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Abstract
The purpose ofthis stud] was to invenigate the carbon ind nirogen nable isotope sigMrures oi ttle conrnon aquatic organisms
in Lake Roosevelt, a large volume storage reservoir in thc uppcr Colunbia Rircr whcre annual waler level lluctuations limil
benthic and littoral productiliiy and diversilr-. Carbon isotope sign.rlures were used to indicale the relati\e impotunce ofbenlhicall)
\,eNus pelagically fixed carbon h each \pecies diet. Nitrogen isotope signatures were used lo identil,! the trophic level occupied
b) each species. $'e expected a limiied benthic conponeni in the aquatic comnunity and a need fbr benthic fishes to use a high
proportion ofpelagically fixed carbon. Distinci pelagic versus benthic c.ubon signatures were detected fbr primary producers and
prnnru] conmmers (benihic organisms possessed greaterrrC), lvhich meant that lhe relatile imponance of the two carbon sources
in the diel could be deren ned. Our collecdons revealed lcw bcnlhic organisms. and ()1 thosc. only onc rophic lelel ofbendic
colrsumcrs $ as dcrcctcd liom isotopc dala. Most ofthe animal diversily in Lake Roosevelt ulilizes pelagically fixed carbon. E!cn
thosc ilshcs that arc usually considered obligate benthirores (cyprinids. catostomids, and cottids) collected more than 65% of
thcir carbon from Delasic sourccs,

Introduction

This study invcstigated the importance and fate
of open-water (pelagic) versus near-shore (benthic)
pimary productivity in the Lake Roosevelt res
ervoir of the Columbia River, Washington. Our
purpose was to track benthic and pelagic carbon
flow through the food web to determine the pre-
dominant carbon sources fbr consumers. Stable
isotope analysis was chosen for its ability to dis-
cern bctwccn benthic and pelagic carbon in or-
ganism diets (France 1995), and the abil ity te
determinc  re la t i ve  t roph ic  : l rus  o f  o rgan ism\
(DeNiro and Epstein 1981 ).

Typical lake and resenoir systems have diverse
henth ic  rnd  pc l rg ic  communi t ie .  o fp r imr ry  p ro-
ducers. Fixed carbon arising ftom both attached
benthic algae (periphyton) and planktonic algae
(phytopJankton) enters the fbod web and is passed
between consumer level olganisms. Lake
Roosevelt, Washington, howevet undergoes an
annual drawdown more extreme than most rcser-
voirs. which effectively eliminates benthic c?Lr-
bon fixation for thc duration of the drawdown
(Beckman et al. 1985). The resenoir is drawn
down an average of 15 m beginning in January
and does not return to f'ull pool until mid-July
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(Nigrc et al. 1981). At the peak of the winterdraw-
down the water level is below the Ievel ofthe pre-
vious summer and autumn euphotic zone, elimi-
nating viftually thc entire littoral community of
the reservoir. Benthic productivity does not be
gin until early summer because littoral organisms
cannot overwinter in the reser.,'oir, and macro-
phytic plants and algae that begin to recolonize
at the winter low water mark find themselves below
the euphotic zone once the water level is returned
to normal in July. Significant benthic production
may not occur unti l well into Augusl

Nearly all fishes in Lake Roosevelt arc sup-
ported by zooplankton for at least a portion of
their l ives, usually as juveniles. As adults, these
fishes vary between obligate pelagivores,
benthivores, or some oombination of both. Lake
Roosevelt contains several species of fishes that
are typically considered in most systems to be
obligate benthivores (Wydoski and Whitney I 979.
Simpson and Wallace 1982). These include carp
(.Cyprinus carpio), largescale sucker (C.rt /nlor?a.t
nac rocheilus). bridgelip sucker (Catostomus
co hrmbianus), and sculpins (C.rtt j sp.).Ina systcm
with l imited benthic production, we questioned
whether these llshes truly functioned as obligate
benthivores, or whether they would be lbrced to
a partially pelagic diet. Stomach content data
collccted annually tiom Lake Roosevelt fishes
indicated ahigh benthic diet in these fishes (Peonc
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et al. 199l, Griff ith and Scholz l99l,Cichoszet
al. 1998, Baldwin and Polacek 2002.) However.
the majority of the fish collection for stomach
analysis occurs in the late summcr months \'"'hen
benthic productivity is at its highest, which may
give tlte appearance that I'ishcs arc feeding more
heavily trom the benthic region than they really
are. By using stable isotope analysis. we exam
ined food sources over time periods from months
to years. which integmted periods ofhigh and low
benthic productivity

Benthic carbon entering the fbod web can be
distinguished fiom pelagic carbon by periphyton's
significant enrichmenl in 6rrC over phytoplank-
ton (Francc 1995). An Organism's stable carbon
isotope ratios reflect the isotope ratios of its prcy
(De\irr, and Epstein lq78) rhereiore. incorporr-
tion of either benthically or pelagically produced
carbon can be detected in the 6'rC values ofcon-
sumers (Keough et al. 1996). Organ isrns u'ith both
benthic and pelagic carbon in their diet will have
6r'C values bet\\"een those of benthically and
pelagically fixed calbon (Peterson and Fry J987).

Relative trophic status of an organism can be
detected by a 3-4%" increase in 6r5N between prey
and predator (DeNiro and Epstein 1981. Minagawa
and Wada 1984, Hobson and Wclch 1992, Ca-
bana and Rasnussen 1994). With each trophic
level incrcasc. a percentage of carbon is lost to
teces. metabolism. and specific dynamic activity
(Odum 1957). If benthic pdnary production is
ninimal in Lake Roosevelt, benthic carbon should
become noticeably diminished as carbon is lost
fron the food web (O'Bricn J990). Depending
on food availabil ity. f ishes wil l adjust their diets,
in tun altering their stable isotope valucs (Vander
Zanden et. al 1999a). ln this case benthically teed-
ing fishes will be fbrced to a nore pelagic diet.
The eflect that this u'ill have on the isotope mtios
ofthese tishes is that as 6'5N increases. 6rrC should
shitt toward pelagically derived carbon resulting
in lelatively lower SrrC valucs.

The resefl'oir's limitcd littoral productivity,
along with the abundance of fishes commonly
known to be obligalc or facultative benthivores.
provides a unique opportunity to study food web
structure . This aim ofthis study was to trace car-
bon pathways in thc rcservoir to determine the
Llegree to u h ich benlhic and pelcgic primrry pro-
duccrs \r'ere supplying carbon to the food web.
We predicted that there would bc a complete set
of troph ic levels of orgiuri sms deriving carbon fron

pelagically based primary producers.In the benthic
portion of the food web, however, we predicted
that organisms would shift towards a pclagic diet
with each increase in trophic level. Thus, as 6r5N
increascd in benthic organisms, 6rrC was expectcd
to shift towa.rds the pelagic carbon source. Il benthic
primary productivity is in fact being rcduced, stable
isotope analysis should show the depletions of
benthic carbon in the food web. We hypothesized
that fishes that are commonly known to feed par-
tially or exclusively from the benthos would be
forced to shift their feeding to encompass a more
pclagic diet. resulting in those organisms having
stable isotope ratios indicative of a partially pe-
lagic diet.

Methods

Study slte

Lake Rooscvelt is a 243 km long reservoir ol thc
Columbia River, located bchind Grande Coulee
Dam in northeastemWashington (Figure 1). Grand
Coulee Dam was completed in 1939 and leached
lu l l  p r r r l  lo r the  l r r r t  11mq I r  lq4 l .  fhe  rc .c r r , r i r
inundates 393 km2 with a storage capacity of l.l6
X 1010 m3. At a f'ull pool elevation of 397 m above
mean sea level the reservoirhas a maximum depth
of 122 m. and 15,lrt km of shoreline. The lowcr
pofiion ofthe reservoir flows through shrub step,
de\en lenil in. \\ hile Lhe middle rnd uppcr regi, 'n.
are located in mountainous regions dominated by
ponderosa pine (Wilson 1996). Flow through the
reservoir has a water residcnce time that varies
from 15 days in the spring to 83 days in the fall
and  r , r  in te r .  The annua l  u l tc r  rempera ture  ra r ie .
tiom 2.2"C in the early spdng to 20'C in late
summer (Weirenga et al. 1997).

The water level of thc reservoir is reduced every
spring to serve as a recipient of mountain snow
melt. The drawdown typically begins in January
peaks sometime in May. and is retumed to full
pool by the beginning ofJuly. Draw down evems,
on avcrage. reduoe the resen'oir's volume by 557c,
surface area by 457c, and mean depth by 7 mete$
(Beckman et al. 1985).The water level is dropped
below the euphotic depth eliminating nearly all
littoral and bcnthic primary producers (Beckman
et al. 1985). The drawdown levels havc averaged
l5 m over the past l5 yr, and have varied from a
minimum of 4.3 mto the maximum of 25 m (U.S.
Army Corps of Engineers 2000). In 1999, hor-
ever the water level was rcduced by 23 m, making
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it onc ofthe more gxtreme drawdown events. The
2000 drawdown reduced the reservoir elevation
by 17 m making it sl ightly nrore extensive than
the 15 m average.

Ali samples were collected from the Seven-
Br5 s rnd Hlr.l k Creck regitln ul lhe rescr\ oir
(Figure l). Seven Bays is named for a series of
small bays located on the eastem shoreline. The

bays tend to havc sandy shorelines that drop off
quickly. allo\\'ing little benthic primary produc-
tion. Hawk Creek enters an esluary of Lake
Roosevelt after' flowing over Hawk Creek Falls.
which are impassablc to fishes. The estuarine re-
gion is lelt exposed when the reservoir is drawn
down, and becomes colonized with rced canary
grass. When the reservoir is brought to full pool
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the estuarl becones inundated. The inundated reed
can ary grass (Plrala r is arundinac ea) then provtdes
substfate for periphyton development.

The Seven-Bays and Hawk Creek region of
the reseNoir was chosen as the study site due to
its relatively high species richness and high con-
ccntration offishes. We predicted that the collec-
tion of three feeding groups, including obligate
benthic t'ccders, obligate pelagic feeders, ard or-
ganisms with mixed benthic and pclagic diets
would be possible at this location.

Samp e Col ection

Samples were collected during the last week of
July and the first week ofAugust in 1999 and the
first two weeks of August in 2000. Sample col-
lection was limited spatially and temponlly to
maintain isotopic unifbrmity. We examined 33 dif-
ferent organisms representative of the Lake
Roosevelt tbod web (Table I ). Phytoplankton werc
collected from the pelagic region ofthe reservoir
by pumping water from a depth of I meterthrough
a 100 pm sieve into 20 L carboys. The majodty
of the phytoplankton composition consisted of
diatoms, with a smaller percentage of green al-
gae and cyanobacteria. The ccntrifuged phy-
toplankton pellets were rinsed with deionized water,
allowed to resettle. and dried fbr 24 hr at 60'C.

Pedphyton were collected fiom two locations
in the reservoir. A dip net was used to collect pe-
riphyton colonizing submerged reed canary grass
in the Hawk Creek atm, and in the Seven Bays
region it was scraped from substrate suspended
at a depth between I and 2 m in the open water.
The periphyton were rinsed repeatedly with deion-
ized water at thc lab to remove colonized inver-
tebrates.

Zooplankton were collected from the pelagic
region by vertical hauls with a 0.5 m diameter,
20U trtm mesh. r ', 'nical plrnkton net. Species u ere
isolated and concentrated using a combination of
sieving and hand picking. Chironomids were col-
lected from the sedirnent and from submerged reed
canary grass. An Eckman dredge was used tcr
collect chironomids from the sediment. and a dip
net was used to collect them from the reed grass
beds, along withcorixids, aquatic mites, and snails.
Invenebrates were grouped together by ta\a and
collection site, rinsed with deionized water, dried
at 60'C fbr 2,1 hr, ground to homogeneity, and
sealed in glass vials. Each individual invertebrate

sample was composed of enough individuals to
ensure dry mass exceeded five mg.

Fishes were collected with electroshocking
boats, backpack electrcshocking gear, and verti-
cal and horizontal gill nets. The majority of the
adult fishes were collected with the electroshocking
boats, while the majority ofthe young-of-the-year
(YOY) fishes were collected with backpack gear
The gill nets were used predominantly to catch
lake whitefish (Coregontrs c lupeofonne s),kokanee
(Oncorhl,ncus nerka) and burbot (Lota kta).

A section of dorsal muscle tissue was filleted
from each fish 1br analysis. Fishes too small to
be filleted had their heads and visccra removed
in preparation for analysis. All samples were rinsed
u'ith deionized water, dried at 60"C, ground to
homogeneity, and stored in glass vials.

Stable lsotope Fatio Analys s

Cr rbon and n i t rogcn. t lb lc  i \o lo f \c  r r l io \  ! re re
analyzed by the Stable Isotope Ratio Facility for
Ecological Research (SIRFER) at the University
of Utah. Samples collected in each year were
pooled and single, multi-year averages (11 SE)
were calculated for 6rrC and 6r5N for each taxon.
lncrcases in 6rsN values were considered increases
in trophic status. There is a typical lncrease rn
615N of 3%o (DeNiro and Epsrein 1981) and 6rrC
of 1%c (DeNiro and Epstein 1978) between preda-
tor and prey, resulting in a mean slope of three
for trophic level increases when the 6 values are
plotted. Organisms that t'ell within these param-
eters were consideredto be obtaining similar levels
of benthic or pelagic carbon.

The proponion of pelagic carbon utilized by
each taxa was estimated by plotting a line with a
slope of3 tbrough the primary consumerfbr each
of the benthic and pelagic components of the food
web on the 6rrC and 5r5N planc (as pcr Vander
Zanden et al. 1999a and Post 2002). The pelagic
and benthic primary producers were not used
because seasonal variation makes them an unre
liable base fbr a tbod chain plot (Zohary et al.
Iqq4 ). D.frr-,r were used a' the pelagic primar5
consumer and snails were used as the benthic
primary consumer. The proportion ofpelagic car-
bon utilized by each species was then estimated
from the relative horizontal position occupied by
each species between thepelagic and benthic lines.
The trophic lerel occupied b) eachorgani5m \\as
calculated as per Hobson and Welch (1995) and
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TABLE 1. Mern and standud erfor (SE) for iiLrc and 6rjN for each ofrhe sample taxa. Sanrple sizes are includcd tbr cach year
ofcol lect ion.Tropl ic lerelwascalculatedaspertheequat ionofHobsonandWelch(1995)andusingthc6L'N!alucs
()1 D.rprri.r .a the pelagic prnnary consuner upon *hich all other trophic level calculations were based. Perccn!
pclagic rcprcscnts an cslima|c 01 fie proportioral abundance of pelagic carbon in each organisms diet (see iext lbr
calculation merhods).
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uscd the 6r5N value for Duphniu as the pdmary
consumer in the food chain.

Besults
Mean (and SE) 6rtC and 6r5N values, and the
estimated trophic position, fbr each ofthe 33 tixa
included in this study are presenled from lowest
to highest trophic position in Table L The posi-
tion of each taxa on the 6rrC and 6L5N plane is
presented in Figure 2. The most imponant rcsult
1br the purposes of this study was pedphyton were
considerably nore enriched in rrC than phytoplank-
ton (-22.8 6rrC versus 28.4 6'rC). which allowed
us to distinguish benthic from pel;rgic tbod com-
ponents of the tbod web (Figule 2). Given one
can make this distinctior'l among primft1, producers.
and given tbod chajn constituents are ar:ranged
on the 6rrC and 5r5N plane along a l inc with slope
of approximately 3 (DeNiro and Epstein l98l),
there is a striking lack ofexclusively benthic con-
sumcrs in the Lake Roosevelt tbod web. Snails
\\,ere the only organisms that our results identi-
tled as exclusive consumers of benthically fixed
carbon (Figrre 2).Although thcirposition in Figure
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2 suggests heavy utilization of pelagic carbon,
chironomids appear to rely upon benthic carbon
sources for 447r of their diet. All other tara, es-
pecially higher trophic level organisms. appear
to collect the majority of their carbon from
pelagically tixed sources (Figure 2).

The Lu l 'e  Roo.ere l t  lqu l l i c  comrnun i l )  r \ rn -
tains a rich pclagic component. The water flea
Daphnia (rncltrdrng D. schodleri, D. galeata, D.
re t ro c Lt r,- a), and additional branchi opod Sir/a
t rystall in. and the cd,t notd copepod Leptodi ap -
tonus ashluruli- were the pelagic herbivores that
were abundant during the collection period. Their
trophic level positions were estimated at 2.0. L8.
and 2.3 (Table l). The herbivorous branchiopod
Bosrnina ktngiro.sti.i may aJso be common in Lakc
Rrxrsevelt, but abundances were 1oo low during
collection periods to pemit inclusion in the study.
Potentially prcdiicious zooplankters included thc
calanoid copepod Epistltura trcvadertsis. the
cyclopoid copepod D iacyclops thomasi. rnd the
Iarge branchiopod Leptodoru kbtdti. Episcluru
and Dlacy'clops both exhibited omnivorous diets
u i th  t rophrc  le re l  c . t imr tes  lh i r l  uere  appro \ i -
matcly one-half trophic level abore Ddph ia (Table
1). The trophic level estimate lbr Leptodora \\"as
3 (one full trophic level above Dcplrlia) and sug-
gests an exclusively predacious diet and reliance
upon Daphnia as aprey item. The pelagic vefte-
brate planktivores included wild kokanee
(Oncorhynchus nerka) and lake whitefish (Coreg-
onus clupeofttrmisl. Thcir estimated trophic lev-
els (3.ti and 3.9) suggest they primarily consume
the larger predatory species ofzooplankton. Burbot
was observed as the top trophic level consumer.
with the highest 5'sN value ofany lake Roosevelt
consurner (Figure 2). and 3.4 trophic levels above
Daphnia (Tab),e 1).The position ofthe exclusively
pehgic aniru s in Figure 2 illustratcs alinear struc-
ture with a slope of2.6 (P=0.035) that spans nore
than two trophic levels. When examined by year
the pelagic taxa had a lincar structure with a slope
of 2.4 in 1999 (P= 0.004), and a slope of 3.,1 in
2000 (P=0.01 1).

All other organisms included in this study ex-
hibit increased 6rrC and SrsN suggesting at least
partial inclusion of benthic carbon in their diet
and increased trophic status when compared to
the peli€io invefiebrates. Existing at approximately
the same trophic level as Leptotlont were YOY
smallmouth bass (Mlcmpterus dolomieui). coixjds,
and chironomids (Figure 2). with chironomids
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exhibiting a snrtrl lcr ponion ofbenthic carbon in
their diet than either YOY smallmouth bass or
corixids (Table 1). Aquatic mites held the high-
est trophic position among the invertebrate or
grn i \n l \  , l l oph ic  le te l  =  . t .4 t :  the  re lu l i \e  i rnPr , r -
tance ofpelagic carbon in theirdiet was estimated
at 79%. Young-of-the year yellow perch occupied
a trophic position similar to the aquatic milcs
(Figure 2) and pelagic carbon was estimated to
comprise 88% of their diet (Table 1)

The majority of the llshes in Lake Roosevelt
occupied fairly high trophic pesition (trophic level
) 3.6) and primarily utilize pelagic carbon (Table
1, Fi-rure 2). Bridgelip stcket (Catostomus colunr
biants ) , catp ( C\p in ,1 r ca,?lo), brook trout (-li/h"-
I inus .fontinali s). kokanee (Oncorh)nchus nerktt),
minbo$' trout ( Orcoi*t rcla.s nlllss), largescale
sucker (CaroslorrrrJ rr./cr-oc&ellus), $hitefish
( C Lt wgon us t I up e aft trnls), smallmouth bass, and
nofihem pikeminnou lP tI cl toche i| us o regone nsis)
allpossessed trophic lcvel estimates between 3.6
and 3.9 (Table l). Among these. kokanee and
whitefish exhibited the largest uti l ization of pe-
lagic carbon, and largescale suckerthe least (Table
l). Those fishes obscrvcd 1lr occupy the highest
trophic positions in Lake Roosevelt included
sculpins (C.rtt ir.r sp.). yellow perch (Perca

fl cu,escens), walleye (Sll:ostedlon titreum\, and
burbot (.Lota I otu). Trophic position among these
fishes rangcd from,l to 4.4, and uti l ization of
pelagic carbon ranged from lTqc (br Coxus) to
1007r for burbot (Table 1).

Our estimates of the dietary contribution of
pelagic carbon (Table l) illustnte excaptionally
Iitt le uti l ization of bcnthic carbon in Lake
Roosevelt. Snails were the only organisms that
appcarcd to rely exclusively on benthic carbon.
All others appear to collcct |hc ma.jority of their
carbon from pelagic sources. Chironorrids exhib-
ited the least utiljzation of pelagic carbon. Among
the fishes, estimated consumption ofpelagic car-
bon ranged t'rom 6861, to l00r/c. And lbr those
hshes assunred to feed within the benthic portion
ofthe food web ( sculpin, carp, suckers) the lowest
estinlabd propofiion ofpelagic carbon in the diet
was 687c tbr carp and largescale sucker Among
the flshes listed abovc, the pelagic contdbution
to the diet averaged 77%. and was as high as 9,1clr,
(for bridgelip sucker).

Although we fully expected to obseNe little
benthic carbon uti l ization among the Lake
Roosevelt organisms, a few unusual lesults are

notewortby. We were surprised to sec Daphtlia
and phytoplankton possessing identical 6'5N v;Llues
\u ! !e \ r ing  rhe)  o (cup)  . in r i l r r  t roph ic  po : i t ron
(Figure 2). We were also surprised to observe
sponges, bryozoans. and Sidrr with 6'5N values
that were below the 6 5N values of phybplank-
ton (Figure 2). Additionally. ifsnails consume only
periphyton. their' 6r5N values should be enriched
by approximately 3%. over periphyton (Deniro
and Epstein 1981). These anomalies may be a result
of primary producers giving unreliable or ques
tionable isotope signatures (Zohary et al.1994).
Both Vander Zanden et al. (1999a) andPost (2002)
idcnti[1 problemr u ith primury proL]ueer i]ulupe
signatures and recommend using benthic and
pelagic primarl' consumen as the base of their
respective fbod chains when examining trophic
relationships among higher trophic Ievel organ-
isms. Finally. there is no [elationship whatsoever
between the isotope signature ofhatchery rearcd
and wild salmonids. For both kokanee and rain
bow trout. those of hatchery origin were more
enriched in LrC, and their cstimated trophic level
varied from the wild fish (Table I, Figure 2).

Discussion

The first objective ofthis study was to determine
the t'easibility of C and N stable isotope analysis
for observing the food web structure of Lake
Roosevelt. Periphyton were signiflcantly more
cnriched in r3C than phytoplankton (Figure 2),
which allo$ed us to distinguish bctwcen thc two
carbon pathways. The 6r5N values shou,ed uni-
fbmr stcpwise enrichment in rclation to the tophic
statusof oryanisms. especially in the pelagic portion
ofthe lbod web (Figure 2). Together, thc two iso-
topc ratios indicate a system with a sfong pe
lagic component and a diminutive benthic com-
poncnt in thc aquatic food web. Lake Roosevelt
supports a well detined pelagic component in thc
food web that consists of multiple trophic levels
(Figure 2). Nitrogen isotopes demonstrated her-
bivorous, omnivorous, and camivorous zooplank
ton (Table l). The planktonic invertebrates pro-
vided the diet for wild kokanee and lake whitefish.
and these fishes provided the primary prey source
for burbot (Figure 2). Because tiere are organ
isms with exclusively pclagic diets having 6r5N
values ranging from the lowest consumer to the
top predator, we believe there is an adequatc supply
ofpclagically fixed carbon in the reservoir. Given
sevelal species of benthic fishes are present in
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Lake Roosevelt. if there were an adequatc sup-
pl.v ofbenthically lixcd carbon, there should have
becn organisms with erclusively benthic carbon
signatures ftom the primary produccr through the
top consumer trophic level- Howgver, the exclu
sively benthic component of the food wcb never
extended bcyond the prirnary consumerlevel (Fig-
ure 2). The stepwise shifl away tiom a benthic
dict and k^'",ard a pelagic diet with each trophic
increase suggests that n1ininlal levels ef benthic
carbon are lixcd in the resenoir The benthic carbon
that is lost to metabolism and excretion with cach
trophic increasc is replaced with the abundant
pelagic;rlly fixed carbon,leaving a void in the tbod
wcb plots in the region wherc higher level benthic
consumers would bc cxpected to be positioned
by stable isotope theory (Figure 2).

Of the fishes typically considered to be obli
gate bcnthivores, all had isotope values indicat-
ing pelagic carbon in their dict (Table I ). Our most
cxtreme example was bridgelip sucker which had
SrrC values indicating 9.1% uti l ization of pelagic
carbon. The degree to which thc benthic tishes
consumcd bcnthically produced carbon varied. but
it did not appear to rnake up more than 327. of
the diet for any of thenl. Those fishes that were
predictcd to have an exclusively benthic diet did
have calbon signalures indicating the highest re-
liance upon benthically produced carbon of any
fishes in thc reservoir (with the exception ofhatch-
ery l ishes), yet the majorily of thcir carbon in-
take was still from pelagic production. The rea
son tbr this js that therc simply appears to be little
benthic carbon in the ovcrall Lake Roosevelt lbod
web. Snails were the only organisms to havc car-
bon signatures indicating an exclusively benthic
diet (Figure 2). Stomach data collected fiom Lake
Rooscvelt by others has indicated all fishes have
at least low levels of zooplankton in their diet
(Baldwin and Polacek 2002). During our collec,
tion periods. largescale suckers and carp were
witnessed swimming in the reservot just below
the sudace. feeding on the abundant zooplank-
ton. Since 1997 we have routinely observed
Iargescale suckers fccding on the surface thrcugh-
out the reservoir on nearly every occasion that
we sampJed fish (39 87 days per ycar). This sug-
gests many fishes may adjust their feeding habits
whcn their natural food source is not availablc.

Contlicting infbrmation exists between stom-
ach content data and isotope data. Isotope data
indicated that burbot were t'eeding primarily on

the pliu <tir'orous fishes, kokanee and lake whitefish
(Figure 2). Howevet stomlrch data presenled in
Cichosz et al. (1998) indicates burbot diets do
not include salmonids. Stomach samples had been
collected primarily during late summer when the
reservoir has retumed to lill pool. is quite likely
that the stomach data represent the snapshot in
tlme phenomena where one receives a view of
what the flsh has eaten in the past f'ew hours, but
that is not necessarily representative of the over-
all majority ofits diet. Burbot move into the shal-
lows in the fall. at the samc time kokanee move
into thc stream mouths to spawn. Burbot are sus-
pected ofpreying hcavily on kokanee at this time
and we have collected several burbot r'",ith kokanee
in their stomachs at these locations. which fur-
ther conflicts with stomach data (Cichesz et al.
1998) .

It was difficult to detemine exactly \i,hat wall-
eye were feeding on from the isotope data. Ac-
cording to their isotope ratios they could have been
feeding on a combination of sevenl fishes (Fig-
ure 2), which agrees with 1998 stomach data (Spotts
ct al. 2000) in which walleye had becn observed
to prcy upon members ol several fish families
present in the rcservoir. AIthough. no salnonids
were tbund in walleye stomachs from the indi
viduals collected forthis studl walleye arc thought
to prey heavily on kokanee and trout in the reser-
voir (Baldwin and Polacek, 2002). We have
pumped many kokanee and rainbows out ofLake
Roosevelt walleye stomachs using lavage tech-
niques. In some cases! individual walleye con-
tained as many as 12 kokanee or rainbow trout.

Existing stomach content data suggest kokance
and lake whitefish had a 93 % diet overlap in 1997
(Cichosz et al. 1998), which correlarcs well with
isotope data (Figure 2). Cichosz et al. (1998) also
rcpoft 91% diet overlap between kokanee and
rainbow trout and a diet consisting of both pe
lagic and bcnthic prey. However our isotope data
indicate amuch greater difference, and no benthic
component in kokanee diets (Figure 2). Wild rain-
bow trout had 6rrC values that indicate their diets
are composed ofapproximately 807o benthic prey
(Table l). This discrcpancy, as with the one men-
tioned above fbr burbot. is perhaps an aftif'act of
the stomach samples having been collected when
benthic productivity is at its annual peak and the
\tomllch conlenl. only refrcsent the or[:ani\rns
diet over the previous several houls. The stable
isotope data converscly provide a long-term average
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of the seasonal variation in the organisms diet.
Here. it is likcly the stomach data exaggcrate the
importance of benthic prey in kokanee diets.

The nofihcm pikeminnow isotopic data placed
it in the secondary consumer, mixed diet group
which is lower than was predicted. The northem
pikcminnow was onceconrmon in Lake Roosevelt
and constituted up to 60% ofthe total gillnet catch
in 1948 (Gangmark and Fulbn 19,19). However,
the northern pikeninnow population has been
steadily declining, u ith a gillnet relative abun-
dance of 26% in 1965 (Earnest et al. 1966), l5o/c
tiom 1980 l983 (Beckman et al. 1985). 67a in
1990 (Grif l i th and Scholz 1991), and < 17e in 1996
(Cichosz ct al. 1998). In the lower Columbia River
system nofihern pikeminnow prey heavily on ju-
venile salmon and steelhead (Zin.Imennan and
Ward 1999). The decline in the nodhern pike
minnow population in Lake Roosevelt has mir-
rored the rise in population of thc introduced
walleye, which was not recorded in gillnet catches
until 1965. The walleye population increased to
29Ec of rhc relative aburdance by 1980 1982
(Beckman et al. 19ti5), and has since leveled off
in thc range of 15 25Vc between 1988 and the
present (Peone et al. 1991, Griff ith and Scholz
1991. Cichosz et al. 1998). Vander Zanden etal.
(1999b) used stable isotopes to exanrine trophic
changcs in aquatic tbod webs with the invasion
of a competing predator. Lake trout in lakes with
introduced smallmouth bass had more negative
6'rC values (-29.2%. versus 27.47..) and reduced
trophic status (3.3 versus 3.9). The 6'rC values
indicated a shift away from a diet of mostly tlsh
to a diet of mostly zooplankton. The decrease in
trophic status as determined lrom 6r5N values
further indicates a shift to a zooplankton diet.
Vander Zanden et al. (1999b) suggest that when
bass are introduced to a lake system, they
outcompete lake trout for forage hsh, fbrcing the
trout to a diet consisting primarily ofzooplankton.
The highly predacious nature of walleye (Francis
and Vondracek 1990) may allow them to displace
the northem pikeminno*. Northern pikeninnow
diets typically consist of fish and benthic inver-
tebrates (wydoski and Whitney 1979, Simpson
and Wallace 1982). If walleye outcompete pike-
minnow for aflsh-based diet, as indicated by 6'5N
values, the pikeminnow is forced to rely more
heavily on benthic invertebrates. The strongest
competition between the two would nost likely
ocour in the spring, prior to the arival of a new

crop ofYOY forage lishes. Nonhem pikeminnow
would be forccd lo a diet consisting oftheir other
preS item. henthie inr enebrate.. Al the srme time.
howcver, benthic invertebrates arc in short sup
ply due to the drawdown. Isotope data have also
suggest there is not enough benthic carbon to
support secondary consumers. which may help
explain the decline in the northern pikeminnow.

It is apparent that stable isotope analysis is
sufficient fbr tracing broad carbon path*ays in
Lake Roosevelt, providing a view of the resenorr's
overall food web structure. The high number of
fishes in the nixed benthic-pelagic feeding group
made it diflicult to trace precise cafuon path$ays.
To determine precisely \\,hat these fishes are feeding
on, one would have to include stomach data. Stom-
ach data will provide precise intbrmation on what
an organism has eaten at one point in time, but as
we have suggested, thcre can be conflicts between
isotope dala and stomach data taken from only
one point in the year. Isotope data, coupled with
stomach content data collected from several sample
dates through the year would give the nost pre
cise view of carbon pathways in an ecosystem.
Perhaps more importantly, although many ol the
large westem storage reservoirs possess a diverse
assemblage of what are considered benthic and
pelagic tishe.. our re.ults .ugge.l Lhe.e uquuli(
systems are driven by pelagic carbon. Resource
m agers should be made aware ofthe detrimental
impact water level fluc[ratiors can havc on the
benthic component of aquatic food webs. Thus,
in systems sinilar to Lake Roosevelt, those envr-
ronmental factors which affect open watcr pro-
ductivity are likely to impact the entire food web.
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