
Predatory Fish Removal and Native Fish 
Recovery in the Colorado River Mainstem: 
What Have We Learned? 

Mechanical predator removal programs have gained popularity in the United States 
and have benefited the recovery of several native trout and spring fish. These successes 
have been limited to headwater streams and small, isolated ponds or springs. 
Nevertheless, these same approaches are being applied to large river systems on the 
belief that any degree of predator removal will somehow benefit natives. This attitude 
is prevalent in the Colorado River mainstem where recovery and conservation programs 
are struggling to reverse the decline of four endangered fish species. Predator removal 
and prevention are major thrusts of that work but unfortunately, after 10 years and the 
removal of >1.5 million predators, we have yet to see a positive response from the 
native fish community. This leads to the obvious question: is mechanical removal or con- 
trol in large (>100 cfs base flow) western streams technically or politically feasible? If 
not, recovery for some mainstem fishes may not be practical in the conventional sense, 
but require innovative management strategies to prevent their extirpation or possible 
extinction. This article examines (1) what has been attempted, (2) what has worked, 
and (3) what has not worked in the Colorado River mainstem and provides recommen- 
dations for future efforts in this critical management area. 
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Table 1. Native fish historically 
common to the Colorado River 

mainstem. 

Introduction 

Native Fishes 

The Colorado River is isolated by moun- 
tain ranges and deserts and represents one of 
the fe•v major drainages in the •vorld where 
ictalurids and centrarchids •vere not found in 

the native fauna. Historically, the mainstern 
fish community •vas composed of 10 fresh•va- 
ter species (Table 1). Today, 7 are federally 
listed as endangered, another is state listed, 
and one is of special concern. Of these, 
Colorado pikeminno•v (Ptychocheilus lucius), 
bonytail (Gila elegans), and razorback sucker 
(Xyrauchen texanus) •vere •videly distributed 
throughout the mainstem river and have 
been the subject of varying recovery and 

Common name Scientific name Mainstem status 

Minnows Cyprinids 
Bonytail Gila elegans endangered-stocked 
Roundtail chub Gila robusta state listed-declining 
Humpback chub Gila cypha endangered-declining 
Colorado pikeminnow Ptychocheilus lucius endangered-declining 
Woundfin Plagopterus argentissirnus endangered-absent 
Speckled dace Rhinichthys osculus declining 

Suckers Catostomids 

Xyrauchen texanus 
Catostornus latipinnis 

Cyprinodontids 

Razorback sucker 
Flannelmouth sucker 

Pupfish 
Desert pupfish Cyprinodon rnacularius endangered-absent 

Live-bearer Poeciliids 

Sonoran topminnows Gila Poeciliopsis occidentalis occidentalis endangered-absent 
Yoqui Poec#iopsis occidentalis sonoriensis endangered-absent 

endangered-stocked 
declining-stocked 

management activities for nearly 3 decades. The 
Colorado pikeminno•v is the largest member of the 
cyprinid family in the Northern Hemisphere, 
reaching lengths of nearly 2 m •vhile bonytail and 
razorback sucker reach less than half that length. 
All three are found only in the Colorado River 
Basin and have life spans exceeding 30 years 
(Minckley et al. 1989; Ha•vkins et al. 2004). 

Fish Introductions 

European settlement brought drm•atic biologi- 
cal and physical change. Channel catfish (Ictalurus 
punctatus) and carp (Cyprinus carpio) ,vere intro- 
duced in the late nineteenth century and by 1935 
largemouth bass (Micropterus salmoides), bluegill 
(Lepomis macrochirus), and several other centrar- 
chids •vere reported common •vhile natives had 
become rare (Dill 1944). Construction of Hoover 

Dmn in 1935 and other major water 
development projects greatly altered 
physical conditions ,vhich benefited 
these ne,v arrivals. Spring run-off,vas 
captured by upstream storage reser- 
voirs and used to augment naturally 
depleted summer flo•vs to satisfy 
do,vnstream agricultural demands. 
Basin ,vater storage gre,v to exceed >5 
times the river's annual flo,v and no,v 

floods large expanses (1,750 lon 2) of 
the floodplain (Mueller and Marsh 
2002). Those reservoirs and their tail- 
,vaters ,vere stocked ,vith recreational 

species and have become economi- 
cally important recreational fisheries. 

Stocking programs accelerated 
after World War II resulting in the 
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introduction of >80 fish species, the majority of 
which are aggressive predators (Mueller and Marsh 
2002). Dill (1944) reported that native fish in the 
lower mainstem river had become rare by the mid- 
1930s, and attributed their loss to a combination of 
predation and habitat destruction. Their decline 
progressed upstream with the exception of a brief 
resurgence when mainstem reservoirs were initially 
filled. Numbers of razorback sucker and to a lesser 

extent bonytail rebounded when Lakes Mead, 
Roosevelt, and Mohave formed (Minckley 1983). 

Colorado pikeminnow were extirpated froin the 
lower basin by 1975 but sinall populations persist in 
the upper basin. Bonytail and razorback sucker 
have experienced recruitment failure for nearly 4 
decades and attempts are being made to augment 
populations through stocking (USFWS 2002b,c). 
Wild bonytail are believed gone, the last one was 
captured froin Lake Mohave during the late 1990s 
(Marsh 1997). Estimates of wild razorback sucker 
have dropped to <1,000 individuals--approxi- 
mately 100 in the Green River, 300 in Lake Mead, 
and 500 in Lake Mohave (Holden et al. 1997; 
Bestgen et al. 2002; E Marsh, ASU, pers. coinin.). 
The significance of these losses has been reported 
by Miller (1961), Minckley and Deacon (1991), 
Fuller et al. (1999), and many other noted ichthy- 
ologists. 

The decline of native communities is not 

unique to the Colorado River basin (Moyle et al. 
1986; Lassuy 1995). Indeed, this trend has become 
a national crisis that helped trigger the passage of 
the Endangered Species Act in 1973. Under the 
act, species are provided federal protection, critical 
habitat is designated, and fish are sometimes 
stocked to reverse population declines. For exam- 
ple, the U.S. Fish and Wildlife Service (USFWS) 
stocked more than 12 million razorback sucker fry 
froin 1981 to 1991 in an attempt to reestablish the 
species in Arizona and avoid federal listing 
(Johnson 1985). However, survival was extremely 
poor as less than 200 of these fish were ever cap- 
tured (Minckley et al. 1991). Marsh and Brooks 
(1989) followed initial releases and found that 
razorback suckers were lost to resident catfish 

within a matter of hours. Predation by non-natives 
was finally recognized as a basin-wide problem by 
the early 1990s (Hawkins and Nesler 1991). Since 
then researchers have identified that the majority 
of introduced fish species, including their young 
and nonnative crayfish (Decapoda) and frogs 
(Salientia) contribute to predation losses (Tyus and 
Saunders 2000a; Carpenter 2000; Mueller et al. 
2003). 

Differing Native Fish Management 
Philosophies 

Two resource philosophies evolved in the 
Colorado River basin during the late 1980s: the 
establishment of (1) the Upper Colorado River 
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Basin Recovery Implementation Prograin in 1987 
and (2) a conservation movement to actively man- 
age two endangered species in the lower basin 
which began in 1989. The goal of the Recovery 
Program was to recover the four mainstem native 
fishes: the Colorado pikeminnow, humpback chub 
(Gi/a cypha), bonytail, and razorback sucker, d•e 
latter in an effort to prevent listing through habitat 
restoration. The prograin consisted of a consortium 
of resource agencies and water users and was devel- 
oped on the premise that recovery could occur 
within 15 years in conjunction with continued 
water development (Wydoski and Hainill 1991). 
Recovery efforts were led by USFWS Region 6 and 
were limited to the upper basin where habitat alter- 
ation was believed less severe. Initially, recovery 
centered on habitat restoration, including the 
restoration of historic flow regimes which had been 
disrupted by reservoir storage (Valentine and 

Rõure 1. Map of the Colorado River basin, southwestern 
United States. 
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Archer 1882). Since 1990, emphasis has shifted 
toward restoring floodplain wetlands and predator 
removal and control (Lentsch et al. 1996a,b; 
Wydoski and Wick 1998). The challenges of preda- 
tor control and recovery were presented by Tyus 
and Saunders (2000) in an earlier issue of Fisheries 
(2519]:17-24). 

While recovery efforts were focusing on the 
upper basin, the only wild bonytail (numbers 
unknown) and the majority of surviving razorback 
suckers (95%) were found in Lake Mohave, a reser- 
voir downstream of Hoover Dam (Lanigan and 
Tyus 1989; Marsh et al. 2003). Minckley et al. 
(1991) reported the relic razorback sucker popula- 
tion was comprised of old individuals and predicted 
their demise by the end of the century. By this time, 
bonytail had become exceedingly rare. An ad hoc 
work group was formed to prevent that from hap- 
pening. While area biologists felt recovery was 
neither technically nor politically feasible in the 
lower basin, it was believed that both populations 
could be augmented and maintained through peri- 
odic stocking and active management (Mueller 
1995). Philosophically, these approaches proved as 
different as night and day; one program set out to 
recover the species within 15 years while another 
acknowledged that long-term management was 
needed simply to prevent their extinction. 
Biologically, they both proved difficult to imple- 
ment. 

Stocking Programs 

Both razorback sucker and bonytail established 
impressive communities when several reservoirs 
filled in the lower basin (Minckley 1983). The 
razorback sucker population in Lake Mohave 
swelled to more than 100,000 fish while bonytail 
were believed less numerous. Aging studies sug- 
gested sucker recruitment occurred before predator 
populations fully established and ceased when they 
became abundant (McCarthy and Minckley 1987). 
The population's decline was extensively studied 
beginning in the early 1970s. Based on the species 
longevity, the population was predicted to die off 
near the turn of the century (Minckley et al. 1989; 
Marsh et al. in press). 

Bonytail became extremely rare by the early 
1980s. Efforts to secure brood stock were almost too 

late; the species was saved from extinction by the 
production from a maximum of five females 
(Minckley et al. 1989). Stocking of bonytail in 
Lake Mohave began in 1980 and since then, more 
than 200,000 small (<10 cm) bonytail have been 
stocked (Minckley and Thorson 2004). A similar 
stocking effort for razorback sucker began in 1989 
using larger fish (Mueller 1995). The approach 
involved capturing wild larvae and rearing them to 
a size large enough to avoid predation. The goal was 
not only to augment the declining population, but 
to capture the population's genetic variability, 

which would have been impractical in hatchery 
production. Rearing space was in short supply and 
as an alternative to hatchery production, fish were 
reared in municipal ponds, isolated reservoir coves, 
and backwaters blocked by nets (Mueller 1995). 
The concept expanded to other reaches of the 
lower river (USFWS 1993; USFWS 1997). 

Creation of Predator-Free Habitats 

In conjunction with the stocking program, biol- 
ogists discovered to their amazement that both 
species had successfully produced young in a 2-ha 
grow-out pond at Cibola National Wildlife Refuge. 
This represented the first time in 4 decades where 
both species produced young in a "natural commu- 
nity." Surveys conducted in 2001 revealed the pond 
contained hundreds, possibly thousands of natu- 
rally spawned bonytail and razorback suckers. 
Carrying capacity of fish >15 cm was estimated at 
4,350 fish/ha or 635 kg/ha (Mueller et al. 2002). 

A conservation plan was developed based on 
the concept of creating predator-free habitats 
where natives could sustain populations that resem- 
bled isolated oxbow communities that were 

historically common (Minckley et al. 2003; 
USFWS 2004). These communities were consid- 
ered temporary and when compromised by 
predators, natives would be salvaged, and the pond 
renovated and restocked (Minckley et al. 2003). 
Communities would provide research opportunities 
and surplus fish to augment river stocks. 

Predator Removal 

Hawkins and Nesler's 1991 issue paper empha- 
sized the need for nonnative fish control which 

was further endorsed by the Tyus and Saunders 
(1996.) and Lentsch et al. (1996a) reports exam- 
ining potential strategies. A predator control 
workshop held by the Upper Colorado River 
Basin Recovery Implementation Program in 1996 
concluded that broad-scale mechanical control 

was not feasible. Regardless, these projects not 
only continued but increased in number. Annual 
funding grew from US $326,000 in 1997 to more 
than $1.41 million by FY 2000 (USFWS 1988- 
2003). The program expanded to include 
preventative programs that included screening, 
renovation of floodplain fish communities to 
reduce the likelihood of escape, and the develop- 
ment of new stocking procedures for game fish 
(USFWS 1996). Projects occurred on the 
Colorado, Green, Yampa, Gunnison, and San 
Juan rivers. Another workshop was held in 2002 
but unfortunately, conclusions were taken verba- 
tim from individual studies and no attempt was 
made to assess the program's direction (USFWS 
2002a). 

Individual removal efforts for the Upper 
Colorado River Basin Recovery Implementation 
Program have been typically short-lived, lasting 
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only two or three years and targeting specific 
species (i.e., northern pike Esox lucius, channel cat- 
fish) or family groups (i.e., centrarchids, cyprinids). 
Removal has relied solely on mechanical methods, 
primarily electrofishing, netting, and angling, and 
efforts have been based on available resources as 

opposed to a specific removal level. It is our impres- 
sion that program administrators believed any level 
of predator removal was beneficial and would elicit 
a measurable response from native fishes. The most 
persistent removal program has taken place in the 
San Juan River where predator removal has contin- 
ued for nearly a decade (Holden 2000). Funding for 
this program has grown to nearly a quarter of a mil- 
lion dollars a year. 

Program Status 

Stocking Augmentation 

Stocking large individuals has helped reestablish 
or augment declining populations but population 
levels remain dangerously low. Based on capture 
rates, survival appears exceedingly poor. Prior to 
1996, annual surveys averaged 5.7 bonytails/year of 
the 180,000 stocked up to that time. Since then an 
additional 25,000 larger (>25 cm) bonytail were 
stocked but recent returns (1997-2004) have 
declined to 1.2 bonytails/year (Minckley and 
Thorson 2004). Stocked bonytail have survived in 
the upper river but population estimates or survival 
rates have yet to be developed (T. Czapla, USFWS, 
pers. comm.). Poor survival of reservoir and river- 
ine stocks have prompted recommendations to 
further increase stocking size to >30 cm (Badame 
and Hudson 2002; 
Minckley and Thorson 
2004). 

To date, 85,000 razor- 
back suckers had been 

stocked into Lake 

Mohave. Initially, fish as 
small as 15 cm were 

released due to a shortage 
of rearing space. When 
repatriated razorback 
suckers started showing up 
on spawning areas it 
became evident survival 

was low (245%). In an 
effort to improve survival, 
the minimum stocking 
size has been gradually 
increased to 35 cm 

(Marsh et al. in press). 
Approximately 1,400 
razorback suckers have 

been successfully repatri- 
ated back into Lake 

Mohave by 2002, a scant 2% of the 58,000 fish stocked 
at that time. The recent size increase will hopefully 
bolster survival; however, it is quite possible other mor- 
tality factors (e.g., dam passage, unknowns) are at play. 

Stocking programs elsewhere have experienced 
similar problems. More than 30,000 large razorback 
suckers were stocked into Lake Havasu since the 

mid-1990s and population estimates range between 
1,600 and 3,600 fish (5-12%). Biologists are cur- 
rently attempting to quantify survival rates in the 
San Juan River and other major tributaries of the 
upper Colorado River. 

Development of Refuge Communities 

Substantial recruitment has been documented 

outside the mainstem for N>th bonytail and razor- 
back sucker but in all cases, predators were either 
absent or extremely rare (Pacey and Marsh 1998). 
Based on the concept of creating predator-free 
habitats, the Bureau of Reclamation is building 
240-ha of refuge communities (USFWS 1997). A 
90-ha portion of Beal Lake (Lake Havasu National 
Wildlife Refuge, Arizona-California) was devel- 
oped for native fish in 2000 along with a smaller 
17-ha pond at Imperial National Wildlife Refuge. 
The ponds were dredged, chemically renovated, 
and stocked with more than 20,000 juvenile razor- 
back suckers. Unfortunately, these large-scale 
attempts to duplicate the success at Cibola have 
thus far failed. Unreasonable expectations led to 
reinvasion of unwanted species and fish losses from 
avian predators (Brouder and Jann 2004). Attempts 
are now being redirected toward the establishment 
of smaller, more manageable habitats (Minckley et 
al. 2003). 

Christina Kemp with a northern pike removed during a large predator removal effort on the Yampa River 
downstream of Maybell, Colorado. 
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Table 2. Summary of non- 
native removal projects 
conducted on the upper 
Colorado River in terms of 

their year(s), location, 
treatment area, targeted 
species, method of 
removal, author's 
perception of whether 
natives responded, 
recommendation to 

continue treatment, and 
report citation. 

Predator Removal and Control 

To date, nearly $4.4 million has been spent in 
the upper basin (USFWS 1988-2003) to mecham- 
cally remove >1.5 million fish from open systems 
(Table 2). Most of these fish were small cyprinids 
and removal costs ranged from $2 to $86 per fish. 
Increasing pressure from angler groups, land own- 
ers, and state resource agencies have restricted or 
limited removal of some recreational species; this 
has increased logistics and program costs (Swanson 
2001). Recreational species salvaged from removal 
programs cost 2.5 to 10 times more than hatchery- 
produced fish (Brooks et al. 2000) and are 
sometimes placed where they can re-invade treat- 
ment areas. 

Removal efforts began in 1994 (McAda 1997; 
Brooks et al. 2000). At the time of this writing, 
nine removal projects have completed reports 
(Table 2). The question of whether removal actu- 
ally benefited natives was addressed by seven of the 
nine independent investigators and six (86%) 
responded negatively (Table 2). The one positive 
response was based solely on the presence of natives 
(Modde 1997). Six (67%) recommended removal 
efforts be intensified or expanded. Six reported no 
significant change while three reported a decline in 
large non-native predators (McAda 1997; Brooks et 
al. 2000; Modde and Fuller 2002). Northern pike 
were substantially reduced because these fish origi- 
nated as escapees from an upstream reservoir 
(McAda 1997). 

Channel catfish, on the other hand, do reproduce 
in the river and present a different dilemma. 
Biologists have successfully reduced the abundance 
of large channel catfish in the San Juan River (Davis 
2003); however, juveniles have become more plenti- 
ful, suggesting distribution has simply shifted toward 
smaller fish. Razorback suckers are being lost when 
they are only a few days old; this implies they are 
being lost to small or intermediate, not large, preda- 
tors (Begon et al- 1996). If so, a shift toward more 
numerous smaller predators could actually worsen 
predation pressure for early life stages. 

Typically, predator removal programs target the 
adults of one or two species (Temple et al. 1998; 
Weidel et al. 2002; Todd et al. 2003). However, the 
problem is so widespread in the Colorado basin that 
a minimum of six species are being targeted 
(USFWS 2002a). Recent studies suggest this num- 
ber is conservative, as predation is occurring from a 
much broader host of species and life stages than 
currently acknowledged (Beyers et al. 1994; 
Ruppert et al. 1993; Mueller and Carpenter, 2004). 

Programs that have measured removal rates and 
survival are rare. One example occurred in the lower 
basin where they attempted to mechanically sup- 
press, not eliminate, the predator community to a 
level where stocked razorback sucker fry would sur- 
vive. It was assumed predation could be 
mechanically suppressed in a 1.3 ha backwater that 
was isolated by barrier net (Mueller and Burke in 
press). After an intense 5-day effort, 1,900 fish 
(1,460 fish/ha, 181 kg/ha), mostly largemouth bass, 
bluegill, and carp (Cyprinis carpio) were removed by 
netting and electrofishing. The backwater was then 
stocked with 10,000 7-cm razorback suckers. 
Predator removal continued on a monthly basis 
using large meshed nets and after 1 year, it was esti- 
mated that only nine (0.09%) razorback suckers had 
survived from the initial stocking. A subsequent 
rotenone effort 3 years later suggested that nearly 
58% of the initial predator biomass was probably 
removed, based on the assumption the community 
had recovered (Mueller and Burke in press). The 
effort was humbling and clearly illustrated the prob- 
lem faced in larger or less confined habitats. 

Discussion 

Status of the Natives 

We are facing a crisis on the Colorado River. 
Mainstem native fishes continue to decline in spite 
of nearly 3 decades of preventative programs. 
Efforts to prevent the listing of the razorback sucker 
failed and the species was federally listed as endan- 
gered in 1991 (56 FR 54957). In the mainstem, 

Year River Area Target I¾1ethod Natives+ Continue? Reference 
1994-96 Green* 67 ha all nonnative species drain yes 5/es Modde 1997 
1•9•94_-_9•8 San J_u_an_ _ _280 km channel catfish __ el•t_ro_fish no _ .y_e_• __ Brooks et al. 2000 
1995-96 Gunnison 16 km northern pike electrofish, fyke nets, not addressed yes 

1997 98 Green 48 km Centrarchids, 
channel catfish 

1998-99 Yampa 57 km channel catfish 

tramm•l_n_e• 
electrofish, fyke nets, 
trammel nets 

angling, electrofish, 
like nets 

no yes 

McAda 1997 

Jackson and Badame 2002 

not addressed yes Modde and Fuller 2002 

1998-00 Colorado 28 km all nonnative species seining no no Trammel et al. 2002 
1998-00 Colorado* 9 ha all nonnative species electrofish trammel nets no no Burdick 2002 
1999-01 San Juan 280 km channel catfish electrofish no yes Daws 2003 
1999-01 Colorado 29 km Centrarchids electrofish no no Osmundson 2003 

*oxbow 
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natural recruitment is 

absent for both 

the bonytail and 
razorback sucker and 

current monitoring 
suggests populations of 
Colorado pikeminnow 
and humpback chub 
populations are also 
declining (K. Bestgen, 
Colorado State Univ- 

ersity, pers. comm.). 
Today, 7 of the 
10 mainstem native 

species are federally 
listed as endangered, 
one is state listed, and 

Jon Romatzke and Desiree Powell (Colorado Division of 
Wildlife) apply rotenone to remove predatory fish from 
a floodplain pond near Rulison, Colorado. 

another is of special concern. The entire native 
component comprises <2% of the basin's mainstem 
fish fauna (Minckley 1979; Bundy and Bestgen 
2001). The Colorado River has the dubious dis- 
tinction of being one of the largest rivers in the 
world with a totally displaced fish community. 

The impact of nonnative introductions has 
become a problem of national concern (Moyle et 
al. 1986; Minckley and Deacon 1991; Fuller et al. 
1999). Lassuy (1995) reported that of 69 fish 
species listed under the Endangered Species Act, 
introduced species were cited as a factor in 70% of 
the cases. Minckley and Deacon (1991) predicted: 
"Native fishes of the American West will not 

remain on earth without active management, and I 
argue forcefully that control of nonnative, warm 
water species is the single most important require- 
ment for achieving that goal." However, it is one 
thing to recognize the problem and another to do 
something about it. Minckley and Deacon (1991) 
questioned whether we had the resources not to 
mention the political fortitude to deal with the 
problem. Unfortunately, this still remains to be 
seen more than a decade later. 

The initial end of the 15-year Upper Basin 
Recovery Plan has passed without celebration or 
review. Institutional momentum has pushed for a 10- 
year continuance but major changes in recovery 
strategies may not be an option. Brower et al. (2001) 
reviewed the Upper Basin Recovery Program and 
suggested the fishes' fate may have become secondary 
to the recovery process itself. It seems to me that 
politically, consensus may have become more impor- 
tant than recovery. For example, the Multi-Species 
Conservation Plan in the lower basin was just final- 
ized after 8 years of debate (SAIC/Jones and Stokes 
2004). These programs are popular because the pro- 
cess insures the continued use of water while 

providing funds necessary to maintain environmental 
programs. Unfortunately, the process then becomes 
self-perpetuating, while relic populations ate lost. 
Lassuy (1995) quotes Soule's (1986) warning; 
"dithering and endangering are often linked." Lassuy 

went on to say "let us not 
dither any longer." Once 
these wild populations are 
gone, they become increas- 
ingly difficuk to recover, 
let alone reintroduce. For 

example, the Colorado 
pikeminnow disappeared 
from the lower mainstem 
nearly 3 decades ago. Its 
reintroduction to the lower 
river continues to be 

blocked by incidental take 
concerns by the state of 
California (California Fish 
and Game Code 5515). 

Predator Control 

Predator control is undoubtedly the key to nat- 
ural recruitment, but how and where to accomplish 
this continues to be debated. Some species show a 
remarkable persistence in spite of preventative 
efforts. Our past experience has shown that: 

ß Past attempts to benefit mainstem communities 
or establish large refuge populations have gener- 
ally failed due to nonnative fish (USFWS 
2002a). 

ß Studies have shown that recolonization by 
unwanted species is typically rapid (Martinez 
2004; Davis 2003; USFWS 2002a; Brouder and 
Jann 2004); 

ß Successful stream renovation has been limited 

to headwaters and relied exclusively on the use 
of physical barriers and multiple chemical appli- 
cations (Rinne and Turner 1991); 

ß Thus far, successful removal efforts have been 
limited to non-native species with limited 
reproduction and large individuals that were 
more susceptible to capture (McAda 1997); and 

ß Significant bonytail and razorback sucker 
recruitment has been limited to small (<3 ha) 
ponds where predators were absent (Mueller 
1995; Pacey and Marsh 1998) or in larger ponds 
that were drained and resident predator popula- 
tions were completely removed (Modde 1997; 
Mueller et al. 2002). 

Is Mechanical Predator Control 

Even Feasible? 

The above five statements beckon the question: 
"Is mainstem nonnative fish control even feasible?" 
We can remove unwanted fish but we have yet to 
do it on a scale and duration that triggers positive 
responses from native fish communities. In a previ- 
ous Fisheries article, Beamesderfer (2000) proposed 
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a simple decision making model that contained 
three basic questions. 

ß The first: "Is predation significant?" 

ß The second is: "Is predator removal affectable?" 

ß The last question is: "Would the public accept 
it?" 

There is no doubt predation is impacting and in 
some cases preventing native fish recruitment. 
Beamesderfer's second question remains unanswered, 
partly due to a common misconception that any 
predator reduction somehow benefits natives. As a 
result, removal levels have seldom been measured or 
systematically increased to a level that triggers a 
native response. Predators continue to be removed 
but we fail to address the real question: what level of 
treatment is necessary to facilitate native recruit- 
ment? Until that is known, it is impossible to 
determine if mechanical removal is a practical solu- 
tion. 

Renovation has been successful especially for 
small isolated habitats or headwaters where physical 
barriers can be installed. Seldom is the opportunity 
taken to test the effect of partial suppression, which 
would provide valuable insight for communities 
where total eradication is not possible or desirable. 
Can native communities exist if predator numbers 
are artificially suppressed and to what level? Such 
thresholds are typically the foundation of larger con- 
trol programs (Wiley and Wydoski 1993; Hankin 
and Richards 2000; Ward 2002). Unfortunately, the 
information needed to determine removal levels is 

difficult and often conducted in stages of increased 
intensity which takes considerable planning, effort, 
time, and coordination. Most importantly, it should 
be conducted on a scale that permits experimental 
integrity and measurable results. 

The continued decline of native communities 

suggests that either predator removal is simply not 
feasible or we have not approached the problem 
aggressively enough. For example, the 58% (181 
kg/ha) treatment of Davis Cove only resulted in the 
survival of 0.09% of the razorback sucker stocked 

(Mueller and Burke in press). This rate would likely 
have been even lower if fish smaller than 7 cm had 

been stocked. Predation experiments compared lar- 
val razorback sucker (44,000/ha) survival among 
three different sunfish densities (14, 71, 354/ha; 
Pacey and Marsh 1998). High density trials mim- 
icked sunfish densities found in Davis Cove; after 4 
months all suckers were lost, even though fish were 
provided supplemental feed. Suckers did survive 
when predator numbers were reduced by >80% 
(Pacey and Marsh 1998). 

Other studies suggest that even a higher removal 
level may be necessary in natural settings. Weidel et 
al. (2002) reported a positive response by prey 
species when smallmouth bass (Micropterus 
dolomieui) were reduced by >90% and other studies 
suggest even greater reductions might be necessary 

(Lydeard and Belk 1993; Dudley and Matter 2000). 
Based on available information, it appears reductions 
>80% may be required to facilitate some measurable 
response in recruitment. 

Charting a Future Course 

A great deal of time and funding has been 
expended that has done little or nothing to reverse 
the native species decline. We have to slow and 
hopefully reverse that trend. In charting a future 
course, as Beamesderfer (2000) pointed out, we must 
determine what actually works and what the public 
will accept. We have been poking the beast half- 
heartedly for more than a decade and have yet to 
seen any reaction. If we're to maintain public sup- 
port we have to be more realistic, disciplined, and 
creative in implementing what works rather than 
what does not work. 

Boerstoa et al. (2001) recently reviewed the effec- 
tiveness of recovery plans and found the most 
successful had seized opportunities for adaptive man- 
agement, promoted effective recovery planning 
while improving the species' status, and clearly 
linked recovery criteria to the species' biology. Their 
analysis showed that multi-species or broad ecologi- 
cal approaches were less effective than single-species 
plans, which suggests we need to capitalize on what 
has worked at Cibola High Levee Pond with bony- 
tail and razorback suckers. 

The solution may well be an integrated approach 
that examines ways of benefiting specific species 
both in and out of the mainstem. Additional preda- 
tor/prey research is critically needed to determine 
what level of predator removal and suppression is 
necessary in the mainstem. While rivefine stocks are 
being rebuilt, small refuge communities could pro- 
vide researchers and managers opportunities to 
quantify and interpret predator/prey interactions. 
For example, predators could be introduced and 
monitored to determine at what point they restricted 
native recruitment. At that point, predator removal 
could be tested to measure their effectiveness and 

determine the treatment level necessary to resume 
natural recruitment. It would allow managers to test 
the practicality of removal techniques on a manage- 
able, measurable, and economic scale. 

Forcing recovery in altered habitats choked with 
predators or developing refuge communities to meet 
either acreage commitments or down-listing criteria 
has distracted us from realizing any biological 
progress. I'm not suggesting we give up on recovery 
in the river. However, we need to embrace recovery 
and conservation features that directly benefit the 
species while advancing our knowledge beyond 
things that do not work. Small, manageable habitats 
would improve the species' status and provide oppor- 
tunities to study natural recruitment in a setting 
where complex research issues (predator/prey) can 
be effectively tested. It would also provide opportu- 
nities to actively manage these species, which 
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hopefully will lead to the knowledge required for 
their eventual recovery (Williams 1991; Rinne and 
Turner 1991; Magoulick and Kobza 2003). 

The basin desperately needs an open and frank 
review of what has and has not worked in predator 
removal programs worldwide. I recommend the U.S. 
Fish and Wildlife Service convene a panel of outside 
experts to help develop strategies to best combat pre- 
dation within the basin. The debate needs to include 

not only listed, but all native fish species. In the 
mean time, I would suggest recovery and conserva- 
tion programs consider the following actions: 

1. Prioritize and design future removal and control 
activities based on the likelihood of reducing and 
maintaining the densities of unwanted communi- 
ties by >80%. 

2. Construct small (<2 ha) or drainable oxbow or 
refuge communities for the dual purpose of con- 
servation and predator/prey research (Minckley 
et al. 2003). Increases in size should be based on 

prior biological success rather than institutional 
mandates. 

3. Measure program success based on parameters 
directly linked to species biology and community 
response (e.g., stocking goals based on survival 
rather than hatchery production, habitat alter- 
ations based on community response rather than 
acreage developed). 

4. Lastly, develop a conceptual model that links rele- 
vant ecosystem and biological components that 
could be used to identify, plan, and measure future 
removal actions (Bestgen et al. 1997). • 
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