A
iy
N

FEEDING ECOLOGY OF LARVAL FISHES IN

LAXE ROOSEVELT, WASHINGION

by

Mary P. Wunderlich

4 thesis submitted in partial fulfiilment
of the requirements for the degree

of
Master of Scisnce
in

Fish and Wildiife Management

MONTANA STATE UNIVERSITY
Bozesman, Montana

April 1985

i g g
;{}ﬂ%%



ii

APPROVAL

of 2 theslg submitted by

Mary P. Wunderlich

Thie thesis has been read by sach nmember of the thesis
commilttee and has been found to be satisfactory vegarding
content, Engiish usage, format citations, bibliographic
style, and consistency, and is ready for submission to the
College of Graduate Studies.

Date Chairperson, Graduate Commlitiee

Approved for the Major Department

Date Head, Major Depariment

Approved for the College of Graduate Studies

Date Graduate Dean



iii

STATEMENT GF PERMISBSIOH 10O USE

In presenting this thesis in partial fulfillment of
the requirements for a master's degree at Montana State
University, I agree that the Library shall make it
available to borrowers under vules of the Library. Brief
quotations from thisg thesis are allowable without special
permission, provided that accurate acknowledgement of
source is made.

Permission for extensive guotaticn from or
reproduction of this thesis may be granted by my major
professor, or in his ahsence, by the Dean of Libraries
when, in the opinion of either, the proposed use ¢f the

material 1g for scholarly purposes. Any copying or use of

+he material in this thesis for financial gain shall not

be allowed without my written permission.

Signature

Date




iv

VITA

Mary Palliser Wunderlich, daughter of Dr. Ray L. and
flinor Wunderlich, was boram in Rochester, New York, on
June 29, 1957. After graduating in 1975 from Lakewood
High School in 8t. Petersburg, Florida, she studied
biology at Florida State University, Tallahassee, where
she received a Bachelor of Science degree in Biological
Science in 1979. She worked and travelled for a year in
Australia and was with the Hational Park SBervice for two
vears in Yellowstone National Park and Cape Cod National
Seashore. She began graduate school and research ftoward
Mazster of Science degree in Figh and Wildlife Management
at Montana State University in March, 1982Z.



ACEKHOWLEDGEMENTS

I wish to extend my sincere thanks and appreciastion
to the individuals who provided advice, assistance,
support, and encouragement throughout my graduate program.
Dr. Alfred Fox provided financial and logistical support
through the Seattle Naticonal Fisheries Research Center,
Onited States Fish and Wildlife Service. The graduate
program was completed under the Montanaz Cooperative
Fishery Research Unit at Montana State University. Unit
leader Dr. Robert White, my major professor, offered
encouragement aund valuable advice. Drs. Robert White,
Calvin Kaya, Robert Eng, and George Roemhild critically
reviewsd the manuscript. MMr. Bill Nelson, Lance Becknman,
Tony Nigre, and David Wahl all gave freely of their
friendship and knowledge of project design and larval fish
bioclogv. (Georgia Ziemba patisntly provided expert advice
regarding statistical analyses and computer ocoperations.
The friendship and assistance of Shari Gregory and George
Liknes were continual sources of encouragement during the

final stages of thesis completion.



ACKNOWLEDGEMENTS .. .
TABLE OF CONTENTS..
LIST OF TABLES.....
LIST OF FIGURES....

ABSTRACT . s 2 s s s s eoss

TABLE

INTRODUCTION ;vvenescanse

DESCRIPTICQH OF STUDY AREA.

METHODS . .- c s 5508 0500

56 & ® & ¢

OF

L3

vi

CONTERNTS

5 & v & 82 2 %

o

@ 2 3 8 & B

Collection of Samples:.:soa.00
Larval Fisgh Distribution and
Zooplankton Distributicn and Abundance..

Stomach Analysis.....

Diet Overlap..
Selectivity...

RESULTS v o crnosescs

Larval Fish Distribution,

®

o

¥ 8 3 &8 2 ¢

F e & &8 2 &

2 2 o 8 & ©°

e = 8 4 & * 5 8

e # & ¥ v ® @

@ > 0 » 8 & B8 ®

& @ & & % 2 O 8

e % ¢ 2w @ ®

Abundance..

%

»

A

@

5 e & & @

-

% 8 v ®

o8 = 8

Abundance

&

%

S

B

4 & 7 =

and

Zooplankton Distribution and Abundance..
Stomach Analysis.....

Walleve.osooaoooas
Yellow perchecss -
Seulplossccoronaon

Suckerg. -«

Diet Overlap..
Selectivity...

DISCUSSION. . csseeen

CONCLUSIONS ..o e e-

&

7 ® & 2 & 8

-

4 8 3 B @

2 & v & % @

) 5 & &
2 " @ 8 @ =
2 & ¢ @ ¢ @

5

=

=

5 2 @ &

S

"

Page

Svwiii

oot

. 14
. 15
. 21

. 21
. 28
3t

.

. 38

. 38



vii

TABLE OF COHNTENTS~-Continued
Page

LITERATURE CITED. . e s s vsoanscaassanssssscaosoonssssssys 49

APPENDIN . ¢ e s o cncocesavnoncnosassesonsssasasasssensssas 26



viii

LIST OF TABLES

Table

i

14,

Dates and corresponding week numbers of
concurrent shoreline zooplankton and larval
fish sampling in Lake Roosevelt, May-July 1981....

Pormulae and explanation of symbols for
diet overlap and selectivity indices used omn
lavval fishes in Lake Roosevelf..vsscocoossnocccas

Density (mean catch of larval fish per 100 m3
at embayment {E} and mainstem (M) sites, Strations
1-4, Lake Roosevelt, May-—August 198Z.........c0.000

Numerical percent composition of prey items in
stomachs of larval fish, all stations combined,
Lake Rooseveli, May~July 198Z........000000c00v0an

Numerical percent composition of major prey

items from larval walleye, yellow perch, and
sculpins at Stations 1-4, Lake Roosevelt,

May-July 19B2.. .. cscccrieaasenonnnossnscnassssocos

Cehoener niche overlap values betweesn larval
fish groups at Stations 1-4, Lake Roosevelr,
May~July L1982, ... .0rsciecreconarenccascssascosans

Larval fish selectivity values and probability
values {P) from Wilcoxon's signed-rank

conparison tests for eight prey items, Lake
Roosevelt, May~July 1982...ccccoucsccncsoscconennn

Surface water temperatures {(YC) at embayment (E)
and mainstem (M) sites, Statioms 1-4, Lake
Roosevalt, Mayv~August 19BZ......c000 000 anssasccnn

¥umerical percent composition of major prey
irems from larval walleve by sample week at
Stations 1-3, Lake Roosevelt, Junme-July 1982......

Humerical percent compositicn of major prey
items from larval sculpins by sanmple week at
Stations 1-4, Lake Roosevelt, May-July 1982.......

Page

7

12

15

16

35

37

57

38

59



ix

LIST OF TABLES--Continued

Table Page

1i.

12.

Horn, Schoener, and correlation coefficient
diet overlap values for larval fish at Stations
1-4, Lake Roosevelt, 198Z......cccvvcnrenenannenns 60

Sample size {(mn) of ilarval fish used for stomach
analysis from embayment (E) and mainstem {M}
sites, Stations 1-4, Lake Roosevelt, May-July
TOBR7 . v sesaseanosssossscssssss

s eraesesvsnressnaeacs Ol



LIST OF FIGURES
Figure Page

1. Important features and location of sampling
stations on Lake Roosevelt, Washington, May-
August 1982.. ... 0 crcoussuascaccsasssaonssssaass oo 5

2. Density (catch per 100 m3} of larval fish fronm
Lake Roosevelt, all stations combined, May=-August
TOB 2 . s s o s osssoauncossnsacaansosssassassssascsnonnse 1B

3. Density (catch per 100 m3) of larval
fish from Statioms 1-4 in Lake Rocseveltr, May-
August 19B2. .. e onrosneesasosnosasssssessssasss L7

4, Mean total lengths of larval fish from Stations
1-4, embayment and mainstem habitats combined,
Lake Roosevelt, May 26~July 7 1982......c00vsscse. 18

5. Density (numberim3} of dominant shoreline
zooplankton from embayment and malnsten
sites at Stations 1l-4, Lake Roosevelt, May 26~
July 7 1982, c.ieevnoanonosecasssscassssnssssnsssass 19

5. HNumerical percent composlition of dominant
shoreline zocplankton from embayment and
mazinsten sites at Stations 1-4, Lake
Roosevelt, May 26-July 7 1982.....c0ccc00evcescuacs 22

7. Numerical percent composition of dominant food
items from larvael yellow perch in embayment
and mainstem sites at Stations 1-4, Lake
Roosevelt, May 26=July 7 1982.......ccvvennnvans. 29

8. Numerical percent composition of dominant food
items of larval suckers in embayment and mainstem
habitats at Station 2, Lake Roosevelt, May 26-
July 7 1982, ... cccsssvesssaoosoasasasscanascsnnos 33

9, Mezn nunber/stcomach of Bosmina and Chvdorus
from larval suckers at Station 2, Lake
Roosevelt, May~July 1982.......0ccv0ouscasnnsosesss 34



®i

ABSTRACT

Food-habits, feeding selectivity, znd dilet ovarlap
analyses were conducted for larval walleye (Stizostedion
vitreunm), vellow perch {Perca flavescens), sculpins
{Cottus spp.), and suckers (Catostomus spp.} collected
from Lake Roosevelt, Washington, May through July 19%81.
Larval fishes were sampled weekly with 0.5~m tow nets from
shoreline sites at four stastions. Filsh sampled ranged
from 4.0 teo 27.0 mw TL. Zooeoplankton were collected
concurrently with Miller samplers to characterize food
availability. Copepods were dominant in zooplankton
gsamples in June and cladocerans were dominant in July.
Copepods were the most abundant food items in walleye,
vellow perch, and sculpln stomachs at ail statiocas.
Larval walleye from 9.0-24.0 mm TL alsc showed dependence
en larval fishes as prev. Cladocerans were important as
food items only to larval suckers, which fed almost
exclugively on Bosmina and Chydorus. Feeding selectivity,
determined by Wilcoxon'’s nonparametric signed-rank
analysisg, indicated that walleye selected for calanoid
copepods, vellow perch for copepods and Daphnias, sculpins
for cyclopoid copepods and Daphnia, and suckers for
Bosmina, Chydorus, and cyclopoid copepods. Schoener's
niche overlap analysis indicated significant dietft overlap
between walleve and vellow perch and between yellow perch
abundance, which could indicate potential competitive
interaction.




IRTRODUCTION

Walleye {Stizostedion vitreunm} and yvellow perch

{Perca flavescens) weyve introduced into fhe Columbia River

in the late 1%40°'s (Brege 19813. The introduction of
these species may have resulted in interactions with each
other or with native species related to hablitat usage,
predation, or feeding. Feeding interactions, especially
during larval stages, have been known to affect the growth
and survival of walleye and yellow perch {Siefert 1972,
Forney 1974, Clady 1977, Xeast 1979). The transition of
larvae from endogenocus to exogenocous feseders results ia =
"gcritical period” (Bagenal 1978) when availability of
suitable prey , the physioclogical switch to 2 new energy
source, and behavioral change have lmporviant effects on
survival.

Larval fish utilize zooplankton as a major food
source and are selective feeders {(Siefert 1972, Wong and
Ward 1972, Hansen and Wahl 1981, Crecco and Blake 1983,
Raisanen and Applegate 1983). The density and diversity
of available zooplankton regulate selectivitcy {(Iviev
1961), are directly linked to fish survival during the
critical peried, and can significantly affect the ultimate
success of year classeg {Braum 1967, Thaver =t al. 1974).

Knowledge of the food habits, interspecific



interactions, prey availability, and food selectivity of
larvrval fishes is an essential part of baseline and
comparative informatiocn and management research. Food
habits of larvae of sympatric walleye and yellow perch
have been described for other areas (Maloney and Johuson
1957, Bulkley et al. 1976}, but have not been investilgated
in the Columbia River system, which Is inhabitad by

suckers and sculpins {Catostomus macyocheilus, ©.

columbianus, Ceottus asper) not found elsewhere In the

range of these sgpecles.

Walleve has beconme an economically important sport
fish in Columbia River reservoirs, generating 1.5 to 2.5
million dollars annually in Lake Roosevelt alone (Beckman
et al. 1984). This economic siguificance and a lack of
fishery~related information regavrding Lake Roosevelt
prompted the initiation of a fisheries and limnology study
by the U.5. ¥Fish and Wildlife Service in 1980. This
thesis was a part of that study.

This research addressed the feeding eccleogy of larval
walleye, yellow perch, sculpins, and suckers in Lake
Roosevelt. Specific obijectives involved the evaluation of
food habits and diet overlap to detevmine the presence and
degree of interspecific interaction, and the analysis of
zooplankton availability and utilization to characterize

feeding selectivity patterns. Results of the study wvere
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included in the evaluation and formulation of
recommendations by the U.5. Fish and Wildlife Bervice to
protect and enhance the fishery resource of Lake Roosevelt

{Beckman et al. 1984).



DESCRIPTICN OF STUDY AREA

Lake Roosevelt, the largest lake in the state of
Washington, includes that portion of the Columbia River
and its tributaries impounded by Grand Coulee Dam, which
was completed in 1941 (Figure 1). Water lavel in the
reservolir Ffluctuates annually, with winimum pool elevation
cccurring in April and full elevation occurring from July
through December. Surface elevation is lowered 25 n
between December and April to accommodate spring runoff
and peak seasonal hydroelectric demand.

Lake Roosevelt 1% 243 kn long, has a maximum depth of
122 m, and maxinmum width of 3.4 km. The sguthern part of
the reservolr is located in the high desert of central
Washington, and the middle and northern reaches in the
pine~forested mountains of northeastern Washington.

Stober et al. (1981) provided a detailed account cf the
limnology, geography, and climate of the lake and
surrounding area.

Sampling was coanducted at four sfations sstablished
by the U.5. Fish and Wildlife Szrvice during the baseline
study of Lake Rooseveltr (Nigro et al. 1%8Z). These
crations included all reaches, habltat types, and areas of
major tributary influence {(Figure 1}. Stations 1, 3, and

4 represented mainsten and tributary embayment areas of
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July 1982,
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l.ake Roosevelt. Statdien 2 was chosen to asssess the
Spokane River arm, which contributes 74 of the mean annual
infiow into the reservoir {Beckman et ai. 1%84). Two
habitar tvpes at each station were sampled: a2 sheltered
embavment site, and a tributary confluence site. 3Station
1, c¢logest to Grand Coulee Dam, encompassed the embayment
of the Sanpoil River and its confluence with Lake
Roosevelt proper. Station 2, on the Spockane River,
included rhe mouth of Blue Creek, a tributary to the
Spokane River. Station 3 was in mid-reservolir, near the
confluence of Hall Creek, a mincr tributary of Lake
Roovsevelt. Station 4 tvpified the northern reservolr and

was located near the Colville River.



METHODS

Collection of Samples

Larval fish and zocplankton were sampled weekly May
26 through July 7 1982 (Table 1) during daylight hours
from shoreline sites. Each week was assigned a number
{(Table 1) which was used in all figures to depict sample
dates. Larval fish were sampled also during sarly May,
late July, and mid August, but zooplankton were unot
regularly collected at those times. Water temperature was
measured at each site throughout the sampling season.
Table 1. Dates and corrvesponding week numbers of

concurrent shoreline zooplankton and larval
fish sampling in Lake Roosevelt, May-July

1982,

Month Day Week number
May 26-27 1
June 2-3 2

B 1011 3

v 16-17 &

- 23~-24 5
July 1 &

% ? '?

Larval fish were collected with paired 0.5 m diameter
plankton nets of 760 3 mesh equipped with flowmeters, lead
weights, and plankton cups. Zooplankiton were collecrted

with paired Miller high-speed samplers equipped with #10
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{153 %} mesh net, weilghts, and flowmeters. Two 1.8 m
opposed outriggers extending from either side of the bow
of the boat were used to tow the nets just below the water
surface as cloge as possible to the shoreline. The
standard sampling protocol was a lU-minute tow at idle
speed for fish larvae, followed by a Z-minute tow at idls
speed for zooplankton. Samples were washed into
collection jars and preserved in 10% formalin. Potential
variability due to offshore nabitat differences was
removed by analyzing only inshore catches of larval fish

and zocoplankton.

Larval Fish Distribution and Abundance

A calibration factor representing the volume filtered
(ES} per flownmeter revolution was derived for each 8.5~
net and flowmeter by towing the net a known distance at a
given speed and using the formula: C = AL/D, where € is
the calibration factor, A ig the area of the net opening,
L is the length of the tow {(m), and D is the difference in
revolutions between beginning and ending flowmetear
readings (¥igro et al. 1982). The total volume of water
filtered durlng a larval fish tow was calculated as the
product of the calibration factor and the difference in
meter readings: ¥ = CD.

Larval fizh were counted from each tow and dengities

{no,fmg} were calculated. Catches per 100 m3 were used to



compare densities by sample date, taxon, station, and
habitat.

Larval fish were identified to species for walleye
and vellow perch. The three species of suckers

{Catostomus macrocheilus, C. catostomus, and L.

columbianus} in Lake Rooseveli exhibited siwmilar

morphological characteristics in larval stages and wers
collectively identified as catostomids or suckers. The

three species of sculpins {Cottus asper, €. bairdi and C.

rhotheus) were identified together as cottids or

sculpins.

Zooplankton Distribution and Abundance

Tetal volume of water filtsred thrcocugh Miller
samplers was caiculated in the same manner as described
for the 0.5~m netsz. Zooplankton samples were diluted or
concentrated o a known volume and subsampled with a 1 mi,
5 ml, or 10 m] Hensen—Stempel pipette. Three to five
subsample aligquots were counted for each sample.
Zooplankters were enumerated from the subsamples using a
Ward plaonkton counting wheel on a dissecting microscope.

When the large zooplankter Leptodora kindti was

encountered in these subsampleszs, 10 addirional 10 ml
subsamples were enumerated, counting Leptodora only. The

mean number of organisms of a given taxon from the
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subsamples was used fo calculate the density {novfmS} for
each sample site and date. The formula: D = (V/8)3(Z}/T
was used fo derive densities, where D is the demnsity, V is
the diluted or concentrated sawmple volume, 5 is the
subsample aliquot volume, Z is the mean number of
organisms of a given taxon 1n a subsample of "3" wolune,
and T is the total velume {m3) of wateyr filtered by the
Miller sampler {Wetzel and Likens 1979},

Zooplankton from inshore tows were identified to
major group for copepods {(cyclopoid, calancid,
harpacticeid, or nauplii of all three) and to genus for
cladocerans. Taxonomic references included Ward and
Whipple (1939), Brandlova (1972), and Pennak {1978},
Rotifers were not enumerated due to inadequate sampling

with #10 mesh net {Langford 1933},

Stomach Analvsis

Stomach contents from a minimum subsauple of 10
walleve, yellow perch, sculpin, and sucker larvae from
each inshore sample were analyzed and the total length
{TLY of each fish was measursd. Iingested organisms in
stomachs of target species were identified to the lowest
possible taxon and enumerated. Percent composition by
number was determined for sazch prey taxon. Larvae with
empty stomachs and those retaining yolk sacs were

recorded, but were not utilized for stomach analysis.
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Biet Overlsap

Three measures of diet overlap {Table 2} ware
calculated for each station among the four fish taxa.
Habitat types were combined to provide an adequate sanple
size for this analysis. Percentages used were the
numerical percent composition of each prey taxon in pocled
stomachs of a given fish taxa for esach sample date.
Schoener {(1970) and Horn (1966) niche overlap Index values
range from d_ _ =0 and C = § (no overlap) to d__ = 1 and

¥ xy ¥

ny = 1 {complete overlap), respectively. Values above

0.60 indicate biologically significant diet overlap
{Wallace 1981). Spearman rank correlation coefficlent
(Snedecor and Cochran 19870), gy results in walues of

-1.0 to +1.0, showing negative or positive correlation.

Selectivity

A two—-sided, Wilcoxon's signed-rank analysis was used
to test selectivity of larval fish for major prey taxa in
the manner described by Kohler and Hey (1982). For each
fish group, the percentage of a prey taxon (i) in all
stomachs from a given station, habitat and date (ri} Was
paired with the pevrcentage of that prey item in the
zooplankton sample from that same station, habitat, a2und
date (P;) to compute Zy {(Table 2). The Wilcoxon's

nonparametric ranking analysis was applied to abasoclute
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Table 2. Formulse and explanaticn of symbels for diet
overlap and selectivity indices used on larval
fishes in Lake Roosevelt, 1%8%Z.

Schoener?® d . =1=0.5(% pyy~Pyyi/
(1970) 7 [Pxa™Pys]

Horn? nygziipgi}(?yi)fEPXizéﬁﬁyiz
(1966

Correlation coefficient? rxv51~§6§di22(nml}n{n+1}]

o

{Snedechor and Cochran 1970}

Wilcoxon's signed-rank® =Py
{Kohler and Ney 1982)

8: pyi=percentage of food category L 1n diet of fish
raxa %3
pyi*pezcentage of food category 41 in diet of f£ish
taxa v.
b: di =difference between rvanke of each food category;
n  =npumber of food categories.
ot r; =percentage of food category L In stomach;

py =percentage of food category in habitat.
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valueg of Zs - The test was assumed to be significant at
the P < 0.05%5 level for Type I error. When a probability
value greater than 0.05 was encountered, "randon”
selection for that prey item was assumed. Random
selection would support the null hypothesis that there was
no difference betwesen prey percentages in stomachs and

zooplankton.



14

RESULYTS

Larval Fish Distribution, Abundance, and Growth

Larval walleve density was highest at Station 3,
vyaellow perch and sculpins were most numerdus at Station 1,
and sucker density was largest at Station 4 {Table 3.

The most abundant target fish collected were suckers,
followed by yellow perch, sculpins, and walleve,
regpectively. Collectively, larval fishes were most
abundant at Station 4 and least abundant at Station 2.
Collective abundance was larger in embayment than malnsten
habitats at all sampling locatlons except Station 4.

With all stations and habitats combined, abundance of
sculpins peaked on June 16, of yellow perch on June 24, of
walleve on June 30, and of suckers on July 7 {Figure 2).
Feak abundances for each fish taxcn generally cccurvred
later in the northern stations than in the southern
statiocns {(Figure 3}.

Walleye, vellow perch, and suckers attained maximum
sizes earlier in the sampling period at scuthern, lower-
reservoir stations than at novthern, upper—-reservolr
stations (Figure 4). The average lengths of sculpins

showed no consistent patterns over time betwesn stations.
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Table 3. Density (mean catch of larval fish per 100 m3)
at smbavment (E} and mainstemn (M) sites,
Starions 1-4, Lake Roosevelr, May-hugust 1982,

Station Habitat Walleye Yellow Sculpin Suckers All

perch taza

g g.1 73.2 16.9 661.5 751.7

1 M 1.0 18.3 0.7 64.2 84.2
Mean 0.6 45.8 8.8 362.9 418.1

E G.8 7.6 0.4 423.0 431.8

2 M 2.5 15.4 1.0 308.5 3z7.4
Mean i.7 11.5 0.7 365.8 379.9

E 8.3 2.5 0.9 760.6 772.3

3 M 2.0 3.8 9.4 185.0 210.2
Mean 5.2 3.2 5.2 477.8 491 .4

E G.3 1.3 3.8 520.1 525.5

4 M 0.0 1.0 6.2 1814.0 1615.2
Mean G.2 1.2 2.0 1667.1 1070.5

Combined Mean 2.0 15.4 4.2 568.4 590.¢

Zooplankton Distribution and Abundance

Dominant zooplankton taxa encountered were

Daphnia, Bosmina, and calanoid and cveclopoid copepods.

Generally, copepod densities peaked in June when
cladoceran densities were low; cladocerans peaked during
July (Figure 5). Zooplankton populations {(all taxa
collectively) were lowest in May and incressed from late
June to July throughout the lake. FPeak dengities occurred
eariier at southern stations than at northern stations

(Figure 5). Within stations, embayment and mainstem
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percent compositions of Bosmina and Daphnia at Btatioans i
and 4, and of calanoid copepods at Stations i, 2 and 3,
were relatively eguivalent and exhibired similarx rrends
{rigure &}. Percentages of cyclopoid copepods were
consistently higher in mainstem than embayment habitats at
all stations except Station 4.

Zooplankton densities varied coausiderably between
hahitats hut followed similar seasonal trends {Figure 53,
Bosmina and Daphnia densities were higher in embaynents,
and copepod densities higher in mainstenm habitats at all
stations except Station 1. There, Bosmina denglties were
higher in the malastem habitat, and copepod and Daphnia

densities higher in the embayments.

Stomach Analvysis

Wallewve

The major food items present by number in walleye
stomachs throughout Lake Roosevelt wers copepods {Table
4). Larval fish and the larger cladocerans Leptodora and
Daphnia represented minor percentages in walleyve diet.
Ten of the 80 fish subsampled had empty stomachs. Sample
sizes of walleye from individual stations amnd habiracts
were too inconsistent to comparse temporal changes in diet
with prey size, prey abundance, and larval figh length
{Table 9). Pooling of fish lengths, sample stations,

times, and habitats was not justified due to ths
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variability in prey abundance betwesn stations,

and sample times {Figure 5].

hablitats,

Table 4. Humerical pevcent composition of prey items
in larval fish stomachs, 2ll stations combined,

Lake Hoosevelt, Mavy—-July 1382,

Wallevyse Yellow perch Sculpin Suckers
n {with prey) 70 417 93 85
n {emwpiy) 10 72 &7 60
Prey Percent Composition
COPEPRGDS
Calancid 6.9 4%.0 26.12 g.1
Cyclopoid 11.3 28.86 55.1 5.2
Naupliil 0.0 1.3 .0 0.1
CLADOCERANS
Bosmina 6.0 3.1 1.2 4B.5
Daphnia 3.2 9.7 B.O 1.3
Ceriodaphnia 0.z 6.7 0.0 2.1
Leptodora 5.4 1.2 0.4 3.1
Chydorus 8.0 G.0 G.0 38.3
BROTIFERS 0.0 0.3 0.0 6.1
LARVAL FISH 9.1 5.0 4.0 0.0
UNIDENTIFIED 2.0 5.0 9.2 1.1

Walleve was the only fish taxon observed which preyed

on other larval fish. Stomachs contalning larval fish

seldom contained other food items. Percentages of

ingested larval fish were highest at Statiom 2 (Table 3).

The smallest walleve with larval fish as ingested

prey

measuraed 9.0 mm TL, and ingested larval fish mezssured from

3.0-6.0 mm TL. Hot all larval fish in walleve stomachs

could be positively ddentifisd, but those that were

included walleve, vellow perch, sculpins, and suckers.
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Calanoid copepods were the most numerous prey ltems
of larval walleye f£rom every statlon, with the highest
percentage at Station 3 {Table 5). The swmall szample size
{(one fish) at Statiocn & precluded relisble analysis of
walleyve food habits at that statilon.
Table 5. MNumerical percent compesitien of major prey

items from larval walleve, vellow perch, and
sculpins at Stations 1-4, Lake Roosevelt, May~

July 1%82.
Station
Prey i 2 3 4
Walleye

n 16 30 23 1
Calanoid 53.3 £6.7 93.3 {100.0)
Cyclopoid 31.7 3.0 .0 0.0
Leptodora 11.7 3.0 1.7 3.0
Daphnia 3.3 4.5 1.7 0.0
Larvael fish 0.0 22.7 3.3 0.0

Yellow perch

n 237 70 71 39
Calancid 54.7 5.3 53.56 73.0
Cyclopoid 23.2 75.2 13.9 13.5
Bosmina 0.3 10.86 7.2 10.8
Daphnia 12.2 5.3 3.8 1.8

Sculpin

1 34 7 32 20
Calancid B.3 £23.1) 75.0 39.1
Cyclopold 76.4 123,13 18.2 36.5
Bosmina 2.0 0.0 2.3 4.3
Daphnia 15,3 {53.8) 4.3 0.0

{Y indicates suspect percentages due to low sample size (n)
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Yellow pevch

The principal food items of larval yellow perch
iacrluded calanoid and cyelopoid copepods and Daphnia
{(Table 4). Calanoid copepods were the dominant prey ltems
from every location except Station 2, where cyclopoid
copepods were the most numerous (Table 3). TYellow perch
stomachs from Station & contained higher pevcentages of
calancid ceopepods and lower pervcentages of Daphnia than
those from anvy other station. Cousidering all stations,
stomache from Staticn 1 contained the lowest percentages
of Bogmina and the highest pevcentages of Daphnia.

Calanocid copepod utilization was temporally bimodal
at all habitats and stations except the msinsten habitat
at Station 4 and the embayment habitat at Station
2 (Figure 7). Peaks 1n calancid copepod use cocurreaed
eatlier at Station 1 than at Stations 3 and 4. This prey
item was uszed wminimally by vellow perch at Staticn Z.

Cyclopoid copepods comprised over 73% of the total
vallow perch stomach contents during the last 2 weeks of
June at 3tation 2 (Figure 7). Cycloeopoid copepod
utilization was much lower at cthey stations. Peaks ian
urilization generalily occuvrred later in mainstem habltats
than embayment habitats {(Figure 7}.

Seasonal urllization of calancld and cyvelopoid

copepods exhibited similar trends between embayment and
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mainstem habitats at Stations 1, 2, and 3 {(Figure 7). The
low sample size of yellow perch at the mainstem habitat at
Station 4 prevented a complete seasoconal analysis of foeod

habits thers.

Sculpins

Forty percent of the sculpin stomachs analyzed were
empty (Table 4). Most of these were from Staticn 2, where
only 7 of the 32 analyzed stomachs contained prey. The
most numerous prey of larval sculpins (21l stations
combined} were calanoid caopepods, cyclopoid copepods, and
Daphnia. Dominant food items at Stations 1 and & were
cyelopold copepods and at Statien 3 were calancid
copepods.

Small sample sizes of sculpins from individual
habitats, stations and dates precluded accurate Lemporal

comparison with prey abundance (Table 10).

Suckers
Sucker stomachs were analyvzed from Station 2 only.
Most empty stomachs were from fish between 10 and 12 am

TL. Bosmina, Chydorus, and cyclopoid copepods were the

most numerous food items encountered {(Table 43, Suckers
represented the only fish taxon that utilized Bosmina

heavily and Chydorus at all.

At both embavment and mainstem habitats, cyclopoid
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copepods were dominant prey items during early June, then
declined in importance for the rest of the sampling paeriod
{Figure 8). Utilization of Chydorus by suckers peaked in
mid-June at the embayment habitat and in late June at the
mainstem habitat, then declined at both sites in Fuly.
Uerilization of Bosmina was low during the June Chydorus
peaks, then increased throughout the sampling perilod,
reaching maxima on the last sampling date. As sucker
larvae grew, utilization of Bosmina increased steadily
while use of Chydorus only increased until a length of 16~

17 mm TL, then declined {Figure 9).

Diet Overlap

The Schoener index exhibited more conservative
overlap estimates than the other methods uvsed {Table
123%. Schoener values were nighly significant {(Wallace
1981) between walleye and yellow perch at Station 1 and
between vellow perch and sculpins at Stations 3 and 4
(Table 6). Overlap values were gignificant between all
fish taxa at Station 3. Values were never significant
hetween suckers and zny cther fish taxa, nor betwesn any
fish taxa at Station Z.

Percent utilization of shared prey i1tems by fish taxa
exhibiting overlap suggested potential sources of diet
overlap (Table 5). Temporal periods of cverlap were

determined by isolating the times of highest shared
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Roosevelt, May-July 1982,
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utilization of those sources. Walleye and yellow perch at
Station 1 (mainstem) heavily utilized calanocid copepods
during weeks 4 and 5 (Figure 8 and Appendix 23. Yellow
perch and sculpins showed dominant utilization of
cyclopoid copepods at Station 1 {mainstem) during week 2,
of calanoid copepods at Station 3 {embayment) during week
4, and of calanoid copepods at Station & {embavment)
during weeks 4 and 5 (Figuve 8 and Table 10).

Table 6. Schoener niche overlap values between larval
fish at Stations l1=-4, Lake Rooseveltr, May-July

1982,
Station

1 2 3 4 A11
Walleyve x yellow perch .84 0.2 0.65 % 0.69
Walleye x sculpin 0.35  0.13 0.67 X .39
Walleye % sucker X G.16 ® X 0.15
Yellow perch x sculpin 0.50 0.57 0.94 0.87 (.66
Yellow perch x sucker b4 0.19 % % 0.15
Sculpin x sucker x 6.07 ® ® 0.12

Values > 0.60 indicate bioclogicaly significant diet
overlap {Wallace 1981)

%: Sample inadequate for niche overlap analysis
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Selectivit

Selectivity values of larval fish taxza for elght prey
items were averaged over station, hablitat, and date (Table
7). Larval walleye were selective for calamnoid copepods
only. Larval yellow perch selected for Daphnisa,

Ceriodaphnia, and calanoid and cyclopoid copepods.

Cyclopoid copepods and Bosmina were selected by larval
sculpinsg and zuckers. Larval suckers also selected forv
Chydorus. Yellow perch represented the ounly fish tazen
selective for Daphnia, and suckers were the only taxon o
select for Chydorus. None of the fish taxa showed
positive selectivity for copepod nauplii or Leptodora.

it was necessary to combine stations, habitats and
dates to achieve an adeguate number of cases on which to
perform the Wilcoxon's analysis (Georgla Zliemba, personal
communication). When selectivity was analyzed with this
method for embayment and mainstenm habitats at each

station, P-values less than 0.05 were rarely emncountered.
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Table 7. lLarval fish selectivity values and probability
values (P} from Wilcoxon'’s signed-rank
comparison tests for eight prey items, Laks
Rocsevelt, May-July 1982.

Yellow
Prey Walleve perch Sculpin Sucker
COPEPODS
Calanoid +{ .00} +{.00) R{.06) R{.05}
Cyclopoid B{.213 +{ . 003 +{ .01} +{.00)
Hauplii ={ .00} ~{ .00} -{.00) ={ .00}
CLADOCERANS
Bosmina -{ .00} R{.69) +{ . 00) +{.02)
Daphnia B{.73) +{,00) R{.69) R{.24)
Chydorus -{.00) ~{ .00 ={.00) +{ .00
Ceriodaphnia -{ .03} +{.01) -{ .00} R{.11}
Leptodora ~{.06) -{.00) ~{ .00} ={ .00}

Symbolsy <+ = positive selecticn (P<0.035)
negative selection (P<0.03)
random selection (P2>0.05)

E

i
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DISCUBEION

Peak abundance znd length freguency of larval fish
groups indicated that walleye spawned from May through
garly June, yellow perch and sculpins spawned from April
through May, and suckers spawned I1n June and eavrly July.
In general, larval fish were larger, grew faster, and
exhibited eariier density peaks at more southerly, lower-
reservoir stations {(Figures 3 and 4&). Warmer waterv
temperatures were also consistently observed at the more
downsitream stations and are thought to be responsible for
the observed accelerated growth {Table 8 and Stober et al.
1980). Warmer water temperature favers shorter hatching
periods and faster rates of development in larval walleve
and vellow perch {Busch et al. 1975, Hokanson 1%77).

Farly abundance peaks resulting from early spawning
induced by faster water-waraming rates have been observed
for yellow perch in Lake Opinicon, Ontario {Amundrud et
al. 1974). Seasonal trends in cladoceran and copepod
abundance were similar to thosse encounteved in other large
northwestern lakes and reservoires, with an early dominance
of copepcds and a later bloom of cladocerans (Goldman and
Horne 1983). The relatively large abundance of zooplank-
ters at the embayment of Station 1 (Figure 3) could have

heen a result of the warmer water temperatures thera
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{Table 8), since there is a stroeng positive correlation
between zooplankiton abundance and epilimnion temperature
{Patalas and Salki 1985, Patalas 19753). The abundance at
Staticn 1 could also have been due to 1ts distant location
from the mainstenm Columbia {(Filigure 1} This would
minimize effects of water level fluctuations, which can
influence zooplankton populaticn densities (June 197863,

The significance of larval fish and Leptodora in
lavval walleve dietf {Table 5} may have been underestimatad
in the numerical analvsis due to the size differences
between ingested Leptodora and larval fish {(3.0~10.0 mn)
and other ingestad zooplankton (0.5-2.0 mm)}. The size
difference of these larger prey suggests a greater
contribution to walleye diet in terms of biomass than
numerically indicated (Table 5). Walleye stomachs
collected at Station 2 contained nearly three times the
percentage of larval fish than those collected at other
gstations {Table 35} Total abundance of lavval fish at
Station 2, though lowest overall, was not markedly
different from that at other stations where walleye were
collected {Table 3. But dus to the gariier density peak
of larval fish at this southerly station, more larval fish
may have been available as prey at that time. The larger
percent utilization of larval fish at Statiom 2 could alsc

have hean due to the larger size and faster growth of
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walleve at this station compared to other stations {(Figure
4%, Larval fish become increasingly more Ilmportant Ian
walleye diet as growth increases (Walker and Applegate
1976, Mathias and Li 1982). The Spokane River arm of Lake
Roosevelt, where Station 2 was located (Figure 1y, 1s
known to be an optimal location for walleye spawning
(Harper et al. 1981), and is a more southerly station with
warmer water temperatures. Earlier and more successful
spawning at Station 2 may have resulted in larger lavxvae
and increased utilization of larval fish, compared to
other stations, during the sampling period.

Percent compositiocn of prey items in stomachs of
larval fishes generally indicated preferences for cevtaln
categories of prey. The dominant prey of walleye were
calancid copepods, of yvellow perch and sculpin were
calanoid and cyclopeid copepods, and ¢f suckers were
Bosmina and Chydorusg {(Table 4). For preference, or
selection, to be reliably documented, frequency of a prey
ijtem in the diet must be statistically greater than its
availability or frequency in the envircnment {Iviev 1961,
Strauss 1979). The Wilcoxon's signed-rank analysis
statistically verified the apparent feeding prafavences of
larval fish in Lake Roosevelt {Table 7}, as indicated by
percent composition of prey items in stomachs (Table 43.

Feeding selectivity in planktivorous fishes is
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influenced by age and size of fish (0'Brien 1979, size of
prey {(Brooks and Dodson 1965, CGardner 1981, Hansen and
Wahl 1981}, by the swimming, capture, and escape ability
of predator and prey, visibility of prey, and by sesasonal
availability and abundance of prey (Mathur and Eobbins
1971, Rajasilta and Vuorinen 1%83). These factors
contributed to interpretation of food preferences of
larval fish in Lake Roosevelt.

Larval walleye were selective for calanoid copepods,
the largest zooplankters conslstently encountered in Lake
Roosevelt, even when other prey items were more abundant
{Table 9 and Figure 3). Larval walleve have larger mouth
gapes and better-developed teeth than vellow perch,
sculpin, and suckers of the same size, which morpho-
logically enables them to ingest larger prey {Mathias and
Li 1982). Calanocid copepods are predaceous planktivores
(0’Brien 1979) and were the largest zooplankter available
to walleve. If so, minimum engrgy was expended for
maximum dietary input when selecting for calancid copepods
{Confar and Blades 19%75). It 1s well known that some
planktivorous fish prefer larger zooplankton (Brooks and
Dodson 1965, Galbraith 1967), and similar size selectivity
has been documented for walleye elsewheve. Larval walleye
in Oneida Lake, New York, were selective for cvcelopoid

copepods, which were larger than the co~occurring calancild
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copepods in that system (Houde 1967y, Walker and
Applegate (1978} found positive gelection for calanold
copepods, the largest prey available, in young—of-the-vear
walleye in South Dakota. In £ield and iaboratory studies
in Manitoba, larval walleye exhibited size selectivity for
cyclopoid copepods {Mathias and L1 18827,

Not all larval fish groups selected for larvrge prey.
Larval suckers selected for Chydorus and Bosumina {Table
), the smallest mature zocoplankters sampled in Lake
Rooseveltr {(with the ewcepticn of retifers). Mouth size of
young-of-the-year suckers has been shown to limit food
intake to small prey items such as smaller cladocerans,
rotifers, and diatoms {Stewart 1926, HacPhee 19603. This,
and the later date of peak larval sucker abundance, could
explain the absence of diet overlap between suckers and
any other fish taxa {Table &).

$ize selectivity for larger prey ltems was also
indicated for vellow perch. Although selectivity values
were positive for the largerw copepeds and for Daphnia
(Table 6), percent utilization of copepods was much higherv
than for Daphnia {Table 43}. Yellow perch lavrvae in
northern Minnescta {Siefert 1972) and in Iowa {(Bulkley et
al.} alsoc showed dependence upon copepods, however larval
yellow perch in Oneida Lake, New York {(Hanszen and Wahl

1981 and in Manitoba (Wong and Ward 1972) utilized
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during peak availability at otherx stations, but during
those times the number of captured fish decreased as
result of increasing size and evaslion ability {Figures 2
and 43, and further determination of Daphnis urilization
was nobt possible.

Percent utlilization of copepods by yellow perch was
consistently higher than the corresponding percentages in
the zooplankton, but shifts in use did not appear Lo be
influenced by shifts In seasonal prey abundance.
Utilization increased and then decreassd along with
availability at Statioms 1, 2, and &4, but increased while
availahility decreased at Station 3.

Sucker utilization of Bosmina was greater than
percent azvalilability early in the sampling pericd. The
dependence of suckers upon Bosmina, numerically the most
abundant zooplankter at Sration 2, suggests that suckers
are highly opportunistic feeders {(Rajasilta and Yuorinen
1983). Chydorus was rarvely collected in zooplankton
samples, therefore utilization was consisrently greater
than availability. Chydorus is bottom~dwelling and
probably not effectively sampled by our towed nets, and
may have been more available to fish larvae than indicatned
by its presence in zooplankton samples.

Sculpins rapidly adopt benthic lifestlyes during

early 1ife history stages (Sheldon 1968, Wallus and
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Granneman 1978). This would explain the patchy
distribution {Table 10) and small size {(Figure 4) of the
sculpin collected in this study. The high incidence of
empty stomachs {Table 4}, similarly veported by Balley
(1952) for larval sculpine, indicates that exogenous
feeding had not vet begun in most sculpins that were
vulnerable to collection gear. It is probable that by the
time complete exogenous feeding had been attained,
sculpins were able to evade the townets or had become
benthic.

The Schoener index was chosen as the most reliable of
the three overlap indices used due to 1fs more ConSETvV™
ative overlap estimates {(Table 11). 1t has bean
considered superior to the correlation coefficient and
Horn index by other researchers {(Hurlbert 1978, Wallace
1981). The most useful application of the index in this
study was to suggest statistically where and which £ish
taxa overlapped in their food habits. Analysis of diet
overlap (Table 6), seasonal utilization (Figures 7 and 8,
Appendices 2 and 3}, and prey availability (Figure 5)
together signalled possible competition between fish taxa.

Overlap and competition can be defined as follows
(Zaret and Rand 1871): "gverlap is the use, typically at
the same time, by more than one organism of the sane

resource regardiess of resource abundance. Competition is
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the demand, typically at the same time, of more than one
organism for the same resource of the environment, in
excess of immediate supply.”

Diet overlap, then, could suggest competition for a
shared prey resource only when that prey resource is in
short supply {HBurlbert 1978, Abrams 1980}, Duriag every
time period that walleye and yellow perch and that sculpin
and vellow perch exhibited overlap on calanoid copepods,
that prey was present in very low densitcies in the
zooplankton samples (Figure 3). in addition, walleve and
yellow perch were both selective for calancid copepods
{Table 73. Based on Lfhese analyses and on conmpetition as
defined, competition for food may have occurred between
larval walleye and vellow perch and between yellow perch
and sculpins in Lake Roosevelt during late June 1982. The
consequence of competitive interaction between species can
be competitive exclusion, interactive segregstion, or
character divergence {Zaret and Rand 1971). Segregatiocn
and ultimately character divergence would be expected if
two nonnative species such as walleye and vyellow perch
exhibited competition with each other or with native
species when introduced into a new system such as the
Columbia. The potential competition, indicated by
positive overlap, may have been induced by seasonal

changes in calanoid copepod abundance locally within the
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reservolr. Tp Ycohoener's discussion of the controversy
over interspecific competition (1982}, he lndicates that
when competition occcurs only gsesponally during infregqusat
"lean” times, 1t is considered too weak to gsignificantliy
influence character divergence or specles exclusions.
Schoener (1982) alsc notes that morphelogical differences
between species can affect the degree of competition.
Larval walleyve, yvellow perch, and sculpin all change
morphologically and hence behaviorally after surviving the
potential competition period observed in Lake Roosevelt.
Walleve become and plscivorous, yellow perch become
gregarious and fesed pelagically, sculpia become benthic
and carnivorous, and all become much larger.

In conclusion, though competition could have securred
between fishes in this study, its short duration and
localized nature, dus to larval ontogeny and seasonal prey
abundance patterns, lessen 1ts significance and Iin turn

the probability of excrlusion—derived chavacter divergeance.
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CONCLUSIONS

4 positive relatiocnship between increased water
temperatures and earlier larval fish hatching, faster
tarval fish growth, aund increased zooplankton densities
was indicated. This relaticnship was observed between
warmer, lower—reservolr stations and cooler, upper=-
reservelyr stations.

Several tvpes of feeding melectivity were exhibited by
larval fish. Walleye were conslstently selective for the
largest prey available, calancid copepods. Yellow perch
were size~selective to 2 lessexr extent and appeared to be
more influenced by zooplankton prey availability. Suckers
were selective for the smallest prey avallable, and also
for the most numerically abundanl prey.

Utilization of Daphnia by yellow perch, larval fish by
walleye, and Bosmina by suckers was influenced by seasocnal
abundance of those prey items. OSample sizes of sculpin
were tooc low to asccuratasly define seasonal shifts in diet
with prey abundance.

Competitive feeding intevactions may have occurred for
a short time period between walleye and yellow perch and
between vellow perch and sculpin. Due to the short
duration of the interaction, effects on growth, survival,

and character displacement were considered minimal.
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Table 8. Surface water tempevatures {PCY at embayment
(E) and mainstem (M) sites, Stations i~4, Lake
Roosevelt May~August 1982.

Station
Date i 2 3 4
5/10/82 B 12.0 - g.8 10.5
M .9 10.3 11.1 -
5/17/82 E 11.6 - 11.2 13.0
M 12.4 11.8 13.5 9.9
5/247/82 o - - i1.8 11.0
M - - 12.0 10.9
5/31782 JiX 16.0 14.0 12.8 12.9
M 13.1 14.9 12.3 11.3
/07782 B 17.8 17.1 1%8.7 16.4
M 13.8 1.7 19.3 13.2
6/14/82 E 21.7 17.7 18.7 17.4
M 21.9 20.4 18.5 14.9
6/21/82 E 21.0 20.2 20.8 18.7
M 20.8 20.3 18.3 16.6
6/28/82 E 20.1 21.2 17.8 i7.4
M 17.2 20.9 17.0 16.0
7/05/82 E 21.0 19.8 i8.6 16.8
M 19.0 18.9 17.2 15.8
7/iej8z E 24.5 25.2 21.2 21.1
M 24.1 24,3 21.5 17.9
g/0e/82 E 21.2 21.9 17.3 17.6
M 21.5 22.0 16.% 17.6
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Table 9. |Numerical percent composition of major prey
items from larval walleye by sample week at
embayment {E} and maingtemn {¥) sites, Stations
13, Lake Roosevelt, May-July 1982,

STATIOH
i 2 3l

Week # E ¥ E M E M

Calaneoid
%
3 (6/10) 0 80 -2 - - -
£ {(6/16) - a3 33 44 - -
5 (6724 75 83 33 44 - -
& {(7/13 - 52 - - 100 100
7 L7/ ] O - - 8é O

Cyclepold
3 O 0 v - - -
& - & 4] 6 - -
5 Y i1 & o G -
& - 42 - o= a O
7 g 50 - - 4] a

Daphnia
3 &7 ] - - - -
& e ] g & - ~
5 g 3 G g 0 -
& - G - - 4] 0
7 G o - - 0 O

Larval fish

3 33 H - - - -
& - 3 58 44 - -
5 25 H 95 146G O -
& - g - - g g
7 100 0 e - & o
*: Walleye not captured before 6/10
1: Walleve not captured at Station 4

Indicates no fish on that date

[
we
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Table 10. HNumerical percent composition of major prey
irems from larvrval sculpinsg at each station in
Lake Roosevelt, May-July 19%82.

STATIOH

;,,._4
)
)
L

Week # E M ) ¥ B ol B M

Calanocid

1 {5/28) O G - 0 G 1440 - e
2 (672 G 23 o g 160 100 - 0
3 {6710} 18 G - 43 - - G 0
4L {67186 17 3 g O &4 g 50 33
5 {6/24) - - - G 44 H 50 33
& {7710 - - - - - 50 38 0
Cyclopoid
i 1060 60 - o 0 O - -
z 106 77 100 24 0 2 - 0
3 47  L00 - G - - O 100
4 59 100 G o G 19 67 50
5 - - - 50 ii 33 50 &7
& - - - - - 0 50 4]
Daphnia
i G 0 - ] O O - -
Z th o - 54 O o - 0
3 g 0 - 57 o - . 4
& 28 g O 100 g G 0 3
5 - - - 50 i1 g G o
& - - - e - G 0 O
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Table 11. Horn, Schoener, and correlation coefficient
diet overlap values for larval fish at
Stations 1-4, Lake Roosevelt, 1382.

Correlation
Horn Schoenay coefficient
STATION 1
walleye x yellow perch 0.97 0.84 +2.98
walleye % sculpin 0.44 0,35 +3.33
vellow perch % sculpin 0.54 .50 +3.45
STATION 2
walleye ® yellow perch G.15 0.21 ~(3.03
walleye % sculpin 0.10 0.13 =0.14
walleye x sucker 0.07 0.186 -3.19
yellow perch x sculpin 0.74 0,57 +3.70
vellow perch x sucker g.1% G.19 0.00
sculpin % sucker 0,07 0. 07 ~{3.20
STATION 3
walleye x yellow perch .84 8.65 +0. 87
walleye x sculpin 0.8 .67 +3, 97
yellow perch x sculpin 0.%9 0.94 +0.99

STATION &
yellow perch x sculpin 0.9 .87 (3,29
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Table 12. Sanmple size {(n) of larval fish used for
stomach analysis at embayment {(E)} and
mainstem (M) sites, Stations 1-4, Lake
Roosevelt, May-July 1982.

STATION 1

Date (1582} 0526 0602 06~10 06-16 O&—24 07-01 07-07
E M B M E ¥ £ k! g M E M E M

HWalleye 4] O G 0 1 3 G 5 3 i1 & 5 H 1

Yellow perch 4 iz 1 12 339 & 42 &4 20 32 19 8 & &

Sculpins 2 1 14 7 10 1 G 3 e 2 o £ it 3

STATION 2

Walleye G G G 2 1 g 10 11 0 G G G 0 o

Yallow perch o 10 10 10 10 16 101G 8 5 303 i G

Sculpins o 1 3 10 3 7 1 3 o 1 8 G & 1

Suckers G 0o 12 11 12 28 10 18 8 1¢ 186 10 16 1o

STATION 3

Walleve G G G G G o G G i0 4] i1 1 b4 H

Yellow perch g 0 PRI 7 & & 10 g 10 7 4 o 5

Sculpins 1 2 & & g 0 3 14 z 3 & 2 G 2

STATION &

Halleye G g G 0 G G 2 G 1 G & 0 G O

Yellow perch g @ G G & 1 3 5 8 7 a o 4 o

Sculpins 2 5 2 10 T | 7 FU R A | 1 H




