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We examined the food habits of 2,077 Sacramento pikeminnow (46-
550 mm standard length [SL]) collected from the mainstem Eel River and
South Fork Eel River, California in 1995 - 1997. Fifty-eight percentofthe
fish contained prey in the upperdigestive fract. Sacramento pikeminnow
consumed awide variety of prey; the diversity of individual diets was higher
from February-Maycomparedto July -Octoberand higherinthe South Fork
EelRiverthaninthe mainstem Eel River. The proportion of fish in the diet
increased with Sacramento pikeminnow fength but dietdiversity did not.
Sacramento pikeminnow collected from the South Fork Eel River in the late
season contained the highest proportion of fish. Predator and prey size
were also positively related. In general, Sacramento pikeminnow preyed
on famprey and fishes in proportion to their availability, as estimated by
electrofishing colliections, buttended to avoid cannibalism. Six percentof
the Sacramento pikeminnow containing food in the upper digestive tract
had consumed juvenile salmonids. Sacramento pikeminnow were not
more abundant where salmonids were present. Predation risk for
salmonids may be most significant where the species occur together
during low, clear water conditions. For example, 44% of 43 Sacramento
pikeminnow > 250 mm SL from our upstream-most collecting site on the
South Fork Eel Riverin August 1985 contained salmonids. In mostof our
study area, predation risk for outmigrating salmonids may be reduced by
high turbidity and the availability of alternative prey. However, strong
conclusions about the ability of Sacramento pikeminnow in the Eel River
to reduce saimonid populations will require information on food habits
when juvenile salmonids are abundant, and population estimates for the
predator.

INTRODUCTION

Sacramento pikeminnow, Piychocheilus grandis, are native to the Sacramento-San
Joaquin drainage and several coastal drainages in northern California (Movle 2002).
Around 1979, Sacramento pikenunnow were illegally introduced into Pillsbury Reservoir,
on the upper mainstem Eel River. Within 10 years of their introduction, Sacramento
pikeminnow expanded their distribution throughout the matnstem Eel River and most
of its tributaries (Brown and Moyle 1997). The predatory nature of Sacramento
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pikeminnow prompted widespread concern over their potential etfect on depressed
populations of anadromous salmonids in the Eel River. Brown and Moyle (1997)
concluded that Sacramento pikeminnow from the Eel River do not appear to prey on
significant numbers of juvenile salmon except under localized conditions. Overall,
salmonids made up <10% of the diet of Sacramento pikeminnow collected from the Eel
Riverbetween 1986 and 1990 (Brown and Moyle 1997). However, the dietof Sacramento
pikeminnow was not the primary focus of Brown and Moyle (1997), and that study was
limited somewhat by few samples from large Sacramento pikeminnow (> 250 mm
standard fength [SL]), particularly during the primary period of out-migration by
juvenile salmonids. Large individuals are critical to the assessment of Sacramento
pikeminnow predation on salmonids because the extent of piscivory increases with
body size (Brown 1990, Brown and Moyle 1997). Further, except during their spawning
period, large Sacramento pikeminnow are found almost exclusively in the inainstem Eel
Riverand its major tributaries. Thus, as the juvenile salmonids leave low-order channels
to begin their seaward iigration, they may be exposed to the highest risk of predation
from large Sacramento pikeminnow. The goal of this study was to characterize the
spatial and seasonal variability inthe diet of Sacramento pikeminnow from the Eel River,
while incorporating variation attributable to body size.

STUDY SITE

TheEelRiverdrainsa 953,294 -ha catchment with four major tributaries: the North,
Middle and Southforks of the Eel River, and the Van Duzen River (Fig. 1). For logistical
reasons, we focused our sampling efforts on the lower mainstem Eel River (MSER),
South Fork EelRiver (SFER) and the lower Van Duzen River (VDZR), Annual discharges
in the MSER, SFER, and VDZR are highly variable and closely tied to precipitation.

Husmbaldt 8ay

Figure 1. Locations of sampling sites in the Van Duzen River, mainstem Eel River and South Fork
Eel River, California.
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During hydrologicyear 1996, discharge ranged <3 - 11,300 m*/sin the MSER, <1 -2650
m*/sin the SFER and <0.2 - 1028 m*/s in the VDZR. Water temperatures in the large
channels of the Eel drainage commonly exceed 25 °C during sumimer, rendering ntuch
of the Eel River inhospitable to juvenile salmonids. The SFER tends tobe slightly cooler
than the MSER and VDZR, in part due to greater shading by riparian vegetation and
input from cool-water tributaries. The SFER study reach also included mesohabitats
with greater structural complexity than those in the MSER and VDZR.

Historically, the Eel River supported six species of anadromous saimonids inctuding
coho salmon, Oncorhynchus kisutch, chinook salmon. O. tshanvytscha, pink salmon.
O. gorbuscha, chum salmon. O. kela. steelhead, O. mykiss, including resident rainbow
trout, and cutthroat trout, O. c/arki. Chinook salmon, coho salimon. and steelhead are
listed as Threatened under the United States Endangered Species Act, and pink and
chum salmon have disappeared from the drainage (Brown and Moyle 1997). Other
native fishes of the Eel River inctude Sacramento sucker, Catostonius occidentalis,
prickly sculpin, Cottus asper. coastrange sculpin, C. aleuticus, threespine stickleback,
Gasterosteus aculeatus, and Pacific lamprey, Lampetra nidentata. At least 10
introduced fishes have established reproducing populations the Eel River (Brown and
Moyle 1997). Californiaroach, Hesperoleucusor Lavinia symmetricus, and Sacramento
pikeminnow are the most widespread of the introduced species and probably the most
abundant fish in the Eel River (Brown and Movle 1997). Speckled dace, Rhinichthys
osculus, occupy approximately 25 kmof the Van Duzen River. American shad, 4/osa
sapidissima, originally introduced into the Sacramento-San Joaquin river system, have
strayed into the Eel River. White catfish, Ameiurus catus, are present in the mainstem
Eel River. Threadfin shad, Dorosoma petenense. golden shiner, Notemigonus
crysoleucas, bluegill, Lepomismacrochirus, largemouth bass, Micropterus salmoides,
brown bullhead, Ameiurus nebulosus, green sunfish, Lepomis cyanelius, are mainly
confined (o Pillsbury Reservoir, but occasionally encountered in the MSER and large
tributaries.

METHODS

We established a total of 39 sample stations; 18 in the MSER in the 165-km reach
extending upstream from the upperestuary, 18 sample stationsin the SFER in the reach
extending 104 ki upstream from the confluence with the mainsten, and 3 sample
stations on the lower VDZR (Fig. 1). We repeatedly sampled fishes at each station
between April 1995 and March 1997, primatily with a custom-built electrofishing boat
equipped with a Smith-Root model 7.5 GPP electrofishing unit. We usually collected
fishbetween 0600 and 1300 h. using 60 Hz, pulsed direct current. During periods of low
river discharge, collections were limited to pools and runs. When higher discharge
allowed greater mobility by boat, we sampled extensively in reaches up to 500 m long.
Reach length was scaled to reflect diel movements by adult pikeminnow (Harvey and
Nakamoto 1999). All stations were sampled at low and high discharge. To reduce the
risk of electrofishing injuries to adult anadromous salmon, we did not sample during
November, December. and January.
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During each sampling run, we held all captured fishes in a water-filled ice chest.
We recorded species-specific counts and approximate lengths for fish observed but
not captured. Length estimates for these fishes were calibrated with subsequent
measuretnents of captured individuals of the same species. Except for Sacramento
pikeminnow, fishes were anesthetized with tricaine methanosuifonate, identified to
species, measured, and released. Sacramento pikeminnow were administered a lethal
dose of tricaine methanosulfonate prior to processing. Sacramento pikeminnow < 150
mm SL were measured and preserved whole in 10% formalin. We perforated the
coelonic cavity to improve preservation of gut contents. The entire digestive tract of
Sacramento pikeminnow >150 mm SL wasexcised and preserved in 70%ethanol. Freld
processing of samples was completed within 30 min of capture. All gut samples were
returned to the laboratory for analysis.

In the laboratory, we retrieved prey items from the esophagus to the second turn
of the S-shaped digestive tract. In general, we identified prey taxa (o species for
vertebrates, family for insects, and order for other invertebrates. Prey were then
enumerated, blotted dry, and weighed to the nearest 0.00] g. Following Hansel et al.
(1988), weexamined the morphology and length of cleithra and pharyngeal arches from
known fishes to identify well-digested fish and estimate fish length. Our data yielded
strong species-specific regressions (all 1> 0.97) that predicted prey standard length
using cleithrum length or pharyngeal arch length.

Diel data were categorized by river and season for analyses. We grouped data from
the VDZR and MSER based on their relatively similar physical characteristics and the
ranty of salmonids in those reaches during summuner. We defined February to May, when
Jjuvenile salmonids are most abundant in main channels of the drainage, as the “Early”
season, and samples collected from June to October as the “Late”™ season. By the
beginning of the late season most juvenile salinonids in the large channels we sampled
have migrated to the ocean and any that remain in the drainage are primacily liwited to
cool water fributaries (Brown and Moyle 1997, Harvey etal. 2002).

We summarized and analyzed overall patterns in Sacramento pikeminnow food
habits in several wavs. First, we divided prey into three broad categories: fishes
(including Pacific lamprey), insects, and miscellaneous, then calculated the proportion
(by wetght) of each category in the diet by river and predator size. We also suminarized
diet composition in greater taxonomic detail by river, season, and two categories of
Sacramento pikeminnowsize(< 250 mmSL,>2350 mm SL). We analyzed overall patterns
in Sacramento pikeminnow diet using the Shannon-Wiener diversity index (H') as a
response variable, where H'=-XplInp We calculated the proporttonal composition
of individual Sacramento pikenunnow diets (p ’s) using both the mass and the number
of individuals in each taxonomic category. We analyzed H' using analysis of
covariance (ANCOV A), with river and season as maineffects and Sacramento pikeminnow
standard length as the covariate.

We analyzed piscivory by Sacramento pikeminnow in greater detail, because of its
potential significance to resource managers. First, we analyzed the proportion of fish
(byweight) in the diet using the same ANCOV A design used to evaluate diet diversity.
Second, we quantified the relationship between Sacramento pikeminnow size and fish
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prey size using linear regression. Third, we sought to quantify the degree of selection
by Sacramento pikeminnow for specific fishes or lamprey by using our estimates of prey
availability tocomputeelectivity. Weused theelectivity index L =r,-p (Strauss 1979)
where r is the relative abundance of taxon 7 in the fish component of the Sacramento
pikeminnow dietand p is the relative abundance of the /* taxonin the river. Welimited
this analysis to Sacramento pikemtnnow > 230 mm SL to focus on highly piscivorous
individuals. Fish <163 mum SL were constdered potential prey, reflecting the maximurmn
size of fish prey in the dataset. All Pacific lamprey were included as potential prey,
because we captured a Sacramento pikeminnow 470 mun SL during this study that had
consumed a Pacificlamprey 600 mm total length. We included in this analysis the seven
vertebrates commonly observed both during sampling and in the diet. Due to
difficulties in distinguishing species during electrofishing when fish evaded capture
and in well-digested diet samples, we grouped steelhead, chinook salmon, and colio
salimon as Oncorhynchus spp. and coast range and prickly sculpins as Coffus spp.
Electivities were calculated for each combination of sampling location and date. We
analyzed the effects of river and season on electivity with ANOVA. We also used /-
tests to identify electivity values significantly different from 0. We adjusted the
probability levels of individual f-tests to achieve an experimentwise significance level
of 0.05. One obvious weakness of this analysis of prey selection is the bias in the prey
availability data caused by species-specific differences in the probability of observation
and changes in our ability to detect fish under varving physical conditions. Finally,
to determmine if Sacramento pikeminnow were more abundant where salmonids were
present. we used catch-per-unit-effort data to contrast demsities of Sacranento
ptkeminnow> 250 mm SL at sample sites with and without salmonids uising a £-test. Sites
where we observed salmonids during electrofishing or where at least one Sacramento
pikeminnow contained salmonids were categorized as sites with salmonids present.
Welimited this analysisto the early season because salmonids were seldom encountered
during the late season.

RESULTS

Weexamined the gut contents of 2.077 Sacramento pikeminnow ranging from 46 -
550 mm SL. For fish collected in the early season. we found prey in 59%of the samples
collected from the MSER and 73% of the samples collected from the SFER. During the
late season, 55% of the samples collected from the MSER and 41% of the samples from
the SFER contained prey.

Overall, invertebrates became less abundant and fish more abundant in the diet with
increasing Sacramento pikerninnow size (Fig. 2), and Sacramento pikeminnow consumed
a wide variety of prey (Table 1). When grouped by river, season, and Sacramento
pikeminmnow size, no prey category made up more than one-third of the diet (Table 1).
During the early season, in the MSER, Pacific lamprey, Hemiptera, Plecoptera, and
Odonata predominated in thediet of small (<230 mm SL) Sacramento pikeniinnow (about
10%~ 14%each). Thedietsof small Sacramentopikeminnow from the SFER were similar
to the diet of small Sacramento pikeminnow from the MSER in the earty season. except
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Figure 2. Mean (SE) percent wet weight of fish and insect prey in the diet of Sacramento
pikeminnow from the mainstem Eel River and South Fork Eel River, by predator size class.
Sample sizes include only fish with food in the foregut.

that Pacific lamprey were less prominent. During the late season, a farge portion of the
diet of small Sacramento pikeminnow from the MSER consisled of terrestrial insects
(31%) while smal} Sacramento pikeminnow from the SFER focused on Hemiptera,
particularly naucoridae (24%). During the early season, sculpins (20%) and lamprey
(15%) formed the largest partof the diet of large (> 250 mm SL) Sacramento pikeminnow
from the MSER, while large Sacrainento pikeminnow from the SFER contained primarily
Plecoptera. We did not obtain enough large Sacramento pikeminnow from the MSER
lo confidently characterize their diet in the late season, but steelhead (23%) and suckers
(16%) formed the largest partof the diet of large Sacramento ptkeminnow from the SFER,

Individuat diet diversities based on the mass of prey varied significantly between
rivers (F, |, ,=27.5,p<0.001)andseasons (Fmi ,=26.1,p<0.001)(Table2). Individual
diet diversities were significantly higherin the SFER compared to the MSER, and greater
during the early season compared (o the late season. The river x season interaction
F,,,,=0.32,p=0570)and Sacramentopikeminnow length (F, |, =0.86,p=0.332)were

11214
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Table 2. Mean (SE) Shannon-Wiener individual diet diversity by size class for Sacramento
ptkeminnow collected from the mainstem Eel River and South Fork Eel River.

Mainstem Eel River

November - March April - October
Size class n Diversity n Diversity
<100 33 0.37(0.08) 30 0.22(0.08)
101-150 91 0.23(0.04) 60 0.10(0.03)
151-200 133 0.23(0.03) 12 0.00(0.00)
201-250 96 0.16(0.03) 7 0.07(0.07)
251-300 48 0.18(0.04) 4 0.00(0.00)
301-350 24 0.16(0.06) 4 0.00(0.00)
351-400 35 0.23(0.07) 5 0.16(0.07)
>400 S 0.27(0.13) 0 -
South Fork Eel River
<100 28 0.20(0.08) 10 0.18(0.12)
107-150 45 0.23(0.05) 17 0.36(0.07)
151-200 125 0.36(0.04) 50 0.26(0.05)
201-250 148 0.42(0.03) 43 0.25(0.06)
251-300 46 0.44(0.07) 32 0.18(0.06)
301-350 24 0.30(0.08) 13 0.16(0.12)
351-400 17 0.34(0.11) 7 0.08(0.08)

>400 15 0.40(0.12) 12 0.01¢0.01)

not significant terms in the analysis of covariance for Sacramento pikeminnow diet
diversity.

The proportion of fish in the diet exhibited different temporal trends in the two rivers
(ANCOVA, river x season interaction: F, | =4.00,p=0.046). Sacramento pikeminnow
length was a useful covariate in the analysis (F, , = 202.30, p <0.001). While the
proportion of fish in the diet was similar between rivers during the early season, during
the late season the proportion of fish in the Sacramento pikeminnow diet decreased
sharply in the MSER while the proportion of fish in the diet of Sacramento pikeminnow
from the SFER increased.

The standard length of prey increased with the standard length of Sacramento
pikeminnow predators (Fig. 3; n=300, »*=0.45, p <0.001). Piscivorous Sacramento
pikeminnow averaged 266 mm SL (range 84 - 543 mm) while prey fishesaveraged 63 mm
SL (range22 - 163 mun SL, excluding one adult lamprey 600 mm total length). Theratio
of prey to predator length ranged 0.08 - 0.52.

In contrast to the availability of prey (Table 3), prey selection by large Sacramento
pikeminnow did not differ detectably between rivers and seasons. Overall, large
Sacramento pikeminnow consumed prey in proportion to estimated prey availability,
with the exception of the avoidance of cannibalism (Table 4).
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Figure 3. Relationship between the lengths of Sacramento pikeminnow predators and their prey.

Table 3. Mean electrofishing catch-per-unit-e(fort (SE) {rom the mainstem Eel River and
the South Fork Eel River for pikeminnow prey fishes (< 165 mm SL). We did not sample
during November, December, and January to minimize the risk of injury to adult salmonids.

Mainstem Eel River South Fork Eel River
Season Februarv-Mav  June-October February-May  June-October
# sample trips 50 I 51 13
Catostomus occidentalls 2.9(0.7) 52(2.2) 1.5(0.5) 8.1(3.3)
Coluus spp. 1.0(0.4) 1 8(0.8) 0.4(03) 1.0(0.5)
Gasterosteus aculeatus 2.4(1.4) 5.5(3.9) 0.1(0.1) 0.4(0.3)
Hesperoleucus symmetricus  7.9(2.4) 9.6(5.7) 38.1(17.9) 36.7(11.0)
Lampetra tridentata 89.7(31.9) 22.1(9.8) 46.1(11.1) 17.9(8.7)
Oncorhynchus spp. 9.3(2.0) 31(1.8) 25.4(4.0) 9.9(5.0)
Ptychocheilus grandis 54.3(9.5) 1,384.8(1288.2) 73.1(15.8) 95.2(32.2)

Both patterns of electivity and overall patterns in food habits indicated that
salmonids were not acritical component of the Sacramento pikeminnow diet on the scale
ofthe entire sudy area. We observed juvenile salmomnidsin 64 of the 1,219 Sacramento
pikeminnow that contained prey in the foregut. These 64 fish had consumed anaverage
of 1.1 salmonids (range 1 - 3). Salmonids made up a small proportion of the diet of
Sacramento pikeminnow except for Sacramento ptkeminnow > 250 mm SL from the SFER
in the late season. In August 1995, atthe most upstream SFER site, we collected 29 large
Sacramento pikeminnow with prey in the foregut, and 19 of these contained salmonids.
Observations by divers revealed high densities of juvenile salmonids in riffles at this
site. Overall, body size strongly influenced the tendency to consume salmonids (Fig.



VARIATIONINTHE DIET OF SACRAMENTOPIKEMINNOW INTHE EELRIVER 41

Table 4. Mean (SE) electivities for seven of the most commonty observed vertebrate prey
of Sacramento pikeminnow (>250 mm SL) collected from the Eel River, California.
Asterisks identify electivities significantly different from zero (P <0.0123).

Mainstem Eel River South Fork Eel River

Season Februarv-Mav June-October Februarv-May June-October
# collecting trips 50 11 Sl 13
Cuatostomus occidentalis -0.02(0.02) -0.05(0.03) 0.08(0.03) -0.06(0.03)
Cottus spp. 0.12(0.04) -0.01(0.00) 0.02(0.02) 0.06(0.08)
Gasterosteus aculealus 0.01(0.02) -0.03(0.02) 0.01¢(0.01) 0.07¢0.08)
Hesperoleucus symmetricus  ~0.05(0.02) 0.04(0.10) -0.07(0.03) -0.01(0.13)
Lampetra iridentata -0.12(0.06) -0.09(0.06) -0.08(0.06) 0.03(0.06)
Oncorhynchus spp. -0.05(0.03) -0.04(0.03) -0.17(0.06) -0.02(0.12)
Prvehocheilus grandis 040(0.04*  -0490.11)*  -0.29(0.05)*  -0.37(0.10)*
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Figure 4. The percent of Sacramento pikeminnow (by size class) that had consumed salmonids
at sites where saimonids were present. Numbers above bars indicate sample sizes, which
include fish with empty foreguts.
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4). Finally, the abundance of Sacramenio pikeminnow > 250 min SL was similar at sites
with and without salmonids (catch per unit effort for large Sacramento pikeminnow
where salmonidsabsent: mean=42.9,SE=10.7, n=79; where salmonids present: mean
=38.6,SE=6.5,1=27;1=0.34, p=0.73).

DISCUSSION

The overall patterns in the food habits of Sacramento pikenunnow in this study
parallel previous observations from the Eel River and elsewhere, For example, both
Brown and Moyle (1997) and Brown (1990) also documented an tncrease in the
consumptlion of fish with predator body size, although fish were slightly more prevalent
in the diets of Sacramento pikeminnow < 250 mm SL in those studies. Although
piscivory increases with predator size, Sacramento pikeminnow < 100 mm SL do
consumne fish (Brown 1990, Merzand Vanicek 1996, Brown and Moyle 1997, this study).
Several observations from this and previous studies indicate that the Sacramento
pikeminnow is a typical generalist predatorwith a highly varied diet (Brown 1990, Brown
and Moyle 1997). This study adds the observation that the species does not exhibit
strong prey selection (with the apparent exception of avoidance of cannibalism).
Studies of the northern pikeminnow (Ptychocheilus oregonensis) suggest that species
also commonly consumes prey 1n proportion to their availability (Tabor et al. 1993,
Petersenetal. [994, Zimmerman 1999).

Non-selective feeding by Sacramento pikeminnow probably explains the differences
in diet diversity we observed across rivers and seasons. Higher diet diversity in the
early season probably reflects the availability of more prey types, perhaps in part
because of flooded riparian zones and higher activity levels by several prey (e.g.,
amphibians, lamprey, sculpin). Similarly. differences in prey availabitity may explain
higher diet diversity in the SFER compared to the MSER.

Even if Sacramento pikeminnow do not feed selectively, they may have strong
effects on the abundances of some prey. For example, White and Harvey (2001)
attributed much lower densities and higher predation risk for sculpin in the Eel River
compared to two nearby rivers, (o the presence of Sacramento pikeminnow. Brownand
Moyle (1997) suggested that predation by Sacramento pikeminnow will also profoundly
affect the distribution and abundance of threespine stickleback in the Eel River. Ranid
frogs may also be significantly affected by Sacramento pikeniinnow, considering the
susceptibility of tadpoles and adults during egg deposition.

The only apparent example of selective feeding by Sacramento pikeminnow in this
study was the avoidance of cannibalism, even though smiall Sacramento pikeminnow
were abundant in both rivers year round. This behavior was more evident during the
late season with the appearance of young-of-the-year pikeminnow. Small Sacramento
pikeminnow were routinely observed in association with other prey species, suggesting
that differences in habitat use among potential prey does not explain the lack of
cannibalism by large pikeminnow. Cannibalism seems unlikely to strongly influence
recruitment dynanics or population size of Sacramento pikeminnow, in contrast to
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some other piscivorous freshwater fishes (Dong and DeAngelis 1998).

Several factors probably contributed to the relatively modest consumption of
salmontds by Sacramento pikeminnow we observed. First, because large hatchery
releases and impoundments do not occur in the area we studied, it probably contains
few particularly high-risk areas for saltmonids. High rates of consumption of salmonids
by northern ptkeminnow in the Cotumbia River have been closely tied to activities or
sites where the prey are aggregated, disorientated, orinjured (Buchananetal. 1981, Vigg
etal. 1991, Collisetal. 1995, Wardetal. 1995, Shivelyetal. 1996). Second, alternative
prey were usually abundant comparedto salmonids (Table 3). This may partially explain
our observation of sitnilar densities of large Sacramento pikeminnow in the presence
and absence of salmonids. Third, nocompetitors for alternative fish prey were present
to influence selection for salmonids by Sacramento pikennnnow. Poe et al. (1991)
suggested that in the Columbia River other piscivores outcompele northern pikeminnow
for non-salmonid prey, thus indirectly increasing northern pikeminnow predation on
salmonids. Fourth, relatively high turbidity in the Eel River may favor the consumption
ofbenthic prey (e.g. Pacific lamprey, sculpins, Sacramento sucker). High turbidity can
reduce predation risk for juvenile salmonids (Gregory and Levings 1998). Ouroverall
results support the conclusion that pikeminnow are often not significant predators of
salmonids under natural conditions in streams (Brown and Moyle 1981).

In contrast 1o the overall results, most large Sacramento pikeminnow we collected
in August at one site in the SFER had consumed salmonsds. specifically steelhead. To
our knowledge, this site represented the most upstream location of a large school of
adult Sacramento pikeminnow in the SFER. Paralle] to previous observations of the
response of steethead toJarge Sacramento pikeminnow (Brown and Moyle 1991, Brown
and Brasher 1995), daytime snorkeling observations revealed steelhead concentrated
inrifffes and large Sacramento pikeminnow inpools at this site. However, radio-tagged
Sacranento pikeminnow were found to move into riffles at night at this site (Harvey and
Nakamoto 1999). Clearly, stream reacheswith thermal regimes and physical habitat that
allow occupation by both large Sacramento pikeminnow and steelhead in summer are
likely hotspots for predation by the former. The abundance of steelhead relative to
other potential prey is usually high in these areas. '

The relatively low numbers of salmonids present during our study and the absence
of areliable estimate of predator population size preclude conclusions about the ability
of Sacramento pikeminnow to influence salmonid abundance. However, the diverse
diet and lack of prey selection we observed suggest that the per predator consumption
of salmonids by Sacramento pikeminnow would increase approximately linearly with
the abundance of the former. The relationship between body size and salmonid
consumption for Sacramento pikeminnow in this study (Fig. 4) and for northemn
pikeminnow in the Columbia River (Petersen 2001) suggests that, should additional
information justify such efforts, predator control should focus on large individuals.
After simulation modeling by Rieman and Beamesderfer (1990) identified its potential
benefits, this approach reduced predation rates by northem pikeminnow on salmonids
in the Columbia River (Friesen and Ward 1999).



44 CALIFORNIA FISHAND GAME

ACKNOWLEDGMENTS

N. Saterlee, B. Saterlee, F. Nunnemaker, G. Jesenko, B. Rowland, G. Barnett, and the
California Department of Parks and Recreation provided river access for this study. L.
Brownand S. Downie shared information on possible study sites. C. Reese, J. White,
F. Stevens, E. Eichlin, J. Simondet, and G. Abbott and his colleagues provided field
assistance. C. Reese, J. White, and F. Stevens analyzed samples and managed data.
L. Brown and J. White provided valuable comments on previous versions of the
manuscript.

LITERATURECITED

Brown,L.R.1990. Age, growth, feeding. and behavior of Sacramento squawfish (Ptychocheilus
grandis) in Bear Creek, Colusa Co., California. The Southwestern Naluralist 35:249-260.

Brown, L. R. and A. M. Brasher 1995. Effect of predation by Sacramento squawfish
(Ptychocherlus grandis) on habitat choice of California roach (Lavinia symmetricus) and
rainbow trout (Oncorhynchus mykiss) in artificial streams. Canadian Journal of Fisheries
and Aquatic Science 32:1639-1646.

Brown, L. R. and P. B. Moyle. 1981. The impact of squawfish on salmonid populations: A
review. North American Journal of Fisheries Management 1:104-111.

Brown, L. R. and P. B. Movle. 1991. Changes in habitat and microhabirtat partitioning within
an assemblage of stream fishes in response to predation by Sacramento squawfish
(Ptychocheilus grandis). Canadian Journal of Fisheries and Aquatic Sciences 48:849-856.

Brown,L.R.and P. B. Moyle. 1997. Invading species in the Eel River, California: successcs,
failures, and relationships with resident species. Environmental Biology of Fishes 49:271-
291.

Buchanan, D. V., R. M. Hooton, and I. R. Moring. 1981. Northern squawfish (Prvchocheilus
oregonensis) predation on juvenile salmonids in sections of the Willamette River basin,
Oregon. Canadian Journal of Fisheries and Aquatic Sciences 38:360-364.

Collis,X.,R.E.Beaty,and B.R. Crain. 1995. Changesincatchrate and dietof northern squawfish
associated with release of batchery-reared juvenile salmonidsin a Columbia River reservor.
North American Journal of Fisheries Management 13:346-357.

Dong, Q. and D. L. DeAngelis. 1998. Consequences of cannibalism and competition for food
in a smallmouth bass population: an individual-based modeling study. Transactions of the
American Fisheries Society 127.174-19].

Friesen, T. A.and D. L. Ward. 1999. Management of northern pikeminnow and implications
for juvenile salmonid survival in the lower Colunibia and Snake rivers. North American
Journal of Fisheries Management 19:406-420.

Gregory.R.S and C.D. Levings. 1998. Turbidity reduces predation on migrating juvenile Pacific
salmon. Transactions of the American Fisheries Society 127:275-285.

Hansel,H.C..S.D. Duke,P. T Loty,and G. A. Grav. 1988. Use of diagnostic bones to identify
and eslimate original lengths of ingested prey (ishes. Transactions of the American Fisheries
Society. 117:55-62.

Harvey, B. C. and R. I. Nakamoio. 1999. Diel and seasonal novements by adult Sacramento
pikeminnow (Ptychocheilus grandis) in the Eel River, northwestern California. Ecology of
[reshwater Fish 8:200-215.



VARIATIONIN THEDIET OF SACRAMENTO PIKEMINNOWINTHE EELRIVER 45

Harvey. B. C..J. L. White, and R. J. Nakamoto. 2002. Habitat relationships and larval drift
of native and nonindigenous fishes in neighboring tributaries of a coastal California river.
Transactions of the American Fisheries Society 131:159-170.

Merz, J. E. And D. Vanicek. 1996, Comparative feeding babits of juvenile chinook salmon,
sleclhead, and Sacramento squawfish in the jower AmenicanRiver, California. California Fish
and Game 82:149-159.

Movle, P.B. 2002. Inland fishes of California. University of Cahfornia Press, Berkeley.

Petersen, J. H. 2001. Density, aggregation, and body size of northern pikeminnow preying on
juvenile salmonids in a large river. Journal of Fish Biology 58:1137-1148.

Petersen, J. H., D. M. Gadomski, and T. P. Poe. 1994. Differential predation by northern
squawfish (Ptychocheilusoregonensis) on live and dead juvenile salmonids in the Bonneville
Dam Tailrace (Columbia River). Canadian Journal of Fisheriesand Aquatic Science 51:1197-
1204.

Poe.T.P.,H.C.Hansel,S Vigg,D.E Palmer,and L. A. Pendergast. 1991. Feedingofpredaceous
fishes on out-migrating juvenile salmonids in John Day Reservoir, Columbia River.
Transactions of the American Fisheries Society 120:405-420.

Rieman, B. E. and Beamesderfer, R. C. 1990. Dynamics of a northern squawfish population and
the potential to reduce predation on juvenile salmonids in 2 Columbia River reservoir. North
American Journal of Fisherics Management 10:228-241.

Shively, R. S., T. P. Poe, and S. T. Saufer. 1996. Feeding response by northern squawfish to
a hatchery release of juvensle salmonids in the Clearwater River, Idaho. Transactions of the
American Fisheries Society 125:230-236.

Strauss, R. E. 1979. Rehability of estimates for Ivlev’s electivity index; the forage ratio, and a
proposed linear index of food selection. Transactions of the American Fisheries Society
108:344-352.

Tabor,R. A, R.S. Shivelv,and T. P. Poc. 1993. Predation on juvenile salmonids by smallmouth
bass and northern squawfish in the Columbia River near Richland, Washington. North
American Journal of Fisheries Management 13:831-838.

Vigg.S.,T.D.Poe, L. A.Prendergast,and H. C. Hansel 1991. Rates of consumption of juvenile
salmonids and alternative prey fish by northern squawfish, walleyes, smalimouth bass, and
channel catfish in John Day Reservoir, Columbia River. Transactions of the American
Fisheries Society 120:421-438.

Ward. D. L., J. H. Petersen, and I. I. Loch. 1995. Index of predation on juvenile salmonids by
northern squawf(ish in the lower and middle Columbia River and in the lower Snake River.
Transactions of the American Fisheries Society 124:321-334.

White,J. L.,and B. C. Harvey. 2001. Effects of an introduced piscivorous {ish on native benthic
fishes in a coastal nver. Freshwater Biology 46:987-995.

Zimmerman, M. P. 1999. Food habits of smallmouth bass, walleyes, and northern pikeminnow
in the lower Columbia River basin during out-migration of juvenile anadromous salmonids.
Transactions of the American Fisheries Society 128:1036-1054.

Received: April 3, 2002
Accepted: February 13,2003



