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Influence of Species, Size Class, Environment an&&son on Introduced
Fish Predation on Native Fishes in the Verde RiveBystem

Executive Summary

Nonnative fishes were introduced throughout the téfedUnited States for sport,
food and biological control primarily in the eapwrt of the last century and in the late
19" century. Currently, most sportfisheries in thest\&e supported by introduced
species, which have greatly benefited the econdntilyeoregion. For example,
recreational fishing was worth over 6 billion dedldo the economies of 11 Western
states in 2001 alone.

Unfortunately, introduced fish have also been icgikd in declines of native fish
assemblages in many western rivers, along withiveitersion and habitat loss. Because
of these declines, many native species of westeensrare listed as threatened and
endangered under the U.S. Endangered Species Act.

Arizona river systems, such as the Verde, GilaSalt historically supported rich
populations of native fishes, and recovery of tHedees is of high priority. The relative
importance of the effects of nonnative aquatic ptex on the native fish community of
the Verde River system, Arizona was identified agmsitive element in 2000 for the
Arizona Game and Fish Department IIPAM HeritagegPam.

Previous research projects determined that nonanapecies can affect native fish
by predation in Arizona river systems; howeveryéhe much less information about
exactly where and when impacts occur, and whialedhiced species are responsible for
a majority of the impact. Knowledge of where arttew specific bottlenecks occur
which limit native fish production is useful to neagers when designing introduced
species control programs. Introduced species @aloptograms can then be focused in
habitats, at times of year, and on specific intaslispecies to maximize their efficacy,
with the least impact to valuable sport fisherigse primary goal of our study was to
examine the impacts of total populations of introetlifishes (predation rates of
introduced fish species x population size) and gibeps within these populations to
identify where control programs might be targetethie Verde River system for
maximum benefit.

In addition, much still remains to be learned alibetbasic ecology of desert fishes.
The density and standing crop that fishes can olararious environment types are
basic measures of productivity commonly used toagarspecies and understand their
ecology. Estimates of fish densities and standimngs have been made for various lakes,
reservoirs, and rivers throughout the world, bet¢hs little information available
regarding the densities and standing crops achibyédighes in Southwestern desert
rivers. A secondary goal of our study was to pievinformation on the basic biology of
native and nonnative fishes in the Verde River sagtheir distribution, standing crops
and densities.



Study Area

The Verde River, located within the Gila River lvass one of the last remaining
perennial rivers in Arizona. The Verde River floagproximately 300 km from Sullivan
Lake to its confluence with the Salt River approaiely 56 km northeast of Phoenix.
The Verde River watershed drains 17,212 krom its origin at an elevation of 1,325 m
in the forested mountains of northern Arizona ® Sonoran desert scrub communities at
its confluence at an elevation of 402 m. The 30 km of the Verde River are free
flowing, and Horseshoe and Bartlett Dams contrelftow in the lower 100 km of river.
Considerable groundwater pumping occurs withinaede River basin to support 20
communities and many nearby agriculture activities.

The Verde River system contains a variety of nadive nonnative fish species,
(see Table 1.1). Historically, the Verde River vaasne to 10 native fish species. Five
of these species are federally listed as threateneddangered: razorback sucker
Xyrauchen texanus, Colorado pikeminnowrtychocheilus lucius, loach minnowTiaroga
cobitis, spikedacéMeda fulgida, and Gila topminnowPoeciliopsis occidentalis
occidentalis.

Objectives
Objectives for this project were as follows:

1. Estimate diet and consumption rates of intcedufishes on native fishes by
environment type, season, species and size cldlke Merde River, Arizona.

2. Estimate population sizes, biomass and digiah of various native and introduced
fishes and their size classes by environment tgpe,season.

3. Multiply consumption rates of introduced priedla by their estimated population
sizes to get total impact of introduced fishes ative fishes by species, size class,
environment type and season.

4. Synthesize information to prioritize where,emtand what species currently provide
the greatest predation threat to native specidsiVerde River. Provide information
to managers so they can focus management strategjgaticular introduced
species, size groups, seasons and/or environntehts/é the greatest possibility of
reducing predation impacts on native fishes.

Overview of Methods

We conducted our study from the upstream reachdsedferde River to its
confluence with the Salt River (Figure 1.1). Weveyed the river once per month from
March 2002 to January 2003. First, we subdivided\erde River into the 4 divisions
corresponding to those outlined in Rinne et al9@ Figure 1.1) Then, within each
division, we randomly chose 3 sampling sections ¢batained riffle, run and pool



environment types for a total of 12 sampling sexgiacross the river overall. On each
sampling trip, each environment type was first esetl by block nets. Fish in the
environment type were then captured using a rafitedfishing boat to sample midwater
sites and deep pools, and backpack electrofishiitg to sample shallow areas.
Environment types were electrofished in the samenaafor three or more passes until
depletion to obtain population estimates by remavethod. Environment types where
fish were captured (pool, riffle, run) were recatdas well as water temperatures in each
environment type. Captured fish were anesthetineldséomach contents of introduced
fish were obtained using gastric lavage techniqudsy sacrificing those fish without

true stomachs. Area of each environment type weasaored for density estimates.

Stomach contents were preserved with ethanol amdported back to the
laboratory. Contents were then separated intg iinsects, zooplankton, crayfish, and
amphibian categories and wet weight was obtaineddoh proportion. Fish prey were
identified to species using diagnostic bones whassible. Diagnostic bone keys were
prepared from hatchery and field-collected specsrrthe fish species found in the
Verde River. Growth rates of predators were esgghaty examining movement of
length-frequency modes for particular age clasadsg following growth of tagged
fishes. Water temperatures were measured atrtteeaind in locations of fish capture.

The proportion of native fish in predator diet, \gtb rates of the predators and
water temperatures recorded at field sites wereredtinto the Wisconsin bioenergetics
model to estimate the feeding rates in grams per tibeach predator. The Wisconsin
bioenergetics model was chosen because of its ajge®ximation to standard field
estimates of fish predation in numerous studiesisGmption rates were calculated by
predator species and size group in each of the #meironment types (riffle, run, pool)
and by season. Feeding rates in grams of nasteper hour were converted to number
of native fish consumed per hour by using lengtlgiveregressions developed for each
native species.

Number of native fish per hour consumed per predaas multiplied by the
removal population estimate of each predator spatieach site to estimate impact of
each fish species and size group. Impact estimates also subdivided by environment
type, and season.

Summary of Results

This report is organized into four chapters. Ting thapter discusses diets of
introduced fishes and identifies species of nonedishes with diets containing the
highest percentage of fish. Furthermore, it charasts changes in the percentage of fish
in predator diets across the Verde River, by seasdrenvironment (i.e., pools, riffles,
and runs). The second chapter quantifies consamgdtes of native fishes by
nonnative piscivores to identify which species agd classes of nonnative fishes
exhibited the highest daily consumption rates;sth@son when consumption rates of
native fishes were the highest; and the geogragigion in which consumption primarily
occurred. The third chapter describes the digiobyabundance and standing crop of
native and nonnative fishes across the Verde Riger the headwaters to the confluence



with the Salt River in 2002-2003. In the fourthrapker, population densities of various
introduced predators were multiplied by consumptettes of individual fish to report
total impact by species, size class, season, antament.

Our findings were as follows:

Over 30,700 fish were collected, comprising 6 reaipecies and 13
nonnative species. Only three native species rdgsekerCatostomus
clarki, Sonora suckeC. insignis, and roundtail chufsila robusta were
found throughout the rivéifable 3.4). Colorado pikeminnow and
razorback sucker were only found in Sections Il Bhiespectively,
where they were being repatriated. Longfin dagesia chrysogaster

were only caught in Section IV.

The degree of piscivory varied considerably amartigpduced fish
species. Tilapidilapia spp., common caryprinus carpio, red shiner
Cyprinélla lutrensis, mosquitofisnGambusia affinis, and threadfin shad
Dorosoma petenense were primarily herbivores and/or insectivores f(die
0.5% fish). BluegillLepomis macrochirus, rainbow troutOncorhynchus
mykiss, and green sunfish. cyanellus were primarily insectivores and less
than four percent of their diet consisted of fisdlargemouth bass
Micropterus salmoides, flathead catfistiPylodictis olivaris, channel catfish
Ictalurus punctatus, smallmouth bask!. dolomieui, and yellow bullhead
Ameriurus natalis contained the highest percentage of fish in tiieis.
Native fish were found in the diets of largemoudis$ flathead catfish,
channel catfish, and yellow bullhead only belowtkdir Dam and in the
diet of smallmouth bass in the headwaters of thel& iver.

The percentage of native fish in the diets of pi@a@s was highest in
spring and summer in pools and riffles. Sonoradeskrt suckers
primarily occurred in the diet of primary pisciverm pools, and longfin
dace occurred in their diets in riffles. Overkdkgemouth bass had the
highest percentage of fish and native fish in thest (16.7%, and 8.3%
respectively); four times that of any other pisce/an the Verde River.
Rates of consumption of both native fish and thsal also varied
considerably among different introduced speciesgémouth bass had the
highest overall daily ration of fish and nativeifisnore than twice that of
any other species. The daily ration of fish consdry largemouth bass
was highest below Bartlett Dam where native fishsitees were the
highest and when native fishes were spawning (g@ind summer).
Finally, daily ration of juvenile largemouth bassgge 1) was higher than
other juvenile nonnative fishes, which correspondb overlap in use of
habitat with age 0 native fishes. Although fishreva small percentage of
the diet of rainbow trout, they had the second égglaaily ration of fish
(exclusively nonnative), while all other speciesl lsamilar lower daily
rations of fish and native fish.



The diet of rainbow trout consisted of only a snpalicentage (3.83%) of
fish. However, individual rainbow trout exhibitachigh average
consumption rate of fish, probably due to the mgdtabolic demands of
the rainbow trout in the warm waters of the VerdeeR Our sample size
of rainbow trout was small (n=32), so it was dificto make conclusions
about the impact of this species. Future studiestd specifically at
piscivory of rainbow trout in the Verde River areeded to better define
their impact.

Nonnative fishes were approximately 2.6 times (3% 2.2 to 3.1
times) denser per 10Grof river than native fishes, and their standingpcr
was approximately 2.8 times (95% C. I. 2.0 to #tes) that of native
fishes per 100A0f river. Native fishes were most dense in Sestioand
IV (highest and lowest elevations), while theimstizng crop was greatest
in Section I. Nonnative fishes were most densgdation |, and had the
greatest standing crop in Sections | and Il. Tigbdst standing crops of
native fish were in pools and runs, and of nonrstish in pools. There
was no difference in native fish densities by emvment type, but
nonnative fishes were most dense in riffles. Tdrges of estimated
annual standing crops of fish in this desert rivere similar to those of
other temperate and tropical rivers around the avorl

Some researchers have speculated that small akdwspames such as
bluegill, green sunfish, red shiner, and mosqstofnay have the largest
predation impact on native desert fishes througir gheer numbers.
Because of extremely low piscivory (red shinergegresunfish, and
mosquitofish) or low densities (bluegill), we didtrfind this to be true in
our study. Traditional piscivores such as blackskea had the greatest
impact.

Largemouth bass, the predator with the highestgpg¢age of fish in their
diet and the highest consumption rate of nativetatad fish, also had the
largest impact. We estimated that largemouth Massopterus salmoides
caught in pools and runs in Section IV consumedibst native fish,
with an average 582.3 mg of native prey fish eat®@ht of pools/ day
(SE = 111.7) and 238.7 mg of native prey fish gatéonf of runs/ day
(SE =52.6). Age 1 and 2+ largemouth bass consumwed total prey
fish than age 0 largemouth bass. Smallmouth basshvesonly predator
observed to consume native prey fish in Section I.

Largemouth bass were concentrated in pools and Nsesfound no
differences in smallmouth bass densities amongemwvient types.

To focus efforts on those predators currently canieag the most native
fishes in the Verde River, managers should targetrol efforts at age 1
and 2+ largemouth bass in Section IV, and at snmaltmbass in Section
l.
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Chapter 1: Diet of Nonnative Fishes in the Verde Rier, Arizona
Laura Leslie, Cristina E. Velez and Scott A. Bonar
Abstract

The importance of native fishes as prey for nomedishes was estimated by
environment type, season, and river section achasentire 300 km of the Verde River,
Arizona, from March 2002 to January 2003. Tilafilapia spp., common carp
Cyprinus carpio, red shiner€yprinella lutrensis, mosquitofishGambusia affinis, and
threadfin shadorosoma petenense were primarily herbivores and insectivores. Billeg
Lepomis macrochirus, rainbow troutOncorhynchus mykiss, and green sunfish.
cyanellus, were primarily insectivores and their diets cetesi of less than four percent
of fish. Largemouth baddicropterus salmoides, flathead catfisiiPylodictis olivaris,
channel catfistctal urus punctatus, smallmouth baskl. dolomieui, and yellow bullhead
Ameriurus natalis contained the highest percentage of fish in tiieits. Native fish were
found in the diets of largemouth bass, flatheatistgtchannel catfish and yellow
bullhead only below Bartlett Dam and in the diesofallmouth bass in the headwaters of
the Verde River. The percentage of native fisthandiets of piscivores was highest in
spring and summer in pools and riffles. Sonoradaskrt suckers primarily occurred in
the diet of primary piscivores in pools, and longfiace occurred in their diets in riffles.
Overall, largemouth bass had the highest percemiffygh and native fish in their diet
(16.7%, and 8.3% respectively); four times thaawy other piscivore in the Verde River.

Introduction

Native fishes have been rapidly declining acrossdiisert Southwest over the last
century (Minckley and Deacon 1991). The deseraigenvironments in which they
have evolved have been altered by various chenmbgkical, and biological impacts,
mostly human caused (Minckley and Deacon 1991; &i#94; Johnson and Hinnes
1999). As a result, many native desert fishes haen listed as threatened or
endangered under the Endangered Species Act of(Mi8kley and Deacon 1991).

Within Arizona, populations of native fishes haweeh reduced by construction of
dams, alterations in flow regimes, loss of surfaeger, degradation of riparian
vegetation, and the introduction of various nonreasipecies (Rinne et al. 1998). Over
60 species of fish were introduced into Arizonars/and streams between 1900 and
1970 (Rinne 1992). These fishes have had detraheffects on native fishes through
competition, hybridization, alteration of habitdisease transfer, and predation (Rinne
and Minckley 1991; Lassuy 1995; Marsh and Dougg&7).

Predation on native fishes by nonnative fishesnzaha streams is well
documented (Blinn et al. 1993; Marsh and Dougl&7i8rouder et al. 2000). However,

14



there is little information that identifies whiclspivorous nonnative species and size
classes are having the largest impact on natihedisr that characterizes the spatial and
temporal patterns of this predation. This inforim@tvould help managers to protect
native fishes while maintaining valuable sport éshs at some locations. Managers
would be able to focus removal or management affamtspecific environments and on
the most threatening nonnative fishes. Our gwale to identify which species of
nonnative fishes (Table 1.1) had the highest peéagenof fish in their diets, and
characterize changes in the percentage of fisheim tliets across the Verde River, by
season and environment (i.e., pools, riffles, am).

Methods

We divided the Verde River into four sections basedhe degree and type of
anthropogenic impact (Figure 1.1; Rinne et al. J998he first section (Section I), which
flowed approximately 69 km from Sullivan Dam to (Kdale, was largely free of
anthropogenic impacts. The second section (Setljionhich flowed 49 km from
Clarkdale to Beasley Flats, was the most develgpetion of the river, characterized by
many irrigation diversions, sites of ground watemping and considerably altered
riparian vegetation. The third section (Sectidh federally designated as “Wild and
Scenic” in 1984 under the Wild and Scenic Rivers Aowed 90 km from Beasley Flats
to Horseshoe Dam. The fourth section (Section figlyed 41 km from below Bartlett
Dam to the Salt River, had regulated flows and-gelavolume of water than all the other
sections. We did not sample the area between blovseand Bartlett Dams because this
is an isolated section that is not representatiheoreset of the Verde River.

Site Selection

We randomly chose three sample sites from avaikadxdess points within each of
the four sections for a total of 12 sites acrossriver. A randomly chosen pool, riffle,
and run were sampled at each site. We used defisifrom Arend (1999) to define
pools, riffles and runs. Surface area of each $sopool, riffle, and run was estimated
from measures of length and width of each sitdltmafor across-site comparisons.

Collection of Fish

We sampled fish monthly at each site from March2®ough January 2003.
Block nets measuring 48.8 x 1.8 m with bar mesé efZ3.8 cm were set at each sample
site to isolate each pool, riffle, and run. Blowks had float and lead lines; additional
weights were added to lead lines when necessangtioe attachment to the stream bed.

We used a combination of raft-mounted and backeésttrofishing to capture
fish in each enclosed section. We used a raft-teobelectrofishing unit, equipped with
a VVP-15 Coffelt unit, to collect fish from deeg@ools and runs. The raft had two
anodes, each consisting of a Wisconsin ring anit e@pble droppers. Two dropper cable
cathode arrays were hung from each side of the Ya#& used Smith-Root Model 12 and
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15 backpack electrofishing units to collect fisbraj shallow shorelines where the raft
was not able to reach and in riffles and shallowlpand runs. An average setting of 7
amps, 40 Hz, and 60 pulses per second was usegbtiare fish.

Electrofishing started at approximately 0800 andctwded when each pool, riffle
and run had been sufficiently sampled. At leastdipasses were made in each pool,
riffle, and run and the entire area was sampleshth pass. Experimental gill nets, 47.5
m long with six, 7.6 m panels of 1.3 cm, 1.9 cnd @n, 3.2 cm, 3.8 cm, and 5.1 cm
mesh, were set on two occasions in deep poolstdhe capture efficiency of the raft
electrofishing unit. Gill nets were set after dgjn sampling was complete and we
electrofished toward the nets on all sides to laegremaining fish into the nets.

Seasons

Three seasons were delineated based on obserwgthgetdes of nonnative fishes
and fluctuations in water temperature. March tgtoiMay was designated as spring,
June through September as summer, and Octobegthdainuary as winter.

Diet Analysis

Nonnative fishes were collected for diet analysif each pool, riffle and run.
We anesthetized fish, weighed them to the nearggy,Gand measured their total length
to the nearest 1 mm. We used the gastric lavatmigue (Seaburg 1957), to collect
stomach samples from all sizes of fish. We usedgtultural sprayer and various sizes
of copper tubing attachments to collect samples fiish with true stomachs. We used
forceps to remove prey items, such as crayfish,abald not be flushed from the
stomach. These fish were then released backhetaver. For fish without true
stomachs, (car@yprinus carpio, mosquitofishGambusia affinis, red shinerCyprinella
lutrensis, threadfin shadorosoma petenense, and tilapiaTilapia spp.), we removed the
foregut from 10-15 randomly selected individuatsnfreach pool, riffle and run. We did
not sample more individuals because we wanted hinmee the effect of sampling
mortality on the populations. All stomach contentse preserved in 90% ethanol and
transported to the laboratory.

In the laboratory, we examined the contents of elehsample under a dissecting
microscope to separate items into the followinggaties: fish (by species and
developmental stage), insects (by order), plamgs/fish, amphibians, tapeworms, and
other nonfood or unidentifiable items. We useddaetary, cleithrum, pharyngeal arch
and opercle diagnostic bones (Hansel et al. 198&eintify fish prey to species. We
used methods outlined by Snyder (1979) and SnydeMaith (1990) to identify larvae
and fish eggs. Field guides (Phillips and Comu29) 9vere used to attempt to identify
amphibians. The U.S. Fish and Wildlife Service RW&S) Pinetop Fish Health Unit
identified parasites found in samples. After idkgdtion, all prey items were blotted dry
with a paper towel and weighed to the nearest §.0Rarasites and nonfood items were
excluded from the diet analysis.
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Data Analysis

Diet proportions of each nonnative fish specieseveateraged across all sites and
dates. The top five piscivores were identifieddd on percentage of fish (native,
nonnative, and unknown prey fish) in their diet #mel relative abundance of each
species (Velez et ah prep., this issue). For the five top piscivores, wedisee-way
analysis of variance (ANOVA) and linear combinatida estimate variation in the
percent fish (by wet weight) and percent nativhk fistheir diet by section of river,
environment, and season. We did not test foractens between section of river,
environment, and season because we did not cdphr@ each environment and season
within each section. The proportion of fish antdiveafish consumed was transformed
(logit) to account for lack of homogeneity of varte. Untransformed mean proportions
were converted to percents for ease of interpoetati

Results

Largemouth bass, flathead catfish, channel catistallmouth bass, and yellow
bullhead catfish were the primary piscivores (TabB. Tilapia, common carp, red
shiners, mosquitofish, and threadfin shad primdetyupon insects and plant material
(Table 1.2). Less than 1% (wet weight) of theetsliconsisted of fish, all of which were
nonnative fishes. Bluegill, green sunfish, andaiwv trout fed primarily on insects; the
diets of these fishes consisted of a small pergenta 5%) of both native and nonnative
fishes (Table 1.2).

Largemouth Bass

Largemouth bass ate primarily insects (TricoptBmhemeroptera, and Odonata;
Table 1.2). Of all nonnative fishes, largemouthseontained the highest percentage of
fish in their diet (16.8%, SE = 1.05). Their di$o contained the highest percentage of
native fish (8.3%, SE = 0.80), which consistedanfgfin dace, desert sucker, and Sonora
sucker

Largemouth bass ate the highest percentage ofifiSkection IV (Figure 1.2);
18.68% (SE = 2.16) higher than in both Sectiorant Il (Table 1.3; linear
combinationsF; 1106= 74.45,P < 0.01). We never found largemouth bass in Sedtio
Fish composed the highest percentage of theiimsgtring and summer (Figure 1.3);
6.6% (SE = 2.47) higher than in winter (Table lirB2ar combinations; 1106= 7.24,P =
0.01). The percentage of fish in their diet waodlighest in pools (Figure 1.4); 5.3%
(SE = 2.44) higher than in riffles and runs (Tabl®; linear combinations;; 1106= 4.80,

P =0.03).

Native fish were only observed in the diet of langaith bass in Section IV
(Figure 1.2) and they composed the highest pergerdathe diet in pools (Figure 1.4);
5.3% (SE = 1.84) higher than in riffles and runalflé 1.3; linear combination; 1106=
8.22,P < 0.01).

17



Longfin dace were only found in the diet of largertiobass in riffles. Sonora
suckers and unidentified suckers were primarilyntbin the diet of largemouth bass in
pools (Table 1.4). Desert suckers were primdolnd in the diet of largemouth bass in
riffles.

Flathead Catfish

The diet of flathead catfish consisted primarilyirtdects (Ephemeroptera and
Trichoptera; Table 1.2). Fish composed 6.8% ofdileg less than half of which were
native fish, desert and Sonora suckers. The higiegsentage of fish in the diet occurred
in Section IV (Table 1.3; linear combinatiofs,150= 4.75,P = 0.03). Native fish were
only found in the diet of flathead catfish in runsSection IV during the spring and
summer (Figure 1.2, 1.3 and 1.4).

Channel Catfish

The diet of channel catfish consisted primarilyplznt material and insects
(Trichoptera, Ephemeroptera, and Diptera; Tablg 1Fish composed less than 5% of
the diet, over half of which were native fish (Soeucker and desert sucker).

Fish and native fish composed the highest pergentathe diet during the spring
(Figure 1.3); 7.37% (SE = 2.52) and 5.10% (SE 4 ptigher, respectively, than in
summer and winter (Table 1.3; linear combinatidisgs= 8.54,P < 0.01;F; 245= 6.42,

P = 0.01, respectively). Native fish were obsereaty in the diet of channel catfish in
pools in Section IV (Figure 1.2 and 1.4).

Smallmouth Bass

The diet of smallmouth bass consisted primarilinsécts (Trichoptera,
Coleoptera, Diptera, and Hemiptera), and crayfisbl(e 1.2). Native fish composed less
than 0.1% of the fish consumed (Table 1.2).

Smallmouth bass had the highest percentage oirfigteir diet during the
summer (Figure 1.2); 2.17% (SE = 0.89) higher finathe spring and winter combined
(Table 1.3; linear combinationB; 143s= 5.99,P = 0.01). Native fish (Sonora sucker)
were only observed in the diet in Section | dutting spring and summer in runs and
riffles (Table 1.4). Smallmouth bass were alsoem@aptured in Section V.

Yellow Bullhead

The diet of yellow bullhead consisted primarilypdnt material, insects
(Ephemeroptera, Diptera, and Coleoptera) and afayfiNative fish (Sonora sucker and
unidentified suckgrcomposed less than 1% of the fish consumed (TaB)e 1

The percentage of fish in the diet was not sigaiitly different by section of
river, season or environment (Table 1.3; Figurg. 1Native fish (longfin dace, desert
sucker, and Sonora suckerere found in the diet only in Section IV (Figure).
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Discussion

Largemouth bass, smallmouth bass, channel catfieghead catfish, and yellow
bullhead are the primary piscivores in the VerdeeRiTilapia, common carp, red
shiners, mosquitofish, and threadfin shad were gmilgnherbivores and insectivores and
probably are not having a predatory impact on thendance and distribution of native
fishes. Green sunfish, bluegill, and rainbow tnete primarily insectivores with a
small percentage of fish (< 5%) in their diet; thgact of predation by these species on
native fishes would only be significant if theimsumption rates or population numbers
were high.

These results are consistent with dietary studiethese species (Odum 1971;
Marsden 1996; Garcia-Berthou 2001). Marsden (1886)Garcia-Berthou (2001) found
carp to be primarily herbivores and insectivorewéwer they did find evidence of carp
consuming a small percentage of fish eggs; we faumevidence of fish eggs in the diet
of carp. Ruppert et al. (1993) found fish larva¢he diet of red shiners in Colorado;
however we found no evidence of larval fish or ®&gjgs in the diet of red shiners. We
believe eggs and larvae would have been detecthdyifwere in the diets of these
species because we were able to detect eggs &aé larthe diets of other species. Eggs
of native fish in the Verde River may not be eaaitgessible to carp and red shiners
(Marsden 1996), or there may be higher concentratod their preferred prey items
(aquatic plants and insects) in the Verde Riven tih@re were in areas studied by
Marsden (1996) and Garcia-Berthou (2001), for @emg red shiners to consume.

Only a small percentage of fish, including nafisd (Sonora sucker and
unidentified sucker), were found in the diets adegr sunfish, bluegill, and rainbow trout.
Other studies indicate that bluegill and greenistnhay cause decreased recruitment of
razorback suckers in Lake Mohave by preying upasemd larvae (Minckley and
Deacon 1991). Predation by and competition witkegrsunfish are also believed to be
the reason for the decline in Gila ch@ba intermedia, in Sabino Canyon, Arizona
(Dudley and Matter 2000)n the Verde River, abundance of green sunfisbvs(Melez
et al.in prep.), and the percentage of their diet consistingstf is low so they probably
are not having a significant impact on the abundaa distribution of native fishes.

Rainbow trout occurred in our sampling areas iy \@wv numbers; however,
they are stocked into the Verde River each yeai20D2, approximately 27,525 trout
were stocked in the Camp Verde area (Section H)4500 were stocked below Bartlett
Dam (Section V) to provide angling opportunitiexldo supplement the diet of bald
eaglesHaliaeetus leucocephalus, on Native American reservation lands (Scott Bryan,
personal communication). The percentage of fislsgored by rainbow trout could be as
high as 9.3% (upper 95% C.lI.). With high stockdepsities, this species has the
potential to impact native fish populations thoygadation, especially with spring
stockings that coincide with the spawning time @iy native fishes (Sublett et al.
1990).

19



Largemouth Bass

Of all nonnative fishes, largemouth bass contathecighest percentage of fish
and native fish in their diet, four times the ambooiany other piscivore in the Verde
River. These results are not surprising given ldrgemouth bass are primary piscivores
(Keast 1985) and become piscivorous when they réaechm (Becker 1983).

The percentage of fish (native and nonnative) endiet was the highest below
Bartlett Dam. The area below Bartlett Dam alsotamed the highest density of native
fishes, especially young of the year Sonora andrtisackers (Velez et ah prep.). The
high percentage of native fish in the diet in thergy coincides with spring spawning of
Sonora and desert suckers, and reflects the sitesevibass were most frequently caught.

Roundtail chub were never observed in the diehgfreonnative fishes. Longfin
dace were observed in the diets of largemouth d&xagsn riffles, which reflects the
primary habitat of longfin dace (Sublette et al9QP The pharyngeal arch of longfin
dace was indistinguishable from that of red shingwst is possible that the percent of
longfin dace in the diet was underestimated. Quly longfin dace were identified in
stomach samples, all of which were in early stajeBgestion and could be easily
identified.

Flathead Catfish

Predation by flathead catfish is thought to bepthmary reason for decline of
many native fishes in the Lower Colorado River #meSalt River (Marsh and Brooks
1989; Arizona Game and Fish Department 1995). diiferences in size structure
between flathead catfish in the Verde and Salt Riv@ay be the primary reason for this
discrepancy. The average size of flathead catsicollected was 142 mm TL and 85%
were less than 250 mm. Flathead catfish are secppiscivores, becoming piscivorous
later in life (Keast 1985), when they reach 250 (@ublette et al. 1990). We also set
gill nets in pools after completing our depleti@mgling to test the effectiveness of our
sampling methods; we never captured any fish irgitenets.

Channe Catfish

A small percentage of the diet of channel catfishsisted of desert sucker and
Sonora suckers. Fish (native and nonnative) wergt common in the diet of fish below
Bartlett Dam, especially in pools. The majorifychannel catfish were captured below
Bartlett Dam, and these fish were significanthgkrthan those above Bartlett Dam.
This difference in size structure between sectamsthe abundance of sucker below the
dam may account for the commonness of fish in tbed catfish below Bartlett Dam.

Marsh and Brooks (1989) found recently stockedntaack suckers in high
densities in the diet of channel and flathead €latifn the Gila River, Arizona. Channel
catfish have the potential to have a predation chpa the abundance and distribution of
native fishes; they are opportunists and are asorglary piscivores (Keast 1985).
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Smallmouth Bass

Fish were most common in the diet of smallmoutbskia the relatively pristine
headwaters of the Verde River (Section I) duringngpand summer, however fish
composed less that 5% of the diet. Previous ssuthee found native fish and fish in
general to compose a higher percentage of thefigghallmouth bass than we
documented (Brouder et al. 2000; Robertson and iitex 2001). We observed native
fish in very low densities in the upper Verde Riaad this may account for their rarity in
the diets of smallmouth bass. However, fish ofilsinsizes, such as red shiners, were
found in the diet in higher numbers. Smallmoutbdlaave the potential to have a
predation impact on the abundance and distribwifarative fish.

YellowBullhead

The diet of yellow bullhead primarily consistedin$ects, plants and crayfish.
The percent of crayfish in the diet of yellow belélds was greater than in other
nonnative fishes; overall crayfish composed a spwitentage of the diet of all
nonnative fishes (< 14%). Fish composed less 88arf the diet, one-third of which
were native fish (longfin dace and unidentifiedksry. Fish were most common in the
diet of yellow bullhead below Bartlett Dam in rég8 in spring and summer. Seaburg and
Moyle (1964) also found bullheads to eat primacilystaceans and only a few fish.
Even though yellow bullhead ate only a small petag®a of fish, one-third were native
fishes, so yellow bullhead have the potential teeh@n impact on the abundance and
distribution of native fishes.

Conclusions

Based on diet alone, largemouth bass were theapyipiscivore in the Verde
River both for native and nonnative prey fishesatie fish composed the highest
percentage of the diet of all nonnative fishes WwdBartlett Dam, which coincides with
the highest abundances of native fishes. Fishydnay native fish composed the highest
percentage of the diet of all nonnative fishesmyithe spring and summer, which
coincides with the spawning of native fishes. BEheends suggest that these nonnative
fishes, especially largemouth bass, could be negjgtimpacting the abundance and
distribution of native fishes through predatiorno determine if predation by nonnative
fishes is significantly impacting native fish poatibns, the consumption rates and
abundances of nonnative and native species areedqu

Prey fish (native and nonnative) in the diet of mative fishes could be viewed as
the highest percent of native fish these speciakldmave in their diet. Piscivores are
opportunistic (Hodgson and Kitchell 1987); they ao¢ seeking out specific species of
native fish to feed upon. If native fishes werdigher density above Bartlett Dam we
might see the same predation patterns occurritge I@w densities of native fish above
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Bartlett Dam may be caused by continual predatiocesthe early 1900s, Velez et al.
(Chapter 4) discusses this topic in more detail.

Arizona’s nonnative sport fishery is a major fumgisource for the Arizona Game
and Fish Department and it generates more revemurizona than any other
recreational source. If native fish are goingeacbnserved, and with the least effect on
sport fisheries, the impact of predation by nonmatishes needs to be well understood.
The three companion papers, which follow in thigor¢, further define the impact these
nonnative fishes are having on native fishes intbede River.
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Table 1.1 - Native and nonnative fishes foundrduour study (March 2002-2003) and
historically in the Verde River, Arizona.

Common Name

Scientific Name

Native Fishes
Colorado Pikeminnow*
Desert Sucker*
Gila Topminnow
Loach Minnow
Longfin Dace*
Razorback Suckef*
Roundtail Chub*
Sonora Sucker*
Speckled Dace
Spikedacé

Nonnative Fishes
Black Crappie
Bluegill Sunfish*
Channel Catfish*
Common Carp*
Fathead Minnow
Flathead Catfish*
Green Sunfish*
Largemouth Bass*
Mosquitofish*
Rainbow Trout*
Red Shiner*
Sailfin Molly
Shortfin Molly
Smallmouth Bass*
Threadfin Shad*
Tilapia spp.*
Yellow Bullhead Catfish*
Yellow Bass

Ptychocheilus lucius
Catastomus clarki
Poeciliopsis occidentalis
Tiaroga cobitis

Agosia chrysogaster
Xyrauchen texanus
Gilarobusta
Catastomus insignis
Rhinichthys osculus
Meda fulgida

Pomoxis nigromacul atus
Lepomis macrochirus

| ctal urus punctatus
Cyprinus carpio
Pimephales promelas
Pylodictisolivaris
Lepomis cyanellus
Micropterus salmoides
Gambusia affinis

Oncor hynchus mykiss
Cyprinella lutrensis
Poecilia latipinna
Poecilia mexicana
Micropterus dolomieui
Dorosoma petenense
Tilapia spp.

Ameriurus natalis
Morone mississippiensis

* Fish species captured in this study

* Fish species federally listed as threatened camgered
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Table 1.2.- Percent by weight and standard eofpsey consumed by nonnative fishes in the VerdeiRRArizona (all sites
and seasons combined), 2002-2003.

Bluegill Rainbow Mosquito  Common
sunfish trout Tilapia spp. Green sunfish  fish carp Red shiner
N =22 N =32 N =9z N = 75¢ N =497 N = 31¢ N = 1557
(19-190 mm (225-356 mmr  (22-317 mm (21-216 mm (13-56 mm (39-710 mm (6-89 mm
Prey grou % (SE % (SE % (SE % (SE % (SE % (SE % (SE
Total Fis . . . . .24 . . . . .
Native Fishe: 4.29 (4.25 0 0 0.48 (0.23 0 0 0
Longfin dact 0 0 0 0.13(0.13 0 0 0
Desert suck 0 0 0 0 0 0 0
Sonora sucki 0.04 (0.04 0 0 0 0 0 0
Catastomusspp. 4.25 (4.25 0 0 0.34 (0.7 0 0 0
Nonnative Fishe 0 0 0 0.22 (0.14 0 0.32 (0.32 0
Yellow bullhear 0 0 0 0 0 0 0
Common car 0 0 0 0 0 0 0
Red shine 0 3.83 (2.71 0 0.18 (0.14 0 0.05 (0.05 0
Mosquito fist 0 0 0 0 0.17 (0.17 0 0
Channel catfis 0 0 0 0.04 (0.04 0 0 0
Green sunfis 0 0 0 0 0 0.27 (0.27 0
Micropterus spp. 0 0 0 0 0 0 0
Smallmouth ba: 0 0 0 0 0 0 0
Largemouth ba: 0 0 0 0 0 0 0
Tilapia spp. 0 0 0 0 0 0 0
Flathead catfis 0 0 0 0 0 0 0
Cypriniforme: 0 0 0 0 0 0 0
Centrarchida 0 0 0 0 0 0 0
| ctalurus spp. 0 0 0 0 0 0 0
Unknown Fishe: 0 0 0 0.05 (0.04 0 0.10 (0.10 0.02 (0.84
Invertebrates 75.98 (8.74 63.98 (7.3C 14.26 (3.6t 78.85 (1.2 93.50 (1.07 20.82 (2.14 96.65 (0.41
Plants 19.72 (8.12  32.15(7.1€ 84.67 (3 76 13.03 (0.9¢ 6.23 (1.05 76.39 (2.24 3.26 (0.41
Crayfish 0 0.04 (0.04 1.07 (1.0 7.09 (0.78 0.10(0.10 2.37(0.81 0.06 (0.04
Amphibians 0 0 0 0.41 (0.21 0 0 0




Table 1.2 cont.- Percent by weight and standaat®of prey consumed by nonnative fishes in thedl¥&iver, Arizona (all
sites and seasons combined), 2002-2003.

Threadfin
shad Largemouth bass Flathead catfish ~ Channel catfish 8math bassYellow bullhead
N=1 N =110¢ N =154 N = 24¢ N = 144! N =271
(51 mm (12-515 mm (27-505 mm (21-573 mm  (10-340 mm (29-328 mm
Prey group % (SE) % (SE) % (SE) % (SE) % (SE) % (SE)
Total Fish 0 16.76 (1.0t 6.84 (1.91 411 (1.11 3.43(0.43  271(0.87
Native Fishe: 0 8.30 (0.80 1.89 (1.05 2.43 (0.88 0.07 (0.06 0.86 (0.53
Longfin dact 0 0.34 (0.17 0 0 0
Desert suck 0 2.80 (0.47 0.79 (0.62 0.46 (0.36 0 O
Sonora sucki 0 2.97 (0.49 1.10 (0.76 1.38 (0.62 0.07 (0.06 0.12 (0.12
Catastomus spp. 0 2.20 (0.40 0 0.60 (0.35 0 0.74 (0.52
Nonnative Fishe 0 6.17 (0.67 4.96 (1.63 0.94 (0.56 2.79 (0.39 0.89 (0.49
Yellow bullheac 0 0 0 0 0.05 (0.03 0.25 (0.25
Common car 0 0.30 (0.14 0.18 (0.18 0 0.11 (0.08 0
Red shine 0 2.23(0.41 3.83(1.48 0 1.65 (0.31 0.34 (0.30
Mosquito fist 0 1.44 (0.32 0 0.62 (0.46 0.57 (0.18 0
Channel catfis 0 0.08 (0.08 0 0 0 0
Green sunfis 0 0.20 (0.13 0 0 0.06 (0.06 0.29 (0.29
Micropterus spp. 0 0.18 (0.13 0 0 0.27 (0.13 0
Smallmouth ba: 0 0.18 (0.13 0 0 0 0
Largemouth ba: 0 0.33(0.16 0 0.32 (0.32 0 0
Tilapia spp. 0 0.75 (0.25 0 0 0 0
Flathead catfis 0 0.09 (0.09 1.00 (0.72 0 0 0
Cypriniforme: 0 0 0 0 0.02 (0.02 0
Centrarchida 0 0.39 (O 16 0 0 0.03 (0.03 0
[ ctalurus spp. 0 0 0 0.03 (0.03 0
Unknown Fishe: 0 1.97 (0.35 0.005 (0.057 0.73 (0.36 0.66 (0.18 0.95 (0.47
Invertebrates 10C 56.20 (1.3€ 61.85 (3.61 29.58 (2.74 71.27 (1.0€ 55.05 (2.64
Plants 0 14.10 (0.92 20.03 (3.02 57.73 (2.8€ 11.89 (0.81 26.95 (2.3C
Crayfish 0 1.11 (0.87 11.01 (2.23 8.50 (1.66 12.95 (0.81 14.43 (1.95
Amphibians 0 1.84 (0.37 0 0.08 (0.07 0.35 (0.14 0.85 (0.52




Table 1.3.- Results of one-way analysis of varigeeting whether the mean percent of total fishraatd/e fish in the diet ¢

largemouth bass, flathead catfish, channel catfistallmouth bass, and yellow bullhead catfish o section of river,
environment, and season. Separate analyses waedatceach species.

Largemouth bass Flathead Catfish Channel Catfish Broath bass Yellow bullhead

Variable F df P F df P F df P F df P F df P
Total Fish

Section 53.01 2,1106 <0.01 251 3,150 0.06 1.15 3,2442 0.B72 2,1438 0.18 1.68 3,267 0.17

Environment 3.36 2,1106 0.02 0.82 2,151 0.44 154 2,24%2 00.14 2,1438 0.87 1.32 2,268 0.27

Season 3.97 2,1106 0.02 1.22 3,150 0.30 3.47 2,245 0.0B5 2.1438 0.02 1.25 2,268 0.29
Native Fish

Section 72.11 2,1106 <0.01 12.79 3,150 <0.01 0.48 3,2440 00.44 2,1438 0.64 2.13 3,267 0.09

Environment 6.03 2,1106 <0.01 0.81 2,151 045 1.31 2,287 0.75 2,1438 0.47 0.94 2,268 0.39
Season 1.06 2,1106 0.35 0.48 2,151 0.62 4.41 2,245 0.043 D.1438 0.79 0.72 2,268 0.48




Table 1.4.- Percent by weight and standard eobiengfin dace, desert
sucker, Sonora sucker, and unidentified suckerswuoed by largemouth
bass by season and environmental below Bartlett (3ution V), Verde
River, Arizona.

Spring Summer Winter
% (SE) % (SE) % (SE)
Longfin Dace
Pool 0 0 0
Riffle 6.18 (6.18) 0 2.11 (2.11)
Run 0 0 0
Desert Sucker
Pool 2.15 (1.49) 7.98 (5.01) 3.69 (3.69)
Riffle 16.66 (11.78) 0 0
Run 1.30 (1.29) 1.67 (1.67) 6.54 (4.61)
Sonora Sucker
Pool 18.07 (8.35) 9.17 (4.51) 0.73 (0.73)
Riffle 0.71 (0.71) 4.17 (4.17) 0
Run 0 4.09 (2.18) 3.53 (3.15)
Catastomus spp.
Pool 6.85 (3.45) 7.62 (3.07) 0
Riffle 4.79 (4.79) 0 0

Run 3.54 (2.43) 3.33 (2.25) 0.07 (0.07)




Figure 1.1.- Verde River location within Arizonadasection and sample location on the
Verde River, Arizona.
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Figure 1.2.-Percent by weight of native and nomwedlish in the diet of largemouth bass
(LMB), flathead catfish (FHC), channel catfish (QC&mallmouth bass (SMB), and
yellow bullhead (YBH) by section of river.
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Figure 1.3-Percent by weight of native and nonmdfiish in the diet of largemou
bass (LMB), flathead catfish (FHC), channel catfi€iCF), smallmouth bass
(SMB), and yellow bullhead (YBH) by season.
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Figure 1.4.-Percent by weight of native and nomediish in the diet of largemouth

bass (LMB), flathead catfish (FHC), channel catfi€F), smallmouth bass (SMB),
and yellow bullhead (YBH) by environment.
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Chapter 2: Rates of Consumption of Native Fish bjlonnative Fishes in the Verde
River, Arizona

Laura L Leslie, Cristina E. Velez, and Scott A. Bon
Abstract

Largemouth basklicropterus salmoides, smallmouth basll. dolomieui, channel
catfishlctalurus punctatus, flathead catfistiPylodictis olivaris, yellow bullheadAmeiurus
natalis, and rainbow trouDncorhynchus mykiss were sampled throughout the Verde
River from March 2002 to January 2003 to examieads in prey fish consumption.
The Wisconsin bioenergetics model (Hanson et &7)1%as used to quantify variation
in daily ration of fish, including native fish cammed by largemouth bass, smallmouth
bass, channel catfish, flathead catfish, yellowHaald, and rainbow trout. Largemouth
bass had the highest overall daily ration of fisd aative fish, more than twice that of
any other species. The daily ration of fish consdry largemouth bass was highest
below Bartlett Dam where native fish densities wleehighest and when native fishes
were spawning (spring and summer). Daily ratiojugénile largemouth bass (< age 1)
was higher than other juvenile nonnative fishedctvisorresponds with overlap in use of
habitat with age 0 native fishes. Although fishreva small percentage of the diet of
rainbow trout, they had the second highest datipmeof fish (exclusively nonnative),
while all other species had similar lower dailyiwas of fish and native fish. Sample
sizes of rainbow trout were small (n=32), so furtbieidy is required to better evaluate
native fish consumption by this species. Knowledfyhe distribution and population
sizes of these introduced fishes is needed to ateathe overall impacts to native fishes
in the Verde River system.

Introduction

The introduction of nonnative fishes across theedeSouthwest have had
detrimental effects on native fishes through coitipet hybridization, disease transfer,
and predation (Rinne and Minckley 1991; Lassuy 188&sh and Douglas 1997). As a
result many native fishes are federally listed urptevisions of the Endangered Species
Act (ESA) of 1973.

Predation from nonnative sport fishes is hypothezsio be one of the primary
causes of native fish declines in the Verde River across the Southwest (Rinne and
Minckley 1991; Lassuy 1995; Marsh and Douglas 199%jthin the Verde River, native
fish have been documented in the diets of variamhative fishes (Brouder et al. 2000;
Leslie et alin prep., this issue), however the rate of consumption alvedishes by
nonnative fishes has not been quantified. By ifigny the consumption rate of native
fishes by nonnative fishes managers will be abkvtduate the potential effects of
increasing (stocking) or decreasing (mechanicabret) the biomass of nonnative fishes
will have on the native fishes in the Verde River.
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We estimated the consumption rate of fish and ediwlargemouth bass
Micropterus salmoides, smallmouth bask!. dolomieui, channel catfisictalurus
punctatus, flathead catfistirylodictis olivaris, rainbow troutOncor hynchus mykiss, and
yellow bullheadAmeiurus natalis, in the Verde River. These species were chosen fo
analysis based on the percentage of their diet osatpof fish and native fish (Leslie et
al.in prep.). Rainbow trout were specifically chosen becdhsg are the only nonnative
species that is currently being stocked into thed€dRiver. By quantifying consumption
rates of native fishes by nonnative piscivores wkigentify (1) which species and age
classes of nonnative fishes exhibit the highedy @ansumption rates (2) the season
when consumption rates of native fishes were tgkdst and (3) the geographic region in
which consumption is primarily occurring.

This information allows managers to assess whielisp and age classes are
having the greatest predatory impact on nativeeBsdnd make management decisions
accordingly. By focusing control and removal effoon the specific species and age
classes that have the highest consumption ratestive fishes, managers have been able
to greatly reduce the potential predation on ndislees and increase the abundance and
distribution of native fishes (Foerster and Rick841; Meachum and Clark 1979; Smith
and Tibbles 1980; Friesen and Ward 1999; Kooneé 4993; Tyus and Saunders Il
2000).

Methods
Study design

We used the Wisconsin bioenergetics model (Hansah £997) to calculate
consumption rates of prey fish for primary predstorthe Verde River (largemouth bass,
smallmouth bass, channel catfish, flathead catjishow bullhead, and rainbow trout; as
determined by Leslie et ain prep.) by section of river, season, and age class.

We divided the river into four major sections basadlegree and type of
anthropogenic impacts (see Figure 1.1). Sectilawed approximately 69 km from
Sullivan Dam to Clarkdale and was largely freemthaopogenic impacts. Section ll,
flowed 49 km from Clarkdale to Beasley Flats, araswhe most developed section of the
river, characterized by many irrigation diversiosites of ground water pumping and
considerably altered riparian vegetation. Sedtibriederally designated as “Wild and
Scenic” in 1984 under the Wild and Scenic Rivers, Aowed 90 km from Beasley Flats
to Horseshoe Dam. Section IV, flowed 41 km frortolxeBartlett Dam to the Salt River,
and had regulated flow and a larger volume thaerathctions.

We delineated three seasons based on observedhgites of nonnative fishes
and fluctuations in water temperature. Spring designated as March through May
(simulation day 1 to 94), summer was June throwgtenber (day 95 to 220), and
winter was October through February (day 221 to 3@mays of simulation for age 0 fish
started on the first day we captured them. Oumpdagiended in January 2003;
however, we ran our simulations from March 200R1arch 2003 to represent
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consumption rates of fish across the entire y&ar. purposes of our simulations, diet
composition, temperature, and growth rate estimagre assumed to be constant for
each species from January 2003 through February 200

We delineated three age classes for largemouth msdimouth bass, channel
catfish, flathead catfish and yellow bullhead basedength frequencies for each species.
Consumption rates were not determined by age tasainbow trout because age 1 fish
were stocked into the Verde River and they arerasduto not be reproducing or
surviving through the summer (Roger Sorensen, AazBame and Fish Department,
personal communication).

Bioenergetics Model Simulations

The Wisconsin bioenergetics model estimates tHg dansumption rates of each
prey species by each predator through balancedgpguations that take into account
each predator’s specific physiological parametemsrgy densities (Joules/gram) of prey,
proportion of the diet made of different prey, gtbwates of the predator, timing of and
energy spent on reproduction by each species henkinperature regimes in which they
occur.

Physiological parameters.--We used physiological parameters for consumption,
respiration, waste loss, and predator energy detisit were included in the
bioenergetics model for largemouth bass, smallmba#s, and rainbow trout (Shuter and
Post 1990; Rand et al. 1993; Rice et al. 1993 easmely). We used physiological
parameters described by Blanc and Margraf (20023Hannel catfish. We used channel
catfish as a surrogate species for flathead catfishyellow bullhead because
physiological parameters were not available fos¢hgpecies. We borrowed energy
densities for prey species from the literature (@&hl).

Diet composition.--We used diet information collected by Leslie ef(ia prep.)
for diet composition inputs into the model. Wedisection- and species-specific length
frequencies to separate diet composition dataageclasses at each sample site. We
pooled diet composition across each pool, riffld am at each sample site to increase
sample size and because we were unable to determitach environment the prey
items were consumed.

Diet data were pooled for all rainbow trout and bineenergetics model was run
for the spring stocking season (January through)M#lye used Diet data from April and
May 2002 and January 2003 for the spring simulati€ing the bioenergetics model. We
collected only one trout during the summer seasonesonly analyzed consumption
rates for the spring.

Growth rates.--Growth rates for age 0 and age 1 fish were caledlabm length
frequency data (Devries & Frie 1996) for all fisle®ept rainbow trout. Length
frequency data were not reliable for age 2+ fiskthgoaverage size of age 2+ fish was
calculated using length frequency data and use¢ldeaaverage length of age 2+ at the
beginning of our study. We did not use a weiglaegrage because the data was
normally distributed with no obvious outliers. \Waculated the average growth per day
of age 2+ fish using mark-recapture data from tdgage 2+ fish. We multiplied growth
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per day by the number of days during each seascal¢alate the average length of each
species at the beginning and end of each subsesg@stn (Table 2.2). The winter
growth rate of age 1 channel catfish in Sectiomié used to calculate winter growth for
age 2+ channel catfish because no age 2+ chartfishoaere marked or recaptured
during winter. We developed length-weight regressifor each species to convert
growth in length to growth in weight for input intiee bioenergetics model.

We assumed no growth for rainbow trout during oonmugation because water
temperature was above optimal temperature for ¢grd@& C; Sublette et al. 1990), and
rainbow trout generally do not survive in the VeRiger long enough to experience
growth (Roger Sorensen, Arizona Game and Fish Depat, personal communication).
Also the average weights of all rainbow trout cagdiuwere very similar to average
weights of stocked fish (215 g) so we assumed ¥ not gaining or loosing a
significant amount of weight while residing in tWerde River.

Reproduction.--We accounted for energy costs associated with Spgvior age
2+ largemouth bass, smallmouth bass, flatheadsbatthannel catfish and yellow
bullheads. The bioenergetics model requires inpatthe day of spawning and the
proportion of fish mass that is lost on that dayn@do somatic index (GSl)). We
calculated the spawning day for each species basdue water temperature at which
they spawn (Table 3: Sublette et al. 1990) anda8é&for each species was borrowed
from the literature (Timmons et al. 1980; Davis 89Bavis 2000).

Temperature regime.--The temperature regimes for each section were ledéel
(Figure 2.1) from water temperature measuremekentcom each pool, riffle, and run.
Water temperatures were measured mid-morning atamelgpth of the water column.
While water temperatures can fluctuate throughloetlay we assumed we were
capturing the median water temperature becauseetatupes tend to peak in the late
afternoon and are generally coldest in the earlgpnmg. We calculated average water
temperature for each month (Figure 2.1) by aversgite-specific water temperatures
within each section. Temperature profiles werestdi@e for all age classes and species
within a section.

The model interpolated values of diet composittbermal experience, and
growth between sample dates. The model was runfonhge classes of nonnative
fishes where prey fish were found in the diet; othge daily ration was entered as zero.

Analysis

We used one-way analysis of variance (ANOVA) anddr combinations to test
for and quantify differences in mean daily ratidriish and native fish by species and
age class of nonnative fish, section of river, sedson. We did not test for interactions
between section of river, environment, and seasoause we did not capture fish in each
environment and season within each section.

Piscivores are opportunistic (Hodgson and KitctheB7); they are not seeking
out specific species of native fish to feed uptve viewed the daily ration of fish (native
and nonnative) consumed by nonnative fishes aBitfiest possible predation rate that
could occur on native fishes (longfin dace, Sorsueker and desert sucker) if they were
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readily available as prey. The daily ration ofivafishes is the actual daily consumption
of native fishes we observed.

Results
Daily Ration

Largemouth bass had the highest average daitynrafifish and native fish
(Figure 2.2: ANOVAFs 106= 5.49,P < 0.01;Fs 106= 5.95,P < 0.01, respectively). The
average daily ration of fish by largemouth bass wdang/g (SE = 1.44) greater than the
daily ration of fish by all other species (lineantbinationsf 10s=12.73,P < 0.01).

Their daily ration of native fish was 2.9 mg/g (SH.04) greater than the daily ration of
native fish consumed by any other species (linearlgnationsF; 106=7.83,P < 0.01).

Rainbow trout had the second highest daily radibish, all of which were
nonnative prey fish (Figure 2.2). Flathead chthad the second highest daily ration of
native fishes, followed by yellow bullhead, chancaifish, and smallmouth bass (Figure
2.2). Flathead catfish, yellow bullhead, chanmfish, and smallmouth bass had similar
low consumption rates of fish.

Spatial Trends

The highest daily rations of fish and native fislmnsumed by piscivores occurred
below Bartlett Dam, in Section IV (Figure 2.3; AN®@YVF3 107= 4.03,P = 0.01;F;5107=
8.02,P < 0.01, respectively). The daily ration of fishfionnative fishes was 3.4 mg/g
(SE = 1.09) higher in Section IV than in any otkections of the river (linear
combinationsF; 107= 11.27,P < 0.01). The daily ration of native fish by notina
fishes was 3.5 mg/g (SE = 0.71) higher in Sectibthian in any other section (linear
combinationsF; 107= 23.89,P < 0.01).

Within Section IV, largemouth bass had the higlgesiy ration of fish and native
than other species; within other sections the dailipn of fish was not significantly
different by species (Figure 2.3; ANOVE; 25= 6.58,P < 0.01;F325= 5.86,P < 0.01).
The daily ration of fish consumed by largemouthsbaas 12.1 mg/g (SE = 2.75) higher
than the daily ration of other species in SectMiflinear combinations;; 2= 19.41 P
<0.01). Likewise, the daily ration of native fisansumed by largemouth bass was 8.3
mg/g (SE = 2.03) higher than the daily ration byestspecies in Section IV (linear
combinationsF; 2g= 16.71,P <0.01).

Seasonal Variation

The average daily ration of fish consumed by namadishes was lowest during
winter (Figure 2.4; ANOVAF; 10s= 4.64,P < 0.01). During the winter, the average
daily ration of fish was 3.1 mg/g (SE = 1.05) lovtlean the daily ration of fish consumed
by nonnative fishes during spring and summer (limeabinationsF; 10s= 8.58,P <
0.01). The average daily ration of native fisheswot significantly different by season
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(ANOVA, F;108= 2.18,P < 0.12), the daily ration was 1.4 mg/g (SE = 0lé8)er in
winter than in spring and summer (linear combinai&; 10s= 3.75,P = 0.05). The daily
ration of native fish was the highest for all pigries during the spring (Figure 2.4).
Largemouth bass had the highest daily rationstf nd native fish during
summer and winter than any other species (FigyreANOVA, F437=10.31P <0.01;
Fs37=3.77,P=0.01;F437=2.28,P = 0.07;F4 3,= 2.59,P = 0.05, respectively). The
daily ration of fish consumed by largemouth bass W@&5 mg/g (SE = 1.69) greater than
the daily ration of fish consumed by other spedi@sng the summer, and 0.8 mg/g (SE
= 0.21) greater during the winter (linear combioa$,F; 37= 38.75P < 0.01;F; 33=
14.31,P < 0.01, respectively). The daily ration of natfish consumed by largemouth
bass was 4.3 mg/g (SE = 1.45) greater than thg dibn of fish consumed by other
species during the summer, and 0.5 mg/g (SE = @EaXer during the winter (linear
combinationsF; 37= 8.62,P < 0.01;F; 33= 9.81,P < 0.01, respectively).

Age Relations

There were no statistical significant differengesdaily ration of fish or native
fish consumed by various age classes of largemuagh (Figure 2.5; ANOVA; 2 24 =
0.97,P = 0.39;F, 4= 0.44,P = 0.65, respectively), smallmouth baBs {,= 0.42,P =
0.89;F,24=1.04,P = 0.37), channel catfist{,,=2.09,P = 0.22;F, 4= 0.78,P =
0.51), yellow bullheadR; 24= 0.42,P = 0.66;F; 4= 1.27,P = 0.30), or flathead catfish
(F2,24=0.37,P = 0.69;F;24=0.59,P = 0.56).

Within each age class, largemouth bass had thesiiglaily ration of fish and
native fish compared to other species (Figurelth&ar combinationg;; 25 = 8.69,P <
0.01;F313,=10.86,P < 0.01;F; 37=4.47,P = 0.04, respectively). Age0Oand 1
largemouth bass also had the highest daily ratiorative fishes of all other species
(Figure 2.5; linear combinationB; »5 = 4.00,P = 0.05;F; 34=5.62,P = 0.02,
respectively). The difference in daily ration arggunscivores was greatest within age 0
fish; the daily ration of fish by age 0 largemob#tss was 8.51 mg/g (SE = 2.89) greater
than the daily ration of fish consumed by other @dish. Additionally they were the
only species to consume native fishes.

Discussion

By focusing management and research efforts ogpbeies and age classes of
predators that have the highest consumption rdteatwe fishes, managers have been
able to increase the abundance and distributioratiwe fishes. Salmao@ncorhynchus
spp., populations have benefited from control ¢ffon northern pikeminnow
Ptychocheilus oregonensis, (Foerster and Ricker 1941; Friesen and Ward 1999s and
Saunders 11l 2000), and artic cHaalvelinus alpinus (Meachum and Clark 1979), while
many native fishes have benefited from controlréffon lampreyPetromyzon marinus,
in the Great Lakes (Smith and Tibbles 1980; Koagtcal. 1993).
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Data on consumption rates of native fishes aloggest that the abundance and
distribution of native fishes in the Verde Riverghi be increased if future management
efforts reduce the abundance of largemouth bassaamagow trout. Predation by other
species is also important; however, their dailjorabf prey fish is less than half of that
by largemouth bass and rainbow trout. If the ayesize of the other piscivores were to
increase or if they are at high densities, theydtaiso have a large predatory impact on
the abundance and distribution of native fishesngdmption rates alone are not enough
to determine the impact of predation by nonnatiskds; the abundance of native and
nonnative fishes must also be considered. This il be further discussed by C.
Velez (n prep.).

Current data indicate that management and reseé#fartts could have the
greatest impact on the abundance and distribufioiatove fishes by focusing on
largemouth bass below Bartlett Dam. Largemoutls basl the highest consumption rate
of fish (native and nonnative) below Bartlett Darhere densities of native fish were
highest (Velez et ain prep.); the highest consumption rate of fish in sprind aummer
when native fishes are spawning; and of all aged)lapiscivores, they had the highest
daily ration of fish at ages 0 and 1 when habisa overlaps with young of the year
native fishes.

A more extensive study focusing on rainbow trouy/ina warranted before
stocking practices are changed in the Verde Ri@ir consumption rate estimates are
based on the diet of only 32 rainbow trout, andeusd no evidence of them consuming
native fishes. However, rainbow trout are oppuigtic feeders (Hodgson and Kitchell
1987), and they had the second highest consumgaterof fish. Consumption rates of
rainbow trout were high, likely because of thegthmetabolism in the warm Verde
River. They have the potential to impact the abacdaand distribution of native fishes if
they are stocked in areas where native fishesangh densities or are spawning.

Limitations of Data

To make inference about the spatial, seasonahgeadariation in consumption
rates of fish by predators in the Verde River walenseveral assumptions. The primary
assumption in determining predator demand for elyat food is not limiting, thus
consumption is equivalent to demand (Ney 1990).il&\fbod can often be limiting in
closed systems (Ney 1990), we feel that if preylaldity was a limiting factor in our
study, then prey would be equally limiting to glesies and the trends in consumption
rates would not be affected.

The Wisconsin bioenergetics model requires nunsephiysiological input
parameters that are often difficult to measure @ately. The validity of consumption
estimates depends on the accuracy of the inputredeas. We assumed that values of
physiological parameters we borrowed from theditigre were representative of fishes in
the Verde River. Parameter estimates are routim@isgowed from the literature and used
in the bioenergetics model. While the parametemases may not be the exact values
experienced in the field, they are useful for shgarends in predator consumption (Ney
1990; Hanson et al. 1996).
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We also made several assumptions to be able woidfarence to the Verde River
from our sample data. We assumed that: the deegeawth rates of fishes and the
temperature regimes at our sampling sites (whiatewendomly chosen from available
access points) were representative of the VerderRakectrofishing provided a
representative sample of species and age classanigres; three consecutive sampling
days at three sites were representative of a mmitiin a given section; and there was
no diel variation in the proportions of prey conghby these piscivores. We feel that
our estimates were representative of the genenadirin consumption rates of fish and
native fish that are occurring in the Verde Riv#vhile there are fluctuations in data
across sites and years, the bioenergetics modedledy used and allows the evaluation
of trends in consumption rates (Kitchell et al. 793tewart et al. 1981; Ney 1993;
Schindler et al. 1993).

Management Implications

Because of the small number of rainbow trout cagatwand analyzed (n=32), we
recommend a more extensive study focusing on the@gpion impact of rainbow trout on
native fishes and the stocking practices of rainbrowt before changing stocking
practices. Based on current stocking records,15kg3f rainbow trout were stocked into
the Verde River in 2002. If every trout survivedi¢ed for one day, they could consume
18 kg of prey fish (based on daily ration of 3.5 pney fish/g/day). Survival of stocked
fish varies; angling records indicate that appratiety 80% of rainbow trout are killed
within the first week of being stocked into the WeRiver (Andy Clark, Arizona Game
and Fish Department, personal communication). Wéekved rainbow trout in the Verde
River in August; these fish lived for at least fononths because the last date of stocking
was in April. Rainbow trout have the potentialngact the abundance and distribution
of native fishes because their stocking overlaph thie peak of spawning activities by
native fishes. Further research is needed torbeitduate the impact of rainbow trout
and if their effects are significant, to determihe best stocking locations, dates, and
sizes of fish to stock into the Verde River to reglany predation impact they could have
on native fishes.

Future research is also needed to determine whieiewill be most effective
in reducing densities of largemouth bass in thelg&iver and if these efforts are
effective in increasing the abundance and distigibudf native fishes. Complete removal
of largemouth bass from the Verde River may be ssjlide or undesirable. Researchers
have been successful in increasing prey abundéaycaléering age structure and density
of predators by increasing harvest through rewandnams (bounties), changing fishing
regulations and by physical removal efforts (Ne@Q;Beamesderfer 1996; Tyus and
Saunders 11l 2000). These management actions mang&ful in decreasing the demand
for prey fish and increasing native fish abundaaoe distribution.

Increased stocking of native fishes combined wathaval efforts of largemouth
bass may increase the abundance and distributinativie fishes in the Verde River
(Ney 1990). Currently razorback suckexsr@uchen texanus) and Colorado
pikeminnow Ptychocheilus lucius) greater than 300 mm are currently being reintcedu
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into the Verde River. These larger fish are assutade large enough to escape
predation by nonnative fishes (Jahrke & Clark 19€8ying our study the average size of
prey fish consumed was 32 mm long, and 99% of tag fish consumed were less than
100 mm. Brouder et al. (2000) also found the nigjaf native fishes preyed upon
ranged in length from 34-90 mm. If the size ofordmack suckers and Colorado
pikeminnow stocked was reduced, it may be possiblecrease the number of fishes
that can be stocked into the Verde River. Stockingther native species may also help
increase their abundances and distributions throuitgihe Verde River.

Researchers are currently conducting nonnative vahstudies on the upper
Verde River (Section 1) and appear to be gettimgagased abundance of young suckers
(John Rinne, personal communication). Continusdaech is needed to test the effect of
removing the primary piscivores from the Verde Rioe the abundance and distribution
of native fishes. Research is also needed tordeaterthe annual exploitation rate of
largemouth bass that will provide the greatestcédn in predation while not resulting
in increased predation, growth or reproductionurviving largemouth bass or other
predators.

43



References

Beamesderfer, R. 1996. Evaluation of the biologoeais for a predator control program
on northern squawfishiP{ychocheilus oregonensis) in the Columbia and Snake
rivers. Canadian Journal of Fisheries and aquatences 35: 2898-2908.

Blanc, T. J., and F. J. Margraf. 2002. Effectaatirient enrichment on channel catfish
growth and consumption in Mount Storm Lake, WesgWia. Lakes and
Reservoirs: Research and Management 7:109-123.

Bryan, S. D., C. A. Soupir, W. G. Duffy, and C.Feiburger. 1996. Caloric densities of
three predatory fishes and their prey in Lake O8loeith Dakota. Journal of Fish
Biology 47:696-706.

Brouder, M. J., D. D. Rogers, L. D. Avenettie. 20Dide history and ecology of the
roundtail chulbGila robusta, from two streams in the Verde River basin. Federa
Aid in Sportfish Restoration. Technical Guidancdl&in No. 3. Arizona Game
and Fish Department, Phoenix.

Cummins, K. W., and J. C. Wuycheck. 1971. Calogigiealents for investigations in
ecological energetics. Internationale Vereingung Feoretische Und
Angewandte Limnologie, Mittelung No. 18.

Davis, K. B., C. A. Goudie, B. A. Simco, R. Mac @ee Ill, and N. C. Parker. 1986.
Environmental regulation and influence of the eged pineal gland on the
gonadal cycle and spawning in channel catfish l(laig punctatus).
Physiological Zoology 59: 717-724.

Davis, K. B., J. Morrison, and J. |. Galvez. 20B@productive characteristics of adult
channel catfish treated with trenbolone acetatenduhenocritical period of sex
differentiation. Aquaculture 189:351-360.

Devries, D. R. and R. V. Frie. 1996. Determinatdi\ge and Growth. Page 483-5it2
B. R. Murphy and D. W. Willis, editors. Fisherieschniques, 2nd edition.
American Fisheries Society, Bethesda, Maryland.

Foerster, R. E., and W. E. Ricker. 1941. The ef¢ceduction of predaceous fish on

survival of young sockeye salmon at Cultus Lakeurdal of the Fisheries
Research Board of Canada 5:315-336.

44



Friesen, T. A., and D. L. Ward. 1999. Managementasthern pikeminnow and
implications for juvenile salmonid survival in tlewver Columbia and Snake
rivers. North American Journal of Fisheries Mamagat 19: 406-420.

Hanson, M. J., D. Boisclair, S. B. Brandt, S. Wwd#, J. F. Kitchell, M. C. Lucas, and
J. J. Ney. 1996. Applications of bioenergetics ot fish ecology and
management; where do we go from here? Transaatiche American Fisheries
Society 122: 1019-1030.

Hanson, P. C., T. B. Johnson, D. E. Schindler,Jard Kitchell. 1997. Fish bioenergetics
3.0. Center for Limnology, University of WisconsMadison.

Hewett, S. W., and B. L. Johnson. 1992. A genezdlizioenergetics model of fish
growth for microcomputers. University of Wiscon§lea Grant Institute,
Madison, WIS-SG92-250.

Hodgson, J. R., and J. F. Kitchell. 1987. Oppostiniforaging by largemouth bass
(Micropterus salmoides). The American Midland Naturalist 118:323-336.

Jahrke, E., and D. A. Clark. 1999. Razorback suakdrColorado pikeminnow
reintroductions and monitoring in the Salt and \éenders. Nongame and
Endangered Wildlife Program Technical Report 14fizédna Game and Fish
Department, Phoenix, Arizona.

Kitchell, J. F., and J. T. Windell. 1970. Nutritelrnvalue of algae to bluegill sunfish
(Lepomis macrochirus). Copeia 1:186-90.

Kitchell, J. F., D. J. Stewart, and D. Weininge971. Applications of a bioenergetics
model to yellow perclPerca flavescens and walleye&tizostedion vitreum. Journal
of the Fisheries Research Board of Canada 29: 887-1

Koonce, J. F., R. L. Eshenroder, and G. C. Chri$883. An economic injury level
approach to establishing the intensity of sea laypontrol in the Great Lake.
North American Journal of Fisheries Management-13:1

Lassuy, D. R. 1995. Introduced species as a fattxtinction and endangerment of
native fish species. American Fisheries Society@sium 15:391-396.

Leslie, L. L., C. Velez, and S. Bonam preparation. Diet of nonnative fishes in the
Verde River, Arizona.

Marsh, P. C., and M. E. Douglas. 1997. Predatiomtspduced fishes on endangered

humpback chub and other native species in thesl@tlorado River, Arizona.
Transactions of the American Fisheries Society 3£8:346.

45



Meachum, C. P., and J. H. Clark. 1979. Managenteinictease anadromous salmon
production. Pages 337-3&6H. Clepper, editor. Predator-prey systems in
fisheries management. Sport Fishing Institute, Mraggon, D.C.

Miranda, L. E., and R. J. Muncy. 1989. Bioenergesles of shads and sunfishes as
prey for largemouth bass. Proceedings of the Sasthm Association of Fish
and Wildlife Agencies 43:153-163.

Ney, J. J. 1990. Trophic economics in fisherieseasment of demand-supply
relationships between predators and prey. Aqualienes 2:55-76.

Ney. J. J. 1993. Bioenergetics modeling today: gngwains on the cutting edge.
Transactions of the American Fisheries Society 12@:748.

Rand, P. S., B. F. Lantry, R. Ogorman, R. W. Owang,D. J. Stewart. 1994. Energy
density and size of pelagic prey fishes in Laketafao, 1978-1990- implications
for Salmonine energetics. Transactions of the AcaarFisheries Society
123:519-534.

Rice, J. A, L. B. Crowder, and K. A. Rose. 1998etactions between size-structured
predator and prey populations-experimental testnaodel comparison.
Transactions of the American Fisheries Society 3248:357.

Rinne, J. N., and W. L. Minckley. 1991. Native fshin arid lands: Dwindling resources
of the desert Southwest. USDA Forest Service Géiechnical Report RM-
206. Rocky Mountain Forest Ranger Experimentali@tatort Collins,
Colorado.

Schindler, D. E., J. F. Kitchell, S. He, S. R. Ganer, J. R. Hodgson, and K. L.
Cottingham. 1993. Food web structure and phosphoytisng in lakes.
Transactions of the American Fisheries Society Y&B-772.

Shuter, B. J., and J. R. Post. 1990. Climate, @tioum viability, and the zoogeography of
temperate fishes. Transactions of the Americandfish Society 119:314-336.

Smith, B. R. and J. J. Tibbles. 1980. Sea lamgPely ¢myzon marinus) in lakes Huron,
Michigan, and Superior: history of invasion andtcolh 1936-78. Canadian
Journal of Fisheries and Aquatic Science 37:1780t18

Stewart, D. J., J. F. Kitchell, and L. B. CrowdE®81. Forage fishes and their salmonid

predators in Lake Michigan. Transactions of the Aoamn Fisheries Society 122:
756-772.

46



Sublette, J. E., M. D. Hatch, and M. Sublette. AL9%he fishes of New Mexico.
University of New Mexico Press, Albuquerque, Newxide.

Timmons, T. J., W. L. Shelton, and W. D. DaviesB@.9Gonad development,
fecundity, and spawning season of largemouth lmasswly impounded West
Point Reservoir, Alabama-Georgia. Technical Papktise U.S. Fish and
Wildlife Service No. 100.

Tyus, H. M., and J. F. Sanders, Ill. 2000. Nonretigh control and endangered fish
recovery: lessons from the Colorado River. Fissepb5:17-24.

Velez, C., L. L. Leslie, and S. Bonan preparation. Distribution and relative abundance
of fishes in the Verde River, Arizona.

47



Table 2.1.- Prey energy densities (J/g wet weigbéd in the bioenergetics models.

Species Closest Surrogate ~ Energy Density (J/gbource

Longfin dace Fathead minnow 4488 Bryan et al. (1996)
Sonora sucker White sucker 3696 Bryan et al. (1996)
Desert sucker White sucker 3696 Bryan et al. (1996)
Unknown sucker White sucker 3696 Bryan et al. (1996)

- : Cummings & Wuycheck (1971); Miranda
Nonnative fish Average of species 4543 & Muncy (1989): Bryan et al. (1996)
Unknown fish 4605 Miranda & Muncy (1989)

Insects 3140 Hewett & Johnson (1992)
Plants Algae 992 Kitchell & Windell (1970)
Crayfish 3140 Cummins & Wuycheck (1971)
Amphibians Larval fish 4000 Hanson & Johnson (1997)
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Table 2.2.- Seasonal growth used in bioenergeitieslations, in terms of initial and
final weights for each season, for each age-grél@argemouth bass (LMB),

smallmouth bass (SMB), channel catfish (CCF), yelbullhead (YBH), and flathead

catfish (FHC), March 2002-2003.

Initial weight (g) for

Age Day LMB SMB CCF YBH FHC
Section |

0 94 * 2.5C * - -
22( * 8.02 - 6.6¢ -
36E& * 10.7¢ - 11.37 -

1 1 * 13.9¢ - - -
94 * 19.7¢ * 14.21 -
22( * 48.2° - 28.9¢ -
36E * 59.8: - - -

2+ 1 * 80.3¢ - - -
94 * 88.9¢ * - 125.5(
22( * 114.4¢ - 68.2¢ 126.57
36E * - - 75.3¢ -

Section Il

0] 94 2.4¢ 1.44 - - -
22( 15.31 12.2¢ - - -

1 1 11.5¢ 13.9¢ - - -
94 22.1¢ 26.71 - - -
22( 37.1¢ 51.9: - - -
36E 44 62 59.8: - - *

2+ 1 159.1( 31.3( - - -
94 182.4° 36.2¢ - - -
22( 218.8" 51.72 - - -
36E 266.2¢ - - - *

Section Il

0 94 2.4¢ 2.5C - - 3.4%
22( 11.5¢ 10.7¢ - - 12.8¢
36E& 17.41 - - - -

1 1 13.37 26.71 - * -
94 33.7¢ 44.6¢ - - 19.1¢
22C 62.0¢ 59.8: - - 41.0¢

2+ 1 239.6( 88.7¢ - * -
94 271.5¢ 97.9: - - 102.2:
22( 317.8( - - - 103.1°
36E 377.7" - - - -

Section IV

0] 1 3.64 * * * *
94 3.9¢ * - 4.82 5.8¢
22( 22.1¢ * - 17.3¢ 10.2(C
36E 24.7¢ * - - -

1 1 24.7¢ * 5.6t 11.37 10.2(
94 37.1¢ * 13.62 24.7¢ 15.8:
22( 67.02 * 32.8° 33.51 -
36E& 83.2¢ * 39.52 - -

2+ 1 292.8: * 215.4: - 178.0°
94 326.8( * 317.3¢ 68.2¢ 179.0¢
22( 380.7: * 506.0: 82.7¢ 180.3¢
36EF 446.3¢ * 583.3¢ - -

* No diet data - Simulation not run
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Table 2.3.- Water temperature (°C) when spawnimggnseand the calculated first day of spawning usdmoenergetic:
simulations for age 2+ largemouth bass, smallmba#s, channel catfish, yellow bullhead and flatrezdfish by section
of river from March 2002 to March 2003.

Largemouth bass Smallmouth bass Channel catfish Ydildihead Flathead catfish
Section °C Day °C Day °C Day °C Day °C Day

I 18 - 15 68 21 - 20 8C 24 15¢
I 18 64 15 5C 21 - 20 - 24 -

Il 18 31 15 31 21 - 20 - 24 107
[\ 18 18 15 - 21 174 20 37 24 10C

- Simulation not run
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Figure 2.1. - Thermal experience for largemoutlspasiallmouth bass, channel catfish,
flathead catfish, yellow bullhead, and rainbow trosed in bioenergetics modeling for

March 2002 to February 2003. Model simulationsdmegn March 1, 2002 (day 1) and
ran through March 1, 2003 (day 365).
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Figure 2.2. — Average daily ration (mg of prey geam of predator per day) of yellow
bullhead (YBH), channel catfish (CCF), smallmoués® (SMB), largemouth bass (LMB),
flathead catfish (FHC), and rainbow trout (RBT)de® on native and nonnative prey fish in
the Verde River, Arizona, March 2002-2003.

Ration (mg/g/d)

YBH CCF SMB LMB FHC RBT*
Species

[ ] Native [[]] Nonnative

* Daily ration based on spring data only
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Figure 2.3.- Average daily ration of native and mative fish (mg of prey per gram of predator pey)dy section of river,
of largemouth bass (LMB), smallmouth bass (SMBgrutel catfish (CCF), flathead catfish (FHC), anitbye bullhead
(YBH) in the Verde River, March 2002-2003.
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Figure 2.4.- Average daily ration (mg of prey pearg of predator per day) by
season, of largemouth bass (LMB), smallmouth b&848), channel catfish
(CCF), flathead catfish (FHC), and yellow bullhdxd@H) feeding on native and
nonnative prey fish in the Verde River, Arizonaafgh 2002-2003.
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Figure 2.5.- Average daily ration (mg of prey pearg of predator per day) by age class, of

largemouth bass, smallmouth bass

channel caffeghead catfish, and yellow bullhead

feeding on native and nonnative prey fish in thedéeRiver, Arizona, March 2002-2003.
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Figure 2.5 cont.- Average daily ration (mg of ppey gram of predator per day) by age gr
of largemouth bass, smallmouth bass, channel leatiishead catfish, and yellow bullhead

feeding on native and nonnative prey fish in thed€eRiver, Arizona.
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Chapter 3: Estimated Distribution, Relative Abundarnce, Density, and Standing
Crop of Fishes in the Verde River, Arizona

Cristina E. Velez, Laura L. Leslie, and Scott Ao

Abstract

We estimated the distribution, relative abundadeasity, and standing crop of
native and nonnative fishes in the Verde Riverzémia from March 2002 through
January 2003. We examined the estimated denani@standing crops of fishes by
section of river (Section 1, II, I, IV) and engnment type (pool, riffle, run). Estimated
densities of fish were also examined by seasom@psummer, winter). Over 30,700
fish were collected, comprising 6 native species$ BB nonnative species. Three native
species and 7 nonnative species were found thraughe entire river. Nonnative fishes
were approximately 2.6 times (95% C. I. 2.2 totBries) denser per 10Grof river than
native fishes, and their standing crop was appratehy 2.8 times (95% C. I. 2.0t0 4.0
times) that of native fishes per 100ai river. Native fishes were most dense in Sestion
| and IV (highest and lowest elevations), whileitlstanding crop was greatest in Section
l. Nonnative fishes were most dense in Secti@amd, had the greatest standing crop in
Sections | and Il. The highest standing cropsative fish were in pools and runs, and of
nonnative fish in pools. There was no differenteaative fish densities by environment
type, but nonnative fishes were most dense iregfflIThe ranges of estimated annual
standing crops of fish in this desert river weraikr to those of other temperate and
tropical rivers around the world.

Introduction

Native fishes in the desert Southwest are oneeofrtbst imperiled taxa in the
region. Habitat loss, hydrological changes, detation of water quality, and negative
interactions with introduced nonnative fishes dréh@aught to contribute to the decline
of native fishes in the Southwest, and are alrésalt of anthropogenic impacts
(Minckley and Douglas 1991; Girmendonk and Youn§7Z,Rinne 1994). Currently,
twenty-five of the remaining 34 native fish spedre#\rizona are listed as threatened or
endangered under the federal Endangered Speciesrfag Wildlife of Special Concern
in Arizona (Arizona Game and Fish Department 2003).

Negative interactions with introduced fishes dteroimplicated in the declines
of Southwestern fishes. Over a ten-year periodn&Eet al. (1998) found that nonnative
fishes seem to be replacing native species in #rdd&/River. The exact mechanisms for
declines in native fish populations caused by ntwedishes are unknown, but
competition, predation, hybridization, the introtan and transfer of parasites and
disease, and the loss of habitat are all suspébtedle et al. 1986; Rinne and Minckley
1991; Rinne 1992a; Marsh and Douglas 1997). Unaledsng the current distribution
and abundance of native and nonnative fishes wipétific environment types is
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essential groundwork for evaluating the effecta@fnative fishes on native desert
fishes.

The density and standing crop that fishes can oliavarious environment types
are basic measures of productivity commonly usaeddoage species and understand
their ecology (Bennett 1970). Estimates of fishsites and standing crops have been
made for various lakes, reservoirs, and riversughout the world (Mahon et al. 1979;
Wiley et al. 1980; Heidinger 1989; Formigo and Pekc1998; Penczak et al. 1998), but
there is little information available regarding thensities and standing crops achieved by
fishes in Southwestern desert rivers. Calculativegdensity and standing crop of fishes
in the Verde River would provide important inforrioat on the basic productivity of both
native and nonnative fishes in a typical Southwestiesert river system, and would be
useful for understanding the interactions amongeatnd nonnative fishes in these
ecosystems. The goals of our study were: 1) imast the distribution, percent relative
abundance, density, and standing crop of nativenandative fishes in the Verde River,
Arizona and 2) to examine the relationship betwisdndensity and standing crop to
section of river (Section 1, Il, lll, and IV), emanment type (pool, riffle, run), and season
(spring, summer, winter) for each species.

Methods
Study Design

Following the designations of Rinne et al. (19983, divided the river into four
sections (Figure 3.1) based on the degree of humpact (Table 3.2). Sullivan Dam to
Tapco, an abandoned coal-fired power plant in dlatof Clarkdale (Girmendonk and
Young 1997), was designated as Section |, and keambst pristine section of the river
with the lowest flow. Clarkdale to Beasley FlatscReation Area contained large-scale
human development and water diversions, and wagrdged Section Il. Section Il ran
from Beasley Flats to Horseshoe Dam, and was fégelesignated as “Wild and
Scenic” in 1984 (Slingluff 1990). The river fromaBlett Dam to the Salt River
confluence was designated Section 1V, a largerescaér characterized by much higher,
regulated flows. The section of river between ldel®me Dam and Bartlett Dam was
excluded from sampling because of its distinctissnes a closed system.

We selected a stratified random sample of thres $iom available road access
points within each of the four sections of rivergiire 3.1), for a total of 12 sample sites
(Table 3.3). We systematically chose one of easirenment type (pool, riffle, run) for
sampling at every site monthly from March 2002adauary 2003. We used definitions
from Arend (1999) to guide our selection of poaiffles, and runs. We measured the
surface area, temperature, and maximum depth afdter for each environment type
sampled. Sample months were grouped into thremeeaccording to water
temperatures: March - May 2002 was defined asphi@g season, June - September
2002 as the summer season, and October - JanuaBya2the winter season.
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Fish Collection

We used block nets to separate and ensure closoregool, riffle, and run at
each sample site. Each block net was 30.5 x w8d®, with 3.2 cm bar mesh, with a
lead line stabilized by cement weights. We usedISRoot Model 12-B (battery
powered) and Model 15 (generator powered) backpleitrofishing units to collect fish
in shallow areas and along shorelines, and a Gofi-15 raft electrofishing unit to
collect fish in deeper pools and runs (Reynolds3)98ackpack shocker settings
averaged 60 Hz at 6 ms and 300 volts, and the [EM¥4P-15 settings on the raft
averaged 300 volts, 7 amps, 40% pulse width, andz0

Electrofishing took place during the day, from appmately 0800 to 1600 hours.
Multiple electrofishing passes were conducted ichdalock-netted pool, riffle, and run
until depletion, or the subsequent number of tiisal caught in each pass was
substantially reduced. Each fish captured wastifileshand measured to the nearest mm
(total length). At least the first 50 individualseach species caught were weighed to the
nearest 0.1 g. All fish were held in a live cad aeleased at the end of the sampling
period.

Environment Types

We used a combination of recorded environment sypéace area measurements
and aerial photographs (Salt River Project 200258%002a) to estimate the proportion
of pools/runs to riffles available within 400m afah sampling station. The average
ratios of pools/runs to riffles were similar amahg four sections (within 3% of each
other), which allowed us to compare the percermitingd abundance, estimated density,
and standing crop of native and nonnative fishessacthe river.

Percent Relative Abundance

We calculated the percent relative abundance ofenahd nonnative fishes in
each pooaol, riffle, and run sampled on each day. awsraged the relative abundances of
native and nonnative fishes over the year by se@i environment type, and compared
them with previous work done by Rinne et al. (1998Je examined relative abundances
by environment type within each section becauseatheunt of pools, riffles, and runs
available within each section was not quantified.

Density and Standing Crop Estimates

We used the Zippin removal method (Zippin 1956;ppl958) in the computer
program Capture (White et al. 1992) to estimatepthygulation size (number of
individuals) of each fish species within each bloehted pool, riffle, and run at every
site (12 sites), for each month (10 months). Thepii method assumes 1) a closed
population, 2) equal probability of capture foratimals, and 3) a constant probability of
capture from sample to sample (Zippin 1956; SeB82). Removal methods for fish
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population estimates are used when there is adagthability of fish, and equal effort is
given in each sample period (Van den Avyle 1993).

If the number of individual fish caught within ospecies did not decrease with
additional electrofishing passes, we used the tataiber of fish caught as a conservative
population estimate for that species. This usuatlyurred in numbers of less than ten
with larger sized species, and in multiples ofwéth smaller sized species. We divided
the species-specific population estimates by tted smrface area of the environment type
sampled to obtain relative densities. We averdlgedlensities for all species over the
year by section of river, environment type, ancgssea

The mean individual weight of each species wasutatied for each pool, riffle,
and run sampled each day. When weight data wasilable, we averaged total lengths
of all fish caught within a species and used lefigtquency histograms to estimate the
mean individual weight (Anderson and Gutreuter J98e standing crop per unit area
of each species was estimated by multiplying thamiedividual weight by the density
estimate (Burns 1971; Mahon et al. 1979). Stapdiop estimates for each species
were averaged over the year by section of riverirenment type, and season.

Statistical Analyses

We log10 (x +1) transformed the estimated dersséied standing crops of total
fish captured (native and nonnative fishes combitedheet the assumptions of
normality and homogeneity of variance. We usedtipielregression analysis and linear
contrasts to test for and quantify differences leetwthe estimated densities and standing
crops of total fish in the river by section, envinoent type, and season.

Because estimated densities and standing cropsdmidual species included
numerous zeroes and violated the assumptions ofalily and homogeneity of variance,
we conducted a two part statistical analysis fouged native and nonnative fish, and by
individual species. We used Kruskal-Wallis nonpaetric single factor analysis of
variance (K-W ANOVA) by tied ranks tests (Zar 1999)ompare estimated densities
and standing crops of grouped native fish combigealjped nonnative fish combined,
and each individual species by section of river amdronment type. Only densities
were compared by season. If a difference was titewe used nonparametric multiple
comparison tests for mean ranks with ties and usespmple sizes (Zar 1999) to identify
wherein the difference lay. Due to the statistamalyses used, and that every fish
species was not captured on every occasion, wedlitest for interactions among
section, environment type, or season. We repomple means and standard errors of the
estimated densities and standing crops for eahlsfigcies, which include extreme
outliers. We excluded threadfin shad and Cologileminnow from our statistical
analysis because only one and two fish, respegtiwadre captured throughout the year.
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Results
Distribution and Species Richness

Over 30,700 fish were collected in the Verde Rivoughout the year. Nineteen
species of fish were observed (Table 3.4), compyisi native species from 2 families
(includes 2 stocked species) and 13 nonnative epdwmm 7 families (includes 1 stocked
species). Ten of the 19 species were found throuigihe river. Section IV had the most
number of unstocked fish species (15 speciespv@tl by Section Il (13 species),
Section Il (13 species), and Section | (11 speciggble 3.4 provides a list of species,
median lengths, and elevation and water temperagimges where each species was most
prevalent during this study.

Three native species, desert sudRatostomus clarki, Sonora suckeCatostomus
insignis, and roundtail chub were found throughout therr{f@ble 3.4). Colorado
pikeminnow and razorback sucker were only foun8etions Il and Ill, respectively,
where they were being repatriated. Longfin daceewealy caught in Section IV.

Seven nonnative species were found throughoutvke (Table 3.4). These
included channel catfisketal urus punctatus, common carfCyprinus carpio, flathead
catfishPylodictis olivaris, green sunfishepomis cyanellus, mosquitofishGambusia
affinis, red shineCyprinella lutrensis, and yellow bullheadmeiurus natalis. No
bluegill Lepomis macrochirus or largemouth badelicropterus salmoides were observed
in Section I. Rainbow trou®ncorhynchus mykiss were observed in Sections Il, 1, and
IV, close to where they were stocked. No smallrdagssMicropterus dolomieui were
observed in Section IV, while threadfin sHadrosoma petenense and tilapiaTilapia spp
were only observed in Section IV.

Percent Relative Abundance

The percent relative abundance of native fishesedsed steadily in pools from
Sections 1to IV (44.6 to 9.7%), but increased dilgan runs from Sections | to IV (11.9
to 50.3%) (Figure 3.2). The percent relative ataumoé of native fishes decreased
steadily in riffles from Sections | to Section (80.6 to 0.9%), but was greatest in Section
IV (63.9%).

Total Fish Overall

After accounting for environment type, season, angin (native vs. nonnative)
of fish, the highest densities and standing cragsupit area of total fish (native and
nonnative combined) caught were in Section | (rpldtregression and linear contrasts,
F1693= 27.96,P<0.001;F; 693= 56.84,P<0.001, respectively). Total fish densities were
1.7 times greater (95% C.I. 1.4 to 2.1 times) &adding crops 4.8 times greater (95%
C.l. 3.2 to 7.2 times) in Section | than in Secsidh Ill, and IV. Estimated densities of
total fish were 1.6 times greater (95% C.I. 1.3 @times) during the spring and summer
than the winter (linear contrasts, go3= 20.28,P<0.001). Densities of total fish were 1.8
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times greater (95% C.I. 1.5 to 2.1 times) in rgftean pools or runs, while standing crop
estimates were 3.3 times greater (95% C.I. 2.38dirhes) in pools than riffles or runs
(linear contrastsr; g93= 35.70,P<0.001;F; 693 = 38.84,P<0.001, respectively).
Nonnative fishes were approximately 2.6 times (95%2.2 to 3.1 times) more dense
and their standing crops were approximately 2.24if95% C.I. 2.0 to 4.0 times) that of
native fishes across the river (Figure 3.3, mudtiglgression and linear contra$iggos =
112.86,P<0.001;F; s93= 32.97,P<0.001, respectively).

Section

Tables 3.6 and 3.7 provide density and standing estimates for every fish
species by section of river and environment tygeouped native fish densities overall
were highest in Section | and IV of the river (Tabt K-W testsP<0.05), while their
standing crops were greatest in Section | (K-Wsté5t0.05). Sonora suckers were most
dense in sections | and IV (K-W tes®s0.05), while the greatest standing crops were in
Sections |, 1l, and IV (K-W test$<0.05). The highest densities and standing créps o
desert suckers were in Sections | and IV (K-W tdst$hP<0.05). Razorback sucker
and longfin dace densities and standing crops Wweglteest in the only sections they were
caught, Sections Il and 1V, respectively (K-W g&di0thP<0.05). Our data only
suggested a difference in roundtail chub densitiesss sections of river (K-W tes¥,
=6.77,P =0.08).

The highest densities of grouped nonnative fistvesadl were in Section | (Table
5; K-W testsP<0.05), and the highest standing crops of groumethative fishes were
in Sections | and Il (K-W test®<0.05). The greatest densities of largemouth base
in Section Il (K-W testsP<0.05, while the greatest standing crops of larggimbass
were in Sections Il and IV (K-W test8<0.05). Densities and standing crops of
smallmouth bass were greatest in Section |, graafish in Sections |, I, and Ill, and
bluegill in Sections II, 1ll, and IV (K-W tests,|dP<0.05). Yellow bullhead densities and
standing crops were greatest in Sections | ana@hennel catfish in Sections Ill and 1V,
and flathead catfish in Section IlI (K-W tests,R4d0.05). The highest densities and
standing crops of common carp and mosquitofish we&ections | and IV, red shiners
in Section lll, rainbow trout in Sections Il, l&nd 1V, and tilapia in Section IV (K-W
tests, allP<0.05).

Environment Type

Tables 3.8 and 3.9 provide the estimated densihidsstanding crops of each fish
species by environment type. There was no diffeen grouped native fish densities
overall by environment type (Table 5; K-W tet6= 0.21,P = 0.90), but grouped native
fish standing crops were highest in pools and (Krg/ tests,P<0.05). Among
environment types, the highest densities (Tablg&h8 standing crops (Table 3.9) of
Sonora suckers and roundtail chub were in poolsans, desert suckers in riffles and
runs, longfin dace in riffles, and razorback suskiarpools (K-W tests, a#<0.05).
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Grouped nonnative fish densities were highestfilesi (Table 3.5; K-W tests,
P<0.05), while standing crops were greatest in pf¢lgV tests,P<0.05). Yellow
bullhead and mosquitofish were most dense andhieadreatest standing crop in riffles
and runs, and flathead catfish and red shinerdfiesr (K-W tests, bothiP<0.05). The
highest densities and standing crops of greenstunfirgemouth bass, and rainbow trout
were greatest in pools and runs, and of bluegdl@ammon carp in pools (K-W tests, all
P<0.05). There was no difference in estimated diessor standing crops among
environment types for channel catfish, smallmowtbs) or tilapia (K-W test®> 0.20).

Season

Tables 3.10 and 3.11 provide the estimated degsitid standing crops of fishes
in the river by season. The highest densitiegofijged native fish occurred during the
spring and summer (K-W tests, bd&k0.05). Desert sucker was the only native species
that showed a difference in estimated densitiesdagon, being highest during the spring
and summer (K-W test®<0.05).

Densities of grouped nonnative fishes were greda@shg the spring and summer
seasons (K-W testB<0.05). Smallmouth bass and green sunfish dessitéze highest
during the spring and summer, rainbow trout duthregspring and winter, and tilapia
during the summer (K-W tests, &k0.05). There was no difference in the estimated
densities among seasons for channel catfish, #idtleatfish, yellow bullhead, bluedill,
largemouth bass, common carp, red shiner, or mtugtpin (K-W testsP>0.10).

Discussion
Distribution

Colorado pikeminnow, razorback sucker, and rainbrowt were only found close
to where they were being stocked by the Arizona &and Fish Department (Jahrke and
Clark 1999). Of the fish species not being sto¢kedf 4 native fish species and 7 of 12
nonnative fish species were found throughout therriTable 3.4). Longfin dace were
the only unstocked native species not found througthe river. Longfin dace were
only captured in Section IV, although historicadaeds show that they were once found
throughout the mainstem of the Verde River (Girn@ridand Young 1997; Rinne et al.
1998). J. Rinne (unpublished data) recorded 7fiort@ce in the upper Verde from
1999-2003, compared to 1,400 in 1994. There wetané populations in tributaries to
the Verde River above Horseshoe Dam such as Rexk (Ibe Weedman, personal
communication), which may serve as source populatio the mainstem of the Verde
during natural flooding events (Rinne et al. 1998).

63



Some of the nonnative fish species in the VerdeRivay be limited in their
distribution by temperature and elevation prefeesnd_argemouth bass and bluegill are
warm water species that were not captured in Setti®@mallmouth bass had the reverse
pattern, and were not captured in Section IV ofrther. However, Bryan et al. (2000)
found one smallmouth bass in Section IV in 1999,dnlly at one sample site nearest to
Bartlett Dam. Smallmouth bass may prefer or beentolerant of higher elevations and
cooler waters than largemouth bass. There was swetéap in distribution between the
two species (Table 3.4).

Beecher et al. (1988) found that species richnessgenerally higher at low
elevation, low gradient, large drainage area, aghl stream order. We found this pattern
in the Verde River, where species richness (exolpdtocked fish) increased from
Section | (11 species) to Section IV (15 speciésheriver (Table 3.4). The increase in
the number of species in Section IV could be tisalteof more habitat or niches for
species to occupy, or the result of more humanidad introductions that are also
prevented from moving upstream by Bartlett Dam.

Percent Relative Abundance

Several studies have documented a correlationdsgtweclining native fish
abundance with increasing nonnative fish abundéedfe et al. 1983; Castleberry and
Cech 1986; Baltz and Moyle 1993; Rinne et al. 1998bnitoring the percent relative
abundance of native and nonnative fishes in ther tan be useful for monitoring and
quantifying the speed at which nonnative specieslaplacing native species.

We observed the highest percent relative abundaincative fishes in pools in
Section I, and in riffles and runs in Section IRinne et al. (1998) found the highest
proportion of native fishes in Section |, and tbeést proportion in Section 1V, although
data from individual years within their study iltcete variable annual fish community
structures among sections similar to our findinGfanges in percent relative
abundances of native and nonnative fishes may beadoormal temporal fluctuations in
fish community structure within the river causedhygrographic changes (e.g. flooding
or drought, controlled water releases below Bdrtlam), or the result of a long-term
shift in fish community structure.

Total Fish

It is important to estimate both density and stagdairop of fishes when
considering management. Densities alone couldemiesent fish community structure
in the system, because many small fish may constibee same percentage of total
standing crop as one large fish. Standing crapes¢s are often used to assess the
health of sport fish populations for recreationastocking purposes, but are also widely
used for characterizing both marine and freshwiggberies (Carlander 1955; Hoyt et al.
1979).

A comparison of total fish standing crop in a deseer (Verde River Sections I,
I, Ill, & V) versus temperate and tropical rivessgiven in Table 3.12. Surprisingly,
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each section in the Verde River has a similar standrop to various temperate and
tropical rivers across the world (Table 3.12). wéehme (1985) points out that although
it is commonly thought that tropical waters are enproductive than temperate waters,
existing observations lend little support to thead Our data of standing crop within a
Southwestern desert river supports his point. vidr&tion in standing crops within and
among riverine systems is a result of many comfathabitat and environmental factors
that contribute to the productivity of the systentluding stream order and elevation,
discharge, channelization, depth, velocities, sabstype, temperature, fish population
dynamics, and cover and trophic characteristichiwistreams (Hynes 1972; Welcomme
1985; Hoyer and Canfield 1991).

Hoyer and Canfield (1991) compared standing crofisbEes in 79 rivers across
Wyoming, Vermont, Florida, lowa, Ontario, Washingtand Missouri, and found that
the average total fish standing crop values fohe@mographic region showed no relation
to latitude, but were correlated to total phospBaroncentrations. Hoyer and Canfield
(1991) suggest that phosphorus may be a key fadtaencing total fish standing crop in
streams. Burns (1971), however, found that onindj space variables (surface area,
volume, length, and flow) correlated significanthth biomass, and that physical and
chemical factors did not seem useful for predicttagying capacity in seven California
coastal streams.

Section

Welcomme (1985) suggests that in general ther@isgressive increase in
standing crop from upstream to downstream withatlteening of the river channel.
However, the estimated density and standing cradl dshes combined in the Verde
River were much higher in the upper- and lower- thsestions (Sections | and V) of
river compared to the middle sections (Sectiorad I1lI). Several things could be
contributing to the lower densities and standirapsrof fishes in the middle section,
including the deterioration of water quality th&gms in Section Il with the onset of
groundwater pumping, irrigation, and the increassediment and turbidity levels caused
by urban runoff, mining, agriculture, cattle gragiand other habitat modifications
(Thornburg and Tabor 1991; Butterwick 1995; Rinhale1998; Hoffmann 2002). More
research is needed to determine why the middléosescdf the Verde River had such a
lower density and standing crop of total fish thia@ upper and lower sections of river.

We estimated high densities and the greatest stgrmtlops of native fish in
Section I, even though no recent spawning eventatife species were captured. Itis
interesting that native fish densities and standnogs were high in Section | where
nonnative fish were also most dense and had hagtdstg crops. Fish composition may
influence the degree of native and nonnative ingéractions. Because this was an
observational study, we can only speculate as tpsuich high densities and standing
crops of native and nonnative fishes were founfiention I. Headwaters generally have
the highest inputs of allochthonous organic maltéHarne and Goldman 1994) that may
provide fishes in Section | with a rich supply oéferred foods.
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Section IV below Bartlett Dam also had high daasibf native fish, but not as
great of native fish standing crops as Sectio8dveral factors may have contributed to
the estimated high densities of native fish in BectV, including that it was the only
section where we captured large numbers of recéatished larval Sonora and desert
suckers. Reproduction of fish in rivers appearsdaeorrelated primarily with
temperature and flow (Welcomme 1985). The lowerdéeRriver winter-spring flows
from Bartlett Dam have mimicked natural floodindjish may trigger spawning by
native fishes and provide more spawning and redraigtat for native fishes during the
spring and summer (Bryan et al. 2000). Sonoradmsert suckers usually spawn in the
winter and spring (Sublette et al. 1990), but weteeed recently hatched Sonora and
desert suckers in Section IV in early summer (&g and June), coincident with peak
flow releases from Bartlett Dam (Figure 3.4). Termer water temperatures in the
lower Verde may also trigger emigration of natiighés from the Salt River ready to
spawn (Bryan et al. 2000). Native fishes may catreg¢e in Section IV because Bartlett
Dam precludes movement upriver. Further researceéded to determine the extent to
which water flow below Bartlett Dam triggers spamgpi and if flow should be controlled
accordingly.

Environment Type

Estimating the densities and standing crops oaatnd nonnative fishes within
specific environment types is crucial to evaluatingir interactions. While it is difficult
to determine habitat preferences of fishes in mafiish distributions and abundances are
often used to infer them (Tyus 1991). The envirentitypes where we found the highest
densities and standing crops of native and nonaédishes are consistent with the
literature (Sublette et al. 1990; Rinne 1992b; Bleret al. 2000; Bryan et al. 2000;
Allison 2002). Nonnative fishes in the Verde warend in similar environment types as
where they are native (Minckley 1973; Page and BA#1).

Nonnative fishes may be competing with native fsshecupying the same
environment type. Several studies have examinedrtomnative fishes may compete
directly with native fishes for food and space (Gahd Propst 1999; Blinn et al. 1993;
Robinson et al. 2000), and how they may affectvedishes indirectly by altering the
grazing of invertebrates and changing algal spemegposition (Townsend 2003). The
presence of nonnative fishes may alter the hafdtayle et al. 1986) or cause a shift in
habitat use by native fishes (Brown and Moyle 18linn et al. 1993), thus preventing
native fishes from carrying out their life cyclelsoach minnow, Gila topminnow,
speckled dace, spikedace, and longfin dace alt@tilffles (Minckley 1973; Rinne
1992b), and have all dramatically declined in nundrel distribution across the river.
Nonnative red shiners, mosquitofish, flathead shtfand yellow bullhead were also
dense in riffles across the river (Table 3.5), ava have contributed to declines.
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Season

We estimated more total fish in the spring and m@m which corresponds with
spawning events of many native and nonnative fistsd in the Verde River
(Minckley 1973; Sublette et al. 1990). We estimddtever densities of fish overall in the
winter, possibly due to high mortality rates in pguof-year fish, or decreased capture
efficiency due to less fish movement in lower wdénperatures.

Data Limitations

The density and standing crop estimates have somtations. We did not take
into account other environmental measures suctreans flow, substrate, vegetation
cover, and food availability, which may all influsmthe estimated distribution, density,
and standing crop of fishes throughout the riveel@mme 1985; Horne and Goldman
1994; Barrett and Maughan 1995).

The Zippin method was used to estimate sizes bfdapulations, and
occasionally the assumptions were violated. Smafibes, such as mosquitofish and red
shiners could swim through the mesh of the blodk.n&herefore, the assumption of a
closed population for these species may have biedated, and their densities were
probably underestimated. Density estimates wensewative because they were based
on the total number of individuals actually caught.

Relative density estimates are useful to detediadpa temporal differences in
densities across areas, so sampling should bedart with as similar conditions as
possible (Seber 1982). Because each of our saessampled on separate days, weather
and water conditions were not necessarily homogenéw comparative purposes, and
therefore the assumption of equal probability qitaee for all animals across the river
was violated. This assumption may have also bedated because we did not consider
different diel movement patterns of fish, or diffat susceptibilities of fish to capture by
electrofishing.

We only sampled fish at river access points avhlaly road, and although our
sites were selected at stratified random, 7 ofltheites were open to public fishing. The
effects of angling pressure on these estimategces|y for nonnative sport fish, should
be considered. Brana et al. (1992) found a diffeeen age and size structure of brown
trout populations at exploited versus unexploitemintain stream sites, but did not show
a reduction in fish density. Clady (1975) concldide his two year study on exploited
populations of smallmouth and largemouth basskadahat there were no changes in
annual natural mortality, growth, standing croppayduction attributable to reductions
in numbers of fish caused by angler harvest. HaneWwelcomme (1985) cautions that
as fishing pressure increases there is a probadiection in mean standing crop. The
effects of angling may be a reason we only caugint flathead catfish over 400mm
(between 400-505 mm), while larger ones exist erther (Dave Weedman, personal
communication).
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Management Implications

Most of the native fishes that have declined drasahy in the Verde River are
small species that utilize riffles (loach minnoweskled dace, spikedace, longfin dace,
and Gila topminnow; Minckley 1973; Rinne 1992bndl fish have a higher risk of
being eaten by large fish because they are stallsms adults, especially if they did not
evolve with the predator (Johnson et al. 1993; Land Dill in Baber 2003) and utilize
the same space (Ruppert 1993). Larger speciesalvsaye impacted by predation
during egg and larval stages. In the Colorado Rdystem, nonnative red shiners preyed
on larval razorback suckers and Colorado pikeminablizing the same space (Ruppert
1993). Razorback sucker and Colorado pikeminnopufations have also declined
dramatically in the Verde River, but are being tepted by the Arizona Game and Fish
Department (Jahrke and Clark 1999).

The density estimates of nonnative predators wiliultiplied by their estimated
consumption rates (Leslie 2003) to estimate the tdsative fishes to predation by
nonnative fishes in the Verde River (Chapter 4patterns of prey fish population
declines result when predators consume more pshytlian prey fish are manufacturing.
When coupled with production, standing crop esteératan be used to assess and
quantify the availability of prey to predators (N£990).

We recommend continued long-term monitoring of #stimated distribution,
percent relative abundance, density, and standiog of fishes in the Verde River.
Monitoring will help detect changes in fish commuynstructure, and provide useful
information that will help guide reintroduction efts and other management actions.
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Table 3.1. Fish species historically found in Wtezde River, with their origin, common name, staalsbreviated and

scientific names, family, and source if not foundhis study.

ORIGIN COMMON NAME STATUS  ABBREV SPECIES NAME FAMILY SOURCE
Native * CO pikeminnow FE, WSC£ COF Ptychocheilus lucius Cyprinida¢
* Desert sucke DSs< Catostomus clarki Catostomida
Gila topminnov FE,WSC/ GIT Poeciliopsis occidentalis ~ Poeciliidas Minckley 197:
Loach minnov FT, WSCA LOM Tiaroga cobitis Cyprinida¢ Rinne et al. 19¢
* Longfin dact LFD Agosia chrysogaster Cyprinida¢
* Razorback suck FE, WSC/ RZB Xyrauchen texanus Catostomida
* Roundtail chu WSCA RTC Gilarobusta robusta Cyprinida¢
* Sonora sucki SNE Catostomusinsignis Catostomida
Speckled dac SDD Rhinichthys osculus Cyprinida¢ Rinne et al. 19¢
Spikedac FT, WSCA SKD Meda fulgida Cyprinida¢ Rinne et al. 19¢
Nonnative Black crappi BKC Pomoxis nigromaculatus ~ Centrarchida Bryan et al. 20C
* Bluegill BLG Lepomis macrochirus Centrarchida
* Channel catfis CCF Ictalurus punctatus Ictaluridag
* Common car CRF Cyprinus carpio Cyprinida¢
Fathead minno FHM Pimephales promelas Cyprinida¢ Bryan et al. 20C
* Flathead catfis FHC Pylodictis olivaris Ictaluridae
* Green sunfis GRS Lepomis cyanellus Centrarchida
* Largemouth ba: LMB Micropterus salmoides Centrarchida
* Mosquitofist MSQ Gambusia affinis Poeciliidat
* Rainbow trou RBT Oncorhynchus mykiss Salmonida
* Red shine RSN Cyprinella lutrensis Cyprinida¢
Sailfin molly SAF Poecilia mexicana Poeciliidat Bryan et al. 20C
Shortfin molly SHM Poecilia latipinna Poeciliidat Bryan et al. 20C
* Smallmouth ba:s SMB Micropterus dolomieu Centrarchida
* Threadfin sha TFS Dorosoma petenense Clupeida
* Tilapia TLP Tilapia spp. Cichlidae
Yellow bas: YWB Morone mississippiensis ~ Percichthyida Bryan et al. 20C
* Yellow bullheac YBH Ameiurus natalis Ictaluridag

* Species encountered in this study

FE = Federally Endangered
FT = Federally Threatened

WSCA = Wildlife of Special Concern in Arizo
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Table 3.2. The Verde River was divided up inta fRctions based on the degree of human impacteRiral. 1998). The
approximate length, elevation and temperature sapiggample sites, and median stream flow for sadiion is given.
Elevation
Approximate ranges of Temperature Median stream
Section Length (km) sample sites ranges (C) flow (m3/sec)* Human impact

I 69 1158-1288 6.9-28.0 0.71. From headwaters to Sycamore creek; most pristetieisgfew
road access points

Il 49 936 - 1032 9.0-280 3.82 From Tapco at Clarkdale to Beasley Flats; stdntinfar
development, water diversions; many road accesspoi

i 90 648 - 911 9.0-29.0 6.26 From Beasley flat to Sheeps Bridge above Horsesiseevoir;
federally designated "Wild and Scenic"; few roackas points

\V; 41 415 - 486 9.0-33.0 9.71 Below Bartlett Dam to Salt River; higher, regulafeds;

separated from first three sections by two dams

77



Table 3.3. Site name, number, and coordinates of
sample sites along the Verde River
Site Name Site # Latitude Longitude

Game and Fish Property 1 34.8683 -112.401
Perkinsville Bridge 2 34.8946 -112.208

Aston Property 3 34.8648 -112.085
Perkins Property 4 34.7955 -112.059
Black Bridge 5 345733 -111.856
White Bridge 6 345528 -111.851
Kovacavich Property 7 34.4938 -111.816
Childs 8 343582 -111.711
Sheeps Bridge 9 34.0769 -111.708
Needle Rock 10 337714 -111.665
Ft. McDowell 11 33.6379 -111.669
Beeline Hwy 12 335818 -111.672
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Table 3.4. Number of individuals, section of riveredian lengths, elevation, and temperature ranfebere each fish
species was caught in the Verde River from Mard220anuary 2003.

Water
Section Length (mm) Elevation (m) temperature (C)
Origin Species N Loy Range Median Range Median Range Median
Native CO pikeminnow* 2 X 329-375 352 936 936 22 22
Desert sucker 10022 X X X X 13-486 126 415-1288 486 7-33 19
Longfin dace 316 X 25-90 56 415-486 415 12-33 18
Razorback sucker* 17 X 310-508 455 648-835 825 18-29 21
Roundtail chub 158 X X X X 27-457 366 415-1288 936 9-27 18
Sonora sucker 4444 X X X X 11-750 191 415-1288 486 7-33 22
Nonnative Bluegill 25 X X X 19-190 130 415-940 486 14-33 23
Channel catfish 284 X X X X 31-573 271 415-1288 415 9-30 22
Common carp 799 X X X X 21-950 397 415-1288 1196 7-33 19
Flathead catfish 184 X X X X 27-505 115 415-1288 825 10-33 22
Green sunfish 869 X X X X 12-216 85 415-1288 1196 7-29 19
Largemouth bass 1210 X X X 12-515 134 415-1032 825 9-33 21
Mosquitofish 1911 X X X X 9-56 27 415-1288 430 9-33 21
Rainbow trout* 32 X X X 225-356 265 415-940 936 13-24 13
Red shiner 8186 X X X X 9-98 52 415-1288 911 7-33 21
Smallmouthbass 1640 X X X 10-340 109 648-1288 1196 7-28 20
Threadfin shad 1 X 51 51 430 430 27 27
Tilapia 197 X 21-317 179 415-486 486 9-33 20

Yellow bullhead 342 X X X X 12-328 110 415-1288 940 7-33 21
* Stocked species

79



Table 3.5. Sections, environment types, and ssagbere and when fish were most dense accordiKg
W tests wher® <0.05 for all fish species caught in the Verde Rivem March 2002- January 2003.

Section Environment type Season
No No No

Origin Species N [ Il I IV diff |Pool Riffle Run diff |Spr Sum Win diff
Native Grouped native 14959 X X A X X

CO pikeminnow* 2

Desert sucker 10022 X X X X X X

Longfin dace 316 X X X

Razorback sucker 17 X X X

Roundtail chub 158 X X X

Sonora sucker 4444 X X X X X
Nonnative Grouped nonnative 15680 X X X X

Blueqill 25 X X X X X

Channel catfish 284 X X X X

Common carp 799 X X X X

Flathead catfish 184 X X X

Green sunfish 869 X X X X X X X

Largemouth bass 1210 X X X X

Mosquitofish 1911 X X X X X

Rainbow trout 32 X X X X X X X

Red shiner 8186 X X X

Smallmouth bass 1640 X A X X

Threadfin shad* 1

Tilapia 197 X X X

Yellow bullhead 342 X X X X X

* No statistical analyses performed

80



Table 3. 6. Average densities of fishes (# individuals/ 100m2) in the Verde
River from Mar 2002- Jan 2003.

Cont. Table 3 6. Average densities of fishes (# individuals/ 100m2) in the
Verde River from Mar 2002- Jan 2003.

Section | POOL (n=30) RIFFLE (n=29) RUN (n=30) Section I1I POOL (n=28) RIFFLE (n=30) RUN (n=27)
Density SE Density SE Density SE Density SE Density SE Density SE

Bluegi Bluegi 0.02 0.01 0.0I 0.01

Channel catfish 0.01 0.01 0.04 0.04 0.02 0.01 Channel catfish 0.03 0.02 0.22 0.10 0.05 0.02

Colorado pikeminnow Colorado pikeminnow

Common carp 215 0.62 0.15 0.09 0.63 0.28 Common carp 0.25 0.10 0.04 0.02

Desert sucker 2.23 0.62 1142 4.43 0.75 0.26 Desert sucker 0.08 0.05 0.22 0.11 1.13 044

Flathead catfish 0.02 0.02 0.28 0.12 0.02 0.01 Flathead catfish 0.02 0.02 0.87 0.22 0.07 0.04

Green sunfish 185 0.59 0.41 0.19 1.75 0.64 Green sunfish 0.39 0.16 0.43 0.16 1.04 041

Largemouth bass Largemouth bass 0.43 0.14 0.12 0.04 0.58 0.15

Longfin dace Longfin dace

Mosquitofish 0.03 0.02 0.13 0.06 3.65 1.4 Mosquitofish 224 165 0.27 0.10 0.61 0.44

Rainbow trout Rainbow trout 0.01 0.01

Razorback sucker Razorback sucker 0.07 0.03

Red shiner 229 1.06 1431 6.87 1355 8.15 Red shiner 3.75 252 29.73 6.13 5,58 1.63

Rountail chub 0.22 0.08 0.05 0.03 0.08 0.03 Rountail chub 0.00 0.00 0.16 0.06

Smallmouth bass 4.44 1.01 7.00 273 4.89 1.01 Smallmouth bass 0.04 0.03 0.25 0.10 0.25 0.06

Sonora sucker 5.22 1.19 0.43 0.13 0.75 0.2 Sonora sucker 0.08 0.06 0.01 0.01 0.48 0.22

Threadfin shad Threadfin shad

Tilapia Tilapia

Unknown Catastomus Unknown Catastomus

Yellow bullhead 0.13  0.08 1.04 0.43 0.71 0.19 Yellow bullhead 0.00 0.00 0.04 0.03 0.00 0.00

Section Il POOL (n=30) RIFFLE (n=30) RUN (n=30) Section IV POOL (n= 30) RIFFLE (n=30)  RUN (n=30)
Density SE Density SE Density SE Density SE Density SE Density SE

Bluegi 0.00 0.00 0.01 0.01 Bluegi 0.05 0.04 0.02 0.01

Channel catfish 0.02 0.02 0.01 0.01 0.01 0.01 Channel catfish 0.82 054 0.15 0.08 0.07 0.03

Colorado pikeminnow 0.01 0.01 Colorado pikeminnow

Common carp 0.21 0.08 0.07 0.04 Common carp 0.38 0.16 0.18 0.11 0.09 0.03

Desert sucker 0.37 0.17 0.37 0.17 0.66 0.22 Desert sucker 0.09 0.06 43.17 13.64 23.02 6.98

Flathead catfish 0.03 0.02 0.11 0.04 0.10 0.04 Flathead catfish 0.01 0.00 0.08 0.04 0.01 0.01

Green sunfish 0.37 0.09 0.11  0.06 0.27 0.07 Green sunfish 0.48 0.22 0.08 0.05 0.02 0.01

Largemouth bass 149 0.28 0.38 0.11 0.99 0.24 Largemouth bass 126 0.27 0.30 0.10 0.60 0.19

Longfin dace Longfin dace 2.13 1.03 0.46 0.38

Mosquitofish 0.16 0.08 1.92 0.86 0.72 0.58 Mosquitofish 120 051 312 112 8.46 4.18

Rainbow trout 0.10 0.06 0.05 0.04 Rainbow trout 0.01 0.01

Razorback sucker Razorback sucker

Red shiner 1.70 0.99 29.53 11.34 2.06 1.20 Red shiner 0.01 0.01 4.01 1.33 0.44 0.14

Rountail chub 0.09 0.04 0.03  0.02 0.07 0.04 Rountail chub 0.00 0.00 0.09 0.04

Smallmouth bass 0.87 0.16 1.24 043 0.96 0.24 Smallmouth bass

Sonora sucker 0.95 0.19 0.02 0.01 0.80 0.25 Sonora sucker 0.34 0.19 9.07 2.69 12.56 5.54

Threadfin shad Threadfin shad 0.01 o0.01

Tilapia Tilapia 045 0.24 0.07 0.02 0.37 0.15

Unknown Catastomus Unknown Catastomus 0.17 0.16

Yellow bullhead 0.08 0.04 0.34 0.15 0.19 0.07 Yellow bullhead 0.06  0.03 0.23 0.07 0.16 0.06
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Table 3.7. Average standing crop of fishes (g fish/ 100m2) in the Verde River

from Mar 2002- Jan 2003.

Cont. Table 3.7. Average standing crop of fishes (g fish/ 100m2) in the Verde

River from Mar 2002- Jan 2003.

Section | POOL (n=30) RIFFLE (n=29) RUN (n=30) Section Ill POOL (n=28) RIFFLE (n=30) RUN (n=27)
Biomass SE Biomass SE Biomass SE Biomass SE Biomass SE Biomass SE
Bluegill Bluegill 1.49 1.09 0.37 0.37
Channel catfish 12,97 1297 470 4.70 0.15 0.11 Channel catfish 9.99 7.27 3.26 241 0.65 0.47
Colorado pikeminnow Colorado pikeminnow
Common carp 1334.14 486.88 21.15 13.37 206.39 111.68 Common carp 324.98 124.18 84.99 46.96
Desert sucker 538.92 139.65 1395.66 589.87 142.31 66.70 Desert sucker 29.34 20.83 29.58 19.73 492.61 190.05
Flathead catfish 8.53 7.07 19.33 10.10 1.94 191 Flathead catfish 2.04 112 21.17 5.33 1.85 0.94
Green sunfish 37.02 9.17 5.50 2.43 22.62 8.52 Green sunfish 6.85 2.26 9.03 3.18 9.36 3.45
Largemouth bass Largemouth bass 60.48 25.00 2.65 0.90 3.04 11.64
Longfin dace Longfin dace
Mosquitofish 0.02 0.02 0.08 0.05 2.49 1.04 Mosquitofish 144 101 0.08 0.03 0.21 0.12
Rainbow trout Rainbow trout 4.00 4.00
Razorback sucker Razorback sucker 57.48 27.27
Red shiner 241 1.30 32.48 16.86 22.18 14.24 Red shiner 321 172 56.09 16.92 5.86 1.64
Rountail chub 64.64 31.09 16.61 16.58 15.70 10.07 Rountail chub 0.04 0.04 74.78 29.28
Smallmouth bass 178.40 43.89 200.09 5550 122.89 19.33 Smallmouth bass 174 135 8.24 3.28 12.02 3.22
Sonora sucker 2717.77 665.89 134.80 61.36 321.82 126.52 Sonora sucker 76.13 56.37 6.32 6.32 452.27 209.43
Threadfin shad Threadfin shad
Tilapia Tilapia
Unknown Catastomus Unknown Catastomus
Yellow bullhead 10.28 5.70 1745 6.34 25.83 9.01 Yellow bullhead 0.58 0.58 0.08 0.06 0.14 0.14
Section Il POOL (n=30) RIFFLE (n=30) RUN (n=30) Section IV POOL (n=30) RIFFLE (n=30) RUN (n=30)
Biomass SE Biomass SE Biomass SE Biomass SE Biomass SE Biomass SE
Bluegill 0.11 0.11 0.27 0.27 Bluegill 3.03 2.02 0.83 0.63
Channel catfish 1.69 1.42 0.05 0.05 0.55 0.39 Channel catfish 252.47 152.26 5.31 431 8.94 6.83
Colorado pikeminnow 2.20 2.2 Colorado pikeminnow
Common carp 352.73 154.76 85.02 46.4 Common carp 682.40 296.83 67.66 67.33 83.13 31.62
Desert sucker 112.11 61.36 23.01 9.85 190.89 87.52 Desert sucker 18.72 11.48 283.68 112.34 2963.44 1276.72
Flathead catfish 8.23 5.91 2.96 1.2 22.50 10.63 Flathead catfish 5.15 3.27 0.99 0.54 2.03 1.26
Green sunfish 8.93 2.48 1.00 0.53 4.13 1.04 Green sunfish 1144 521 1.07 0.65 0.61 0.38
Largemouth bass 140.56 38.77 3.10 1.01 51.73 13.61 Largemouth bass 261.90 82.27 9.01 5.02 80.48 19.82
Longfin dace Longfin dace 3.07 1.35 0.36 0.26
Mosquitofish 0.13 0.07 0.94 0.46 0.32 0.26 Mosquitofish 0.48 0.19 1.27 0.51 2.54 1.40
Rainbow trout 22.39 14.58 11.93 8.29 Rainbow trout 2.72 2.72
Razorback sucker Razorback sucker
Red shiner 3.71 2.55 50.75 18.05 5.10 3.46 Red shiner 0.02  0.02 7.66 3.18 7.75 6.80
Rountail chub 35.20 19.53 0.30 0.27 29.67 16.67 Rountail chub 0.88 0.88 33.22 17.39
Smallmouth bass 72.79 16.64 23.67 6.78 53.26 15.24 Smallmouth bass
Sonora sucker 682.31 143.76 0.62 0.50 626.28 224.54 Sonora sucker 166.81 117.95 1367.86 1310.32 1083.92 467.68
Threadfin shad Threadfin shad 0.02 0.02
Tilapia Tilapia 59.72 44.20 0.86 0.48 11.12 3.91
Unknown Catastomus Unknown Catastomus 0.01 0.01 0.08 0.08
Yellow bullhead 2.91 1.33 3.70  1.96 14.29 4.91 Yellow bullhead 6.60 3.15 3.69 1.00 5.27 1.78
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Table 3.8. Estimated densities of fishes (# intligls/ 100rf) in the Verde River by
environment type from March 2002- Jan 2003.

Species Pool (n=118) Riffle (n=119) Run (n=117)
Density SE Density SE Density SE
Bluegill 0.02 0.01 0.82 0.00
Channel catfish 0.22 0.14 0.16 0.03 0.34 0.01
Colorado pikeminnow 0.00 0.00
Common carp 0.76 0.18 0.82 0.04 0.21 0.08
Desert sucker 0.71 0.18 13.82 3.91 6.52 1.99
Flathead catfish 0.02 0.01 0.34 0.07 0.52 0.01
Green sunfish 0.78 0.17 0.26 0.06 0.76 0.20
Largemouth bass 0.80 0.12 0.25 0.04 0.54 0.09
Longfin dace 0.54 0.27 0.12 0.10
Mosquitofish 0.89 0.42 1.37 0.37 3.44 1.17
Rainbow trout 0.03 0.02 0.15 0.01
Razorback sucker 0.02 0.01
Red shiner 1.91 0.70 19.44 3.76 5.45 2.17
Rountail chub 0.08 0.02 0.22 0.01 0.99 0.02
Smallmouth bass 1.36 0.31 2.81 0.71 1.56 0.32
Sonora sucker 1.67 0.36 2.40 0.76 3.73 1.49
Threadfin shad 0.00 0.00
Tilapia 0.12 0.06 0.17 0.01 0.94 0.04
Unknown Catastomus 0.04
Yellow bullhead 0.07 0.02 0.45 0.12 0.27 0.06

Table 3.9. Estimated standing crop of fishesgly/fLOOm2) in the Verde River by
environment type from March 2002- Jan 2003.

Species Pool (n=118) Riffle (n=119) Run (n=117)

Standing SE Standing Standing SE

crop crop crop

Bluegill 1.15 0.58 0.37 0.19
Channel catfish 70.28 39.64 3.32 1.68 2.62 1.77
Colorado pikeminnow 0.56 0.56
Common carp 679.47 155.76 2229 17.26 115.65 33.77
Desert sucker 177.24 43.47 424.73 153.62 958.97 345.29
Flathead catfish 6.05 2.48 11.04 291 7.23 2.88
Green sunfish 16.22 2.99 4.14 1.05 9.17 2.44
Largemouth bass 116.67 25.27 3.72 1.33 40.92 7.19
Longfin dace 0.77 0.36 0.09 0.07
Mosquitofish 0.50 0.25 0.60 0.18 1.42 0.46
Rainbow trout 7.33 3.93 3.06 2.15
Razorback sucker 13.64 6.77
Red shiner 2.32 0.83 36.78 7.62 10.34 4.16
Rountail chub 25.61 9.55 4.13 4.04 37.50 9.59
Smallmouth bass 64.27 13.58 56.81 15.44 47.94 7.71
Sonora sucker 924,98 200.30 379.24 330.77 625.40 145.86
Threadfin shad 0.00 0.00
Tilapia 15.18 11.35 0.22 0.12 2.85 1.09
Unknown Catastomus 0.00 0.00 0.02 0.02
Yellow bullhead 5.17 1.71 6.13 1.73 11.67 2.78
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Table 3.10. Estimated densities (# individual®f@) of fishes by season across the river
between March 2002- January 2003.

Species Spring Summer Winter
Density SE Density SE Density SE
Bluegill 0.0C 0.0C 0.0z 0.01 0.0C 0.0C
Channel catfis 0.01 0.0< 0.1¢ 0.11 0.0k 0.0z
Colorado pikeminno 0.0C 0.0C
Common car 0.2¢ 0.07 0.3¢ 0.1C 0.4C 0.17
Desert sucke 6.7: 2.32 8.11 2.6t 5.8¢ 2.67
Flathead catfis 0.1z 0.0< 0.1¢ 0.0t 0.0¢ 0.0z
Green sunfis 0.64 0.1z 0.6t 0.1z 0.4¢ 0.22
Largemouth ba: 0.5C 0.1C 0.6t 0.0¢ 0.3¢ 0.0¢
Longfin dac 0.32 0.2: 0.04 0.0z 0.3¢€ 0.22
Mosquitofist 1.3¢ 0.52 2.3¢ 0.8C 1.74 0.8¢
Rainbow trou 0.04 0.0z 0.0C 0.0cC 0.0C 0.0C
Razorback suck 0.01 0.01 0.01 0.0C
Red shine 6.4¢ 1.3¢ 14.67 3.5¢ 3.7¢ 0.8¢
Rountail chul 0.0¢ 0.0z 0.07 0.0z 0.0¢ 0.0z
Smallmouth bas 1.9¢ 0.41 2.01 0.61 0.9z 0.22
Sonora suck 4.1¢ 1.5¢ 2.72 0.6¢ 0.8C 0.3t
Threadfin sha 0.0C 0.0C
Tilapia 0.0¢ 0.07 0.0¢ 0.0z 0.04 0.0z
Unknown Catastomi 0.0t
Yellow bullhea 0.17 0.0t 0.31 0.07 0.2t 0.11

Table 3.11. Estimated standing crop (g fish/100afZishes by season across the river
between March 2002- January 2003.

Species Spring Summer Winter
Standing SE Standing Standing SE
crop crop crop
Blueqill 0.If 0.0¢ 1I0C 05C 02C 01T
Channel catfis 27.3¢ 13.61 41.4: 31.52 1.54 0.7¢
Colorado pikeminno 0.4¢ 0.4¢
Common car 257.6¢ 86.4: 236.0¢ 68.1( 336.6( 138.2:
Desert sucke 549.2( 210.0( 614.4¢ 248.9° 356.3¢ 155.2¢
Flathead catfis 9.1¢ 3.2i 9.4t 2.3¢€ 5.21 2.7
Green sunfis 13.4¢ 2.74 11.2¢ 2.2F 4.1C 1.82
Largemouth ba: 43.0¢ 11.2¢ 62.1: 17.3C 53.0¢ 16.3(
Longfin dac 0.21 0.14 0.0< 0.0z 0.7¢ 0.3¢
Mosquitofist 0.9: 0.3¢ 1.04 0.3¢ 0.47 0.1¢
Rainbow trou 10.07 4.71 0.3¢ 0.3¢ 0.7¢ 0.7¢
Razorback suck 9.2¢ 5.9C 4.2¢ 3.4¢
Red shine 13.72 3.5¢4 28.6¢ 6.8¢ 2.9¢ 0.6¢
Rountail chul 16.0z 6.41 22.6¢ 6.7¢ 28.32 11.4¢
Smallmouth bas 72.6: 15.4¢ 59.1¢ 12.51 35.6¢ 8.27
Sonora sucki 894.4. 375.7" 566.5: 127.1¢ 484.6( 200.5¢
Threadfin sha 0.0C 0.0C
Tilapia 15.1( 12.4( 2.71 0.92 1.2¢ 0.67
Unknown Catastomi 0.0< 0.0z2
Yellow bullhear 8.24 2.32 7.6€ 1.9C 7.0C 2.2¢
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Table 3.12. A comparison of the average total isimding crop (biomass) and species richnes®iWénde River from
March 2002- January 2003 to other temperate amictabrivers around the world.

Biomass  Species

River (kg/ha) richness References

Amazon Manaus, Brazil 1600.0 Bayley 1983; Welcomm@&519

Big Springs Creek, Idaho, USA 84.2 4 Goodnight andi®)dl971; Welcomme 1985
Bulu, Malaysia 21.5 16 Watson and Balon 1984; Raretadl. 1995
Clemons Fork, Kentucky 1, USA 54.9 1 Lotrich 1973; Wéehme 1985

Clemons Fork, Kentucky 2, USA 63.6 8 Lotrich 1973; déwhme 1985

Clemons Fork, Kentucky 3, USA 71.5 15 Lotrich 1973;l¢denme 1985

Deer Creek, Oregon, USA 84.7 4 Chapman 1965; Welcoir#88

Florida (N=15), USA 95.1 Hoyer and Canfield 1991

lowa (N=12), USA 251.0 Hoyer and Canfield 1991

Kaha, Malaysia 38.5 32 Watson and Balon 1984; Ramdall. 1995
Kejin 1, Malaysia 173.1 23 Watson and Balon 1984; Réret al. 1995
Kejin 2, Malaysia 71.0 19 Watson and Balon 1984; Rémdal. 1995
Lawa 1, Malaysia 30.5 25 Watson and Balon 1984; Raedal. 1995
Lawa 2, Malaysia 21.3 29 Watson and Balon 1984; Raedal. 1995
Lemhi River (upper), Idaho, USA 212.0 5 Goodnight &jornn 1971; Welcomme 1985
Missouri (N=1), USA 57.0 Hoyer and Canfield 1991

Needle Branch, Oregon, USA 45.9 3 Chapman 1965; Wetwmap85

Payau, Malaysia 27.1 23 Watson and Balon 1984; Raatlall 1995
Utrata 1, Poland 310.5 3 Penczak 1981; Mahon and B86
Utrata 2, Poland 142.5 8 Penczak 1981; Mahon and B886
Utrata 3, Poland 86.6 4 Penczak 1981; Mahon and BEA85
Utrata 4, Poland 45.6 5 Penczak 1981; Mahon and BEd85
Utrata 5, Poland 10.8 8 Penczak 1981; Mahon and BI85
Utrata 6, Poland 40.9 5 Penczak 1981; Mahon and BE385
Verde River S1, Arizona, USA 255.3 11

Verde River S2, Arizona, USA 88.4 15

Verde River S3, Arizona, USA 60.9 15

Verde River S4, Arizona, USA 250.2 16

Vermont (N=19), USA 7.4 Hoyer and Canfield 1991

Warkocz, Poland 307.5 7 Mahon and Balon 1985; Rardal. 1995
Washington (N=2), USA 52.0 Hoyer and Canfield 1991
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Figure 3.1. The four sections of the Verde Rivesdabon the degree of human impact
(Rinne et al. 1998). Three sites were sampledinvighch section.
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Percent

Figure 3.2. The percent relative abundancestitrend nonnative fishes in the Verde River byi@eand environment type, from March - Januag320
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Figure 3.3. Average [log transformed scale] def#gifish/ 100m2) and standing
crop (g fish/ 100m2) of native and nonnative fishgwols, riffles, and runs
across the Verde River from March 2002- Januar$.200
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Figure 3.4.
River from

Average monthly flows (USGS 2002bgach section of the Verde
Jan - Sep 2002.
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Chapter 4: Estimated Loss of Total and Native Preyish to Predation by Nonnative
Fishes in the Verde River, Arizona

Cristina E. Velez, Laura L. Leslie, and Scott Ao

Abstract

Predation by nonnative fishes may be contributonthe decline of native fishes in the
Southwest. We conducted field investigations fitdarch 2002 through January 2003 to
estimate the loss of native fishes to predationdmynative fishes in the Verde River,
Arizona by section of river (Section I, Il, I, )y environment type (pool, riffle, run), and
season (spring, summer, winter). We observed ficedan native fishes only in the
highest and lowest sections of river (Sectionsd Bf). We estimated that largemouth
bassMicropterus salmoides caught in pools and runs in Section IV consumeditiost
native fish, with an average 582.3 mg of nativeydigh eaten/ 100fof pools/ day (SE
=111.7) and 238.7 mg of native prey fish eatefhf0of runs/ day (SE = 52.6). Age 1
and 2+ largemouth bass consumed more total prieyHen age 0 largemouth bass.
Smallmouth bass was the only predator observedrswmne native prey fish in Section
l. To impact those predators currently consumirggrhost native fishes in the Verde
River, managers should target management effoeageatl and 2+ largemouth bass in
Section IV, and at smallmouth bass in Section I.

Introduction

There is a growing and widespread pattern of ndislepopulation declines with
increasing nonnative fish populations around thddv@oss 1991; Lassuy 1995; Tyus et
al. 2000; Townsend 2003). Nonnative fishes mayeldatrimental effects on native fish
populations through predation, competition, hylaadion, the introduction and transfer
of parasites and diseases, or by altering the @mvient (Moyle et al. 1986; Rinne and
Minckley 1991; Rinne 1994; Marsh and Douglas 1999pnnative fishes pose a threat
to the preservation of endemic fishes in the aguatstems where they are introduced.

From 1900 to about 1970, over 60 species of fistevigroduced to Arizona for
purposes of sport, bait, biological control, or dgcident (Rinne 1992). Over a dozen
nonnative fishes have been introduced into the &edRidver basin, where native fish
populations are declining rapidly (Rinne et al. 899 Nonnative fish introductions have
been implicated in native fish declines in the \&rdlthough the exact mechanisms at
work are unknown. Predation on native fishes byrmative fishes may be high and limit
native fish recruitment, which may be a leadingseaof native fish declines (Meffe
1985; Rinne 1992; Marsh and Douglas 1997). Studidse Southwest have documented
predation by nonnative fishes on native fishes @laet al. 1989; Blinn et al. 1993;
Marsh and Douglas 1997; Brandenburg and Gido 18@@iinson et al. 2000) but few
have quantified the estimated loss of native figbhesonnative fishes through predation,
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or have examined the spatial and temporal variaifgeredation by species and age class
of nonnative predator.

Leslie (2003) identified the top six nonnativegators in the Verde River from
March 2002- 2003 based on the percentage of toéglfish (native, nonnative, and
unknown prey fish species) in their diet. The $opnonnative predators (all predators)
were largemouth badgicropterus salmoides, flathead catfistiPylodictis olivaris, channel
catfishlctalurus punctatus, smallmouth baskl. dolomieui, yellow bullheadAmeriurus
natalis, and rainbow troudncorhynchus mykiss (the only stocked nonnative species;
Leslie 2003).Our objective was to quantify the estimated los®otdl and native prey
fish to the top six predators in the Verde Riverspecies and age class of predator,
geographic area (section of river), environmengetggool, riffle, run) and time of year
(season). Because Arizona fisheries managerstovaninserve and enhance native fish
populations in the Verde River while maintainingesmonomically valuable sport fishery
of nonnative fishes, this information could be usefbcus management efforts on the
most damaging nonnative predators, within particségtions and environment types,
and at certain times of year.

Methods
Study Design

We divided the river into four sections based andkgree of human impact
(Rinne et al. 1998). Section | was the most préststream-like section of the river;
Section Il contained much human development anémdaversions; Section Il had few
road access points and was federally designat&d/idcs and Scenic” in 1984; Section
IV was a much larger scale river, characterizeddnylated flows from Bartlett Dam.

We selected a stratified random sample of thres $iom available road access points
within each of the four sections of river, comprpil2 sample sites. We sampled one of
each environment type (pool, riffle, run) at eveitg. Each site was sampled monthly for
10 months, from March 2002 to January 2003. Sempt@h 1 for a more detailed
description of the geographic sections and sanif@s.s

Sample months were grouped into three seasonsdiiwgdo water temperatures
and distinct growth periods of nonnative fishesarth - May 2002 was designated as
spring, June - September 2002 as summer, and @@0D2- January 2003 as winter.
Our seasonal designations comprised 94 days ofgpR6 days of summer, and 145
days of winter (25.8, 34.5, and 39.7% of the yesspectively).

Fish and Diet Collection
Fish were collected within one pool, riffle, anthrat each site every month from
March 2002-January 2003 using a combination of pack and raft electrofishing units.

Chapter 1 discusses methods of fish collection orenrdetail. We used the Seaburg
lavage technique (1957) and dissection methodsltect stomach contents of nonnative

91



fishes, and identified prey fish in their diet ugispecies-specific diagnostic bones
(Hansel et al. 1988). See Leslie (2003) for aitbetalescription of diet analysis.

Age Classes

We used length-frequency histograms pooled by iddads within each section
of river to divide the total catch of each predapecies into three age classes (age 0, 1,
2+) for each environment type sampled. We muéiplihe proportion of each age class
captured by the density estimate (Chapter 3) imast the density of each predator by
age class. Only stocked age 1 rainbow trout wawed in the river.

Estimated L oss

We estimated the loss (consumption) of total artitv@grey fish to all predators
(predation impact) only within sections of riverdaseasons when prey fish was found in
their diet (Leslie 2003). We multiplied the estiethaverage consumption rates of
nonnative predators (mg fish eaten-individfuday®) by density estimates of nonnative
predators (number of individuals-108)rto estimate the loss of total and native prely fis
to the top six nonnative predators (Tabor et @3)9 We averaged the loss of total and
native prey fish to all predators by species arel@dgss of predator, section of river,
environment type (run, riffle, pool), and seasér comparative purposes, we assumed
a predation impact of zero for each age classedator within environment types where
no individuals were caught or where no total orveaprey fish was found in their diet.

Statistical Analyses

Estimates of total prey fish loss to all predamymbined were log10 (x +1)
transformed to meet the assumptions of normalityl@mogeneity of variance. We
used multiple regression analysis and linear cetgr® test for and quantify differences
between the estimated loss of total prey fish énrttier by section, environment type,
and season.

The data of estimated total and native prey fisth 1o each predator species had
numerous zeroes resulting from no observed predatpact within any given
environment type sampled, so the assumptions @hality and homogeneity of variance
were violated regardless of the transformationuslhve performed a two-part analysis.
We used a Kruskal-Wallis nonparametric single faatwalysis of variance (K-W
ANOVA) by tied ranks tests (Zar 1999) to compare éistimated loss of total and native
prey fish to each predator by age class, sectigivef, environment type, and season. |If
a difference was detected, we used nonparamettitpheicomparison tests for mean
ranks with ties (Zar 1999) to identify wherein thi&erence lay.

Environment types (pool, riffle, run) were not cangal for any reported means
because the proportion of pools, riffles, and ravailable throughout the river was not
guantified. However, average ratios of pools/nmsffles were similar among the four
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sections (Chapter 3), which allowed us to compatienates of total and native prey fish
lost to predators across sections of river.

Due to the kind of statistical analyses perforneed] to the fact that total and
native prey fish were not observed in the dietalbpredator species on all occasions, no
tests for interactions between age class, seaimrifonment type, or season were
performed. We used simple means and standardsaaoeport the estimated loss of
total and native prey fish to all predators actbgsriver, by age class and environment
type. All zeros of no estimated predation impaeatse included in these means.
Because we did not observe any native prey figherdiet of rainbow trout (Leslie 2003)
and the sample size for total prey fish in the@gtdvas so small (n = 3), no statistical tests
were performed on this species.

Results
Estimated Loss Overall

The greatest mass of total prey fish consumed Igyr@tlators combined occurred
in Sections | and IV (multiple regression and lineantrastsfi ss, = 74.73,P<0.001).
The amount of total prey fish eaten was 5.4 tinresig@r (95% C.I. 3.7 to 7.9 times) in
Sections | and IV than in Sections Il or lll. Theass of total prey fish eaten was an
estimated 3.2 times greater (95% C.I. 2.1 to 4r@$) by predators captured in pools and
runs than by those captured in riffles (linear casiss,F; 35, = 31.85,P<0.001). The
estimated mass of total prey fish eaten was 7.8gigreater (95% C.I. 4.8 to 10.3 times)
during the summer than the spring and winter (Figud.; linear contrast§; 35, = 96.50,
P<0.001). The predators that consumed the most pogy fish among environment
types were largemouth bass in pools, smallmouth asffles, and both largemouth and
smallmouth bass in runs (K-W ANOVA£&<0.05).

We only observed predation on native fishes iniSestl and IV. The greatest
mass of native prey fish eaten by all predatorshinad occurred in Section IV (K-W
ANOVA, P<0.05), by predators caught in pools and runs (KAMOVA, P<0.05), and
during the summer (Fig. 2; K-W ANOVAR<0.05). Of all predators, largemouth bass
consumed the most native prey fish (K-W ANOW250.05).

Section

Most of the predation by flathead catfish on tgtay fish occurred in Sections Il
and IV (Table 4.1; Figure 4.3), and on native piiel in Section IV (Table 4.2, Figure
4.4; K-W ANOVA, both P<0.05). The greatest loss of total and native digly to
channel catfish and largemouth bass occurred itidel/ (K-W ANOVA, all P<0.05).
The highest predation of total and native prey fish smallmouth bass occurred in
Section | (K-W ANOVA, bothP<0.05). The greatest loss of total prey fish tdoye
bullhead occurred in Sections | and IV, and of vetprey fish in Section IV (K-W
ANOVA, both P<0.05).
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Environment Type

The greatest estimated loss of total prey fisHathéad catfish occurred in riffles
(Table 4.1, Figure 4.5; K-W ANOVAP<0.05), while there was no difference among
environment types in the amount of native prey 8alen by flathead catfish (Table 4.2,
Figure 4.6; K-W ANOVA,X? = 3.5 P = 0.17). Channel catfish had a higher predation
impact on native fishes in pools and runs thanifites (K-W ANOVA, P<0.05), but
there was no difference in total prey fish consum®d channel catfish among
environment types (K-W ANOVAX? = 3.12 P = 0.21). Largemouth bass consumed the
most total and native prey fish in pool and runiemmment types (K-W ANOVA, both
P<0.05). There was no difference in total or natiwvey fish eaten by smallmouth bass
among pools, riffles, or runs (K-W ANOVAS® = 0.03 P = 0.98;X? = 1.83 P = 0.40,
respectively). Yellow bullheads consumed the mottl tprey fish in riffles and runs (K-
W ANOVA, P<0.05), while there was no difference in nativeypfish consumed by
yellow bullheads among environment types (K-W ANOV¥ = 3.55 P = 0.17,
respectively).

Season

Flathead catfish ate the greatest amount of tatey fish during the summer
(Table 4.1), and the greatest amount of native fisdyduring the spring and summer
(Table 4.2; K-W ANOVA, bothP<0.05). Channel catfish ate the most total and/@at
prey fish during the spring and summer (K-W ANOM#gth P<0.05). Largemouth bass
consumed the most total prey fish during the sumiea ANOVA, P<0.05), but there
was no difference in consumption of native prey fisy season (K-W ANOVAX? =
1.43 P = 0.49). The highest predation of total and refivey fish by smallmouth bass
occurred during the summer (K-W ANOVA, bd#x0.05). Yellow bullheads consumed
the most total prey fish in the summer and the nmasive prey fish in the spring and
summer (K-W ANOVA, botHP<0.05).

Age Class

Age 1 and 2+ channel catfish consumed the greatesunt of total prey fish
(Table 4.1), and age 2+ channel catfish consumedthatest amount of native prey fish
(Table 4.2; K-W ANOVA, bothP<0.05). Consumption of total or native prey fisd d
not differ among age classes of flathead catfis(KANOVA, X?=1.93 P = 0.38;X* =
0.46 P = 0.79, respectively). Age 1 and 2+ largemouthsbamsumed the most total
prey fish per day than age 0 largemouth bass (KMDXA, P<0.05), but there was no
difference in the amount of native prey fish egienday by age class (K-W ANOVAX?
= 0.45 P = 0.80). The highest predation of total and nagixey fish by smallmouth bass
occurred in age 1 fish (K-W ANOVA, botR<0.05). Age 0 and 1 yellow bullheads
consumed more total and native prey fish than aggeflow bullheads (K-W ANOVA,
P<0.05).
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Discussion

The consumption of prey is influenced by the sizé aumber of prey available,
prey habits and habitat preferences (Keast 1988)availability of refugia to escape
predation (Meffe 1985), and the availability ofeaftative food items for predators
(Ruppert et al. 1993). Most of the native fishest have declined dramatically in the
mainstem of the Verde River (loach minnow, specklade, spikedace, longfin dace, and
Gila topminnow) are small fish (<80 mm). Fisheshwamall body sizes as adults have a
higher vulnerability to predation because theylass than the gape width of many
predators throughout their lives. Additionallytina desert fish species lack the
evolutionary anti-predatory defenses against threduced predators (Johnson et al.
1993; Lima and Dill 1990).

We estimated the loss of both total and native fiskyto predators because many
piscivorous fish are opportunistic feeders (Horné &oldman 1994), and consumption
generally underestimates demand when there iscadbortage (Ney 1990). Assuming
total prey fish were not limiting, we assumed thgsl of total prey fish by the top six
nonnative predators in the Verde River a reasonabieator of the predation potential to
native fishes (Figure 4.3).

Section

The estimated loss of native prey fish to the i@mennative predators can be
partially explained in the context of numbers ofiverprey fish available. We observed
predation on native fishes by nonnative fishes amigections | and IV (Figure 4.4),
which coincided with the highest estimated densitienative fishes (Chapter 3). The
greatest amount of native fish consumed by predatocurred in Section 1V, the only
section where longfin dace and recently hatched@oand desert suckers were
captured.

Environment Type

Although we could not determine the environmenet/where total and native
prey fish were actually consumed by predators, eegdcestimate which environment
types to capture the predators that consumed tts¢ fish. The environment types where
predators had the greatest predation impact cadomth greatest estimated densities
for those predators (Chapter 3).

Overlap in environment type use between nativeeisdnd nonnative predators
may affect the degree of predation. Larvae ofmaack suckers utilize slow moving
pools and backwaters (Ruppert et al. 1993) thatymannative predators also utilize
(Chapter 3). This overlap in environment type mnsg/ have made larval razorback
suckers in the Verde River more vulnerable to piiedadby nonnative fishes than larval
Sonora and desert suckers which utilize rifflesb{8tte at al. 1990). Predation by
nonnative fishes at the larval stage may be orsoreavhy razorback suckers became
extirpated from the Verde River while Sonora angedesuckers are able to persist.
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Season

The highest consumption of total and native pigly by all predators occurred in
the summer (Figure 4.3), when water temperaturdgamwth rates for nonnative fishes
were highest (Leslie 2003), and estimated dengifiestive and nonnative fishes were
also high (Chapter 3).

Age Class

It is important to consider both estimated consuomptates and densities of each
age class of predators present when investigatisgydf prey fish to predators (Rieman et
al. 1991). While Leslie (2003) found largemoutisdage 0 fish to have the highest
consumption rate of total prey fish, largemouthsbage 1 and 2+ had a greater impact
because they made up a higher percentage of thegtigm than age 0 fish. Conversely,
because few large flathead catfish were caughtdarnverde River (only four over 400
mm), the predation impact of age 2+ flathead datfias low even though their estimated
consumption rates were high (Leslie 2003).

Future Research

No native prey fish were found in the diet of kzomv trout, but other prey fish did
occur in the diet of 9.3% of rainbow trout caugt3; Leslie 2003). The low number of
rainbow trout captured (n=32) made their estimgtediation impact on total prey fish
low compared to the other predators (Figure 4E8)wever, over 27,000 individuals
were stocked into the river in 2002 (Andy Clarkigmal communication), so there is
cause for concern. Currently rainbow trout stogkiim the Verde River occur in the
spring and winter, which overlaps with the spawrtinges of many native fishes.
Rainbow trout prefer cold-water, but we capturessthfish until the middle of August in
water temperatures reaching 24°C. The long surwiradow of catchable trout and their
potential piscivory may result in detrimental etfeto native fishes. Additional research
is needed to better understand interactions amaingow trout and native fishes in the
Verde River.

We examined the impact of predation by nonnatiskds on native fishes in the
Verde River, but more research is needed on othgswonnative fishes may be
negatively interacting with native fishes and redgaheir numbers. The 13 nonnative
fishes in the Verde River may also have a competitnpact, introduce and spread
diseases and parasites, and alter the habitatigérishes (Moyle et al. 1986).

Other human caused declines in native fish poparatshould also be researched,
including habitat alteration, deterioration of wageality, and hydrological changes.
Baltz and Moyle (1993) found that assemblages t¥@adishes in a California stream
were able to resist invasion by nonnative fisheloag as the environment was relatively
undisturbed by humans. While the mechanism ofsioraresistance may be a
combination of both biotic and environmental fastdhey argue that maintaining
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environmental complexity such as a natural flowimagis critical to maintaining native
fish assemblages (Baltz and Moyle 1993).

Management Implications

Several studies show that the removal of predackshess can effectively lower
their densities, and increase the fish survival pmgulation numbers for the species of
concern. Four years of sea lamprey control in Lalkperior reduced spawning runs of
sea lamprey by 86% (Smith and Tibbles 1980). #fittst year of targeted removal
efforts at predaceous fishes in Cultus Lake, Bri@olumbia, survival rates of young
sockeye salmon increased more than three-fold gkereaind Ricker 1941). In the lower
Columbia and Snake Rivers of the Pacific Northwestdeling indicated that five years
of removal efforts targeted at predaceous nortpéeminnow decreased potential
predation on juvenile salmonids by an estimated 25f&sen and Ward 1999).
Meachum and Clark (1979) found that one year oti&ichar confinement at a single
location within the Wood River system, Alaska saasadcestimated 906,933 sockeye
salmon smolt from predation, without appearingealetrimental to the Arctic char sport
fishery.

Sih et al. (1998) warns that multiple predator @Seon prey cannot simply be
calculated by summing the effects of individualda®r types. The possibility exists that
removal of certain predators may cause a competiglease, or compensatory response,
by other predators (Rieman and Beamesderfer 198tm&rman and Parker 1995).
Removal of top predators may increase the recruitraed survival not only of native
fish, but also of other nonnative species that megatively interact with native fish.
However, Beamesderfer et al. (1996) suggests tledtpor removal will restructure
rather than deplete a targeted species populatmhmay not reduce densities enough to
elicit a compensatory response.

To meet the goal of conserving and enhancing néistepopulations while
maintaining an economically valuable sport fishetry,adaptive management approach
could be initiated. Removal efforts targeting dgend 2+ largemouth bass in Section 1V,
and age 1 smallmouth bass in Section | would f@ffgsts on those fishes currently
having the greatest predation impact on nativeeish the Verde River. Survival of
young native fishes may be increased if providetth wredator free spawning and rearing
grounds (Tyus and Saunders Il 2000). If desirethoval efforts in small sections, to
first gage the response of both native and nonadishes in the river, could be
implemented before more costly large-scale effantsattempted. A preliminary study of
nonnative fish removal in the upper Verde River pias/ed beneficial to native fish
recruitment in its early stages (Rinne 2001; Rinpegsonal communication).

Mechanical removal of the most damaging predacéshss in the Verde River
would be advantageous, but mechanical removal megjai lot of manpower, time, and
money. One possibility to aid in the mechanicalogal of nonnative predators is
intensive angling (Tyus and Saunders IlIl 2000)rh@edt and Hubert (1991 Tyus)
showed fishing pressure could effectively eliminarge channel catfish at some
Wyoming locations. Age 1 and 2+ largemouth baskage 2+ channel catfish in the
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lower Verde River are prime candidates for angldrisere is currently no size or take
limit of unstocked nonnative fishes in the VerdedRiupstream of Horseshoe Reservoir
and nonnative populations are still thriving, dooainty program may be necessary to
increase harvest of nonnative fishes. Below Httse®fReservoir, general statewide
regulations are in effect. Bounty programs havekedreffectively on the Columbia
River for removal of northern pikeminnow (Beameseleet al. 1996).

Stocked rainbow trout provide a valuable sportdighso conservative
management options may be desirable to maintaifighery while protecting the native
fish species. Robinson et al. (2000) recommenideiting trout stockings to reservoirs,
stocking only one adult size, and keeping themobareas with sensitive native fish
populations. If rainbow trout stockings continnehe Verde River, stocking them into
Bartlett Reservoir, or limiting them to Sectionsahd Il where native fish densities are
lowest (Chapter 1) would be a conservative manageéstetegy to reduce potential
interactions with native fishes.

Conclusion

In summary, predation on native fishes by the igmennative predators varied
substantially by species and size class of preds¢ation of river, environment type, and
season. We only observed predation on nativedigh&ections | and IV, where native
fish densities were greatest. Predation by all@i@s was greatest during the summer.
We estimated that largemouth bass caught in pamisuns in Section IV consumed the
greatest amount of native fish. Age 1 and 2+ largeth bass consumed more total prey
fish than age 0 largemouth bass. Smallmouth basshesonly nonnative species
observed to consume native prey fish in SectioRdr effective management of these
nonnative predators, managers should target maregesfforts at age 1 and 2+
largemouth bass in Section IV, and at smallmou#s lia Section |.
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Table 4.1. Sections, environment types, seasodsage classes where and when the most total igtey f
were lost to each predator according to K-W tedtereP <0.05 in the Verde River from March 2002-

January 2003.
Section Environment type Season Age Class

No No No No
Species [ 1l 1l IV diff [Pool Riffle Run diff [Spr Sum Win diff| 0 1 2+ diff
Combined overall* X X X X X
Channel catfish X X[ X X X X
Flathead catfish X X X X X
Largemouth bass X X X X X X
Smallmouth bass X X X X
Yellow bullhead X X X X X X X

* multiple comparison with linear contrasts test

Table 4.2. Sections, environment types, seasoksage classes where and when the most nativdighey
were lost to each predator according to K-W tedtereP <0.05 in the Verde River from March 2002-

January 2003.
Section Environment type Season Age Class

No No No No
Species [ 1l 1l IV diff [Pool Riffle Run diff [Spr Sum Win diff| 0 1 2+ diff
Combined overall X X X X
Channel catfish X X X X X X
Flathead catfish X X| X X X
Largemouth bass X X X X X
Smallmouth bass X X X X
Yellow bullhead X X] X X X X
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Figure 4.1. Estimated loss of total prey fish (otgl fish/ 100m2/ day) consumed in each
environment type by all six predators combinedrdytihe spring, summer, and winter seasons
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Figure 4.2. Estimated loss of native prey fish fmagve fish/ 100m2/ day) consumed in each
environment type by all six predators combinedmythe spring, summer, and winter sea:
between March 2002- January 2003.
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Figure 4.3. Estimated loss of total prey fish (twigl fish/ 200m2/ day) to channel catfish (CCHgHead catfish (FHC), largemouth bass
(LMB), rainbow trout (RBT), smallmouth bass (SMBjd yellow bullhead (YBH) in the Verde River fromakth 2002- January 2003.
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Figure 4.4. Estimated loss of native prey fish fmgve fish/ 100m2/ day) to channel catfish (CGR}thead catfish (FHC),

largemouth bass (LMB), smallmouth bass (SMB), agltbw bullhead (YBH) in the Verde River from Mar2B02- Januray
2003.
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Figure 4.5. The estimated loss of total prey (isly total fish/ 100m2/ day) to channel
catfish (CCF), flathead catfish (FHC), largemou#is® (LMB), smallmouth bass
(SMB), and yellow bullhead (YBH) by environment &/and age class in the Verde
River from March 2002- January 2003.
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Figure 4.6. The estimated loss of native prey (s native fish/ 100m2/ day) to

channel catfish (CCF), flathead catfish (FHC), éanguth bass (LMB), smallmouth

bass (SMB), and yellow bullhead (YBH) by environmiype and age class in the

Verde River from March 2002- January 2003.
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