}
mc;wmzmc.vcm ‘Buiysionoaie ‘saules ‘siiem 'sdelyiisialiieq se yons senbiuyos) pue SPOyjaul [eolueyoaul Buisn e

|

a4nbal Ajjesauab jjim

aAnoalqo ay) Buinaiyoy "saysy YO aAleU 8y} uo o;oEQc_ aAnebau sy pue saysy zz [josuod :z IAILO3Irgo

'saysiy pasabuepua au) Jo siejiqey Ul saysl NN Jo uolsuedxa abuel Jjayuny Bunuaasid "o

"says|) pasebuepua jo siejiqey apeaul ybiw Jeyy saysy NN JO suoljonposul Jayuny Bunuaasid 'q

‘saysly
pasabuepus Jo sjejiqey Yyum pajoauued Ajjenualodilo Ajjenjoe siajem wodj saysl) NNJO Juawadeosa Bunjuaaald e

:a1inbai AjjeJouab ||Im aAnoalqo

ayy mc_>m_co< ‘40N 2y} Jo saysly Um_mmcmncm ho E_nmc Ojul saysl NN jo peaids Jayunj juaaaid :L IAILOIrE0
'SINILOIrE0

(842N) NISVE ¥3AIY 0avy0109 ¥3ddN IHL NI STHSIH

(NN) AQINOWTVSNON ‘JAILYNNON 40 ZO_.r<mm..:._0mn_ ANY NOILONAOYLNI FHL ONITIOYLINOD A8 (YD) H3NIY
0dvy0T09 FHL 40 SIHSI4 HIAIY 919 AFUIONVANT FHL 40 AYIA0IIY 1N4SSIIONS FLVLITIOVL 1IVOO

M3INYINO




9¢

‘salunyoddo Buiysiy [euoijeaioal Jo sasso)
[enuajod Aue jasyo o} mUmE Bulteq suoys se llom se ‘Sas!) SAIJEUUOU [0JIUOD 0} paau Jusnbasuoo ay) pue saysty
palabuepua Buiniasaid jo ssuepodwi ay} Jnoqe o__ssa 38U} WJOJUI 0} UONBWIOJUI JO UOIJBUILISSSIP 8AI08J0 IO ']

"Jauueuwl

Ajsw e ul sealoe Bunuswajdwi pue ‘uonebinul saaysyy Wods Buidojensp ‘saljialoe auminy buuueld ul Jayjoue
8uo Jsisse pjnoys sajouaby 'sadloyo utesjsuod Aeudjey) siojoey [eoljijodoloos pue [edluyos) Jo Uoljelapisuod njaled.
Jajje sainseaw |04)uod ysi} ajelidoidde mc:cmEm_qE_ ‘pue Bunoajas uo Jayjabo) yJom saousbe ajels pue |elapa- ‘e

, ‘1eyy alinbau Ajjesauab |jim
annoalqo ay) Buinaiyoy ‘sanjua |ejusutlerobuou;lim sdiysiauped Bulysiigelsa Aq pue ‘saiousbe |90 pue 'ajejs
‘|eJopa) usamiaq uoneladood pasueyua cm:ow_ﬁ joJjuod ysij NN Bunuawsajdwi jo sansst |eo1}1jodoIoos aA|0SaY

fio

‘€ ANILO3rdo

‘'saysl Y9 palabuepua
Jo Alanooal Joj Jenuajoad auyy Buronpal 505_3 saysij NN 8jeulwi|a.10 aonpail o) jJuawabeuew moy Buisn "2

‘saysy) pasabuepua ay) 0} jeasy)
ou asod ||Im sjediwayd jo asn ay) jey) papiaoid mm_non Jajem paje|os! WoJj sayslj NN @Aowal 0} sjesiwayd Buisn °q




'sa10ads NN jo uojsuedxa
abues yusaaid Jey) swajshs
aouepinb Jo sialleq
‘syjuawaalbe Asuabelayy] 'p ulejulew pue jonJsuoy) ‘p
"uoljeONPa pue uoeWIoUI
“JJUsWwuIBUOD UIX0)

‘seaJe a|qejins
Ul saJnseaw |0Jjuoo

10j s]020}01d MBIABY D _mcosmmbm.: mmo._ Ko [ediwayo Juawa|dw| 2
‘uoleAoual p:

puod Joj saAljuasul MW mc_cmc '$92JN0S

apinoid "uonebijiw apiaoid | |euORSIOBI JO EmEmmmcmE JUSLIND WoJj salvads NN

'sjuswases ulelqO 'q | ‘diysieumo pue| sjeAlld Q| o Juswededsa Juanald ‘q

‘saloads pasebuepus ay)

‘Bunjools Jo uoljoaj0.d ainsua jey) ‘sjejigey ysuy pasabuepus
ajeaud Buiuianob uonenbal mc_xoogm ajeAld jo Jonuo) | sainpasoud Buiools [ewlo) ojul uoisuedxa abuel pue
|euonippe o) pasaN ‘salaysly _mce;mo_omh Japun pajjiwlad se jdaoxa ‘juawadessa ‘uoionpoul
"ssoj Buiysy ayebiy e a|qesisap Jo mmo,_ ‘2| saysl NN jo Bunoojs oN e ysy NN Buinuuo) -
sjo1juol _u:...w
uonn|osay/uondy © swajqold _m_ucwuom saibajeng swajqoad

i bujuue]d apim uiseg

aseld uonejudwa|dwy aseyd uonenuio-

*ANITLNO NVId J193LVYLS



BN I N N N I IS B B am e E N IR B O e .
. 8¢t

‘sjuauoduwios co:mosnm
pue uotjew.ojul Suipnjou
ueld uonoe dojena( e

‘papsau se sjybu jeuonippe
ainboy ‘suonendod

NN U0 108448 Jojuoly ‘g-|-

‘selpisgns ajqissod ‘Aaains
Bunesew ‘sonsiboj josuos
‘asipadxa uielqQ ‘Al

‘saniunpoddo Buiysy
aAljeuIa)|E Bjowold il
‘Sjwl j98s0 abueyy i

‘Aj1oe) spuelpay
1B SS3UBAI08)J8 ajen|eA] |

‘PUBy s1y; jo uolebiiw
Joj Juapaoaud’ a__z_._ B

!

.mmmm Aljo8}}9
wuey-6uol ‘ud(je|nbas
-molj pue sybuisrep ‘q

‘lesodsip .m.o:mv:mE
‘YojeoAq ‘esipadx3 ‘Al
e

co:om_m__w,zmwm_v
Jojbue 's)s09 "Il

‘suonejnbo. mﬁ_,cw_n_ 1)

ooy3 |

‘saouabe

|elapaj} pue ajejs jo

sHoye aAnesadood ybnouyy
sanjiunyoddo Buiysy
|euoyjeaioal jso| aoejday e

uawabeuew
Moy} jo weiboud

Juasaud anunuod .q.

‘BunsaAley [BIDISWWOY Al

weiboud Bunsaniey
pajosuods-dy ‘!

) siajbue
Aq yseney Buiseasou] ‘Il

‘soll|toe) abessed ysy
Je saads NN Buunide) i

: Aq |eAoWwal |BOIUBYDBN B

‘'sanunoddo
Buiysy pods jo ssoq ‘¢

‘gyon ul (sioadwod pue
sJojepaud) saysy aAljeuuou
jo @ouepunge ybiH ‘'z

uoiINjoSaY/uonIY

SIOIUCD pue
swia|qoud [enupjod

saibajeng

swa|qoad




-

‘suoljeinbal abueyo
‘soue)sisse padxa uieyqQ o

‘Jwi| |9810 puadsng ‘q

‘sajjlunyoddo
|euonjeasnal jsoj

aoe|dal |m jey) weiboid
uonebiiw dojpaaq e

"JIOAJBSAY
peayy(3 uo josfoid jojid 'q

‘alaymas|a saljiunuoddo
Buiysyy Jejemuwiemy|0oo
Buidojanap Aq ajebyip

‘Spluow|es yym aodejday e

' J9)EMWIBM/|O0D % sso] B

6¢

"uoljesadood >o__wmmm§c_
‘asiuadxa. plaejieae
'sanss| Aloyg|nbay o

'suonenBal Bliystd ‘q

‘saijunuoddo _mc eaJoal
jo ssol;jenjusjod
0} aouejsisal Jg|buy e

"SUONIPUOD MO}
ybly sepun ey Aew pue
aAIsuadxa >mo_occom 19

‘seniunpoddo Buiysy

‘uonejiojdxa pajosuods-d[y
Jo [eloJawwod Aq died pue
ysyjeo jauueyo jsaaieH o

's19)bue Aq

- (ysieo jauueyo pue ‘sseq
‘@)1d Aj|e1oadse) saloads
NN Jo JsaAley asealou] 'q

‘'sueaw ajqejieAe Aue

Aq sseq pue ayid Buipnjoul
‘sayslj snoaoepaid
aAowLl salouaby e

'SJa}|l} JO SUBAIDS Sk yons
spoyiaw Aq saoads NN
Jo Juawadeosa jojuo) 'q

‘pajjeisul Jou ae sjosuo2
Juswadeasa aAldBYS yalym
Joj saipoq Jajem Jayjo

pue SJIOAJ9Sal WOl Saysty
JOJEMWIBM/|00D SAOWSY "B

‘(ysymenbs opeliojo)
|eAJe| pue gnyo doeqdwny
Ajje1oadsa) saAneu uo
Asid sjejiqey wealjsulew
ui ssojepald NN 2

‘(edwe) weansdn) sease
jouueyd uiew jJuadelpe pue
‘urejdpooj} ayy ut saipoq
Jorem ‘(llonasay peayyg
“6°a) syuawpunoduwi

woJj weaJjsuiew

ojul (sseq yjnowjjews

pue ayid ulayuou se yons
siojepaid ab.e| AjaIyo)
Saysi) NN JO JUBWaAoW °|

uonNjoSaY/UOIY

sja1)juo) pye
swdjqoid [enuslod

saibajeng

wajqoad

Yled oys3 o) abpopsag =yseal Ajuoud yseybiY -uiseg Joany edue

, _ sealy liaaod0y Ajuond ybiy
Illllllllllllllllll



ov

“gjenjeAad ‘q

‘Aiessadau
Se sjjoapel) aulwexy ‘e

"suonoalqo S4N-1s09 'q

‘Apusiinouod m,__,:m_moa
usai9 pue edwe) sjesado
0} aAIsuadxa aq Aepy ‘e

‘Swia)sAs
aouepinb ‘sialleq |eisu| 'q

: ‘welboud josuod
JaAy uaaig) Bunuawajdu
Aq JoAry usalg

8y} woJj saysyy [0juo) e

“JaAY
uaalg) wolj edweA ojul
Saysl) NN JO JUBWSAOW ‘€

uoIIN|OSAY/UOIY

S}21JU0) pue
swiajqold [enusjod

salbajesyg

wajqoid

T




‘saquy
pue salouabe usamjaq
Buiuue|d ajeuipioo) p

"SOAIJUBDUI
ybnouiyy uoloejsiessip
Jajbue aebiN o

Buiuue|d ajeulpio0) ‘q

‘ue|d edwe) 99g ‘B

‘salouabe usamjaq suoye.

v

'syjuewsaibe jequ] p

c_mmn oAy BIUM au)

ut alaymasja pue __omemm
Aouuayj je co:o%w:mmm_v
Jajbue Qmm._o, Aepy o

‘uoleladood >o{_mmm_muc_
"aAisuadxe ag Aep 'q

‘ue|d edwep, 99S e

‘'spoyjaw

[eolwayd Jo (aules

pue 20|q “*6°8) |esiueysaul
Aq wajsAs JoAry ausayong
Ui SpIyaJeljuad |04uo) 'p

"JIOAIBSaY Asuua)]
WOl SPIYDIBIJUSD SAOWS)
Jo Juawadessa Jusaald O

"uoIsn|oxa Jo [eaowas Aq
(sabnjai pliq ied sumolg

“6-a.) wajsAs.usalo).

Jaddn ui dued jonuo) ‘q

"‘welboud [0,ju0d JaALY
edweA Bunuaws|dw) Aq
edweA Ul sayslj jojuo) e

‘(usalo

‘@)U 'edwe) “"6°8) seale
JauuByd ulew juadelpe pue
‘ule|dpoolj ayj ui salpoq
Jojem ‘(sJ10AI9S3I MOJ|OH
a|nog ‘uonease)s 'Asuusy
““6-a) sjuswpunodwi

WwoJ} weassulew ol
saysl} NN JO JUsWanon “|

uolN|OSIY/UoHIY

sjoljjuo) pue
swa|qoud [enuajod

saibajenis

swiajqoid

i
R

uokuen uonejosag 03 Yed oydsg =yseas Ajuoud 3SoybiH -19A1Y UDIS




(4%

A IE I E N Bl BN BN BN A I S G N N A e EE .

‘'suondo
mau dojanap ‘Jojluow
‘ajenjens ‘eouejsisse

[eoluyos} uleyqo e

‘g)enjeAy ‘o

‘suolje|nbal abuey)
‘aoue)sIsse padxa uieyqo ‘q

"SaAljuadul apiaoid
pue s)wi| |9aJo puadsng e

'saljljiqeded ujeaoun
jo pue mau s liiesbouid
Juswebeueuwlimol4 B

"SSQUAI0YJ0 c?ocxcz
S1S09 N0 mﬁ_mr.m_nﬁ_:w
Jo uoneooj ‘asuedxy o

mm_tmaxo
‘uotjesadood >ocmmmc2c_
‘sanssi aoﬁm_:mmm 'q

‘Juawadeoasa Bunuaaaid Aq
pue ‘ssaooe Bunuaaaid Aq
‘Joliq uonenp pooyj Buidesy
Aq saysl NN jo yusw
-ystjqejsa abeinoasiq e

"saysly
NN Buinowsal 10} swa)sAs
aouepinb pue sialueq

jo Ajjiqises} suiwieaq o

"(ysipeo jauueyo

pue ‘ahajjlem ‘spiydieljuad
Ajjeroadsa) saysiy

NN JO isaAley asealoul

0} sweiboud paiosuods-d|y
Jo |elojawiwos juswa|dwi 'q

'sia|bue Aq (spiysienuads
pue ‘dies ‘ysijes

|auueyo Ajjeioadsa) saioads
NN JO }seAley asealouy| e

‘(died Ajjeoadsa) saysij
NN JO JlIoAJasal 9)eald
Aew swojoq papoold ‘¢

‘( gnyo yoeqdwny
pue 'ysymenbs opelojo)
‘Jayons yoeqlozes BunoA

A|le10adsa) saAljeu uo
Kaid siejgey wealjsuiew
ul sioyepaid NN 2

UOIIN|OSIY/UoNIY

s)o1u0) _ocw ”
swidjqoid jenudjod

saibajens

swiajqoad




-~

‘suolejnbal abueyo
:aouejsisse Jadxa uleyqQ ‘q

"SHWI| [9940 puadsng ‘e

‘Ajunpoddo
Buiysy yso| ajebyIN "0

"Juswadeosa
|0JJUOD 0} sisumopue|
10} SOAIJUBDUI BpIACId ‘g

‘uonjesuadwod
10} sueaw dojaas( B

- Bulysly _mcm;mm_om_
jo Juswabelepy o

.mm_u_w‘stoaao
|2UONESII3 JO $SOT 'q

.aw:m_mcao
ajeAld ul spuod e

Pty

‘Aliqises)
Buiysiy |e1010WWO0D pue
pajosuods-4|y @lenjea °q

‘s1o|bue Aq (ysiieo
|[ouueyo ‘6-a) saysty
NN JO }seAley asealou] e

00} Ut NN Bunooss doig o

“JOARY uosiuung
Buipnjoul ‘sease weadjsdn
woJ (spiyosenuad ‘axd
“6°3) NN Jo Juswadeasa
|0JJU0D 10 BAOWSY 'q

‘spuod uiejdpool}
woJj (spiyosenuad
Ayaiyd) NN aAoway e

‘uie|d pooyj 4294 |

‘(ysymenbs opelojo)

|eAJE| pUB qnyo Yoeqdwny
Ajjeoadsa) saysiy aAljeu uo
Kaid siejigey weadjsuiew
ul siojepaid NN ‘2

‘(uosiuung) “6°9) seale
|[auuByD UleW Juddelpe pue
‘ure|dpooyj ay} ul salpoq
Jojem ‘syjuswpunoduwl
woJj wealjsuiew ojul
saysij NN Jo JUsWanoy |

uolnjosay/uonoy

sjoIluoQ pye,
swa|qoid [enu)od
oo

saibajeng

swajqold

‘uohueq joeieje) 0} UOISIAAIQ] duljybiy ucwicmgow

=yoea1 Ajuoud 3seybiH -uiseg 1aAry opeiojo) Jaddn




NARRATIVE OF STRATEGIC PLAN ELEMENTS

Basin wide planning

1. Continuing NN fish introduction, escapement, and range expansion into ‘endangered
fish habitats.

Problems--The endangered fishes, and the native fish community to which they
belong, have been adversely affected by the introduction and proliferation of nonnative
fishes. Nonnative fishes continue to invade endangered fish habitats by introductions,
escapement, and range expansions. All nonnative fishes are suspected of having
negative interactions on the native fish community. Predation on endangered species
by the larger, more aggressive species has been documented, and agonistic behaviors
have been documented for smaller species. The nonnative fishes of primary concern
are nonsalmonids. Most salmonids are coldwater species that do not occupy the same
habitat used by the native fishes. Preventing the movement of additional nonnatives
into main channel habitat is a key step in any control program. Failure to do so could
undermine efforts to control nonnatives already in main channel habitat.

; ' escape from reservoirs, impoundmients;
tributaries, and other water bodies. Recovery of endangered fishes will be difficult, if
not impossible unless this continued input of nonnative fishes is prevented. Stocking of
nonnative fishes must be discontinued except where permitted by stocking protocols
that ensure protection of endangered species. In locations where nonnatives fishes
are desired for sportfishing programs, their escapement must be prevented. Some
barriers already exist to limit the range of nonnatives fishes. These barriers should be
maintained where necessary to prevent further invasion and others could be developed
if needed. Fish guidance and passage structures may have promise for nonnatives fish
removal in some cases. Where escapement cannot be managed at an acceptably low
level, removal by chemical methods will be necessary.

Potential problems and conflicts— The public has become accustomed to sport
fishing opportunities in areas from which nonnative fishes escape into endangered fish
habitats. Some of these sportfishing areas are on private lands, and some fish have
been stocked illegally. Existing regulations may not adequately cover stocking and
escapement from private ponds. Control of escapement may be difficult and costly.
Eradication of problematic nonnative fish may be complicated due to technical and
sociopolitical problems. Barriers may be expensive to construct and each will have
continuing operation and maintenance costs. Toxin containment will be critical when
chemical methods are used in close proximity to main channel habitat. The dynamics
of alluvial groundwater movement, especially as it relates to interactions with main
channel flows, may become a troublesome issue when toxicants are considered for use
in gravel pits near rivers. -
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Action/Resolution— Control will require the identification of problem areas and
formulation of site-specific action plans. Conflicts with sport fishing interests can be
mitigated by a variety of measures. Private citizens need to be informed of their
responsibilities, but also should be provided with incentives to cooperate with new
fishery management programs. New regulations may be required for privately owned
and managed waters to reduce escapement or replace nonnative fish stocks with more
acceptable ones.

2. High abundance of nonnative fishes (predators and competitors) in UCRB.

Problems-- Many nonnative fishes have been introduced into waters occupied by
native Colorado River fishes. These introduced fishes prey on and compete with the
native fishes. Existing habitat conditions (altered flows, temperatures, etc.) are well-
suited for some of these nonnative fishes and will make it more difficult to control those
fishes. .

Strategies-- Reduce the abundance of nonnative fishes by cost-effective and
timely control measures (chiefly mechanical). Increasing harvest by anglers may have
benefit in some areas ogram cooperators could assist by mechanical removal of

"smaller spec&é‘s"f?bnT asin the spring and early summer. Establishrr
of a large-scale harvestmg procram that is either RIP-sponsored or a commercial
enterprise could be effective for species like channel catfish and carp. Management of
flows from some major reservoirs is already in effect, or being tested, for providing or
improving habitats for the native fishes. These flows will aid in increasing native fishes
and decreasing some of the nonnative fishes. Fish passage facmtnes offer the prospect

of selectlvely removing nonnatives.

Potential problems and conflicts-- Control through increased harvest by anglers
may require changing regulations that now restrict the recreational take of nonnative
fishes like channel catfish. Effectiveness of selective removal at passage facilities is
not known. No commercial fishing industry presently exists in the Upper Colorado
River basin, but it is possible that one could be established. There is some indication
that markets in the Midwest would be willing to exploit channel catfish and carp.
Incentives may be necessary to facilitate the establishment of such an industry. State
agencies may not be willing to accept and support commercial fishery establishment
for a variety of reasons. All mechanical removal methods may increase the take of
nonnative fishes result in some take of protected species as well. If increasing flows
are required, or instream protection is needed, some water rights may have to be
acquired.

Action/Resolution—- Regulations restricting angler take of nonnatives can and

should be changed. The new fish passage facility at Redlands should be monitored to
determine the effectiveness of fish removal. Increased take by agencies could be
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beneficial if captured fish are transported elsewhere and stocked outside of the basin.
A commercial fishing industry could be established and monitored. Because of a lack
of expertise in dealing with commercial fishing interests, it would be beneficial to obtain
the services of a consultant or another state agency that has more information and is
willing to work with the upper basin program. Bycatch could be reduced by proper
protective measures (e.g., methods used, time of year, location). Program cooperators
should consider backwater seining to remove smaller nonnative fishes. Stream flows
are under evaluation at this time, and results of this evaluation should be used in
determining if water rights are needed.

3. Loss of sport fishing opportunities.

Strategy-- Recreational fishing is important, and recreational fishing that is lost
due to the program should be replaced. Replacement will require innovative efforts by
agencies.

Potential problems and conflicts-- Sport fishing interests may be wary of control
_ gfforts by government agencies, and may view agency actions as threats

“fetreational TehiD

Action/Resolution-- Before government agencies propose to limit recreational
fishing, there should be a concerted effort to mitigate this loss with replacement and/or
incentives. Plans must be developed that target problem areas and agencies must
develop alternatives for replacement of lost fishing opportunities: Innovative
approaches should be solicited.

High Priority Recovery Areas
YAMPA RIVER BASIN
)
Highest priority reach- Deerlodge to Echo Park
3
--High priority recovery area
-—-Medium to High concern for nonnative fish interactions in this reach
--11 life history stages of endangered fishes present
Related reaches of concern: all upstream areas of Yampa River due to presence

of highly predaceous and aggressive nonnative gamefish, and downstream
areas of the Green River from which nonnatives may enter the Yampa.
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1. Movement of nonnative fishes (chiefly large predators such as northern pike and
smallmouth bass) into mainstream from impoundments (e.g., Elkhead Reservoir),
water bodies in the floodplain, and adjacent main channel areas (upstream Yampa).

Problem-- Highly predaceous game fishes have been introduced into the upper
Yampa River system. One of the main problem areas has been Elkhead Reservorr,
from which northern pike and smallmouth bass have escaped into the mainstream river,
and have spread into downstream areas of the Green and Colorado rivers. :

Strategies-- Escapement of highly predaceous sportfish species from
impoundments can be prevented or reduced greatly by the installation and operation of
escapement control devices, improving outlets, constructing bypasses, and building
hydrologic barriers. Backwaters, sloughs, and other semi-isolated areas can be
trapped or isolated with barriers. Where effective escapement controls are not
feasible, removal will be necessary.

Potential Problems and Conflicts-- Loss of sportfishing opportunities may result in
some riverine areas. Escapement control technology involved may be expensive and
to failure especially under high flow conditions. Access to backw

e]and may be denied.

Action/Resolution-- Develop fisheries and conservation management plan that
emphasizes public relations and acceptable alternative fishing opportunities. Replace
lost coolwater and warmwater fishing opportunities with comparable opportunities
elsewhere. Initiate information programs for educating the public. Employ conflict
resolution techniques for refining and implementing plan. Evaluate all feasible
alternatives for accomplishing fish control objectives. Develop pilot project for
escapement control at Elkhead Reservoir.

2. Nonnative predators in mainstream habitats prey on natives (especially young
razorback sucker, Colorado squawfish, and humpback chub ).

Problem-- Nonnative fishes (especially ictalurids, centrarchids and esocids)
consume humpback chub and young Colorado squawfish, and compete directly and
indirectly with the native fishes. Because of the upstream position of the Yampa River,
these gamefishes are moving downstream and throughout the entire upper basin. Thus
the problem is pervasive and impacts are not restricted to the Yampa River.

Strategies-— Reduce the abundance of nonnative fishes. The most cost-effective
and timely approaches are chiefly mechanical control measures. Agencies could
undertake removal efforts. Harvest of predaceous fishes (pike and smallmouth bass)
by anglers could be increased. Establish a large-scale harvesting program that is
either RIP-sponsored or a commercial enterprise. -
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Potential Problems and Conflicts— Some anglers may resist attempts to remove
centrarchids and esocids from the riverine habitats. Removal of some species, like
channel catfish and carp, will be difficult. Existing fishing regulations limit angler take.
There is no local expertise for operating a commercial fishery. Regulatory issues must
be resolved before a commercial fishery could be implemented. g

Action/Resolution-- Loss of river fishing opportunities for northern pike can be
met with fishing elsewhere. In addition, coolwater fishing opportunities can be

enhanced to meet some local demand. Reduction of channel catfish and carp may be

facilitated by construction of barriers, encouragement of increased harvest. Northern
pike could be reduced by trapping and removal, and by isolating backwater and slough
habitats. Some fishes, like smallmouth bass, are expected to decrease in time if
escapement from reservoirs and other areas is prevented Contract for expert:se
regarding commercial fishery.

3. Movement of nonnative fishes into Yampa from'Green River.
Problem-- Higher base flows are maintained in the Green River during summer

and winter due to flow regulation by Flamnng Gorge Reservoir. The Green Rlver thus
: ; e_pec;es#kesh A

Strategies-- Reduction of nonnative fish abundance in the Green River (by
implementation of the Green River Program) should reduce the resupply of nonnatives
to the Yampa River. In addition, barriers and fish guidance systems should be
evaluated for possible use during certain times of the year.

Potential Problems and Conflicts-- Yampa and Green River programs may be
expensive to operate concurrently. Dinosaur National Monument may not allow
barriers, guidance systems, or fish removal at mouth of Yampa River due to logistics
and public reaction. :

) .

Action/Resolution-- Implement Green River program as soon as possible. Work
with National Park Service to review prospects for fish control using barriers and
guidance systems. Examine feasibility of conducttng Yampa and Green river programs
simultaneously.

GREEN RIVER BASIN

Highest priority reach: Echo Park to Desolation Canyon
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~ Squawfish hursery Rabitats” EsGapement Controls snoaid:

-- High priority recovery area
-- High level of concern for nonnative interactions in this reach
-- 10 life history stages of endangered fishes present -

Related reaches of concern: upstream reaches of Green and Yamparivers,
Duchesne and White rivers,

1. Movement of nonnative fishes into mainstream from impoundrnents (e.qg., Kenney,
Starvation, Bottle Hollow reservoirs), water bodies in the floodplain, and adjacent main '
channel areas (e.g., Yampa, White, Green).

Problem-- Upstream areas of the Green, Yampa, Duchesne, and White rivers are
sources of predaceous gamefishes that enter this important reach of the Green River.
In addition, local areas including Stewart Lake also harbor nonnative fishes.

Strategies-- lmplementetion of the Yampa River control program will reduce
nonnative fishes coming from that system. Upstream areas of the Green River in
Browns Park should be evaluated for control of carp, especially at prime habitats

afforded by Browns Park wildlife refuges. Additional predaceous fishes come from the

vhich deftverpcedeceeeygsh

Reservoir to prevent release of nonnatives, especially sunfishes. Smallmouth bass
escapement from Starvation Reservoir may be a problem and also should be
evaluated. Self-sustaining stocks of centrarchids in the Duchesne River should be
eradicated.

Potential Problems and Conflicts— Effective control of nonnative fishes in the
Yampa River will involve problems and conflicts already identified. However, control of
some nonnative fishes in the Green River (e.g., northern pike in Stewart drain) could be
undermined if supply continues from upstream. Control of carp in the upstream Green
River will depend on the successful cooperation of several agencies. Control of
escapement or replacement of predaceous nonnative fishes in Kenney and Starvation
reservoirs will meet some sportfishing opposition. Control of smallmouth bass in the
Duchesne River may be hampered by previous agreements with the Uintah and Ouray
Tribe. :

Action/Resolution-- Implement Yampa River control program. Provide incentives
and mitigation measures for potential loss of sportfishing opportunities. Develop
partnerships with other agencies and tribes.

2. Nonnative predators in mainstream habitats prey on natives (especially young
razorback sucker, Colorado squawfish, and humpback chub ). '
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Problem— Nonnative fishes are present in the main river channels. These
introduced fishes consume young razorback sucker, Colorado squawfish, and
humpback chub, and potentially compete with all life stages.of native fishes. Nonnative
fishes occur in main channel runs, connected backwaters, and eddies.

Strategies— Increased angler take of channel catfish and other species may aid
fish control to some degree. RIP-sponsored or commercial harvesting may provide a
mechanism for large-scale removal of nonnatives. Removal of smaller species by
Program cooperators could be accomplished in the Spring and early Summer period.
Construction of barriers, passage, and/or fish salvage facilities should be evaluated.

Potential Problems and Conflicts— Increased angler take would probably be very
site specific and not very effective. Commercial fishery has promise if harvest is
substantial and sufficient markets exist. Subsidies may be necessary for initiating a
commercial program. Unlimited angling and commercial fishery would be hard to -
effectively administer. Bycatch of endangered species could be a problem. Fish
entrainment and removal facilities are in use elsewhere but have not been evaluated
for use in the UCRB.

{

z-Action/Resolution--dncreased angler, commercial.-and.program harvest are validzs o=

“options andshould be explored for implementation #Becatse tommerc
new to the UCRB, outside consultants from private industry or other agencies should
be retained to assist in evaluating the risks and benefits of commercial fishing. Efforts
should include evaluation of potential markets and disposal of unwanted fishes.
Program efforts could be used to remove smaller fishes by seining backwater areas in
the Spring and early Summer period. Siting, construction, operation, and maintenance-

of fish removal facilities should be evaluated for use at sites that have merit.

3. Flooded bottoms may create reservoir of nonnative fishes (especially carp).

Problem- This section of the Green River has extensive bottomlands that are
flooded to aid native fishes. Unfortunately these flooded habitats also are used by
some nonnative fishes, especially carp. : )

Strategies-- Discourage establishment of nonnative fishes by keeping flood ;
duration in tune with natural flood fluctuations, by preventing access by honnative
fishes, and removing nonnative fishes that are present. Flows should be used to create
ephemeral habitats for native species rather than perennial habitats that are favored by
nonnative species. '

Potential Problems and Conflicts— A program for providing naturally-flooded
bottomlands is new and in testing stages. - Use of flood control structures to sustain




impoundments has created problems in the past by aiding in the proliferation of some
nonnative species. . '

Action/Resolution-- Seek technical assistance, evaluate, monitor, and develop
new options for preventing nonnative proliferation and removal of nonnative fishes.
Evaluate use of fish guidance and removal structures (such as louver devices) for
potential use in control of nonnative fishes.

UPPER COLORADO RIVER
Highest priority reach= Govérnment Highline diversion tcj) Cataract Canyon
--High priority recovery area

--High level of concern for nonnative interactions in this reach
--7 life history stages of endangered fishes present

Related reaches of concern: Gunnison and Dolores rivers.

the floodplain, and adjacent main channel areas (e.g., Gunnison).

Problem-- Numerous ponds in the floodplain are providing inputs of predaceous
game fishes, including largemouth bass, into this important reach of the Colorado
River. In addition, nonnative fishes are escaping from upstream areas, including the
Gunnison River and entering mainstream habitats.

Strategies-- Use of toxicants to remove nonnative fishes in areas where they are
escaping, or install effective escapement control devices in areas such as Highline
Reservoir. Use mechanical techniques to remove nonnative fish from the Gunnison
River. Discontinue stocking nonnative fishes in 100 yr floodplain from which the fish
may escape into the main river channels.

Potential Problems and Conflicis— Control of some nonnative fishes in the
Colorado River could be undermined if supply continues from upstream. Control of
escapement or replacement of predaceous nonnative fishes in reservoirs and ponds
has already met some sportfishing opposition. Some recreational opportunities may be
lost.

Action/Resolution-- Implement Colorado River control program. Initiate fish
removal projects in the upper Gunnison River. Provide incentives and mitigation
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measures for potential loss of sportfishing opportunities. Develop partnerships with

other agencies and tribes. Expedite completion of stocking protocols that are in review.

2. Nonnative predators in mainstream habitats prey on native fishes (especually
humpback chub and larval Colorado squawfish). _ ‘

Problem-- Nonnative fishes are present in the main river channels. These
introduced fishes presumably consume Colorado squawfish, humpback chub,
razorback sucker, and compete with all life stages of native fishes. Nonnative fishes
occur in mainchannel runs, connected backwaters, and eddies.

Strategies-- Increased angler take of channel catfish and other species may aid
fish control to some degree. Commercial removal for profit may provide an alternative
to an expensive removal program. Program cooperators could aid by removing smaller
species in the Spring and early Summer period. Operation of the Redlands fish
passage structure will permit removal of nonnative fishes. Removed fish could be sold,
or considered for use in stocking in areas outside of the basin.

Potentlal Problems and Confllcts-- Increased angler take would probably be very

exist. Unllmrted anglrng and commercial fi shery would be hard to effectrvely admlnlster
Bycatch of endangered species could be a problem.

Action/Resolution-- Increased angler and commercial harvest are valid options
and should be explored for implementation. Because commercial fishing is new to the
Upper Colorado River basin, outside consultants from private industry or other
agencies should be retained to assist in evaluating the risks and benefits of commercial
fishing. Efforts should include evaluation of potential markets and disposal of
unwanted fishes. Program cooperators could remove small nonnative fishes by seining
backwater and gravel pit areas.
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Native Species

" Introduced
Predator

Reference

Razorback sucker

channel catfish

Medel-Ulmer 1983, Minckley 1983, Bozek et al.
1984, Brooks 1985, Langhorst 1987, Marsh and
Langhorst 1988, Marsh and Brooks 1989,
Marsh and Minckley 1989

common carp

Jonez and Sumner 1954, Medel-Ulmer 1983,
Minckley 1983, Bozek et al. 1984, Brooks 1985,
Langhorst 1987, Marsh and Langhorst 1988,
Marsh and Brooks 1989, Marsh and Minckley
1989

green sunfish

Langhorst and Marsh 1986, Medel-Ulmer 1983,
Minckley 1983, Bozek et al. 1984, Brooks 1985,
Langhorst 1987, Marsh and Langhorst 1988,
Marsh and Brooks 1989, Marsh and Minckley
1989, Muth and Beyers, in press :

sunfishes

Mueller 1995

il Il I N N BN B BN =

ﬂéiﬁééd catfish

S d Nemo a3t

Medel-Ulmer 1983, Minckley 1983, Bozek et al.
1984, Brooks 1985, Langhorst 1987, Marsh and
Langhorst 1988, Marsh and Brooks 1989,
Marsh and Minckley 1989

Colorado squawfiéh

channel catfish

Coon 1965, Muth and Beyers, in press

green sunfish

Osmundson 1987, Muth and Beyers, in press

largemouth bass

Osmundson 1987

smalimouth bass

Hendrickson and Brooks 1987, Hendrickson
1993

black crappie

Osmundson 1987

bullheads

Taba 1964, Hendrickson and Brooks 1987,
Osmundson 1987 ;

northern pike

Crowl and Lentsch 1995

flathead catfish

Hendrickson 1993

Table 1 (beginning). Summary of citations for direct evidence of predati'on by
nonnatives on native fishes of the Colorado River basin.
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Humpback chub

channel catfish

Valdez and Ryel 1995

bullheads

Taba 1964

brown trout

Valdez and Ryel 1995

rainbow trout

Valdez and Ryel 1995

Roundtail chub northern pike Nesler 1995
Bluehead sucker northern pike Nesler 1'995

red shiner Ruppert et al. 1993
Flannelmouth sucker | northern pike Nesler 1995
Speckled dace northern pike Nesler 1995
Sonoran topminnow | mosquitofish Meffe 1985

Table 1 (concluded). Summary of citations for direct evidence of predation by
nonnatives on native fishes of the Colorado River basin.
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Priority for Recovery

River
l Reach 1 2 3 4
e

I Y3 Steamboat to Craig L L/M L L
Y2 Craig to Yampa Canyon (Deerlodge) H H H H

Y1 Deerlodge to Echo Park (Yampa Canyon) H H H H

l IS1 Baggs to Yampa River M L/M M M
G6 Flaming Gorge to Lodore L L L L

I G5 Lodore to Echo v H M M M
G4 Echo to Split Mt. H H H H

G3 Split Mt. to Desolation H H H H

I G2 Desolation Canyon . H M H H
Gl Gunnison Butte to confluence H H H H

l W2 Meeker to Rangely M L L L
H M/H H H

Wl Rangely to mouth

“Duchesne R

Price River M L
s1 San Rafael River H L
UCc2 Colorado River above Grand Diversion M H
Ucl Grand Diversion to confluence H H
cl Confluence to Lake Powell (Cataract Canyon) K H
GU1 Gunnison River H H
DOl Dolores River. M L

Table 3. Recovery prospects ranking sheet from Nonnative Fish Control
Workshop. Column number indicates small group; rankings

i indicate high (H), medium (M), or low (L) priority for

3 recovery of endangered species in each river reach.
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Concern for Interactions I
River
Reach 1 2 «3 4 l
‘
Y3 Steamboat to Craig M M L L I
Y2 Craig to Yampa Canyon (Deerlodge) M M M H
Y1 Deerlocdge to Echo Park (Yampa Canyon) H M M H
LSl Baggs to Yampa River L L/M L L I
G6 Flaming Gorge to Lodore L L/M L L
G5 Lodore to Echo M M L M I
G4 Echo to split Mt. H H M H
G3 Split Mt. to Desolation H H H H
G2 Desolation Canyon . M M M H l
Gunnison Butte to confluence H M/H H H
Meeker to Rangely L M/H L L l
H M/H L H
Pl Price River , L/M L L L
S1  san Rafael River M L L L
UC2 Colorado River above Grand Diversion L M M M
UCl Grand Diversion to confluence H H H H
c1 Confluence to Lake‘Powell (Cataract Canyon) H H M- H
GUl Gunnison River M M M M
DOl Dolores River L/M M L L

Table 4. Control Prospects Ranking Sheet from Nonnative Fish Control
Workshop. Column number indicates small group; rankings
indicate high (H), medium (M), or low (L) priority concern for
interactions with endangered species in each river reach.
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~ . Number of
Recovery Nonnative Life History
Priority Interactions  Stages

River Reach ' .
Y3  Steamboat to Craig L LM 2
Y2  Craig to Yampa Canyon H M 4
Y1 Deerlodge to Echo Park H M/H 11
LS1 Baggsto Yamp River M L 3
G6  Flaming Gorge to Lodore L L 1
G5 Lodore to Echo Park M M 2
G4 Echo Park to Split Mountain H H 10
G3 Split Mountain to Desolation H ! H 9
G2 Desolation Canyon H M 9
G1  Gunnison Butte to Confluence H H 8
W2  Meeker to Rangely L M 4
W1  Rangely to Mouth H M/H 1
D1 Duchesne River M MH 4

~ 'S1 ~~SanRafael'Riv i , , 1

UC2 Colorado River above Grand Div. H M 9
UC1 Grand Diversion to Confluence H H 7
C1 Confluence Colo. River to L. Powell H H 6
GU1 Gunnison River H M 9
DO1 Dolores River L L 2

Table 5. Summary of Geographic Reach Rankings from Tables 2, 3, and 4.
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any stage

Species 1

Pike
Walleye
Largemouth
Smallmouth
Green sunfish
Channel catfish M
Bluegill
Black bullhead
Common carp
Sand shiner
" Redside shiner
Red shiner
Fathead minnow
Black Crappie
Striped Bass
Plains Topminnow
Mosquitofish

~roroeee

IRICCOR

R Xt

<~ ol

nmmmm

=

Table 7C. Fish Interactions Ranking Sheet for the Humpback chub.
Headers refer to small group numbers
Blanks indicate no control action neede

Control Workshop.

potential (P).

v . .

e

WM |
Gl

mpiled by participants at the Nonnative Fish

ankings are high (H), medium (M), low (L), and
See text for further explanation.



i

.

Category of Control Technique

. Physico-
Species Mechanical Chemical Biological chemical
Channel catfish + +
Red Shiner , + + + +
Northern Pike + + + +
Common Carp + +
Green Sunfish + + + +
Fathead Minnow + + +
Sand Shiner + + + +
Largemouth Bass + + + +
Black bullhead + ,
Mosquitofish + +
Striped Bass + +
White Sucker + +
Redside Shiner + + +
White Crappie + + + +
Bluegill + +
Smallmouth Bass +

B£lac rap : o
insotopminnow ' v B e

Table 8. Control techniques applicable to nonnative fishes in the UCRB
(from Lentsch et al. 1995). See text and original source for
more detail.
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Species

Net’ or
Electrofishing

Seine @ low
velocity

Commercial or recre-

Harvest Traps Chemical

3 4 1 2 3

w

1*% 2 3 4

Channel catfish H

Red shiner

Northern pike
Common carp
Fathead minnow
Sand shiner
White sucker L
Redside shiner L

Green sunfish L
Smallmouth bass - L
Largemouth bass H

Black Crappie

Bluegill
Walleye

Mosquitofish M .

==
= oo o

=
e o

fo=fie S« e}

o

=<

oo

e}
=R =mXmT

=

oo

[
fo == o= o= ==

*off-channel entrapment (e.g.,
**of f-channel impoundments

Table 9.

Il N & N S BN R B I

0l1d Charlie Wash) °

Control Measures Ranking Sheet as compiled by @mwnwnwﬁk.ﬂ
refer to small groups; rankings are high (H), medium (MY
of a control technique. {
control of a particular species.

~at the Nonnative Fish Control Workshop.

Blanks indicate that a particualy

81

pan e s o

Headers
and low (L) according to the expected effectiveness
technique is not thought to be feasible. for
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I Bl T Al N BN B T En Em A B B B EE = EaE e

Outlet
Discontinue i Ak con- Sterili- Exclu-
mnoowmncmimwmr mnonstu w ﬁmwoi nHon Nmnwo: mwo: On<c

Species 1 2 3 4 1 2 3 grrx

Channel catfish M
Red shiner L H

Northern pike . H N/A
Common carp

Fathead minnow L

Sand shiner L

White sucker

" Redside shiner L

Green sunfish

Smallmouth bass H H
Largemouth bass

Black Crappie

Bluegill .
Walleye

Mosquitofish

e
=
o=
]

fcgic
IRXR XX

fcicS

***technique rated “highly effective” but not ranked for each speci

Table 9 (concluded).




lLocation

Target Nonnative

Source Area

Control Technique

Beneficiary

basin-wide

any stocked

stocked sites

i
it
1
i

formal procedures

all

basin-wide small cyprinids, channel flow management larval natives
centrarchids
basin-wide pike all habitats catch & kill regqulations

critical habitat

all applicable

stocked sites

discontinue stocking

nursery areas . channel catfish, carp { channel ' bait & traps; other all
mechanical
High gradient HC channel catfish, carp | channel ' bait & traps; winter YOY and juvenile
habitat electrofishing humpback chub
Low gradient Csq | channel catfish, ponds pond reclamation, levee YOY & juv. omn &
& RZ habitat carp, centrarchids, - removal RZ
Minnows .
G3 various oo charinel screen from flooded
bottomland
G6 carp channel screen carp from spawning
in NWR
Gl-4, UC1 various channel  backwater exclusion YOY Csqg, RZ
G3 (OQuray) channel catfish, carp | channel | commercial fishing & all
. trapping
GU1 pike channel mechanical
Uuc? (Govt channel catfish, channel i | mechanical
Highline to Loma) | carp, centrarchids i
Green/Yampa channel. catfish, channel _”EmOUwSHOmH
carp, centrarchids ,
several various Elkhead, escapement control Csd, RZ
Kenney, 1
Highline
reservoirs .
Y3, UC2, UCl various large ' outlet controls/screens Csa, RZ
reservoirs :
uc2, ucl various floodplain ' screens
ponds ,
Table 10. Suggested top priority strategies for control nonnatives in the UCRB. Scenarios were

developed during the Nonnative Fish Control Wo
geographic location, target nonnative species,
location,
were defined for each scenario during the EOme ﬁU

CSqg= OOHOHon macmimwmr RZ= Razorback mcowmn.m

R Bl N I B B BN B .

hop.

control measure to be applied, and native species that benefit.

83
]

Each scenario is defined in terms of

‘incipal source of nonnatives at that

Not all facets
Abbreviations are defined as follows:

Scabdmnx chub, YOY= young-of-year.

For

il I N N BN BN N B .
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Section VIil. Appendix

Workshop Program, Participants, and Handouts
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@] University of Colorado at Boulder

Environmental, Population. and Oréanismic Biology

N122 Ramaley

Campus Box 334

Boulder. Colorado 80509-0334
(303) 492-8981

FAX: (303) 492-8699
Novembef 8, 1995

Announcing a Workshop on the Control
of Nonnative Fishes in the Upper Colorado River Basin

Dear WOrkshqp Participant:

' " The Center for Limnology at the University of Colorado welcomes you to
its Nonnative Fish Control Workshop sponsored by the:Colorado River Fishes
Recovery Implementation Pregram. Workshop proceedings will be used to produce
a draft strategic plan for nonnative fish control in the upper Colorado River
basin. Because our mission is to produce a draft technical document, socio-
political and institution constraints are not a major consideration at this
point. In addition, our goal is to provide a plan containing enough detail to
“promoteimplementat ion-planning-forsspecificritensvofshigh=prioritymr: .

!
{

e e A

=E =

The workshop will be held at the Clarion Harvest House, 1345 28th
Street, Boulder. Airline travelers can obtain shuttle service at DIA. The
hotel has many amenities and we have a special room rate of $79.00. A block
of rooms has been reserved for workshop participants, but please reserve your
room BEFORE November 20 by calling 1-800-545-6285. Please identify yourself
as a "nonnative fish workshop" participant. '

An agenda and list of invited guests are attached. Our sponsor has
requested that we keep the number of attendees to about 30. However, please
contact us if you think some individual should be added to the 1list.

The program includes a plenary session on the first day followed by .
discussion sessions that will provide opportunities for your participation,
Please contact Dr. Harold Tyus, workshop organizer, with your comments,
suggestions, or information that you believe pertinent to our endeavor.

Dr. Tyus can be reached at: Voice 303-492-3947; Fax 492-0928; INTERNET>
EMail: TyusH@Spot.Colorado.EDU; or at the above address. |

Sincerely yours,

/%/x &/

William M. Lewis, Professor and
Director, Center for Limnology

Attachments (2)
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Interagency Workshop for Control of Nonnative Fishes
in the Upper Colorado River .

Host: University of Colorado at Boulder

November 30 to December 1, 1995 ‘
AGENDA
Thursday, November 30:
8:00 am Welcoming and Opening Remarks: Our charge William Lewis  “

Part 1. Program Module: The nonnative problem: What
control is justified, what methods are applicable?

8:15 am - Introduction tq Program Module and Presenters Harold Tyus
8:30 am Instream flows: "Control" or native habitat? Robert Muth
- 9:00 - 9:15 Question/answer and discussion
g:15 am Non- nat1ve stocking: A prevention issue? Dick Wydoski
-00.. . AR _

.;=;0-4¢ 'scussxonT‘~ﬁ.,u,f

'10:15 am Mechanical fish removal in main channel habitats Larry Hesse
10:45 - 11:00 Question/answer and discussion

11:00 am - Fish exclusion structures in backwater habitats Todd Crowl
11:30 - 11:45 Questicn/answer and discussion

11:45 am - cemeeemeeee LUNCH= = === == mmmee e

1:00 pm Biotic interactions .in non-evolved fish communities:
, Constraints on biological controls? Fran Gelwick
, 1:30 - 1:45 Question/answer and discussion.

1:45 pm ~ Summary of program module. Integrated fish managment
»  for nonnative fish and the Strategic Plan. '
©2:15-2:30 Question/answer and discussion, Harold Tyus

Part 2. Present Opportunities for Fish Control |
2:30 pm Fish control opportunities in Colorado Tom Nesler
3:00 - 3:15 Question/answer and discussion
3:15-3:30  eo-oceoeooaoooo- Afternoon Break-------------------
3:30 pm Fish control opportunities in Utah Leo Lentsch

4:00-4:15 Question/answer and discussion

1
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Part 3.

4:15 pm

5:30 pm
7:00 pm

Developing the strategic plan

How shall we proceed. What are the priorities?
Fish control in designated recovery areas: Let )
us begin: A group discussion Guy Burgess

Workshop planning committee meets to condense
material for the day.

Friday, December 1

8:00 am

8:30 am

10:00 am

10:15 am

11:45 am
1:00 pm

3:00 pm

Summary gf preVious day Guy Burgess

Conceptual framework for developing
control options Guy Burgess

Disc

Revisiting and ranking options in the
conceptual framework. Guy Burgess

Where do we go from here? Perceptions of

program needs for implementation. Concept

of the Strategic Plan as a coordinated

effort. Harold Tyus

Adjournment




Ray Tenney Colorado River Water Conservation D1st

e

970-945-8522

1
|
Invitees for the Nonnative Fish Control. Workshop I
Name ; Representing Phone 4 I
Leo Lentsch ~  Utah Division of Wildlife Resources 801-538-4756
Tom Pettingill  Utah Division of Wildlife Resources 801-538-4814 I
Tom Nesler Colorado Division of Wildlife 1303-291-7356 #357
Pat Martinez Colorado Division of Wildlife 970-484-2836 #352 l
Mike Stone Wyoming Fish and Game Department ;307—777-4559 l
Christine Karas U.S. Bureau of Reclamation : '801-524-3273
Ron Sutton U.S. Bureau of Rec]jamation 801-524-6292 I
Gary Burton Western Area Power Administration 303-275-1725
1

Hater Users Representat1ve~

Dan Luecke Environmental Defense Fund -303-440-4901

Reed Kelly Recovery Environmental Group 970-878-4666 l
John Hawkins Colorado State University 970-491-5475

Henry Maddux Recovery Implementation Program 970-248-0669 I

Frank Pfeifer U.S. Fish and Wildlife Service :970-245-9319 l
John Hamill Recovery Implementation Program .303-236-2985

Mike Stempel U.S. Fish and Wildljfe Service '303-236-8154 |
Bob Williams U.S. Fish and WildTife Service :801-524-5001

Todd Crowl - Utah State Universi)t_y 801-797-2498_ I

Robert Muth Colorado State University 970-291-1848 j

1

i
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Harold Tyus
Jim Saunders
Guy Burgess
Fran Gelwick
Larry Hesse

Dick Wydoski

Workshop Planning Committee -

- University of Colorado at Boulder

University of Colorado at Boulder
University of Colorado at Boulder
Texas A & M University

River Ecosystems, Incorporated

Colorado River Fishes Rec. Prog.

A5
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303-492-3947
303-492-5191
303-492-1635
409-862-4172
402-388-4276
303-236-2985




Nonnative Fish Control Workshop
Major Issues '

’
4

Issue Definition: Problems/Solutions/Outstanding Questions

I. Scope: Nonnative fishes, Element 4.4 of The Recovery
Implementation Program (USFWS 1987): Further curtailment of
stocking, reduction or elimination of some nonnative species are

options to reduce some negative impacts to rare fish.

II. Problem: Competition and predation by nonnative fishes have

contributed to decline of Colorado River fishes.

III. Solution: Remové or reduce nonnative fishes that are thfeats to

listed fishes.

serve as a basis for discussion aﬁfihg the workshop.
A. Geographic areas are not of equal importance.
1. Critical habitat to 100 year flood plain.
2. Entire range of listed species to 100 year flood plain.
3. Entire basin to include upstream sources, offchannel
areas.
4. Identify high priority areas for relative importance.
a. Emphasis on sensitive reaches (USFWS 1987).
b. Emphasis on upstream areas as sources of nonnatives.
c. Emphasis on problem nonnatives. !
d. Emphasis on areas/habitats conducive for contrbl
techniques. ’
B. Endangered fishes do not have same degree of vulnéraﬁility to
nonnative fish interaction. .
1. Endangered fishes have different degree of vulnerability.
| a. Colorado squawfish are least vulnerable to predation,
| then humpback chub, then razorback sucker; bonytail
| ~unknown.
! 2. Different life stages have different vulnerability.
a. Larva most vulnerable; adults least wvulnerable.
|

A6
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C. Nonnative fish species pose a range of threats.
1. Nonnative -fish threats vary by season: spring, summer,
fall, winter. '
2. Nonnative fish threats vary by habltat. backwater, eddy,
" side channel, main channel. )
3. Nonnative fish threats vary by species: predators, direct
competitors, indirect competitors.
D. Control methods are not equally effective (they are
selective).
1. Control methods differ by habitat.
2. Control methods differ by species.
3. Control methods differ by size of fish.
4. Control methods differ by season (native fish behavior).

E. General lack of knowledge may require pilot studies.

Function of Strategic Plan.
Deflne‘cqntrol strategles based on the

A. Long term;framework

literature-a - kshop.
1. Develop long- —term plan with spec;flc goals and’ strategles

for pursuing nonnative fish control objectives.

2. Identify priority areas and control methods for further
deflnltlon in implementation plans.

B. Intermediate ‘framework = Development of implementation plans

based on Part V-A (above) = considered out of our scope.

1. Develop specific objectives for attaining the goals of the
nonnative fish control program.

2. Identify specific locations for implementation. Further

definitioh of tasks, resources, schedules to be done in

specific Work plans.

AT




Nonnative Fish Control Workshop
Recovery and Control Prospects Ranking Sheet

Level of
_ Priority concern for
Map , for interactions
Code River Reach ' recovery with nonnatives

Y3 - Steamboat to Craig _ —_— -
v2 - Craig to Yampa Canyon (Deerlodge) ‘ - —
vl '- Deerlodge to Echo Park (Yampa Canyon) -— -

LS1 - Baggs to Yampa River o _

G6 - Flaming Gorge to Lodore - - -

G5 - Lodore to Echo — A o

'j I NN I N N EE EE Ea

G3 - Split Mt. to Desolation

G2 - Desolation Canyon - —_—
| Gl - Gunnison Butte to confluence e - I
W2 - Meeker to Rangely — —_— l
|
|
g Wl - Rangely to mouth - _
‘ Dl - Duchesne River — - '
| P1 .- Price River - -
sl '- San Rafael River - —_— l
UC2-- Colorado River above Grand Diversion - -
UCl - Grand Diversion to confluence . —_— l
Cl - Confluence to Lake Powell (Cataract Canyon) — e
GU1 - Gunnison River ' v —_ R I
DOl - Dolores River - -
River reaches proposed for evaluating recovery and control prospects. Assign a
rank of high (H), medium (M), or low (L) to the priority for recovery of endangered
species in each river reach. Do the same for the level of concern about negative l
interactions with nonnative species in each river reach. It is possible to
indicate high priority for recovery without there being concerns about nonnatives.
Add river reaches as needed. I
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Nonnative Fish Control Workshop
Control Measures by Specieg and River

‘
4

River or River Drainage

Nonnative ,

Species ' Colorado Gunnison Dolores Green : Yampa White
Channel Catfish M,B,P M,B,P M,B,P : M,B,P

Red Shiner . M,C,B,P M,C,B,P M,C,B,P M,C,B,P ' M,C,B,P M,C,B,P
Northern Pike ' . * M,C,B,P

Common Carp M, C : M,C - M,C M,C M,C

Fathead Minnow M,B,P M,B,P M,B,P M,B,P M,B,P

Sand Shiner M,C,B,P ) M,C,B,P

vmwnite Sucker M,C M,C

R g e e s e

General categories of control measures recommended for nonnative fish species
considered a threat to endangered species and common or abundant in riverine
environments of the seven major drainages of the UCRB. M = mechanical, C =
chemical, B = biological, P = physicochemical. Based on Lentsch et al. 1995.
Blanks indicate that a given species is not common or abundant in a particular
river; the species may be rare, incidentdl or absent. This table is intended as a
basis for discussion. Feel free to amend or expand it as needed.
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Nonnative Fish Control Workshop
Identification and Prioritization
of Control Options

‘
‘4

This worksheet seeks participant views on which nonnative fish control

scenarios should be implemented. You should feel free to add
additional scenarios if you think that they merit consideration.

Each scenario could include some or all of the following:

- Endangered specxes to be protected.

- Nonnative species to be controlled.

-vGeographlcal areas in which the control efforts would take place.
- Control method used.

Please indicate the- 1mportance you attach to each scenario using the
following scale:

- A = Absolutely essential
- B = Desirable but not essential
-~ C = Inappropriate for this scenario.

-.Pllot Test Program to determlne the feasibility and effectlveness of
- some fish control strategies prior to full implementation.

- Limited Program with implementation of only the highest priority
nonnative fish control options.

- Full Program with Sport Fishery Protection - the maximum degree of
nonnative fish control with no net negative impact on sport
fisheries. (Sport fishery enhancements may, however, be used to
offset adverse impacts from nonnative control efforts.)

- Full Program - implementation of a nonnative fish control program

‘sufficient for the full recovery of all endangered fishes in
appropriate geographic locations.

Examples of scenarios might include:

. 1) control of channel catfish by trapping in all humpback chub areas.

"2) Poison all ponds within the 20-year floodplain of river section
UCl to protect young Colorado squawfish.

3) Restrict stocking of nonnative fishes in critical habitat.
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Nonnative Fish Control Workshop

Scenario Worksheet

Scenario

Importance

Effort

T
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Nonnative Fish Control Workshop
Small Group Assignments

1 ’ 2 3
Burton Davis Hamill
Crowl Karas Hayse
Hesse Lentsch Maddux
Luecke Miller Modde

Martinez - Muth : Nesler
Thompson Stempel Stone
Williams Wydoski Sutton

4

Crist
Gelwick
Hawkins

Hiohowskyj
Pettingill
Pfeifer
Tenney
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