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Weexamined 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 tract. Sacramento pikeminnow 
consumed awidevarietvof orev: thediversitvofindividualdiets was hiaher 
from~ebruary-~aycoipa;edid~uly-~ctoderand higherinthe~outhiork 
Eel Riverthan in the mainstem Eel River. The proportion offish in thediet 
increased with Sacramento pikeminnow length but dietdiversity did no t  
Sacramento~ikeminnowcollectedfrom theSouth ForkEelRiver inthelate 
season contained the highest proportion offish. Predator and prey size 
were also positively related. In general, Sacramento pikeminnow preyed 
on lamprey and fishes in proportion to their availability, as estimated by 
electrofishing collections, buttendedtoavoidcannibalism. Sixpercentof 
thesacramento pikeminnow containingfood 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 SLfrom our upstream-most collecting siteon the 
South Fork Eel River in August 1995contained salmonids. In mostof our 
studyarea, predation riskfor outmigrating salmonids may be reduced by 
hiah turbiditvand the availabilitv of alternative Drev. However. strona 
c~nclusion~bouttheabilitvof &cramento ~ ikemi inow in the Eel ~ i v e i  
to reduce salmonid populahons will require'information on food habits 
when juvenilesalmonids are abundant, and population estimates for the 
predator. 

Sacramentopikeminn~w, Ptyclzocherlusgrandis, arenative tothe Sacramento-San 
Joaquin drainage and several coastal drainages in northern Caliornia (Moyle 2002). 
Around 1979, Sacramentopikemnnowwere illegally intmducedintoPiUsbuqRemvo~r, 
on the upper mainstem Eel River. Within 10 years of their introduct~on, Sacramento 
pikeminnow expanded their d~stnbution throughout the mainstem Eel River and most 
of its tnbutanes (Brown and Moyle 1997). The predatoy nature of Sacramento 
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pikemimow prompted w~despread concern over their potential effect on depressed 
populations of anadromous dXn0nidS m the Eel h e r .  Brown and Moyle (1997) 
concluded that Sacramento pikeminnow &om the Eel River do not appear t o m  on 
significant numbers ofjuvenile salmon except under localized conditions. Overall, 
salmonids madeup <10%of thedietofSaCramentopikeminnotv~~~ted~omthek1 
Riwrbehveen 1986and 1990(BmwnandMoyle 1997). However, thedietofSacramento 
pikemmno~v wasnotthep~focusofBmwnandMoy1e(1997), andthatstudy was 
h i t e d  somewhat by few samples from large Sacramento pIkemirmow (> 250 mm 
standard length [SL]), particularly during the primary period of out-migrauon by 
jwenile dm0nidS. Large individuals are n i t i d  to the assessment of Sacramento 
pikeminnow predation on salmonids because the extent of pisclvory mcreases t+itb 
bodysize@m 1990, BrownandMoyle 1997). Fuaher,except dunngtheirspawning 
p e n 4  large SaCramentop~keminn~~arefoundalmost exclusively inthemainstemkl 
Riveranditsmajortributaries. Thus,asthe~venilesalmonidsleavelowdrderchannels 
tobegin their seaward migration, they may be exposed to the highest nskofpredation 
h m  large Sacramento pikenumow. The goal of this study was to characterize the 
spatial and samnalvariabdity inthe dietofSacmentopikeminnowhmthek1 River, 
while incorporating variation attributable to body size. 

TheEelRiverdrainsa953,294-hacatchment-: theNotb, 
MiddleandSouthforksoftheEelRiver. andtheVanDuzenRiver(Fi~. 1). For l o d d  . - ,  

reasons, we focused our s a m ~ l i n ~  efforts on the lower mainstem Eel River GERI ~~ ~~~ .. ,-~-----,7 

~ w t h ~ & ~ e l R i v e r ( ~ ~ ) & d t h e l ~ e r ~ a n ~ ~ i v e r ~ ~ ) .  Annualdischarges 
intheMSER, SFER, and VDZR are highly variable andclosely tied to precipitation. 

Figure 1. Locations of sampling sites in theVan Duzen River, mainstem Eel River and South Fork 
Eel River, California. 
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Duringhydrologicyear 19%,dischargeranged<3 - 11,300m3/sintheMSER,< 1-2650 
m3/s in the SFERand<0.2 - 1028 m3/sin the VDZR. Watertemperatma in thelarge 
channels of the Eel drainagecommonly exceed 25 "C during summer, rendering much 
oftheEel Riverinhospitabletojwedesalmoni. The SFER tends tobe slightly cooler 
than the MSER andVDZR, in part due to greater shading by lipatian vegetation and 
input fromcool-water tributaries. The SFER study reach also includedmesohabitats 
with greater structural complexity than those in the MSER and VDZR. 

Historically, theEe lRiver~~~r teds ix spec i e so f~rno~~  salmonidsiucluding 
coho salmon, Oncorhynchus hsutch, chinwk salmon, 0. tshawytscha, pink salmon, 
0. gorbuscha, chumsalmon, 0. keta, steelhead, 0. mykiss, includingresident r a i n h v  
trout, and cutthroat trout, 0. clarh. Chinook salmon, coho salmon, and steelhead are 
listed as Threatened under the United States Endangered S p e s  Act; and pink and 
chum salmon have disapp2ared from the drainage (Bmm and Moyle 1997). Other 
native fishes of the Eel River include Sacramento sucker, Catostomus occidentalrs, 
prickly sculpin, Coftus asper, cmstrange sculpin, C. aleuhcm, threespine stickleback, 
Gasterosteus aculenhrs, and Pacific lamprey, Lanpeha fndentata. At least 10 
introducedfishes have established rep~oducingpopula€i~ll~ theEel River (Brownand 
Moylei997). Womiar~ach,Heproleucus~~Lm~t~~a~me~~~s, andSacramento 
pikeminnow are the most widespread of the introduced species and probably the most 
abundant fish in the Eel River Brown and Movle 199n. Soeckled dace. Rhrnrchthvs 
osculus, occupy appmximatelyY25 km of the V& DUZ& R&. ~meri& shad, ~ l o i a  
saprdrmma, originauyinimdudintothe Sacramento-SanJoaqninriver system, have 
slsayed into the Eel River. White caljish, Ameruruscatus, arepresent inthe mainstem 
Eel River. Threadfin shad, Dorosonra petenense, golden shiner, Notemrgonus 
aysdeucas, bluegill,Lepomrsmacroch~~, largemouthbas, Mrcropterussalnzo~des, 
b m m  bullhead, Amerurus nebulosus, green sun&& Lepomrs cyanellus, m mainly 
contined to Pillsbury Rwmoir, hut occasionally encountad in the MSER and large 
llibumies. 

METHODS 

We establiied a total of 39 sample stations: 18 in the MSERin the 165-km reach 
extendingupstreamfromtheuppereshmy, 18 samplestationsintheSFERinthe~a~h 
extending 104 km upstream fmm the d u e n c e  with the mainstem, and 3 sample 
stations on the lower VDZR (Fig. 1). We repeatedly sampled fishes at each station 
betweenApnl1995 andMarch 1997,primarilywithacustom-built electrofishingboat 
equipped withasmith-Root model 7.5 GPP electroilshingunit. Weusually collected 
iishshbetweenO60Oand 1 3 0 0 h , u s i n g 6 0 H z , p u l s e d ~ ~ .  Dmingperiodsoflow 
river discharge, collections were limited to pools and mns. When higher discharge 
allowed greater mobilitybyboat, we sampledextensively in reaches up to 500 m long. 
Reach length was scaled to reflect die1 movements by adult pikeminnow (Harvey and 
Nakamoto 1999). AU stations were sampledat low and high discharge. To reduce the 
riskof electrofishing injuries to adult anadromous salmon, we did not sample during 
November, December, and January. 



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 caphued. Length estimates for these fishes were calibrated with subsequent 
measurements of captwd individuals of the same species. Except for Sacramento 
pikeminnow, fishes were anesthetized with nicaine methanosnlfonate, identified to 
species, measured, andreleased. ~acramento~ikeminnow were administered alethal 
doseoftricainemethanosulfonatepnortoprmssing. Sacramentopikeminnow<150 
mm SL were measwed and preserved whole in 10% formalin. We perforated the 
coelomic cavity to improve preservation ofgut contents. The entire digestive hact of 
Sacramentopikeminnow> 150 mm SL wasexci&aniipreserved in7O??ethanol Field 
processing of samples was completedwithin 30 min of capture. All gut samples were 
returned to the laboratory for analysis. 

In the laboratory, we retrieved prey items fium the esophagus to the second turn 
of the S-shaped digestive tract. In general, we identified prey taxa to species for 
vertebrates, family for insects, and order for other invertebrates. Prey were then 
enumerated, blotted dry, and weighed to the nearest 0.001 g. Following Hansel et al. 
(19881, weexaminedthemorphologyandlengthofcleithraandp~gealarches&om 
known fishes to idenm~vell-digested fish and estimate fishlength. Our data yielded 
strong species-speciiic regressions (all r2 10.97) that predicted prey standard length 
using c l e i t b  length or pharyngeal arch length. 

Diet datawerecategorizedbyriverandseasonfory. Wegroupeddata&om 
the VDZR and MSERbased on their relatively similarphysicalcharacteristics andthe 
mrityofsahonidsinthosereachesduring summer. WedefmedFebqtoMay, when 
jwenile salmonids are most abundant inmainchannels ofthedrainage, as the "Early" 
season, and samples collected from June to October as the "Late" season By the 
beginning of the late seasonmost juvenile salmonids in the large channels~ve sampled 
have migrated to the ocean and any that remain in the drainage are primarily limited to 
cool water tributaries (BrownandMoyle 1997, Harvey et al. 2002). 

We summarized and analyzed overall patterns in Sacramento pikeminnow food 
habits in several ways. First, we divided prey into three broad categories: fishes 
(includingPacificlamprey), insects, andmiscellaneous, thencalcnlatedtheproponion 
(byweight) of eachcategory inthe dietbyriverandpredatorsize, Wealso summuized 
diet composition in greater taxonomic detail by river, season, and hvo categories of 
Sacramentopikeminnowsize(< 250mmSL,>250mmSL). Weanalydoverallpatterns 
in Sacramento pikeminnow diet using the Shannon-Wiener diversity index (HI) as a 
responsevariable, where H' = -Zp21np, We calculated thepmportional composition 
ofindividual Sacramento pikeminnow diets (pi's) wingboththe mass and the number 
of individuals in each taxonomic category. We analyzed H' using analysis of 
mariance (ANCQVA), withliverand~asmain&tsand~toplk~w 
standard length as the wvariate. 

We analyzedpiscivoryby Sacramento pikeminnow in greaterdetail, because of its 
potential significance to resource managers. First, we analyzedtheproportion of fish 
(by --eight) in the diet usingthe same ANCOVA design usedto evaluate diet diversity. 
Second, wequantified the relationshipbetween Sacramento pikeminnow size andfish 
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prey size using linear~gression. Third, we sought to quantlfythedegree of selection 
b y S a c r a m e n t o p i k e ~ f o r ~ c f i s h e s o r ~ o u r e s t i m a t e s o f p r e y  
availabilitytocompute electivity. Weused theelectivity index L,=r, -p, (Stram 1979) 
where r, is the relative abundance of taxon r in the fish component of the Sacramento 
p&emimowdietandptisU1erelativeabmdanceofthe Ptaxonintheriver. Welimited 
this analysis to Sacramento pikeminnow-> 250 mm SL to focus on hig 
individuals. Fish < 163 mmSLwerecotl~ideredpotential prey, re- 
size of fish prey in the dataset. All Pacific lamprey were included as potential prey, 
because we captured a Sacramento pikeminnow 470 mm SL during this study that had 
consumed aPaci6clampreyMX) mm total length. We included in thisanalysisthe seven 
vertebrates commonly obsened both during sampling and in the diet. Due to 
difficulties in distinguishing species during electmfishing when fish evaded caphue 
and in well-digested diet samples, we grouped steelhead, chinook salmon, and coho 
salmon as Oncorhynchus spp. and coast range and prickly sculpins as Cothrs spp. 
Electivities were calculated for eachcombination of sampling location and date. We 
analyzed the effects of river and season on electivity with ANOVA. We also used t- 
tests to identify electivity d u e s  significantly Merent from 0. We adjusted the 
pmbability levels ofindimdual t-tests toachia~eanexperimenhnise significance level 
of 0.05. One obvious weakness ofthis analysis ofprey selection is the bias in the prey 
availabililydata causedby @es-specific differencesin the probability ofobservation 
and changes in our ability to detect fish under varying physical conditions. Finally, 
to determine if Sacramentopkmimow were more abundant where salmonids were 
present, we used catch-per-uniteffort data to contrast densities of Sacmuento 
p&eminnow>25DmmSLatsamp1esitesnithandwi~outsalmonidsusingafftest Sites 
wherewe observed salmoruds during electrofishing or where at least one Sacramento 
pikemimow contained salmonids were categorized as sites with salmonids present. 
Welimited thisanalysis to theearly seasonbeoluse salmonids were seldomencountered 
during the late season. 

RESULTS 

Weexaminedthegut contentsof2,077S~top&eminno~vrangtngfrom46 - 
5 5 0 ~  SL. Forfishcollectedintheearly season, wefoundpreyin59%ofthe samples 
collectedfromtheMSERand73%ofthesamples wllectedfromthe SFER. During the 
lateseason, 55%ofthe samplescoUectedfromtheMSERand4l%ofthesampleshm 
the SFER contained prey. 

Overall, invertebrates becamelessabundant a n d f i s h m o a b t  i n  diet with 
~ i n g S a c r a m e n t o ~ m s i z e ( F i g .  2),andSacramentop&emhow consnmed 
a wide variety of prey @able 1). When grouped by river, season, and Sacramento 
pikeminnow size, no prey category madeup more than one-third ofthe diet (Table 1). 
During the early season, in the MSER, Paciiic lamprey, Hemiptera, Plecoptera, and 
CdonatapredominatedinthedietofsmaU ~250mmSL)Sarramentopik&o1~ (about 
1Ph- 14%each). ThedietscbsmaUSa~topike~hrntheSFERweresimilar 
tothedzetofsmall S~ento~ ikeminnowfromtheMSERintheear lv~~  exceot 
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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 she class. 
Sample sizes include only fish with fwd in the foregut. 

thatPacificlamprey werelessprominent. Dwingthelate season, alargeportionofthe 
diet of small Sacramento pikeminnow from the MSER consisted of terrestrial insects 
(3 1%) while small Sacramento pikeminnow from the SFER focused on Hemiptera, 
particularly naucoridae (24%). During the ea~ly season, sculpins (20%) and lamprey 
(15%)fodthelargestpartofthediet&gep250 mm SL) Sammentopikeminnow 
f r o m t h e m  whilelargeS~ntopikeminnow fromthe SFERconkmedprimarily 
Plecoptera. We did not obtainenough large Sarramento pikeminnow from the MSER 
to wnfidently characterize their diet in the lateseason, but steelliead (23%) and suckers 
~16%)formedthe~partofthedieto~eSacramen~pik~~fromthe SEW 

Indw~dual diet diversiaesbased on the mass of prey varied significantly between 
rivers(F ,.,,,, =27.5,p<O.OOl)andseasons(F I,I1I, =26.1,p<OOM)1)~ab1e2). Individual 
dietdive~sitiesweresignjficantly higherin the SFERcomparedtotheMSER, andgreater 
dunng the early season compared to the late season. The river x season interaction 
(F ,,,,,, = 0 . 3 2 , p = 0 . 5 7 0 ) a n d S a c r a m e n t o ~ ~ l ~ ( F  =O086,p=0.3T2)~vere 









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

Mainstem Eel River 

South Fork Eel River 

November - March Annl - October 

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

Theproportionoffishinthedietexhibiteddifferent temporaltrendsinthetworivers 
(ANCOVA, riverxseasonintera~on' F,,,,,,,=4.00,p=0.046). Sacmentopikeminmv 
length was a useful wvariate in the analysis (F,,,,,,= 202.30,~ 4 0.001). While the 
proportion offish in the diet was similar between riversduring the early season, during 
the late season the proportion of fish in the Sacramento pikeminnow &et decreased 
shatply intheMSERwhiletheproport~on offish in thediet of Sammentopikeminnow 
from the SFERimreased 

The standard length of prey increased with the standard length of Sacramento 
pikeminnow predators (Fig 3, n = 300,13= 0 .45 ,~  <0.001). Plscivorous Sacramento 
pike&waveraged266mSL(me84 -543 mm)whilepreyfishesavemged63 mm 
SL (range 22 - 163 mm SL, excludingoneadult lamprey600 mmtotal length). Theratio 
ofprey to predator length ranged 0.08 - 0.42. 

Incontrast to the availability ofprey (Table 31, prey selectionby large Sacramento 
pikeminnow did not differ detectably between nvers 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 pikem~nnow predators and their prey. 

Table 3. Mean electrofishing catch-per-unit-effort (SE) from 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 af injury to adult salmonids. 

Mainstem Eel River South Fork Eel River 
Februarv-Mav June-October Februaw-Mav June-October 

# sample trips 50 
CatosIomusoccidenfaIis 2.9(0.7) 
Cofhrs spp. I.O(O.4) 
Gmferosfeus aculealus 2.4(1.4) 
Hesper~1eucus symmehicus 7.9(2.4) 
Lampeb-a fridenfata 89.7(31.9) 
Oncorhynehus spp. 9.3(2.0) 
Prychocheilusgrandis 54.3(9.5) 

Both patterns of electivily and overall pattems in food habits indicated that 
salmonidswerenot acriticalcomnent oftheSa~ramentouikemillnowdietonthescale 
oftheentire study area. ~eobsehedjnvenile salmonids~64ofthe 1,219 Sacramento 
pikeminnow that containedprey in the fo~egut. These64 fuhhadconsumedanaverage 
of 1.1 salmonids (range 1 - 3). Salmonids made up a small proportion of the diet i f  
Sanamwtopikeminnow~tforSa~ntopike~ow25OmmSLhmtheSFER 
inthelateseason. InAugust 1995, atthemostupstreamSFERsite, wecollected29 large 
Sacramento piheminnow with prey inthe foregut, and 19 ofthese contained salmonids. 
Obmmtions by divers revealed high densities ofjwenile salmonids in riffles at this 
site. Overall, body size strongly influencedthe tendency to consume salmonids (Fig. 



Table 4. Mean (SE) electivities for seven of the most commonly observed vertebrate prey 
ofSacramento pikeminnow (>250 mm SL) collected from the Eel River, California. 
Asterisks identify electivities sigdicantly different from zero (P c 0.0125). 

# collechng tnps 
Catostomusocczdentalrr 
conus spp 
Gasterosteus aculeahrs 
Hesperoleucus symmefrr 
Lampeb.a mdenfata 
Dnco1.hynchus spp 
P@ohochezlus~andzs 

Mainstem Eel River 
Februaw-Mav June-October 

50 11 
O.02(0.02) 4.05(0.03) 
0.12(0.04) -0.01(0.00) 
O.Ol(0.02) -0.03(0.02) 

cus -0.05(0.02) 0.04(0.10) 
-0.12(0.06) 0.09(0.06) 
O.OS(0.05) -0.04(0.03) 
4.40(0.04)* 6.49(0.1 I)' 

South Fork Eel River 
Febmaw-Mav June-October 

51 13 
0.08(0.03) 4.06(0.03) 
0.02(0.02) 0.06(0.08) 
O.Ol(O.01) 0.07(0.08) 
-0.07(0.03) O.Ol(0.13) 
O.OS(0.06) 0.03(0.06) 
4.17(0.06) 4.02(0.12) 
4.29(0.05)* 4.37(D.l0)* 

Figure 4. The percent of Sacramento pikeminnow (by ske  cclas) that had consumed salmonids 
at sites where salmonids were present. Numbers above bars indicate sample sizes, which 
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4). Finally, theabundanceof Sacramentopikeminnow>250 mmSL was similar at sites 
with and without salmonids (catch per unit effort for large Sacramento pikeminnow 
whemhnidsabsent: mean=42.9, SE= 10.7, n=79; wheresalmonidspresent: mean 
=38.6,SE=6.5,n=27;t=0.34,p=0.73). 

DISCUSSION 

The overall patterns in the food habits of Sacramento pikeminnow tn this study 
parallel pmous  observattons from the Eel River and elsewhere. For example, both 
Brown and Moyle (1997) and Bmwn (1990) a h  ddocumented an Increase in the 
co~honoffishwthpredatorbodysize, althoughfishwereshghtly moreprevalent 
tn the &ets of Sacramento pikeminnow < 250 mm SL m those studies. Although 
piscivory increases with predator size, Sacramento pikeminnow < 100 mm SL do 
consumefish(Bmwn1990,MazandVanicek 1996,BmwnandMoyle 1997,tlusstudy). 
Several obsemtions from this and pmons  stumes mdicate that the Sacramento 
p i k e m w ~ s a ~ ~ d g e f i ~ p r e d a t o r w ~ a ~ ~ w e d d i e t ( B m w n  1990,Bmwn 
and Moyle 1997). This study adds the observation that the species does not ehbxt  
strong prey selection (with the apparent exceptton of avotdance of cannibaltsm) 
Studies of the northern p i k e m o w  (Ptychocherius oregonensrs) suggest that speaes 
also commonly consumes prey m pmpo~on  to theu amlability (Tabor et al. 1993, 
Petersenetal. 1994,Zlmmennan 1999). 

Non-selectivekdmgby Sacramentopikemmnow pmbably exphns the Werences 
tn d~et hvers~ty we observed across rivers and seasons. Htgher diet hversity m the 
early season probably rdects the availabfiy of more prey types, perhaps m part 
because of flooded npanan zones and hgher activlty levels by several prey (e g., 
amplubnns, lamprey, scnlpin). Similarly, dfferences mprey av;ulab&ymayexplam 
hgherdiet d~verstty tn the SFER compared to theMSER 

Even d Sacramento pikenunnow do not feed selmvely, they may have strong 
effects on the abundances of some prey For example, White and Harvey (2W 1) 
atmbuted much lower densihes and lugher predation nsk for sculpin in theEel River 
comparedto two nmbynvers, to the presence of SacramentopIkennnnow. Bmwn and 
Moyle (1997) suggestedthatpredahonby SacramentopIkeminnowwillalsopmfoundly 
affectthedistnbutionandabundanceof~spinesticklebackmtheEeIRi~er R a ~ d  
frogs may also be signiscantly affected by Sacramento pIkenunnow, wnadering the 
susceptibfity of tadpoles and adults dunng egg depsttton. 

The onlyapparent exampleofselecnvefefxlhgby Sa~ntopIkeminnowinthis 
study was the avoidance of cannibalism, even though small Sacramento pIkemmnow 
were abundant inboth nvm year round This behamor was more evident during the 
h t e s e a s o n w t h t h e a ~ c e o f y o ~ ~ ~ ~ g - o f - 7 .  SmallSacramento 
pike~wwere~mMelyobse~~ed~n~~onwthotherpreyspecies, suggeshng 
that Merences in habitat use among potenhal prey does not explam the lack of 
canrubalismby largepikenunnow. Cannibaliiseemsnnbkely to strongly ~nfluence 
reCNltment dynanudyoarmcs or population s m  of Sacramento pikenunnow, m contrast to 



some other piscivorous freshwater fishes pang and DeAngelis 1998). 
Several factors probably contributed to the relatively modest consumption of 

salmonids by Sacramento pikeminnow we obse~ed. First, because large hatchery 
releases and impoundments do not occur in the area we studied, it probably contains 
fewparticnlarly high-riskamsforsalmonids Highratesofwnsumptionof salmonids 
by northern pikeminnow in the ColnmbiaRiverhave been closely tied to activities or 
siteswherethepreyareaggregatd disorientated,orinjured(Bwbetal. 1981,Vigg 
etal. 1991, Collisetal. 1995, Wardetal. 1995, Shively etal. 1996). Second alternative 
preywereusually abmdantcomparedtosalmonids~able3) Thismaypartially explain 
our obse~ation of similar densities of large Sacramentopikeminno\v in the presence 
andabsenceofsalmo~ds. Third, nocompetitorsforaltdvefishpreywerepresent 
to influence selection for salmonids by Sacramento pikerninnow. P~oe et al. (1991) 
suggestedthat intheCo1umbiaRiverotherpiscivoreso~tcompe~northmpikeminnow 
for non-sdmonidprey, thus i n d i i  increasing northern pikeminnow predation on 
salmonids Fourth, relatively highhlrbidily intheEe1 River may favortheconsumption 
ofbenthicprey (e.g. Pacificlamprey, d p i n s ,  Sacramentosucker). Highturbidity can 
reduce predation riskforjwenile salmonids (Gregory and Levings 1998). Our overall 
results support the conclusion that pikeminnow are often not signifcant predators of 
salmonids under natural conditions in streams (Brown and Moyle 1981). 

In contrast to the overall results, most large Sacramento pikeminnow we collected 
in August at one site in the SFERhadconsumed salmonids, speafically steelhead. To 
our knowledge, this site represented the most upstream location of a large school of 
adult Sacramento pikeminnow in the SFER Parallel to previous observations of the 
responseofsteelhead tolarge Saaamentopikeminnow(BmmandMoy1e 1991,Bmwn 
and Brasher 1995), daytime snorkeling observations revealed steelhead concentrated 
inrifnesandlargeSacramentopikeminnow in-, However,radio-tagged 
Sacramentopikeminnowwerefonndtomoveinto~esatnightat thissite@mqand 
Nakamoto 1999). Clearly, stream mcheswiththennalregimes andphysical habitatthat 
allow occupationby 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 ams. 

The relatively low numbers of salmonids present during our study and the absence 
of a reliable estimate ofpredator population size preclude conclusions about the ability 
of Sacramento pikeminnow to infinence salmonidabundance However, the diverse 
diet and lack ofprey selection we obse~ed suggest that the per predator consumption 
of salmonidsby Sanamentopikeminnowwould increase appmximately 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 northern 
pikeminnow in the Columbia River petersen 2001) suggests that, should additional 
information just@ such efforts, predator conhol should focus on large individuals. 
AAer simulationmodelingby Rieman a n d B d e r f e r  (1990) identified itspotential 
benefits, this approach reduced predation rates by northern pikeminnow on salmonids 
in the ColumbiaRiver (Friesen and Ward 1999). 
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