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Growth Dynamics of Smallmouth Bass in Lake Bil ly Chinook, Oregon

Abstract
During N4 a,,''. Octobcr, 200 I . $ c analr-zed the growth patterns .rnd d iet olerlap of diffcrcn t agc\ of snallmouth bass in Lake B ill,v
Chinook, Oregon to ideDtil pcriods wilhin fic growing season when tempemtufe or competition for lbod l1ight limir growrh.
Br\s of \,atious rges $,ere samplcd during thrce 6 wk periods with a boat-mounted eleciroshockcr from nearshore sites in tuo
sepaf.rte habitat type\. Age 0 bass consumcd smaller prey items, while older and larger firh !lere ablc to consune an increasingl!
wider siTe rangc of prc). prcdominantl! cra,,-fish. Bass consumed fe\\er cravfish lhrough thc srud,"-. Ase I sDallmouth bass
consunred onlv agc 0 crayfi\h. \Lhilc older bass were not rs limiled. Diets of age 3 and agc 4 smallmouth bass were similar with
cravfish constituling at lcast 70tt of the diets by voLume. although anrphjpods and othcr invcrcbmtes were inpofant prey iiems
to individual fish. During all pcriod\ of |he study. realized consumption. defined as actual consumption divided by theoretical
metabolic maxinNm corrsumption and indcrcd by lhe P lalue generated f|om bioenergetic nrodcling. uas generall,,- higher for
sm: ler l-rsh {han fof laryer bass. Cors mpdon ralcs fbrju\enile ard adult bass dropped dramaticallv in thc iall dcnonnrating
potential lbod linitation dufing this period. Our study suggcsts thal during lhe lall. high densities of age 0 bass may allccl r.he
a!ailabilil] of.rhemati\e pfe) (chironomids and anrphipods) and consequenll), lhe gro\\'th of older age classes of smallmouth

Introduction

Sincc thcir introduction into the upper Willanette
River drainage in the early 1900s. thc distribu-
tion and abundancc of smallmouth bass
(Micropterus doloni,rr) in Oregon has increascd
substantially. Oregon Department of Fish and
Wildlife (ODFW) acknowlcdges that warmwater
tlsh such as smallrnouth bass are a resource that
supports in]portant rccrcational tisheries in the
iacc of declining traditional cold*ater salmonid
fisheries. Effective management of warmwater
fisheries to optimize user benefits, while remain
ing consistent with conservation strategies fbr
natur l ly produced native fish species. wil l rc-
quire a bettcr understanding of the regulatory
mechanisms that limit and control warm$,ater ti sh
populalions in Oregon.

Smallmouth bass in Lake Billy Chinook. a large
reservoir in ccntral Oregon, exhibit low annual
sunival and slow growth, which is typical ofother
Pacitic Nofihwest smallmouth bass stocks (Bennett
et al. 1991). Thc reservoir appears to provide fa
vorable conditions for the development ofa high-
quality smallmouth bass l ishery lairly stable
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water levels, large areas of cobble/boulder sub-
strate, and abundant crayfish (Pac(astacus
lenitt.tcrrlut\ [or [oragc /Leu is lQ97 r.

The success of a tishery and or a fish popula
tion may be driven by the availability of key or
preferTed prey. with growth and survival being
regulated by availability of cefiain key or pre
fened prey (Mills et al. 1989, Post and McQuecn
I 994). Crayfish are a prefered prey of smallmouth
bass. Where they ale abundant. crayfish often
account for >607c of the diet of adult smallmouth
bass (Scott and Crossman 1973, Carlander l977).
Bass consumed almost one-third oftotal crayfish
produotion ard one'halfof the total crayfish bio-
mass in an Ozark strcam (Rabeni 1992). With an
abundancc of a preferred prey species (craylish),
growth rates of smallmouth bass in Lake Billy
Chinook should be nearly optimal. However. an-
nual ODFW inventodes of thc Lake Billy Chi-
nook smallmouth bass population show a limited
number of fish >250 mrn, and previous ODFW
studies suggest that annual mortality of adults is
-5090. While the reservoir supports arecreational
fishery for smallmouth bass, it is unlikely that
angling mo(ality js the major factor limiting the
increase in older. larger bass. Based on ODFW
creel data, only an estimated 618 smallmouth bass
> 300 mm were harvested annually from the res
ervoir between 1996- 1998. While there is evidcnce
of intraspecitic competition limiting smallmouth
bass recruitment and survival in other systems



(Dong and DeAngelis 1998), no data ex1st. how-
ever, to evaluate the relativg inportance of com-
petition and environmcnhl factors in determin-
ing pattems of smallmouth bass growth in Lake
Billy Chinook.

Wild tish have endogenous seasonal rhythms
in growth (Baker and Wigham 1979.1 that are largely
detemined by temperaturc and food supply (Coble
1977). although other factors such as parasites,
disease, and pollution may restdct realization of
ultimate growth rates. Smallnlouth bass growth
rutes in Lake Billy Chinook are sinilar to the slow-
est growing population investigaled by Coble
(1977) and Carlander (1977) at Fall Crcek, New
York u,here age 2. 3 and 4 bass were 140, 178.
and 216 nrm. Optim l growth for smallmouth bass
occurs at 25'-29'C (Coble 1977, Wrcn 1980.
Edwards et al. 19113, Casselnan 2002), and faster
growth of smallmouth bass is gcnerally associ-
ated with higher summer temperatures tor popu-
lations in northem latitudes (King et al. 1999).
Wc used bioenergetic rnodeling to separate tem-
perature limitation on growth of smallmouth bass
in Lake Billy Chinook from other possible fac-
tors such as l imited prey availabil it l

Broenergctic model. thal inct\rporale esLimrte.
of thermal history, diet composition, and prey
energy density provide a simple method to evaluate
cflects of temperature on tish dynamlcs and to
explore seasonal and ontogenetic pattems in preda-
tor-prey interactions (Hanson et al. 1997, Whitledge
and Hayward 1997). Gro\\"th and survival ofdif
ferent age-classes of srnallmouth bass can be af-
t'ected by competition fbr key prcy (Dong and
DeAngelis 1998). Bass uti l ize strategies such as
prey s$,itching or niche segregationto lessen com-
petit ion for l imited prey (Coll ier et al. 1973), but
often at lrn energetic cost (Ihssen et al. 19131,
Pothoven et al. 2001). Prey switching could re-
sult in the consumption of prey items that retum
less energy to a predator than energy expended
in the pursuit and capture ofthat prey (Hoylc and
Keast 1987). Investigation of possible competi-
tive interaction beteeen different age-classes of
smallmouth bass requires identitication of signifi
cant diet overlap f'rrr prey items. which are lim-
ited in abundance (Bouen 1983). Diet overlap is
easily quantified with various indices (Crowder
1990). but measures of food limitatlon are more
difficult to establish. However, because growth
rates of flsh are highly sensitive to per capita rc
source availability (Backcl and Le Cren l978),

bioenergetic simulations are an indirect way of
measu ng reseurce limitation rvithin the bounds
set by the temperature regime. Our objective for
this stud)' was to use bioenergetic simulrtions of
the pattems of smallmouth bass growth to iden-
tity periods within the growing season indirectly
when temperature or competition lbr food n.fght
affect grovth ofdiffircnt ages of smallmouth bass.

Study Site

Lake Billy Chinook is a multi-purpose reservorr
in Central Orcgon created in l96,1 by impound
ment of the Deschutes River just belo$' its
confluence with the Crooked and Metolious Riv-
ers. thus forming three narrow amls (maximum
width < 600 m: Figure l). At full pool. thc reser-
voir has a sudacc area of 1.585 ha and a volume
of.193 x 106 mr (Johnson et al. 1985). The reser-
voir generally has steep sloping. alternately cobble
or sand banks resulting in a shoal arca of 57c of
the total surlace arel of thc reservoiq an average
depth of 31 .l m. and a maximurn depth of 126.5
m (Johnson et al. 1985).

In addition to smallnouth bass, the tlsh as-
semblage in Lake Bil ly Chinook compdses l7
native and introduced species (Lewis 1999). Prin-
cipal gamefish species include smallmouth bass.
kokanee (Orcor*-r'ir chus nerktt). and bull trout
(SaLvelinus confluenturs). as well as smaller num-
bers ofredband trout (O. ,nliss) and brown trout
(SqLno trutta). Plimary nongame fish spccies
present include large numbels of northern
pikenrinnow (Pt-tchocheilu.t oregonensis). and
blidgelip and largescale sucker (Carastonirs
coLunbianus and C. mut: roche ilus).

The limnological character of each arm ofthc
reseruoir reflects the land use and physiographic
nature of the watenhed for that arm. The Mctolious
watershed is lbrcsted and the least disturbed of
the three, the Deschutes watershcd is most heavily
influenced by human development, and the
Crooked River, which contributes around.10% of
the reservoir inflow, is impactcd by extensive
agriculture and grazing, (Johnson et al. 1985).
Below each river inlet, each arm has a several
hundred meter long transition zone ofunstratificd
water with temperatures similar to the river. Far-
therdown the am.L these cold water masses plunge
below the warmer surface water to depths with
water of similar temperature and dcnsity
(Beauchamp and Van Tassel 1999). thus tbrming
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Figure L Lake uiUl Chinook and the Crookcd Riler arm showing location Lri the recording thcmograph (T) and elcclrolishing
$rnsects (,) durin! NIav to October. 2001.

a verlical thermal barier and cftectively segre-
gating the habitat between warmwater and
coldwater species (Lewis 1999). Our study fo-
cused on the snallmouth bass in the l0 km long
Crooked River arm because previous sampling
indicated this population represented the small-
mouth bass populations in the rest of the lake.
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Methods

F sh Co ection

We identified six littoral sections of the Crookcd
River arm as sampling sites (Figure I ). These
\ i le \  ! . \  e re  cho.en  b)  genera l  re 'e r r t r i r  n r tu re
(thfee open reservoir sites versus three canyon



sites), accessibil i ty to shocking boat (shallow ar-
eas with scattgred, large boulde$ werc too dan-
gerous to sample at night), and probabil it) '  of
encounterjng bass (deep water assd:iated with clifti
rendercd elecrofishing gear ineftective). On any
given sampling occasion. smallmouth bass were
collected by night electrofishing two or lbur siles
(randomly selected and equally divided between
open rcscrvoir and canyon sites) with a 5 KW
boat elcctrofisher set lor DC opention. Sampling
was conducted at night because high water clar
ity increased fish avoidancc of the electrofishing
boat during the da)' and severely reduced day-
time capture efficiency. Both open reseNoir and
cany()n sites were sampled to cncompass inter-
site variation in bass gro$,th or diet to nrodel the
Crooked River population as a u hole.

Total length (TL: mm) ofall bass captured was
measured along with wcight (g) of a subsample
offish. Prior sampling indicated that smallmouth
bass < 150 mm couldbe accuratel.v aged by modes
in the length frcqucncy distribution. Scales were
taken from bass witb a goal of 10 tish sampled in
each 10 mm length interyal greater than 150 mm.
An agelength key *as developed frorn non-re-
generative scales in]pressed in acetate and aged
by tu o rerLler. u:inp J microfichc \ ie\\ er.

Diet Composit ion

Smallmouth bass diet was summarized for cach
ofthe fbur sample datcs (May,+. June 21, August
1;[, and October 2) by 50 mm TL bass intervals
(Figure 2). Ourtarget was to collect stomach con-
tents tiom 10 bass frorr successive 50 mm TL
' i ze  g ruup. .  r l though th i .  s rmp le . i ze  uas  no t
achieved for all size groups on all sample occa-
sions. Stomach contents of smallmouth bass >
200 mm were recovered thrcugh gastric lavage
followed by a visual inspection of thc mouth and
esophagus for large items not flushed clear. Con-
tents recovered were rinsed through a sieve (l-
mm opening) and presened in 10% formalin. Bass
< 200 mm were kil led, their digestive tracts were
removed. and were similarly prcserved.

Recovered prey items were examined using a
r ariable pou er binoeular dis.ecting micro.cope
and were identified to the lowest practical taxo-
nomic level (species for fish and crayfish. and
order fbr other inveftebrates). and counted.In most
cases separate tallies were kept for adult insects
and their larval stages: dipterans, othel than chi-
ron0mid larvae, were the primary exception. Fish
pley in advanced states of digestion were identi
ljed through diagnosticboncs such as the cleithrum,
dentary, and vefiebrae (Hansel et al. 1988, Frost
2000). Age ofcrayfish consumed was determined
to be age 0 or older after consideration of cray-
fish length and timc ofycar it was consumed (Scott
Lewis, Portland General Electric, personal com-
munication).

Bass diets were derived fiom the volumetric
contribution of each prey category to the total
volume of food consumed by smallmouth bass
in each 50-mm size category on any of thc lbur
sample dates. Volume of zooplankton consumed
was measured directly, while chela length-vol-
urne and chela lcngth-total length regressions lbr
crayfish, and number-volume regressions tbr small
prey items, e.g.. chironomids and amphipods. were
developed using intact, undigcstcd individuals.
De.p i te  l im i t l t ions .  th is  a l lo$ed app lor imute
volume calculations even if only paftial remains
of a prey itcm were found in a stomach.

Diet Overlap

Diet overlap was quantitied fbr each sample date
using the Schoener index (Wallace l98l), r'hich
was calculated as fbllows:

n
0 - l  0 . 5 ( : l p . r l  p ' i l t ,

, t ^  
'  I

where

'1 = number of prey categories,

pli = proportion, by volume, ofprey type I in the
dict of smallmouth bass of age class r. and

pi i = proportion, by volume. of prey type I in the
diet of smallmouth bass of age class r'.

Sample Date
Season
Diet for Model

Figure L Relationship bclrccn sampling dates, designared seasons. and transfbnned season.rl snallmouth bass diel used in

biocncrget ic  model ing fof  th is stud]  dur ing 2001.
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This index ranges t'rom a value of 0.0 (no over-
lap) to 1.0 (complete overlap) and is considered
to indicate signilicant resource overlap when thc
i ndex exceeds 0.60 (Zaret aDd Rand I 971 , Mathur
1911t .

B ioenerget ic  N,4ode l ing

For the purpose of bioenergctic modeling, the
growing scason was divided into three 6 wk pe-
riods: spring (May,+ to June 20). charactcrized
by increasing water lempcratures and productiv-
ity; summer (June 2l to August l3). character-
ized by thennal stratification of the water col
umn and declining phytoplankton production: and
fall (August 14 to October 2), characterized by
decreasing water temperatures. thc breakdown of
thermal slratiiication. and temporary tncrease rn
productivity related to greater nutrient availabil-
ity. Hereafter, these periods will be refered to as
spring. summer. and lnll (Figure 2).

Although we initially summarized smallmouth
diet on each samplc occasion by 50-mm predator
length increments, for modeling purposcs we
needed the diet summarizcd on a seasonal basis
1<l fit thc growth increments observed for each
smiil lmouth bass age class. This transfonnation
required sevcral steps. Sampling occured at the
breaks between seasons, so $,e assumed that the
Jiet , 'h.erred on each .i lmpling occl:ion rcnre-
sented the diel lbr thc period haltway bet\\"een
prior and subsequent sampling (Figure 2). For
example, diet conposition for 150 - 200 mm bass
on June 21 (bcginning of summer period) was
assumed to represent the diet for 150 - 200 mrn
bass during the lattcr half of spring and the first
half of the sumnrer period (Figure 2). Howevcr
because the bioenergetic modeling was pedormed
on the basis of growth ol'agc classes during each
season. the next step was to dgtgrmine the aver
age size of each agc class of bass at the begin
ning ofeach scason. Once the average size ofeach
bass age class u'as calculated, we could deter-
mine which -50 mm diet category best represented
the diet ol'each age class during each season. For
thc purposes of bioenergetic model input. when
the averrge size of a smallmouth bass age-class
crossed the boundary ofa 50 mm interval during a
season, ve assumed linear growth and apportioned
the time spent consuming cach diet accordinglv.

The index output by the Wisconsin bioener-
getics model (Hanson ct al. 1997). a P-value. is a
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proportionate measure of a spccics observed con
sumption to its theoretical consumption (as l im
ited by the ambient thermal regime). Ifthe P,value
o l  a  spec ie .  i s  L0 .  Ihe :pec ies  is  g rou ing  r r  i rs
theoretical metabolic maximum, while if it is below
1.0. in the ubsence of other physical or biologi-
cal limiting factors, it is likcly that growth is be
ing l imited by competit ion.

Thermal histery u'its estimated by recording
uJ le r  lempera lu re  a l  I  m dep lh  r t  l5  rn in  in le r
r a l .  o r e r  r h e  p e r i o d  u l '  l h e  ' t u d y  u . i n g  r
HOBOTEMP Age-specific weight ofbass on each
sampling occasion was determined either dircctly
tiom data collected on that occasior or. wnen
sample sizc of *eighed fish was too small. indi-
rectly using a pedod-specific, length-weight re
gression equation. Values tbr predator and prcy
caloric densities (Richman 1958, Davis and Wanen
1971, Hewett and Johnson 1992) were held con-
slant tbr pred tor and prey since seasonal energy
density data werc not available.

Results

F sh Col ect  on

Smallmouth bass in Lake Billy Chinook gener-
ally increased in length and weighl during each
season, except during the iall (Figure 3). Agc-o
smallmouth bass did not rccruit to the gear until
the fall at which point they became extremelv
abundant. Too few age-5 smallmouth bass were
collected during the study to include them in the
modeling.

rs;1

:!:1$1

Figure I Seasonal gro\llh 1c'r smallnouth bass age classcs
in Lrke Billy Chinook during N{a}-October, l00l
(open s)mbols = total lcnglh. closed symbol\ =

biolnast.



D et  Compos i t ion

Prey consumed by smallmouth bass varied as a
function of predator size and sample date (Fig-
urc -1). Age 0 bl.. con.umed .maller prey items
such as zooplankton. chironomids. and amphi-

pods, whilc oldcr and largcr f ish were able to
consumc an increasingly widersize range ofprey
(predominantiy crayfish). Size range of crrylish
consumed was also restricted by predator size;
age 1 smallmouth bass consumed only age 0 cray-
fish (Scott Lewis. Portland Gcncral Elcctric,

sl Other inwerts

zZoop lank ton

Figure ,1. Percent conposilion Oy !olume) of diets lbr lgc classcs of smallmoulh basr lion Lakc
Bill] Clinook duing \{a}. Junc. Augun. and Octobcr. 2001. \umbcr jn parcnthcscs
rcprcscnt nunrber ofDon empt,v stomachs in the sample.
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penonal communication). while older bass $'ere
nor as l inited (Figure 5).

Consumption ofage 0 crayfish by smallmouth
bass was heavy carly (63dl,: of the crayfish con-
sumed in May were agc 0), but generally declined
through the year (50% in June and less than 457c
in August and October; Figurc 4). Except tbr age
,1 tish in October (when sample size was small),
craytlsh constituted at least 70% of the stomach
conteDts by volunle of age 3 nd age ,1 small-
nouth bass, although amphipods and other in-
!cnuhr r le \  i  n l inued to  b r  impor tan t  p rc5  i tems
to individual t i sh.

D et Over ap

Although the degree of diet overlap bet$'een age
classes of smallnrouth bass vaded with sampling
occasion (Tablc 1). Schoener's index showed simi-
larity of feeding anlong ditl'erent age classes.
Generally when Schoencr indices exceed 0.6 (ex
cept for the age 1 and 2 bass in June when they
consumed prirnarily amphipods and chironomids),
amphipods or crayfish \\"ere the prevalcnt prey
items in the diets of the two age-classes. Diet

TABLE 1. Schocncr diel olerlap indices for various age
claslc! ofsnallmlruth bass in Lake tsi1ly Chinook
during Ma\' to Oclobcr.2001. No age 0 bass .|lerc

collected in Mav or Junc.

Age crass

0
I
2
3

\Iay

0.73

June

0.63

August
0.:16
0 . t 1

L)
I
2
3

0
1
2
3

0.38 0.28
0.,t6 t).19

0.80

0.02
0.1.1
0.92

0.09
0.16
0.09
0 .88

0 .51
0.30
{).,11
0.02

October
0 0..12 0.25
r 0.23
2
l

0.08
0.29

o.1'7
0 .E l
0 . 1 8

0.02
0 . t 7
0..16

40

- :10

I :25
Irl)

1

A

o

^  . { *

. .*o.tt .
x  r l^ a  I

a  a ' a  '

160 180 200 220
Bass total length (mm)
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Figufe 5. Lengrh ofcra,viish chcla ibund in slnallmouth bass stomachs liom Lake Billi Chinook during May lo Octobef.200l.
Open s!mbols denote crayiish thal were fieshly nrolted.
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overlap between age 3 and 4 bass is high reflect-
ing the degree of similarity in sizc of these 1lsh,
except for October when the srnall sample size
of age 4 fish confounded the analysis. Overlap
values between age I bass and age 3 and,1 fish
for August are misleading because the predomi
nant prey item, crayfish, is partjtioned bet$een
thejuvenile and adult bassby sizc. Due to a smaller
mouth gape, age I bass are morphologically lim-
ited to consuming srnaller craylish than older fish
(Figure 5).

R ^anornat  ^  Nl^. la Raa l rc

P values for smallmouth bass varied by age and
season, but only in age I smallmouth bass during
the spdng was consumption limited only by tem-
peraturc (Tablc 2). During all seasons, realized
consumption, deflned as actual consumption di-
vided by theoretical metabolic maldmum consump-
tion, was generally higher fbr smrller (younger)
iish than tbr largcr bass. Consumption rates for
juvenile and adult bass dropped dramatically in
the fall demonstrating potcntial food l imitation
during this period.

TABLE 2. P !alues gencralcd liom biocncrgclic modeling
ol  gro$lh o l  smal lmoulh bass in Lake ui l lv
Chirook during spring. sunmcr. and fal1. 2001.

Crayfish, particularly age 0 individuals. were
an important prey item for bass in Lakc Billy
Chin(xrk. However, ceftain factors may act to ilf-
fect the availability ofcrayfish as forage for bass.
Only half of the total annual crayfish production
in an Ozark stream was available to smallmouth
bass and rock bass (Ambloplites rupe.stris) as a
result of size-selective predation and prey behav-
ioral traits (Rabeni 1992). During our study. 6l 7r,
69%, 48%. and 32clr of age 3 and 4 smallmouth
bass ate craytish in May, Junc, August. trnd Oc-
tober. For age 2 lish, during the same periods,
41%.20%,07c. and 11Va atc craytish. This de-
cline in crayfish consumption mit:rors the expo-
nential decline in the survivorship curve of age 0
crayfish in Lake Bil ly Chinook (Lewis 1997) and
suggests some level of competit ion fbr available
crayfish may occur at cefiain times dudng the
growing season.

In Lake Billy Chinook. as the contribution of
crayflsh to bass diets decreased. chironomids and
arrphipods became increasingly important alter-
native prcy. Whereas chironomid lm'ae have been
noted as impofiant food items for smallmouthbass
in other waters (Clady 197,1. Carlander 1977).
reliance of smallmouth bass on amphipods. as
demonstrated in this study, is uncommon. For age
l-4 smallmouth bass in Lake Billy Chinook, how-
ever, the switch ftom craytish may come with an
cncrgctic cost. Prey size consumedby smallmouLh
bass tends to increase as tish grow (Scott and
Crossman 1973, Olson and Young 2003), although
larger snrallmouth bass wil l sti l l  consume small
prey items (Long and Fisher 2000). Howeler. while
the energy density of rmphipods is greater than
craltish (Hanson et al. 1997). pursuit, capture and
consumption of small prey (amphipods) undoubt-
edly requires highcr cnergy expenditurc than tbr
a diet oflarger prey items (crayfish) (Ihssen et al.
1981, Pothoven et al. 2001, Tyson and Knight
2001). Hoyle and Keast (1987) theodzcd thar larye-
mouth bass (Ml. r.?tertrs sulmoides) sho\ld con-
sume prey items that are -29ol,: oftheirbody length,
to optimizc energy gained relative to energ), cx-
pended. Whenfeeding on amphipods and chirono-
mids, age I -4 snallmouth bass in Lake Bil ly
Chinook are consuming prey items -67o of their
body length, potentially much smaller than that
required for optimum encrgy gain. Additionally,
during the period of prey switching (fall), juve-
nile and adult snallmouth bass in this study that
had consumed only chironomids or amphipods
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ABeJI AIc t  A!(  2 ASe -1 qgu. l

Spring

Fall

1 . 0 1

0.75

0.62

o.'72
0.60
0.43

0.57

0.53

0.26

0.5.1

0.53

0.1,10.6.1

Discussion

Themal regime places limitations on the biological
growth potential and. consequently. management
options tbr smallmouth bass in Lakc Bil ly Chi-
nook. With a mean temperature of 17.6'C fbr the
period of July through September wc could ex-
pect agc 3 to 5 fish in Lake Billy Chinook to grow
-23 mm according to Coble ( 1967). This slow
growth alonc cflectively elininates quality or tro
phy fisheries as viable management options fbr
thc fishery. Additionally, in 2001, age 3 and 4
smallmouth bass realizcd only 457c-65% oftheir
potential growth based on temperature aLlone, which
suggests. given no oveft evidence of disease or
parasitism, some degree of resource limitation
dudng the growing season.



typically were not satiatcd, consuming an aver-
age of only one amphipod and 4-5 chironomids.
This is rcllccted in low fallP values and decreases
injuvenile and adult bass weights during this period
suggesting limited prey availability.

Interspecifi c competition likely was not respon-
sible tor the decrease in smallmouth bass condi-
tion in thc fal1 as other potential fish competitors
\\"ere not numerous enough or were segregated
from smallmouth bass by habitat or food prefer-
enccs. Kokancc. although the most numerous
species in the luke, primarily consunte zooplank-
ton (Theisfeld et al. 1999) and, as a pelagic spe-
cies, arc spatially segrcgated ftom smallmouth bass.
Although bull trout. brown trout and northern
pikcrrinnow consumed crayfish or amphipods
seasonally (Beauchamp and V;rn Tassell 1999,
Leu is 1999). lower thermal preferences for those
species mininizcd spatial overlap with snallmouth
bass during summer and fall (Lewis 1999).
Redband trout are potential ycar-around competi-
tors with age 0 bass for Dzrplrnia and with all ages
of bass in the lall tbr chironomid larvae (Groves
et al. 1999). However, despite thermal tolerances
(Raleigh et al. 198:l) that would allow for spatial
ove ap u'ith smallmouth bass, their low numbers
in thc rcservoir and the absence ofredband trout
observed during sampling suggests minimal po-
tential signiticance as compctilors with bass.

The sourcc o1'this resource limitation for older
smallmouth bass contrasts with findings fiom Dong
and DcAngelis (1998), who demonstrated that high
densities of older juvenilcs could suppress the
growth and recmitment of age-0 fish. Our study
suggests that during the tall, high densities ofage
0 bass may af1'ect thc availability of limited alter-
native prey (chironomids and amphipods) and
growth of older age classcs of smallmouth bass.
During the same time period when juvenile and
adult bass corsumption was severely limited, fin-
gerling (age 0 and age l) bass had P-values/con-
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