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Feeding Ecology of Larval Fishes in Lake Roosevelt, Washington

Abstract

Food habits. feeding selectivity, and diet overlap were analyzed for larval walleve (Stizostedion vitreum), ycllow perch (Perca flavescens),
sculpins (Cottus spp.), and suckers (Catostomus spp.) collecled in Lake Roosevelt, Washington, in May 10 July 1982, Lurval diet
of fishes in this unique co-oceurring specics mix has not been previously described. Larval fishes 4-25 mm long were sampled
weckly with 0.5-m lownets from nearshore sites al two stations. Zooplankton was collected with Miller samplers 1o characterize food
availability. The most abundant foad ilems were calanoid copepods in walleye stomachs, calanoid and cvelopoid copepods in vellow
perch slomachs, and eyclopoid copepods in sculpin slomachs. Larval walleves 9 10 24 mm long also preved upen larval fishes.
Cladocerans were important food only to larval suckers, which fed almost exclusively on Bosmina and Chydorus. Feeding selectivily,
determined by Wilcoxon's nonparametric signed-rank analvsis. showed positive sclection for several prey items among the fish laxa,
Schoener’s niche overlap values indicated significant dicl overlap between walleye und vellow perch, During our study period, of-
fects of competition on growth. survival, and character divergence of larval walleye und yvellow perch was minor. Annual varialion
in reservoir conditions could result in sironger or weaker competitive inleractions than we ohserved since zooplanklon composition

is known to influence Iry feeding success and growth.

Introduction

The wransition of larval fish from endogenous to ex-
ogenous feeders results in a “critical period” (Bag-
enal 1978) when availability of suitable prey has
important effeets on survival. The initial strength and
ullimate success of percid year classes are usually
determined during the first year of life, therefore
the description of factors that can affect vear class
characteristics is important in the management of
percid fisheries (Maloney and Johnson 1957: For-
ney 1976, 1980; MaclLean and Magnuson 1977,
Serns 1987). Although diet of coexisting larval wall-
eye and yellow perch has been described for other
areas (Maloney and Johnson 1957, Smith and
Pycha 1960, Bulkley et al. 1976, Keast 1979}, it
has not been reported from the Columbia River sys-
tem, which supports the largescale (Catostorms mae-
rocheilus) and bridgelip (C. columbianus) suckers
and the prickly sculpin (Cottus asper) which are not
found elsewhere in the range of these percids.

We documented food habits of coexisting lar-
val walleye, yellow perch, sculpins, and suckers
in Lake Roosevelt. Zooplankton consumption by
larval fishes was compared to abundance of
zooplankton in the water, and prey selectivity was
evaluated. We considered diet overlap in conjunc-
tion with prey availability and selection data to de-
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scribe potential compelitive interaction in the lar-
val fish assemblage.

We expected diets of larval percids in Lake
Roosevelt would be dissimilar to those reported
from other systems, with the difference atiributa-
ble to regional prey availability and potential com-
petitve interactions resulting from diet overiap with
unigue co-occurring species.

Study Area

Lake Roosevelt, the largest lake in Washington, in-
cludes that portion of the Columbia River and its
tributaries impounded by Grand Coulee Dam (Fig-
urc 1). The reservoir is 243 km long, has a sur-
face area of 33,490 ha, a maximum depth of 122
m, and a maximum width of 3.4 km. Stoher et al.
{1980) provided a detailed account of the limnol-
ogy, geography, and climate of the lake and sur-
rounding area.

Walleve and yellow perch, believed to have
been introduced into the Columbia River svstem
in the late 1940s (Brege 1981}, were first reported
in Lake Roosevell in the early 1960s (Fleicher
1987). The walleye has become an important sport
fish in the lake, adding 1.5 to 2.5 million dollars
annually to the local economy (Beckman et al.
1985). Porcupine Bay, located in the Spokane
River arm of the reservoir, is reported 1o have the
highest sport fishery harvest rales of walleye in
Washington (Fletcher 1987). This economic sig-
nificance, the popularity and success of angling for
walleye, and a lack of fishery-related information

Northwest Science, Vol. 68, No. 3, 1994 189



Washington

Columbia
River

Grand
Coulee
Dam
SCALE Spokane
BN BN (M N River

0 10 20 30

Figure 1. Location of sampling stations 1 {mouth of Sanpoil River) and 2 (Porcupine Bay). Lake Roaseveh. Washinglon.
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regarding Lake Roosevell prompled a fisherics and
limnolugy investigation by the 11.5. Fish and Wild-
life Service {Beckman et al. 1985), of which the
present study was a pari.

Methods

Sampling was conducted at iwo stations in the lower
reservoir: station 1, located at the mouth of the

0 - . . . . . 4
Sanpeil River. and station 2, within Porcupine Bay

of the Spokane River arm (Figure 1). An embay-
ment site and a tributary confluence site were sam-
pled at each station.

We sampled larval fish and zooplankton weekly
from 26 May to 7 July, 1982 during davlight
hours, Larval fish were collected with 0.5-m plank-
ton nels of 760-micrometer mesh. Zooplankton
were collected with high-speed Miller samplers
fitted with 153-micromeler nets, A 1.8-m outrig-
ger extending from the inshore side of the bow of
the boat was used 1o tow the nets just helow the
water surface, as close as possible to shore at each
sampling site. The actual water depth of the sam-
pled area was between (.5 m and 2.0 m, and
usually the nets sampled from the top, middle, and
bottom of the water column simultaneously. In stan-
dard sampling procedurc, a 10-minute tow lor lar-
val fish was followed by a 2-minute tow for
zooplanklon. Samples were washed into collection
jars and preserved in 10% formalin.

Zooplankton samples were diluted or concen-
traled 10 4 known volume and then subsampled
with a large-hbore pipette (3 to 5 subsamples).
Zooplankters were enumerated from the subsam-
ples by use of a plankton counting wheel on a dis-
secting microscope. We used mean number of
organisms of a given taxon from the subsamples
to estimate the density {(number/m?) and percem
composition by number for each station and date.

Zooplankiers were classified to suborder (cope-
pods). developmental stage (naupli), or genus
{Cladocera). Because morphological characteristics
of larval largescale, bridgelip. and longnose
(Catostomus catostomus) suckers were too similar
to allow specific identification, they were combined
in the analyses. For the same rcason, prickly. mot-
tled (Cottus bairdi). and torrent {C. rhotheus) scul-
pins were combined.

Stomach contents from a random subsample of
at least 10 larvae of cach taxon (walleve, yellow

cach tow (if’ available). Total length of each fish
was measured. and ingested organisms were iden-

tified to the lowest practical tlaxon and cnumerated.
Percent composilion by number was delermined
for each prey taxon. Stomach contents data from
embayment and confluence sites were pooled by
date and station to provide sufficient sample sizes
for analysis, assuming no differences between sites,
Because fish size is not an independent variable
of time, analyses of food preferences based on fish
size were not performed. We assumed that ana-
lyses of preferences over time reflected changes
in fish size.

A two-sided Wilcoxon's signed-rank analysis
was used to test selectivity of larval fish for major
prey laxa (Kohler and Ney 1982), with a null
hypothesis of no difference in relative prey abun-
dance between stomachs and zooplankton sumples,
Statistical significance was assumed at the p <

.05 level.

We caleulated diel overlaps among the four fish
groups at cach station, using the niche overlap in-
dex (d,,) of Schoener (1970). Percentages used
were the numerical percent composilion of cach
major prey taxon {calanoid and cyclopoid cope-
pods, copepod nauplii, Bosmina spp., Daphnia
spp.. Leptodora kindtii, Ceriodaphnia spp., and
Chydorus spp.) in pooled stomachs of fish of a given
taxon. Niche overlap values range from 0 (no over-
lap) to 1 (complete overlap); values above 0.60 are
generally considered to indicate biologically impor-
tant overlap {Zaret and Rand 1971, Wallace
1981}, but not necessarily competition.

Results
Zooplankion

Dominant zooplankton taxa included daphnids,
Bosmina spp., and cyclopoid (Cyelops spp.) and
calanoid (Laptomus spp.) copepods. Overall, mean
zooplankton densities were much higher at station
1 (12,408/m?} than at station 2 (2,353/m™). with
the exceplion of Bosmina spp.. which was approx-
imately 100 times as abundant at station 2
(52.900/m* compared to 5,973/m?) toward the
end of the sampling period.

Food Habits

Walleye: Major food items in the stomachs of the
80 larval walleye cxamined were calanoid and cy-
clopoid copepods (Table 1). Larval fish and the
cladocerans Leptodora kindtii, Daphnia spp.. and
Diaphanosoma spp. contribuled minor percentages
to the walleye diet.
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TABLE 1. Number of ¢xumined slomachs (n}, runge of Lolal
fish lengths (T1), and percent composition (by num-
ber) of major prey items in nonempty slomachs of
larval fish in Lake Roosevell, Washinglon, 1982.

Walleye! Yellow Pereh? Seulping Suckers?

STATION ]

n 27 257 143 0
Range TL {mm) 8-24 325 011

Calanoid H6 33 12

Cyelopoid 21 23 T3

Boymina spp. 0 0 0

Daphniea spp. 3 12 15

Other 9 11

STATION 2

n 53 92 03 143
Range TL {mm) Q.22 317 1.9 Q.24
Calanoid 58 5 24 0
Cyelopoid 0 75 70 3
Bosmina spp. 2 11 0 49
Daphnia spp. 5 5 6 1
Other 35 E 0 45

'Other prey tuxa included primarily larval fish and Leprodora
kindiii,

*Other prey taxa included primarily Ceriodophnia spp. and Lep-
todore kindti.

*Other prey taxa included primarily Chydoras spp.

Only walleye preved on ather larval fish.
Stomachs containing larval fish seldom contained
other food items. One of the smallest walleye
(9mm) contained larval Nish that were 3 to 6 mm
lang. Walieve, vellow perch, sculpins, and suckers
were among the fish species eaten. The percent-
age of larval fish in walleve diets was up to seven
times higher al station 2 than al slation 1.

Temporal changes in percent composition of in-
dividual prey items in walleve stomachs were evi-
dent, as cxploitation of calunoid and cyclopoid
copepods generally followed fluctuations in abun-
dance of those populations in the sampling areas
(Figure 2). The low level of predation on eyclo-
poid copepods at station 2 was an exception in view
of the high abundance of that prey in the water
column.

Yellow Perch: Calunoid and evelopoid copepods
and Daphnia spp. were the principal food items
in the 349 larval vellow perch stomachs examined:
others included Bosmina spp., Ceriodaphnia spp.,
and Leptodora kindtii (Table 1), Calanoid cope-
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pods were dominant prey in stomachs of yellow
perch at station 1, and cyclopoid copepods were
dominant at station 2.

Both abundance and consumption of Daphnia

spp. peaked late in the sampling period. Percent
composilion of copepods in stomach samples also
approximalted seasonal changes in the density of
copepods in the reservoir (Figure 2).
Seudpins: Of 108 larval sculpin stomachs exam-
ined, 40% were emply. Most of these were from
station 2, where enly half of the stomachs contained
prey. Cyvelopoid copepods were the mosl numer-
ous prey, followed by calancid copepods and
Daphnia spp. (Table 1). Sculpin lengths were small
{compared to other fish taxu analyzed), ranging
from 4 to 11 mm.

Suckers: Of the 143 suckers examined (all from
slation 2), 85 comtained prey in their stomachs.
Muost empty stomachs were from fish 10 to 12 mm
long. which still had yolk sacs. Bosmina spp.,
Chydorus spp.. and eyelopoid copepods were the
most numerous food ilems (Table 1), Suckers were
the only fish sampled that preved exiensively on
Bosmina spp. or Chydorus spp. The use of eyclo-
poid copepods was highest early in the sampic
period and steadily declined towards the end (Fig-
ure 2). A temporal inereasc in the use of Bosmina
$pp. accompanied an increasc in its availability in
the water column (Figure 2). Percent composition
of Chydorus spp. in sucker stomachs ranged from
210 9% in early June to 47 10 67% in late June,
dropping o 23% during the final week of sampling,
Chydorus spp. was rarely collected in zooplankton
samples al anvtime (Wunderlich 1985).

Selectivity and Dist Overlap

Sclectivity values for eight prey ilems were aver-
aged for each fish taxon across stations and dates
{Table 2). Larval walleve exhihited positive selee-
tion only for calanoid copepods, while larval yel-
low pereh exhibited selection for Daphnia spp.,
Ceriodaphnia spp.. and calanoid and eyclopoid
copepods. Sculpins preferred eyelopoid copepods,
while suckers preferred Bosmina spp.. Chydorus
spp., and cyelopoid copepods. Yellow perch was
the only species that preflerred Daphnia spp., and
only suckers preferred Chydorus spp.

The Schoener niche overlap value hetween
walleye and yellow perch was significant
(dy=0.84) at siation 1. All other overlap values
were below 0.35 except for those belween yvellow
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Figure 2. Percent composition {by number) of major prey items in the waler column and in stomachs of larval walleve, vellow
perch. and suckers in Lake Roosevelt, Washington, 1982.
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TABLE 2. Larval fish selectivity values and probability values
{p} from Wilcoxons signed-rank comparison tests
for eight prev items. Lake Roosevell. Washinglon,
1982, + denotes positive selection. — denotes
negalive selection, and R denotes random selection.

Yellow
Walleve  perch  Sculping  Suckers
Prey ip) {p {p} p
Copepods
Calunoid +(0.00)  +{0.00 RO.06)  R0.05)
Cyelopoid RIO2ZT)  +{0.00)  +{0.01)  +(0.00
Nauplii =000} —{0.00)  —{0.000 —{0.00)

Cladocerans

Bosmina spp. —(0.00) R0.69 —(0.00) +{0.02)
Daphnia spp. RI0.75)  +{0.000  Ri0.69)  Ri0.24)
—(0.00)  —{0.00) —{0.000 +10.00
Cerivdaphnia spp. —(0.03)  +10.01} - (0.000 R(O.1D)

—(0.06) —{0.00) —(0.00) —10.00)

C}I:!'(n‘.(}fu..s spp.

Leptodore kindei

perch and sculpin, which were 0.50 at station 1
and 0.37 at station 2.

Discussion

The relatively greater densities of zooplanklon at
station 1 could have been a result of warmer wa-
ler at Lhe embayment site (temperature was meas-
ured in a concurrent study, as reported by
Beckman et al. |1983]). Zooplankion abundance
and epilimnetic temperature have been reported
10 be strongly correlated (Walburg 1972, Palalas
and Salki 1984).

The significance of larval fish and Leptodore
kindtii 10 larval walleve may have been underesti-
mated due to the size dilferences between these
food items (which were 3 to 10mm long) and other
ingested zooplankiers {which were 0.5-2.0mm
leng). This size difference suggests a greater con-
iribution by fish and Leptodora kindtif to the wall-
eve diet in terms of energy biomass than the
numeric analyses indicate. Although walleye have
generally been found to begin consuming larval fish
at lengths between 30 and 62 mm (Forney 1966,
Walker and Applegate 1976, Mathias and Li
1982}, we found larval fish in the stamachs of wall-
eve as small as 9mm. This discrepancey could have
been due to patterns in prey availability, as simi-
larly concluded by Mathias and 1.i (1982), and in-
dicated by differences in prey availability belween
stations 1 and 2. Stomachs of walleve from sta-
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tien 2 conlained appreciably more larval fish than
did those from station 1. Though abundance of lar-
val fish {as prey} at station 2 was not markedly
different from that at station | (Wunderlich 19853).
calanoid copepods, the generally preferred prey
of walleye overall, were much less abundani at sta-
tion 2. Low densities of this preferred food item
may have influenced walleve to begin feeding on
larval fish at an earlier age than if calanoid cope-
pods had been more abundant.

Larval walleve were selective for calanoid cope-
pods, the largest zooplankiers consistently encoun-
tered in Lake Roosevelt, even when other prey
items were more abundant. The larger mouth gapes
and better-developed teeth in larval walleye rela-
tive to larval yellow perch, sculpins, or suckers ena-
ble walleye 1o ingest larger prey (Mathias and T.i
1982). Similar size seleclivity has been
documented for walleve elsewhere. Larval walleye
in Oneida Lake, New York, were seleclive [or cy-
clopoid copepods, which were larger than the co-
oceurring calanoid copepods in that system (Houde
1967). Walker and Applegate (1976) found posi-
tive sclection for calanoid copepods, Lthe largest
prey available, in voung-of-the-year walleye in
South Dakota, while Mathias and Li (1982), in ficld
and laboratory studies in Maniloba, observed a
positive =ize selectivity for eyelopoid copepods.

Calanoid and cyclopoid copepods were major
ilems in the dict of larval vellow perch in Lake
Roosevelt. Yellow perch fed more heavily on cope-
pods than on Daphnia spp., though selectivity
values were positive for both. Yellow perch larvae
depended on copepods in northern Minnesola
(Sielert 1972). lowa (Bulkley et af. 1976), and bhe-
fore they reached 30 to 35 mm in Oneida Lake,
New York (Mills ef al. 1984), but ate Paphnic spp.
almost exclusively in Manitoba (Wong and Ward
1972) and in Oneida Lake after reaching 30 to
35 mm (Hansen and Wahl 1981, Mills et al.
1984). These dissimilarities may be explained by
variation in geographical and temporal prey abun-
dance. In the present study, utilization of Daph-
nia spp. was highest when they were al peak
abundance in the water column.

Sculpins rapidly become benthic during carly
life stages (Sheldon 1968, Wallus and Granneman
1978), which would explain the patchy distribu-
tion (Wunderlich 1983) and small size of the scul-
pins we collected. Cyclopoid (76.4%) and calanoid
copepeds (8.3%) and Daphnia (15.3%) were the
most important food items at station L. The high




incidence of empty stomachs, similarly reported
by Bailey (1952) for larval sculpins, indicated that
exogenous feeding had not vet begun in many scul-
pins that were vulnerable to the collection gear.
By the time complete exogenous leeding had be-
gun, sculping were probably able to avoid the
townets aor had become benthic.

Larval suckers ate Bosmina spp. and Chydo-
s spp.. the smallest mature zooplanklers sampled
in Lake Roosevell, almost exclusively. Mouth size
of voung-of-the-year suckers has been shown 10
limit food intake to small prey items {Slewart 1926,
MacPhee 1960}, Consumption of small cladece-
rans (as well as other prey} by larval suckers was
reported from Tdaho {MacPhee 1960) and from
Shuswap Lake. British Columbia (Carl 19306),
However, MacPhee (1960) did not find the degree
ot feeding specialization that we observed in Lake
Roosevelt and labeled the feeding of larval suckers
as “indiseriminate.” Dependence of suckers on Bos-
mina spp.. humerically the most  abundant
zooplankter at station 2, suggested that suckers in
Lake Roosevell were highly opportunistic, rather
than indiscriminate feeders.

Because the bottom-dwelling Chydorus spp. was
probably not effectively sampled by our lowed nets,
its use by fish was consistently greater than its ap-
parent availability. Use of Chyderus spp. was ex-
pected to increase as suckers inereased in size and
adopted benthic feeding modes, as deseribed by
MacPhee (1960) and Stewart {1926), but no in-
crease was seen in Lake Roosevell. The influence
of a highly abundant prey item {(Bosmina spp.) ap-
peared to have a greater effect on species selec-
tivity than did the influence of changing leeding
morphologies.

Overlap. defined as “the use, typically at the
same time, by more than one organism of the same
resource regardless of resource abundance,” may
indicate competition for a resource, which has been
defined as “the demand, typically at the same time,
of more than one organism for the same resource
of the environment in excess of immediate supply™
{Weatherly 1963, Zaret and Rand 1971). Diel
overlap, then, could suggest competition for a
shared prey resource only when that prey resource

is in short supply (Hurlbert 1978, Abrams 1930).

Overlap values were high between walleve and yel-
low perch at station 1, wilh both species preying
extensively on calanoid copepods. Though overall
abundances of calanoid copepods were higher at
station 1 than at station 2, there were seasonal
periods of relatively low abundance. During those
times, the use of calanoid copepods by both wall-
eye and yellow perch was high (Figure 2), Over-
lap values and positive sclection of calanoid
copepods by both percids over a range of densi-
ties suggested thal trophic competition between lar-
vae of walleve and vellow perch in Lake Roosevell
was oceurring. Our hypothesis that diets of larval
pereids in Lake Roosevelt would differ from those
reported from other systems, due to unique co-
oceurring species, was rejected.

In a discussion of the controversy over inler-
specific competition, Schoener (1982) indicated
that when compelition occurs only seasonally dur-
ing infrequent “lean” times, it is considered 1oo
weak to significantly influence character divergence
or species exclusions. Because the indicated com-
petition and the documented switch to alternate
prey observed for walleye at station 2 was local-
ized and of short duration, the potential effects of
compctition on growth, survival, and character
divergence of walleye and yellow perch are con-
sidered minor in Lake Roosevelt. Since no
hetween-vear comparisons are available, the poten-
tial importance of competition is indicated only for
the vear studied. The importance of competition
may be stronger or weaker than observed here,
depending on conditions varying between vears.
It years when stronger competition oceurs, it could
have a larger effect on year-class sirength, which
is imporlant Lo fishery managers.
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