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Abstract
Prcdation in Columbia River basin reseNoirs by nonhem pikemirnow can be r major source ofmortalitv ofjuvcnilc anadromous
salmonids ncardams. Thc purposc ol this projecr lras to estimate the dietcomposition ofnofhern pikeminnow in rhe tailracc and
forcbn)' ofLo\!er Cranite Dan. Sn.rke River. and compare with those fioln the more lotic habitar in uppcr l-o\\'cr Cranie Reser
!oir. Crushcears and nonsalmonid fishes were the most abundant food items b,v $,eight in slomach samplcs collecled iiorl
nolthenl pikeminnow liom April thfough August I 996 and I 997. Juveni le salmonids w ere not a major component of norlhern
pikeninno$ diels al any sampling locations as we found j u ven ile salmon id re mains i n 0.5 % of 396 norlhcm pikeminnlrw stom-
achs c.\amincd. Our resuhs suggesl lhat slanonid predation ma]' be redrced relarive to earlier _vears when lowcr tlows occuned.

Introduction

Returns of wild Snake River salmon (Orco-
rh\nchus spp.) and steelhead (O. m_r,tlss) have
declined dramatically from historic levels. Cur-
rently. all remaining species of wild SnaLke River
salmon are listed as endangered or threatened,
and wild steelhead arc listed as threarcned by the
National Marine Fisheries Service under the En-
dangered Species Act of 1973 (National Marine
Fisheries Service l992). Dams have transformed
theonce riverine environmentinto a series ofslack-
waterpools. Snake River stocks ofjuvenile anadro-
mou.  sa l rnon id .  p r .s  us  man l  us  e igh t  ma ins lem
dams during their seaward migration. As a result,
modality rates ofjuvenile salmonids have increased
because of passage through turbines, increased
migration times, asynchronous smoltification. lurd
ga.  bubb le  d i \e rse  f rom nr t rogen r i r lu r r l ion
(Raymond 1968, Bently and Raymond l976, Ebel
and Raymond 1976, Rosentreter 1977, Weitkamp
and Katz 1980, Zaugg et al. 1985). Predation also
has been implicated as a major source of mortal-
ity ofjuvenilc salmonids (Rieman et al. 1991).

Fish predators annually consumed an estimated
2.7 million juvenile salmonids that entered John
Day Reser.roir, ColumbiaRjver, fiom 1983 to 1986
(Rieman et al. 1991). Northem pikeminnow
( P qlc hoc he i I us o regorerrl.rJ were responsible for
78dl,: of the estimated loss. Predation rates were
the highest in the McNary Dam tailmce where
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northern pikeminnow were estimated to be l2 to
l8 times more abundant than in other parts ofthe
reservoir (Beamesderfer and Rieman l99l). Al-
though predation was especially intensc in the
McNary Dam tailrace, juvenile salmonids com
posed more than 600lo of northem pikeminnow
diets in the John Day Dam forebay (Poe et al.
1991). Reiman and Beamesderfer (1990) rcponed
that sustained exploitation of no(hern pikemirnow
longer thatr 275 mrn could substantially reduce
predation onjuvenile salmonids. In l99l the Sport
Reward Program (SRP) was initiated to pay an-
glers for removal of nofihem pikcminnow fiom
the Columbia and Snake rivers.

Management of piscivorous fishes in the Co-
lumbia River basin has been based largeJy on re-
cent studies atJohn Day Reservoir, however some
evidence suggests predator-prey relations may be
quite different in the lower Snake River reservorrs
(Ward et al. 1995). Ward et al. (1995) found that
predation of juvenile salmonids by northern
pikerninnow was much higher in the lower Co-
lumbia River than in middle Columbia or lower
Snake rivers. The purpose of our study was to
assess diet composition ofnonhern pikeminnow
in the Lower Granite Reservoir system.

Study Area

Lower Granite Reservoir is located in southeast-
em Washilgton and west central Idaho near the
cities of Clarkston, Washington, and lrwiston. Idaho
(Figure l). Lower Granite Dam was completed
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Figure I . S ampling location s in lhe Lower Granite Rescrvojr and lailrace liom April through August I 996 and 1997.

in 1975 to provide hydroelectrjc power, barge navi-
gation, recreation, and flood control (Bennett et
a l .  1983) .

Lower Granite Reservoir has a total surface
area of 3,602 ha at full pool. a mean depth of
16.6 m, a maximum depth of ,12.1 m (Curet 1993),
and extends from Lower Granite Dam (river ki-
lometer (rkm) 173.1) upstream beyond the
confluence of the Snake and Clearwater rivers ln
Idabo. Surface water temperatures typically range
t'rom <7'C in March to 25'C in late sulnmer (Funk

et al. 1985). Shoreline habitat consists ofrip-rap,
cobble, talus, sand-silt beaches, and embayments
(Bennett et al. 1983).

We selected four main locations in our study
area l( ! c,,rplure the runge , rl '  ph5 sical \ arialion in
reseryoir habitat: the tailrace (rkm 167 l73), the
fbrcbay (rkm 173- 179), the Snake River atm (rkm
225-238), and the Clearwater River arm (rkm 0-
6). Locations in the tbrebay and tailrace included
the restriction zones (RZ) immediately adjacent
to Lower Gmnite Dam.
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Threc species ofjuvenile anadromous salmo-
nids migrate through Lower Cranite Reservoir:
chinook salmon (O. rrra[)/scra), steelhead, and
sockeyc salmon (O. nerka). Spring and summer
chinook salmon, steelhcad. and sockeye salmon
juvenilcs migrate seaward inApril, May, and June
as yearlings or older flsh. Fall chinook salmon
migrate seaward in Junc. July, and August as
subyearlings (Connor et al. 1998).ln 1996.nearly
cight mill ion iuvenile salmonids were collected
at Lower Granite Dam, whereas nearly sevcn
million fish were collected in 1997. Juvenile s;rlmo-
nid migrations at Lower Cranite Dam in 1996
and 1997 were made up of 97. spring or summer
chinook salmon, 90'la steelhead. and <17. sock-
eye and lall chinook salmon (Fish Passage Cen-
ter 1996, 1997).

Methods

No l l ' e ' r  P  -e -  in row Co lecLo ' l s

We collected northern pikeminnow near and par-
allcl to the shoreline in the four sampling loca
tions by using nighttime electrofishing with an
output of ,100 \,olts at 3-5 amps. Sampling was
conducted to coincide with peak feeding activity
of northem pikcminnow that occurs at dawn and
dusk (Steinberger and Larkin 197,+. Vigg et al.
1991). We used propofiional allocation methods
(Scheaffer et al. 1990) to determine the numbcr
ofsitcs ofeach habitat to sample within each res-
ervoir location. Each week, we sampled at least
eight. .100-m sites in the tailmce and forcbay fiom
April-August 1996 and 1997, 16 sites lrom May-
August in the Snake River Am in 1996 (eight
sites from April-August in [997). and eight sitcs
from May-August in the Clearwater River Arm
in both yeals.

All northem pikeminnow collected were im
mediately placed in a live well and measured fbr
tolal lcngth (mm). Weights ol captured fish were
estimated using wei ght-length rcgressions devel-
oped by Bennett et al. (1983). Northem pike-
minno\  >200 mm.  the  rppror imr te  min imum ' i ze
of salmonid predato$ (Poe et al. 1991. Chandler
laa l ) .  uerc  k i l leJ  l i ' r  s tomach ana l1s i . .

Prey Co ections and Dietary Analys s

We removed the entire digestiye tract because
northem pikeminnow lack a true stomach (Holcr
199l). Stomach contents werc collected by cut

ting open the body cavity, pinching shut the an
terior end of the esophagus behind the pharvn-
geal teeth, and stripping the contents into a plas-
tic cup. Vy'ithin each site in the field, all collections
were preser-ved in a 10% buffered formalin solu-
tion.

ln the laboratory. prey iterns were identified
with the aid of a dissecting microscope and di-
vidcd into the following prey groups:
mecrolnvertebrates, crustaceans. nonsalmonids and
salmonids. Each prey group was blotted dry and
weighed to the nearest 0.0001 g. Partially digested.
unidentifiable macroinvertebrates were weighed
as a group. When prey fish were too digested to
mcasure tbrk or total length. diagnostic bone
lengths (Hansel ct al. 1988) and nape to tail lengths
(Vigg ct al. 1991 ) were used to cstimate rhe fork
length using regression equations. Diagnostic bone
Iengths were taken fiom cleithra, opercles. pha-
ryngeal teeth, and dentaries fbund in stomachs
ofnofihcm pikeminnow. Vefiebrae shape was used
to distinguish between salmonid and nonsalmonid
prey fish when other diagnostic bones were ab-
sent. We pooled salmonid prey into a general cat-
egory of salmonids because stock identification
was not possible.

Results

We examined the stomach contents of396 of 64lJ
nofihem pikeminnow collected in 1996and 1997.
The remaining fish were released with tags in an
attempt to estimate their abundance or inlplanted
with radio-transmitters (Piaskowski 19913). In 1996.
106 (8lc/o) ofthe nonhern pikeninnow stonachs
examined were from fish <349 mm in length.
whereas 25 were fiom northem pikeminnow >3,19
mm in length. We sampled 265 northern
pikeminnow stomachs from April through August
1991 ,219 (94c/o)were ftorrr nofthern pikeminnow
200-349 nm in length. The abundance of prey
itens in diets of northem pikeminnow differed
among sampling locations in 1996 (Figure 2).
Crus la .eanr  uere  lhe  mo\ l  ahundant  p re l  i t cm
by weight from northern pikeminnow stomachs
collected in the tailrace (71.3%), ClearwaterRivcr
Arm (84.9%). and Snake RiverArm (90.67c). We
found one juvenile salnonid in one northem
pikeminnow collected from the tailrace RZ. Ju-
venile salmonids were absent from stomachs of
northem pikeminnow collected at the other loca-
l ions  in  1996.

Diel of Northern Pikeminnow 21



6 4 U

80

P 6 0
0.)

0

Figure L

Diets of northern pikeminnow also differed
among reservoir locations in 1997 (Figure 2). As
irr 1096,. ru:taccan. ucre lhe duminxnt pre) i lems
by weight in norrhern pikeminno$ stomachs col-
lected from the tailrace (57.2%), ClearwaterRiver
AIm (85.27r). and the Snake RivcrArm (71.27o).

Nonsalmonid fishes were the most abundant prey
items by weight in the tailrace RZ (.51.3c/(),

whereas macroinvertebrates accountedfor 1007.
of the diet weight of tbur northem pikeminnow
collected frcm the forebay-Rz. Juvenile salmo-
nids accounted for0.l % ofthe diet weight of 123
nofihern pikeminnow collected from the tailrace
but were absent in stomach samples from all other
locations.

I Crustaceans
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ffi Salmonids
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Sparial varialion in diet composjtion by location of norrhcm pikeninno$ (n=396) collccted in Lowef Cranite Reser!oir

and iailrace in 1996 and 1997. Locations are Lo\lerCranjte Dam lailrace (TR).lailrace restricGd zone (TRZ). ibreba-v

(F.ts). fbrebay restficted zone (FRZ), Clcarwater Rivcr arm (cRA). and snake Rivcr arm (sRA). Numbefs abovc bars

indicate number of stoilachs sampled al each locallon.
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Discussion

Of the 648 northern pikeminnow captured l7%
uere  l r rge  r> . l4L l  mm in  lengthr .  lhe . i /e  r i lnge
considered highly predatory on juvenile salmo
n ids  (Poe e t  a l .  l99 l ) .Wefbundtheh ighes tcon
centration ofthese large northem pikeminnow the
tailrace-RZ, similar to tindings at other Colum-
bia (Beamesderler and Rieman 1991) and Snake
river dams (Ward et al. 1995).

Based on diet composition and their low abun-
dance, we did not find that the northem pikeminnow
was a major predator ofjuvenile salmonids in the
tailrace and forebay of Lower Granite Dam in
1996 and 1997 (Figure 2). Our estimates of
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predation ofjuvenile salmonids by northe ' l

pikeminnow aLre substantially less than those re-
pofied for the McNary Dam tailrace (Rieman et.
al 1991). Wc suspected lower salmonid consump-
tion than at the LowerColumbia River dams based
on resulls from Ward et al. (1995) who reported
the index of salmonid consum pt ion decreased liom
downstream to upstream in the Columbia River
basin. Although direct comparison is not possible,
salmonid consumption in the Lower Granitc tail-
race uas less in 1996 and 1997 than in l99l (Ward
et al. 1995). One apparent difference in habitat
conditions between 1991 and 1996 and 1997 was
that llolls in the lower Snake River in the spring
of 1996 and 1997 r,cre considerably higher than
those in 1991. In our study. the two salmonids
found in northem pikcminnou' stomach samples
wcrc collected fiom tish captured within 1 km of
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