
This report was funded by the Bonneville  Power Administration
(BPA), U.S. Department of Energy, as part of BPA’s program to
protect, mitigate, and enhance fish and wildlife affected by the
development and operation  of hydroelectric facilities on the
Columbia  River and its tributaries. The views in this report are
the author’s and do not necessarily represent the views of BPA.

For additional  copies  of this report, write to:

Bonneville Power Administration
Public Information Center - CKPS-1
P.O. Box 3621
Portland, OR 97208

Please include title, author, and DOE/BP number from the back cover in the request.



EFFECT OF THE OPERATION OF KERR AND HUNGRY HORSE DAMS
ON m,REPRODUCTIVE  SUCCESS OF KOKANEE

_- IN THE FLATHEAD SYSTEM

TECHNICAL ADDENDUM TO THE FINAL REPORT

Prepared by:

Will Beattie and Joel Tohtz - Project Biologists
Bob Bukantis and Steve Miller - Research Assistants

Montana Dept. Fish, Wildlife, and Parks

Prepared for:

Fred Helm
Bonneville Power Administration
Division of Fish and Wildlife
Bex ui21, Portland. Oregon 97208

Project Ne. 8lS-5
Contract No. DE-Ai79-86BP39641

March 1990



TABLE OF CONTENTS

TABLE OFCONTENTS. . . . . . . . . . . . . . . . . . . . . . . . .
LISTOFTABLES . . . . . . . . . . . . . . . . . . . . . . . . . .
LISTOFRIGURES . . . . . . . . . . . . . . . . . . . . . . . . . .
LISTOFAPPENDICES . . . . . . . . . . . . . . . . . . . . . . . . .
EXECUTIVESUMMARY . . . . . . . . . . . . . . . . . . . . . . . . .
INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . .
METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ZOOPLANKTONDENSITY. . . . . . . . . . . . . . . . . . . . . .
MYSISCENSUS. . . . . . . . . . . . . . . . . . . . . . . . . . .
SPAWNING ESCAPEMENT SURVEYS
HYDROACOUSTIC ESTIMATION OF FISH ABUNDANCE : : : : : : .: : : :
AGEANDGROWTH . . . . . . . . . . . . . . . . . . . . . . . . .
FOODHABITS . . . . . . . . . . . . . . . . . . . . . . . . . .
ZOOPLANKTON SELECTIVITY. . . . . . . . . . . . . . . . . . . .

RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
ZOOPLANKTONABUNDANCE. . . . . . . . . . . . . . . . . . . . .
MYSIS ABUNDANCEANDAGE STRUCTURE.. . . . . . . . . . . . . . . . .

Abundance . . . . . . . . . . . . . . . . . . . . . . . .
Size Differences. . . . . . . . . . . . . . . . . . . . .
Size Frequency. . . . . . . . . . . . . . . . . . . . . .

SPAWNING ESCAPEMENT. . . . . . . . . . . . . . . . . . . . . .
1988 . . . . . . . . . . . . . . . . . . . . . . . . . . .
1989 . . . . . . . . . . . . . . . . . . . . . . . . . . .

HYDROACOUSTIC ASSESSMENT OF FISH ABUNDANCE . . . . . . . . . .
AGEANDGROWTH . . . . . . . . . . . . . . . . . . . . . . . .

Kokanee . . . . . . . . . . . . . . . . . . . ; . . . . .
Lake Whitefish. . . . . . . . . . . . . . . . . . . . . .

FOODHABITS . . . . . . . . . . . . . . . . . . . . . . . . . .
Kokanee . . . . . . . . . . . . . . . . . . . . . . . . .

Yearling Fish. . . . . . . . . . . . . . . . . . . .
Other Age Classes. . . . . . . . . . . . . . . . . .

Lake Whitefish. . . . . . . . . . . . . . . . . . . . . .
Young of the Year. . . . . . . . . . . . . . . . . .
Yearling Fish. . . . . . . . . . . . . . . . . . . .
Older Sub-Adults . . . . . . . . . . . . . . . . . .
Adults . . . . . . . . . . . . . . . . . . . . . . .

ZOOPLANKTONDIET . . . . . . . . . . . . . . . . . . . . . . .
Kokanee . . . . . . . . . . . . . . . . . . . . . . . . .
Lake Whitefish. . . . . . . . . . . . . . . . . . . . . .

Older Sub-Adults . . . . . . . . . . . . . . . . . .
ZOOPLANKTON  SIZE SELECTIVITY . . . . . . . . . . . . . . . . .
REVISED KOKANEE SPAWNING ESCAPEMENT AND HARVEST
ESTIMATES . . . . . . . . . . . . . . . . . . . . . . . . . . .

DISCUSSION. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
FOOD LIMITATIONS AND COMPETITION . . . . . . . . . . . . . . .
PREDATION. . . . . . . . . . . . . . . . . . . . . . . . . . .

IMPLICATIONS FOR FISHERIES MITIGATION AN3 MAXPGEKENT
IN THE FLATHEAD SYSTEM. . . . . . . . . . . . . . . . . . . . . . .

KOKANEE FRY P'%NTING EFFORTS IN FUTHEAC T-YE. . . . . . . . .

PAGE
ii
iv
vi

viii
X

1
2
2
2
3
3
7
8
9

10
10
15
15
15
18
20
20
20
21
25
25
28
37
37
37
39
39
39
41
41
42
42
42
44
48
48

5^j
53
53
54

57
58



HYDROACOUSTIC SURVEYS AND LAKE TROUT MONITORING IN
FLKCHEADLARE.......................

SPECIES OF SPECIAL CONCERN AND PROTECTING
TRIBUTARIES TO FLATHEAD LAKE. . . . . . . . . . . . . . . . .
INTRODUCTIONS OF NEW SPECIES . . . . . . . . . . . . . . . . .

LITF.RATURECITED.......................... 61

APPENDIXA.............................. Al
APPENDIXB.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . Bl
APPENDIXC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Cl
APPENDIXD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Dl
APPENDIXE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . El

58

59
60

iii



LIST OF TABLES

Table Page

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Size differences by sex for Mvsis relicta sampled in 1986,
1987,and1988.........................  1 8

Average fish density midwater and near-bottom in nine sample
strata designated from the 1988 dual-beam hydroacoustic survey
of Flathead Lake . . . . . . . . . . . . . . . . . . . . . . . . . 22

Hydroacoustic estimates of midwater, near-bottom, and total
fish abundance in nine strata designated from the 1988
dual-beam survey of Flathead Lake. . . . . . . . . . . . . . . . . 22

Estimates of the abundance of limnetic species in nine depth
strata designated from the 1988 dual-beam hydroacoustic
survey of Flathead Lake. . . . . . . . . . . . . . . . . . . . . . 24

Age composition of kokanee collected in 1988 by number captured
e a c h m o n t h . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 6

Age composition of lake whitefish collected in 1986, 1987,
and 1988 by number caught each year. . . . . . . . . . . . . . . . 30

Mean total length at capture for lake whitefish caught in 1986,
1987, and 1988 . . . . . . '. . . . . . . . . . . . . . . . . . . . 32

Mean total length at capture by sample month: age 0+ and I+
lake whitefish caught in 1986, 1987, and 1988. . . . . . . . . . . 33

Mean total length at capture by sample month: age II+ and III+
lake whitefish caught in 1986, 1987, and 1988. . . . . . . . . . . 34

Food items as percent of total stomach contents for kokanee
captured in 1988 . . . . . . . . . . . . . . . . . . . . . . . . . 38

Food items as percent of total stomach contents for lake
whitefish collected in 19.88. . . . . . . . . . . . . . . . . . . ;. . 40

Percent contribution of five large zooplankton species to the
zooplankton diet of kokanee captured in 1988 . . . . . . . . . . . 43

Percent contribution of five large zooplankton species to
the zooplankton diet of lake whitefish captured in 1988. . . . . . 46

Size selection for Danhnia thorata by kokanee and
lake whitefish in 1988 . . . . . . . . . . . . . . . . . . . . . . 49

Spawning escapement estimates for Flathead system
kokanee in 1981 and 1985 . . . . . . . . . . . . . . . . . . . . . 51

iv



16

17.

Bl

B2

B3

B4

Cl

c2

c3

Harvest estimates for Flathead system kokanee in 1981
and1985...,........,..................  51

Estimated numbers of post harvest kokanee spawners in the
Flathead system, 1979 to 1989. . . . . . . . . . . . . . . . . . . 52

Average.densities  (no-/l) of selected large zooplankton
species at three sampling stations on Flathead Lake in 1988. . . . A-2

Midwater, near-bottom, and total fish density (fish/100 m2)
along 26 transects sampled in the 1988 hydroacoustic survey
of Flathead Lake . . . . . . . . . . . . . . . . . . . . . . . . . B-2

Hydroacoustic target strength distributions for strata
lthroughS............................  B-3

Hydroacoustic target strength distributions for strata 6
through9.............................  B-4

Mean target strengths by depth and transect for the 1988
hydroacoustic survey of Flathead Lake. . . . . . . _ . . . . . _ . B-5

Agreement of ages determined by different scale readers. . : . . . C-2 ~

Comparison of empirically determined mean total lengths at age
with lengths predicted from the Walford model for lake
whitefish captured in Flathead Lake in 1986, 1987, and 1988. . . . C-2

Results of least squares linear regressions of scale radius
on total fish length for kokanee and lake whitefish samples. . _ . c-2

,

---



LIST OF FIGURES

Figure Paze

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

i6

Zooplankton and Mvsis sampling stations on F,lathead Lake in
1988............................... 3

Locations of transects sampled in the 1988 hydroacoustic
sutiey of Flathead Lake. . . . . . . . . . . . . . . . . . . . . . 6

Seasonal trends in total crustacean zooplankton abundance in
Flathead Lake in 1986, 1987, and 1988. . . . . . . . . . . . . . . . . 11

Seasonal trends in the abundance of Bosmina loneirostris in the
epilimnion of Flathead Lake at three zooplankton sampling
stations in 1988 . . . . . . . . . . . . . . . . . . . . . . . . . 13

' Seasonal trends in the abundance of Bosmina lonzirostris in the
hypolimnion of Flathead Lake at three zooplankton sampling
stations in 1988 . . . . . . . . . . . . . . . . . _ . . . . . . . 13

Seasonal trends in the abundance of Danhnia thorata at station
l-l in Flathead Lake in 1986, 1987, and 1988 . . . . . . . . . . . 14

Trends in Mvsis relicta abundance in Flathead Lake between 1982
and1989..............................  16

Size frequency histogram illusrating the tri-modal distribution
of Mvsis relicta in recent samples from Flathead Lake. . . . . 17

Percent contribution of three size classes of Mvsis relicta to
total Mvsis density in Flathead Lake in 1986, 1987, and 1988 . . . 19

Monthly trend in mean length at capture for age 0+ and I+
kokanee caught in 1988 . . . . . . . . . . . . . . . . . . . . . . 27

Mean length at capture for kokanee caught in 1988. . . . . . . . . 29

Comparison of mean length at capture and mean length at annulus
formation for kokanee caught in 1988 . . . . . . . . . . . . . . . 29

Mean length at capture for lake whitefish captured in 1986,
1987, and 1988 . . . . . . . . . . . . . . . . . . . . . . . . . . 32

Monthly trend in mean length at capture for age 0+ and I+ lake
whitefish caught in 1986, 1987, and 1988 . . . . . . . . . . . . . 33

Monthly trend in mean length at capture for age II+ and III+
lake whitefish caught in 1986,, 1987, and 1988 . . . . , . . . . . 34

Kean calculated length at annulus formation for lake whitefish
before and after introduction of Mvsis relicta to Flathead Lake. . 35

vi



.
Figure Page

17

18

19

20

Von Bertalanffy growth curves for lake whitefish before and
after the introduction of &sis relicta to Flathead Lake . . . . . 35

Proportion of kokanee incorporating five large zooplankton
species by month in which fish were collected. . . . . . . . '. . . 45

Proportion of age 0+ and I+ lake whitefish incorporating five
large zooplankton species by month in which fish were collected. . 47

Locations of lakes in northwestern Montana with established
Mvsis relicta were recently introduced . . . . . . . . _ . . . . _ 56. .

.

vii



LIST OF APPENDICES

ADDendiX Page

A Average densities of selected large zooplankton species at
three sampling stations on Flathead Lake in 1988. . . . . . . .

B Data supplement for the 1988 dual-beam hydro-acoustic survey
of Plathead Lake . . . . . . . . . . . . . . . . . . . . . . ,

C Information supplement for age determinations of kokanee and
lake whitefish. . . . . . . . . . . . . . . . .'. . '. . . . . .

D A bibliography of reports and publications produced from
project 81S-S . . . . . . . . . . . . . . . . . . . . . . . . .

, A-l

B-l

, C-l

. D-l

E Journal publication: "The effect of the establishment of
Mvsis relicta on the zodplankton community of Flathead Lake,
and coincident decline in the survival of kokanee". . . . . . . . E-l

***
Vlll



ACKNOWLEDGMENTS

John Fraley served as project manager and reviewed the manuscript. For
contributing to the successful planning and implementation of this portion of
the study, our sincere thanks to Scott Rumsey, Laney Hansel and our field crew
-- Rick Adams, Jon Cavigli, Mark Gaub, Greg Smith, and Rick Malta. We appre-
ciated the ready advice of Jim Vashro in dealing with aspects of fishery
management. Stewart Kienow, at the Somers Hatchery, assisted us with egg
survival -experiments. Many of those mentioned edited the manuscript and
helped clarify the discussion. Fred Holm of Bonneville Power Administration
also edited the manuscript. Dennice Hamman typed the final draft. Bonneville
Power Administration funded the study. . .

ix



KKlXUTIvEsUHKARY

Since 1981, our studies have documented decreases in the kokanee (Oncor-
hvnchus nerka) population from what was formerly the dominant sport fishery in
the Flathead system. The original intention of these studies was to assess
the impacts of hydroelectric operations at Kerr and Hungry Horse dams, and
quantify fisheries losses attributable to their influence in the system.
Hydropower operations were found to significantly reduce kokanee recruitment
from both river and lakeshore spawning areas. Due primarily to their influ-
ence on the timing and amplitude of water level fluctuations, operation of the
dams was estimated to reduce adult kokanee spawners in the system annually by
as many as 150,000 fish.

Sport harvest also contributed to kokanee losses during these years.
Revised tot& escapement and harvest estimates for 1981 and 1985 indicate that
50 percent or more of kokanee spawners may have been harvested before repro-
ducing in either year.
large.

Recruitment to the lake, however, was still quite
Over 9 million kokanee fry were estimated to have entered Flathead

Lake in both 1982 and 1986.

Beginning in 1986,
of Mvsis relicta on

studies were redirected to understanding the effects
kokanee populations in the Flathead system. The estab-

lishment of M. relicta in Flathead Lake in the early 1980s has drastically
altered the lake's zooplankton community. These changes in turn are associat-
ed with rapid declines in kokanee spawning escapement. In 1985, total escape-
ment in the Flathead River system was estimated at 147,000 fish. Minimum
estimates of 'kokanee escapement in both 1988 and 1989 are now less than 1000
fish in the entire Flathead system.

We know that M. relicta has been a dominant factor reshaping the ecology
of Flathead Lake. Recently, however, it appears that M. relicta is also
adjusting to changing conditions in the lake. A third, smallest size class
was identified in M. relicta samples from 1986, 1987, and 1988. This size
class represents a new generation not previously identified in the life histo-
ry of M: relicta in Flathead Lake, and occurs as average densities of K.
relicta continue to decline. We estimated 52 M. relicta/m2 from the fall,
1988 census. This density is about equal to M. relicta densities estimated in
1985, and down from peak densities of about 130/mL estimated in 1986.

In 1988, total crustacean zooplankton densities were lower in Flathead
Lake at three sampling stations than in the two previous years.
total densities occurred in July at roughly 11 organisms/liter.

1988 peak
Since cla-

doceran densities were about equal during these years, lower total zooplank-
ton density results from loss of copepods.

A dual-beam hydroacoustic survey of Flathead Lake conducted in 1988
indicates roughly 4.5 million fish greater than 50 mm were living in the lake.
A significant portion (over 30 percent) of these fish were associated with the
lake bottom. Although species verifications are difficult in a lake this
large, 60 to 90 percent of limnetic species sampled in all areas were lake
whitefish (Coregonus clupeaformis). Unlike kokanee, lake whitefish numbers
are stable or increasing after M. relicta became established. We feel that
this response is probably explained by their benthic feeding habits, and

X



ability to use M. relicta as a new food item in their diet. Von Bertalanffy
growth models for lake whitefish populations before and after M. relicta
introduction indicate faster growth rates after M. relicta was established.
Growth coefficients increased from 0.14 to 0.20 following the introduction of
the shrimp. Average lake whitefish size in our samples, however, has changed
very little.

Since predation by M. relicta has reduced zooplankton abundance in Flat-
head Lake, competition for food between kokanee and lake whitefish has been
proposed to explain recent kokanee declines. Although youngest lake whitefish
and kokanee are predominantly plankton feeders, no data establish that either
species is food limited. If feeding stress exists for kokanee, we believe it
must occur at very early stages in their development. All kokanee that we are
able to capture are in excellent condition. However, kok&iee numbers are very
low in the lake, and it is possible that food limitations are responsible for
high mortality of fish smaller than we normally capture.

Comparing Flathead Lake with other lakes that have kokanee and recently
established M. relicta populations, it is clear that the presence of M. relic-
& alone does not explain.kokanee  population collapses. Swan Lake, also in
the Flathead drainage, has a stable kokanee population, despite abundant M.
relicta. In part for this reason, we feel that predation by other fish is more
likely the dominant factor determining the fate of kokanee populations when M.
relicta is introduced. Bottom oriented predators that can readily incorporate
M. relicta are especially implicated in kokanee losses. In most lakes we have
examined, the presence of lake trout (Salvelinus namavcush) seems especially
important in determining whether or not a kokanee population collapse will
occur.

Because reestablishing kokanee in the Flathead system is uncertain at
this time, management planning must remain flexible. Although efforts to
rebuild kokanee populations in Flathead Lake should continue, alternative
fisheries compensation programs should be developed. We recommend that these
alternatives emphasize native and established species, and focus on protecting
and enhancing river spawning and rearing areas, and critical lake habitats.
The enhancement of native fish populations through the release of hatchery
fish should be included as part of the mitigation program.

xi



INTRODUCTION

This addendum to the Final Report for project 81-S-5 presents results of
research on the zooplankton and fish communities of Flathead Lake. The intent
of the Study has been to identify the impacts.of hydroelectric operations at
Kerr and Hungry Horse Dam on the reproductive success of kokanee and to pro-
pose mitigation for these impacts. Recent changes in the trophic ecology of
the lake, at least in part related to the establishment of Mvsis relicta in
the system, have reduced the survival of kokanee. In the last three years the
Study has-been redirected to identify, if possible, the biological mechanisms
which now limit kokanee survival, and to test methods of enhancing the koka-
nee fishery by artificial supplementation. These studies were necessary to
the formulation of mitigation plans. The possibility of successfully rehabili-
tating the kokanee population, the original mandate of the Study, is in doubt
because of change in the trophic ecology of the system.

This report first presents the results of studies of the population
dynamics of crustacean zooplankton, upon which planktivorous fish (e.g. koka-
nee) depend. It has been suggested that food availability may be limiting the
survival of kokanee in Flathead Lake, in particular the survival of juvenile
fish. Previous work has documented declines in zooplankton abundance that was
apparently related to the increased grazing pressure of mysid shrimp. This
report also presents trends in M. relicta abundance, including their life
history in Flathead Lake and their average density as measured by the fall
census in 1988.

A modest effort was directed to measuring the spawning escapement of
kokanee in 1988. Because of its relevance to the study, we also report assess-
ments of 1989 kokanee spawning escapement. Hydroacoustic assessment of the
abundance of all fish species in Flathead Lake was conducted in November,
1988.

Summary of the continued efforts to document the growth rates and food
habits of kokanee and lake whitefish are included in this report. Revised
kokanee spawning escapement and harvest estimates, and management implications
of the altered ecology of Flathead Lake comprise the final sections of this
addendum.

Measurement of the survival rate of juvenile kokanee and the relative
survival rates of wild and hatchery-produced kokanee fry, as proposed in the
contract extension, have not been possible. Considerable effort was expended
in attempting to sample juvenile kokanee in the period following the release
of hatchery-raised fry. Either very high mortality or their rapid dispersion
to very low.overall density in the lake precluded any quantitative sampling of
kokanee fry. Final assessment of the success of the supplementation program
will be possible in the following years when those fry will reach maturity and
begin to contribute to the sport fishery or to spawning escapement.

Appendix D is a bibliography of reports and scientific publications
produced from project 81-S-5. Appendix E is a journal article entitled "The
effect of the establishment of Mvsis relicta on the zooplankton community of
Flathead Lake, and coincident decline in the survival of kokanee". This arti-
cle was accepted for publication in the American Fisheries Society Symposium
Series to be published in 1990.



METRODS

Zooplankton Density

Duplicate zooplankton samples were collected with a 0.5 m closing zoo-
plankton net constructed from 80 micron Nitex. The net was retrieved with an
electric winch at 0.4 m/set. Three stations on Flathead bake - Somers Bay (l-
5), Lakeside Bay (l-l), and Big Arm (6-4) - were sampled from May 15 to Octo-
ber 1, 1988 (Figure 1). When the lake was not thermally stratified bottom to
surface hauls were taken. When the lake was stratified, stage hauls were taken
from the bottom to the base of the thermocline and from the base of the ther-
mocline to the surface. When the water column was isothermal or only weakly
stratified, bottom to surface hauls were taken. Samples were preserved in the
field with 95 percent ethyl alcohol.

Eoischura nevadensis and LeDtodora kindtii were counted in five 10 ml
samples after concentrating the sample to approximately 90 ml. These large
species were counted with a 'dissecting microscope. For the other crustacean
zooplankton, samples were diluted to between 130 and 300 ml to facilitate
counting. One ml subsamples were dispensed into a Sedgwick-Rafter cell for
counting. The following criteria were applied to more efficiently apply
counting effort and reduce overall subsampling variance. If a taxon was
counted more than 200 times in a subsample, no further counts were made for
that taxon. If it occurred 100 to 200 times two counts were made. If it
occurred 50 to 100 times three counts were made. A taxon was counted in four
subsamples if less than 50 individuals were counted per subsample.

Mvsis Census

On September 12 and 13, 1988, M. relicta were collected at 40 stations
on Flathead Lake (Figure 1). Sampling stations were proportionately allocated
to three depth strata and randomly specified within each stratum. Depth zones
were: less than 40 m, 40 to 75 m, and greater than 75 m. These stations
represented approximately 45, 30 and 25 percent of the lake surface area,
respectively. All samples were taken at least two hours after sunset. We
used a 500'micron mesh conical net with a one meter diameter opening. The net
was pulled from the bottom to the surface with an electric winch at about 0.4
meters per second. Samples were preserved with 95 percent ethyl alcohol.

,We sampled more stations'in 1988 than previous years, without replicat-
ing the hauls, to reduce the variance of the estimate of average abundance.
Previous surveys indicated that much greater variance in M. relicta density
occurs between stations than between replicates taken at the same statiqn.

Measuring the length of antenna1 scales of M. relicta simplifies obtain-
ing length frequencies, once the relationship between scale length and total
length is derived. Antenna1 scales were measured under a dissecting microscope
with an ocular micrometer. Total length (tip of rostrum to tip of telson) was
measured for 124 M. relicta. Using least squares linear regression we calcu-
lated a linear model relating antenna1 length to total length. The regres-
sion was used to convert measured antenna1 scale lengths to estimates of total
length. The sex of individual M. relicta was determined when feasible.

2
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Spawning Escapement Surveys

In 1988, spawning kokanee were counted by two snorkelers in McDonald
Creek at two week intervals from September 21 to October 18. We flew two
aerial surveys of the mainstem and South Fork of the Flathead River on Septem-
ber 22, and October 20. River system surveys. were discontinued when it became
apparent that a significant spawning run would not develop. This decision was
based on the'timing of the river spawning run in the previous seven years.
We also surveyed Flathead Lake shoreline, from Yellow Bay to Skidoo Bay on
November 22. We decided not to-conduct more extensive shoreline surveys be-
cause escapement was very low.

In 1989, we again limited our spawner surveys because of low escapement.
Two aerial surveys of 'the mainstem Elathead River were flown on September 25
and October 18. A snorkel survey was conducted in McDonald Creek on October
17. Eight historically important spawning sites in the mainstem Flathead
River were examined for kokanee spawning on November 7. The east shore of
Flathead Lake from Woods Bay to Skidoo Bay was surveyed on November 9 and 21.

Because the river and lakeshore surveys were discontinued in both years,
escapement estimates must be treated as minimum estimates.

Hydroacoustic Esti&tion  of Fish Abundance

A hydroacoustic survey was conducted on Flathead Lake during the nights
of November 4 through 7, 1988. A Biosonics Model 105 dual-beam echosounder
was used to obtain estimates of fish abundance and size. The system operated
at 420 k&z through 6 and 15 degree transducers mounted in a towing fin. The
equipment operated on 1lOAC volt.power from a portable generator aboard the
MDPWP research vessel %ull Trout". The data were collected in digital format
on a VCR recording system. Sixteen hours of data were collected along 16
transects (Figure 2). The transects excluded nearshore areas where depth was
less than 12.2 m (40 feet). South Bay was also excluded from the sampled area.
Measurements of fish density and target strength in 5 m depth strata were made
with a Biosonics Model 281 Echo Signal Processor. The volume of water sampled
was determined by the dtiration-in-beam technique (Thorne 1988). Since many
fish were close ,to the.Iake bottom, the target strength of fish within 2 m of
the bottom were measured manually with a storage oscilloSc-ope  (Thorne 1989).

Fish density (fish/m33 in each depth stratum for each transect was output
from Biosonic's data proce?sing software. Near-bottom fish density was calcu-
lated separately from, the"manually  acquired near-bottom data base. Density
estimates for each stratum weretransformed and summed over the entire water
column to calculate area1 density accotiding  to the formula:

fish/l00 m2 = & [(DLi - D~i)/lO](fish/lOOO m3)

where DLi 'and DDi are the lower and upper limits of the depth
stratum respectively (Nunnallee 1973).
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Fish abundance estimates were derived for nine zones of Flathead Lake
(Figure 3) by multiplying average fish density by surface area. Fish densi-
ties for each transect within a given zone were weighted by the length of the
transect to calculate average density. Transect lengths were measured during
sampling with a Signet Mk 267 digital knot log.

Only fish greater than 50 mm were included in the density estimates. We
assumed that young-of-the-year fish of all species in Flathead Lake exceeded
this threshold by late fall. Target strength frequencies were summarized by
depth stratum and transect. Target strength distribution ranged from -59 dB to
-22 dB. These target strengths can be approximately converted to fish size
according to the Love equation:

Target strength (dB) - 19.1 log (L) - O.s)log(f)  - 62

where L is fish length (cm), and f is the acoustic frequency.

We detected smaller targets on all of the transects, but these were
considered to be mysid shrimp or zooplankton aggregations. We,also derived
estimates of the abundance of fish larger then 500 mm (-32 dB) in the nine
sampling zones, because of interest in the trophy fisheries for bull trout
(Salvelinus confluentis) and lake trout in Flathead Lake. These estimates
were calculated from the average proportion of targets larger than -33 dB in
each stratum applied to the overall abundance estimate. Fish of any discrete
size class will return a range of target strengths because of variation in
their orientation in the acoustic field. The Love equation is based only on
"ideal" target strengths measured when fish are oriented horizontally beneath
the acoustic axis. Because this range was not measured for bull trout or
lake trout, we did not know the proportion of targets weaker than -32 dB that
represented this large size class. Therefore the estimates we present are
only minimum estimates of the abundance of fish larger than 500 mm.

Coefficients of variation (CV) were calculated for fish density in four
zones - the northwest corner of the lake (Area 1, Figure 2), shoreline areas,
limnetic areas, and Big Arm. Cochran (1963) suggested that the variance of a
ratio estimator, such as fish density (number/area) could be expressed by:

(W2= Cn + C,, - 2Cxy/n

where C
)r

and C, are the squared coefficients of variation for fish density
and leng h of each transect, arid Cxy is covariance of length and density:

Subscripts i are individual observations; subscripts x are means. The coeffi-
cient of variation on overall density is taken as the square root of (CV)2
(Eberhardt 1978).

The species composition of the Flathead Lake fish community was deter-
mined from gill net sampling preceding and following the acoustic sampling,
i.e. from October 1 to December 22, 1988. Experimental, 1.83 x 38.1 m gill
nets were set for 12 to 18 hours on the bottom and midwater at each site. The
nets were constructed of equal length panels of 3/4, 1, 1 l/4, 1 l/2, and 2
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TRANSECTS
1 a-e
2b-c
3 a-d
4 a-c
.5 a-d
6
7, 8, 9 a-b
10, 13 a-b; 15, 16
11, 12, 13

.
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3.2 km

Figure2. Locations of transects sampled in the 1988 hydroacoustic
sumey of Flathead Lake. The,sampling areas are defined
by heavy borders.
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inch (bar measure) nylon mesh. 'Monofilament gill nets, 5 x 33 m long and
constructed of 3/4 and 1 inch mesh, were also set midwater at some sites.
Trawl sampling, primarily in area 1, supplemented the gill net samples.
Beattie et al. (1988) described the trawl gear in detail. Because of the
logistic difficulty of adequately sampling the fish community of a large lake
system within a short period adjacent to the acoustic sampling, we could not
quantify the species composition in all areas sampled with the .hydroacoustic
gear. Gill nets were set in areas, primarily nearshore, of known fish concen-
trations. We do not fully understand how the species composition of these
nearshore concentrations reflects that of the limnetic zone. Some fish spe-
cies may be more vulnerable to capture in gill nets, but this analysis did not
consider size or species selectivity in determining species composition.

Age and Growth

We assessed age and growth of kokanee and lake whitefish from scales
routinely taken from all fish captured during the project. Scales were re-
moved from fish bodies below the dorsal fin and above the lateral line, an
area recommended for scale studies of both species (Nielson and Johnson
1983). Age was determined from number of annuli. By convention in this re-
port, age is designated by Roman numerals representing number of annuli on a
scale. Because no annulus was considered.complete  unless circuli indicted
renewed growth beyond the most recent annulus, all ages are reported as year
plus. An age'I+ fish, for example, had a single annulus on its scale, and was
captured during'its second year of life in the lake. We prepared scales for
examination by embedding in acetate using a hydraulic laboratory press and
heated plates (Fred S. Carver, Inc.). Scales were.pressed at 20000 psi pres-
sure applied for 2.5 minutes. Acetate impressions were projected on a 3M
Consultant 114 microfiche reader at different magnifications depending on
scale size and convenience in determining scale features. The distance from
center of scale focus to annuli and scale edge was measured directly from the
projected image. Measurements'were converted to actual distance between
annuli and scale radius,
formation. .

for use in back calculations of length at annulus

Agreement of ages determined'by different readers was assessed when
possible using a subsample of same scales from both species (Appendix C).
Since age from scales of older fish is subject to greatest interpretive dii-
crepancy, age determinations for lake whitefish were also assessed from
Walford growth transformations (Walford 1946), derived from data for earliest
year classes (ages O+,I+, and II+). Empirically determined mean lengths at age
were compared with same lengths for each age class predicted by' the 'model
(Appendix C). Walford growth transformations were also used to determine the
appropriateness of a von Bertalanffy growth model (Bertalanffy 1938) to de-
scribe pooled lake whitefish samples. The form of the von Bertalanffy equa-
tion adopted in this report'is:

Lt- loo[l-e'K(t'tO)]

where Lt'is length at time t (years), loo is the theoretical ultimate length
for fish in the population, K is the von Bertalanffy growth coefficient, and
t0 is the time at which growth is theoretically 0. Age VIII+. fish were not
included in calculations to avoid bias from very small numbers (2 total in all
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samples). Theoretical maximum lengths for each population were estimated from
Walford lines, with no attempt to iteratively improve the estimates. Remaining
terms in the model were estimated from least squares linear regression of
ln(loo-Lt),on  age.

Estimates of length at annulus formation were based on proportional
increases of body length and scales (Hile 1970). A linear model of this
relationship was adopted after least squares regression of scale radius on
length at capture for both species showed correlation coefficients greater
than 0.9B. (Appendix C). The relationship between length at capture (Lc) and
distance from scale focus to scale edge (E) was taken to be:

Li = (WEI (h 1

where Li is the calculated body length at annulus i, and Ai is the distance
from center of scale focus to scale annulus i. Growth of fish prior to estab-
lishing scales was estimated from the intercept of least squares regressions
of scale edge on length at capture. Final calculated lengths at annuli for
kokanee and lake whitefish are based on the modified equation:

Li - (Ai/E)(Lc-C) + C

where C is the intercept of the scale/body regression.

Average length at capture was determined for each year class available.
Mean calculated lengths at annulus formation were compared on a year by year
basis when appropriate and possible. Lake whitefish scale samples were also
pooled from the late 198Os, and compared with pooled scale samples of lake
whitefish collected before the establishment of M. relicta in Flathead Lake.
Where probability values are reported, statistics were tested against a null
hypothesis of no difference at a 0.05 level of significance.

Growth was estimated from relative change in mean lengths at capture
[(length at time t+l)-(length at time t)/length at time t)] for same age fish
collected in different sample months, and for all age classes by sample year.
Relative increase in mean lengths at annulus formation was used for growth
history analysis of individual cohorts, and for comparison with rates derived
from actual lengths at capture. Growth parameters for lake whitefish samples
collected before and after M. relicta establishment were also assessed from
von Bertalanffy estimates developed for each group.

Food Rabits

Food habits of kokanee and lake whitefish captured in 1988 were assessed
from stomach contents of all fish that retained identifiable food items.
Stomachs were removed between the cardiac and pyloric sphincters, with con-
tents extruded into plastic vials containing 95 percent ethyl alcohol as a
preservative. Most food items in each stomach were identified and counted
directly under a binocular microscope (40x). An exception was made when cer-
tain crustacean zooplankton exceeded 200 organisms per stomach, in which case
zooplankton numbers were estimated from three 1 ml subsamples in a Sedgwick-
Rafter counting chamber for the genera DaDhnia, Bosmina, DiacvcloDs (formerly
CVClODS)  , and LeDtOdiaDtomUS  (formerly DiaDtomus). To facilitate Counting,
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samples were diluted to provide subsamples of approximately 100 organisms in
each chamber. All other food items were identified and counted from the entire
sample, regardless of numbers in the stomach.

The proportional contribution of each food item to total numbers of food
items ingested was determined for each species by age class and sample month.
Because of the limited number of stomach samples from kokanee in 1988, these
determinations were not based on mean percentages as was true in previous
reports (e.g. Beattie et al. 1988). We were concerned that averaging per-
centages might exaggerate contribution for food items that occur in many
stomachs it low numbers, and obscure contribution of food items less commonly
incorporated. Proportions were also examined by length class (50 mm incre-
ments) to assess possible bias in food item selectivity that results from fish
size rather than chronological age. When no meaningful difference was detect-
ed, age class was adopted for convenience in discussion. Age classes were
pooled only when no significant differences could be detected in the type and
timing of food items ingested.

Because of concern that young kokanee and lake whitefish compete directly
for reduced numbers of zooplankton, proportions of Danhnia thorata, Bosmina
lonairostris, DiacYcloDs bicusnidatus-thomasi, Enishura nevadensis, and Leoto-
diaDtomus ashlandii were examined separately against totals of these food
items ingested. Diet was also assessed from frequency of occurrence of each
food item in all stomachs by total sample, and by month in which fish had been
captured.

Zooplankton Selectivity

Selection for D. thorata, B. lonrirostris, L. ashlandii, E. nevadensis,
and D. bicusoidatus-thomasi was assessed by comparing percentages of these
food items in stomachs with their corresponding frequency in zooplankton
samples from the lake. A Strauss (1979) linear index of.selection  was calcu-
lated to provide a common scale for comparison. For purposes of this report,
the index (L) was developed as the difference between unweighted proportions
of each zooplankton species in stomach samples and lake zooplankton samples:

L - ri - pi

where ri is the proportion of species i found in stomachs, and pi is the
proportion of species i in the lake. Index values can range from -1 to 1,
with random incorporation indicated by 0. In developing the index, stomach
samples were pooled separately by month, age class, and the area of the lake
in which they were collected.

Estimated sample variance of the index [s2(L)] is given by:

s2(L) = [ri(l-ri)/ I+] + [pi(l-pi)&]

where n - numbers of D. thorata measured in stomachs (subscript r) and lake
samples (subscript p) respectively. Estimated standard deviation of L was
determined as the square root of the estimated variance. Recognizing that
gear selectivity (Hamley 1975) precludes truly random fish samples, and that
different digestion rates for different size organisms will also influence
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results (Strauss 1979), in&x values were not interpreted as strict quantifi-
cations. Although reported in their quantitative form, we used these values
primarily to corroborate qualitative assessments of the degree of diet selec-
tion.

To investigate feeding selection for different prey sizes, total carapace
lengths (tip of head to base of tail spine) of D. thorata were measured with
a binocular microscope (ocular micrometer, 40X) for organisms found in fish
stomachs, .and in samples from zooplankton monitoring stations in the lake.
Average length and length frequency distributions were compared between stom-
ach contents and'lake samples. A linear index of selection was developed for
cladocerans less than 0.8 mm, and compared with same index values for larger
D. thorata. Stomach samples were chosen from all available -age classes of fish
captured near zooplankton sampling stations. Date of fish capture and zoo-
plankton collections corresponded as closely as possible. Where a sample
contained more than 200 organisms, the first 200 D. thorata encountered were
measured in random 1 ml subsamples drawn from the well mixed total sample.
Where D. thorata were less than 200, all individuals were measured. Because of
the small number of kokanee captured in most 'months, this assessment was
limited to samples from the northwest section of-Flathead Lake collected in
June and August.

RESULTS

Zooplankton Abundance

Average zooplankton densities of selected species by sample site are
tabulated in Appendix A for lake samples collected in 1988 by Montana Depart-
ment of Fish, Wildlife and Parks personnel. Results reported here are limited
to samples from three locations in the western half of Flathead Lake. Addi-
tional zooplankton samples from two mid-lake sites were collected by workers
at the University of Montana Biological Station (UMBS) as part of a coopera-
tive effort to provide more 'complete characterizations of zooplankton dynam-
ics in the lake. Data from UMBS are not included in this report. For these
reasons, we urge caution in extending zooplankton results reported here to
large scale inferences about the lake.

Crustacean zooplankton densities were lower in 1988,at station l-l than
they were the previous two years (Figure 3). ‘Peak density,aiso occurred later
in the season in 1988 than the previous two years.

D. thorata, B. loneirostris, D. bicusnidatus-thomasi and L. ashlandii,
,declined in abundance. The copepods D. bicusoidatus-thomasi  and L. ashlandii
showed a greater decline than the cladocerans. The delay iri seasonal peak
total zooplankton density was primarily a result of the decline in copepod
abundance, because both B. lonpirostris and D. thorata show peak abundance
similar in timing or slightly earlier than the previous two years.
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We noted the reappearance of two cladoceran species in the 1988 zooplank-
ton. Daohnia lonziremis  was last seen in the 1986 zooplankton in two samples.
We saw two individuals in one sample collected at site l-5 on 9 June, 1988.
L. kindtii disappeared in 1986, but we found quantifiable densities at all
three sites sampled in 1988.

L. kindtii was most abundant at station 6-4, and was most abundant in
hypolimnetic samples taken at that station. In general, L. kindtii was more
abundant in the hypolimnion, except at station 1-5 where it was only collected
on two dates at relatively low densities in the epilimnion in August, and in a
full depth haul in early October.

E. nevadensis occurred at relatively similar low densities at all three
sites, except for a relatively large peak density exhibited in the epilimnion
during mid-summer at station l-l. Densities were generally higher in the
epilimnion than the hypolimnion.

Nauplii occurred at similar densities at all three sampling stations.
Densities were consistently higher in the hypolimnion.

Abundance of L. ashlandii was roughly similar at all three sites. High-
est densities were at site l-l, and site 6-4 was intermediate between the
other two. The depth distribution pattern is the opposite of that shown by
nauplii, L. ashlandii were generally found in highest density in the epilim-
nion.

The density of D. bicusnidatus-thomasi was highly variant, and no con-
sistent pattern was apparent between sites or depth zones.

B. longirostris densities were similar from station to station except for
a sharp early summer pulse at station 6-4. The data show evidence of posi-
tioning in the water column by B. lonzirostris to some stimulus, possibly
temperature. In June, the density of B. loneirostris was markedly higher in
the epilimnion (Figure 4), whereas in July the situation reversed, especially
at station 6-4 (Figure 5). By the end of August, density was again highest
in the epilimnion, and continued to increase in the epilimnion relative to the
hypolimnion to the end of the sampling period.

D. thorata showed an early summer pulse which was more clearly defined
than that of B. longirostris (Figure 6). In contrast to B. lonairostris, D.
thorata was almost exclusively epilimnetic in distribution, with the curious
exception of site 6-4 where densities in the hypolimnion were only slightly
less than densities in the epilimnion.

In general the 1988 data showed similar patterns of abundance among the
three sampling sites. However, there are a few notable differences between
sites. Peak densities are considerably higher for D. thorata and E. nevaden-
g& at Lakeside (l-l) than at the other two sites while peak densities for B.
lonsirostris  are highest for Big Arm (6-4).

The reappearance of D. lonpiremis and L. kindtii may be due to a decline
in predation pressure from M. relicta. Densities of M. relicta in 1988 were
similar to those observed in 1985, about the time these two species disap-
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peared from the Flathead Lake zooplankton samples. Cladoceran species such as
B. loneirostris reappeared in Lake Tahoe samples during periods of depressed
M. relicta abundance (Threlkeld, 1981).

Because M. relicta has declined in Flathead Lake, it would be reasonable
to expect that total zooplankton density would increase, especially in light
of the reappearance of B. lonflirostris and L. kindtii. But total zooplankton
density declined in 1988 compared to the previous two years. We have no data
on why this occurred. The observed decline may be due to a decrease in zoo-
plankton birth rates due to a decline in primary productivity, or may be
related to/fish grazing in certain areas of the lake.

Mvsis Abundance And Age Structure

ABUNDANCE

M. relicta were first documented in Flathead Lake in 1981 when several
individuals were collected while trawling for kokanee in the north end of the
lake (Leathe and Graham 1982). Since then the population.has risen dramati-
cally until 1986, when it apparently peaked (Figure 7).
have seen a decline,

The past two years
and the fall 1988 population survey iridicated an average

of about 52 M. relicta per square meter of lake surface, or about equal to the
1985 density.

SIZE DIFFERENCES

Regression of total lengths of M. relicta on antenna1 scale lengths
produced the relationship:

total M. relicta length = 1.47 + 5.78(antennal scale length).

This equation explained 95.77 percent of the variance in the data with p
< 0.01 for both slope and intercept. We used this equation to estimate total
lengths of M. relicta sampled in 1986, 1987, and 1988 to compare size differ-
ences between years.

Size-frequency histograms were plotted for each site separately for male
and female M. relicta. The data showed tri-modal, approximately normal dis-
tributions (Figure 8). The data which formed the middle mode were separated
out. in all cases to perform analyses on between site, sex, and year differ-
ences in.mean size of M. relicta. This was done to meet the assumptions of
parametric statistics, and because it represented the most abundant class of
M. relicta and thus gave us the largest possible sample size for testing.

Analysis of variance showed no significant differences between mean size
of M. relicta between sites in any year except for the 1986 sample taken at
site l-l. At that site male M. relicta were significantly smaller than at the
other 3 sites tested.

Data from 1987 was used to test whether there was a significant differ-
ence in mean size of male and female M. relicta. Females were significantly
larger than males (p - 0.00001). Mean M. relicta size was tested for between
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year differences with one-way analysis of variance (Table 1). Both males and
females collected in the fall of 1987 were significantly smaller than their
counterparts collected in 1986 or 1988 (p < 0.0001). M. relicta collected in
fall 1986 were not significantly different in size from those collected in
fall 1988.

Table 1, Size differences (mm) by.sex for Mvsis relicta sampled
in 1986, 1987, and 1988.

Year Male Female
of
capture mean 95% CI n mean 95% CI n

1986 9.19 8.97 9.42 133 9.32 9.09 9.54 132
1987 8.20 8.02 8.38 215 8.73 8.56 8.90 227
1988 9.32 9.11 9.53 161 9.59 9.36 9.82 132

MYSIS SIZE FREQUENCY

Each size-group
posed of both males
group.

in,the size-frequency histograms for M. relicta is com-
and females, and apparently represents a distinct age-

Flathead Lake M. relicta (at least during the time period 1983 through.
1986) release their young mostly during late winter and early spring and most
M. relicta reproduce in the end of their first year with some individuals
surviving to reproduce at about two years (Bukantis and Bukantis 1987). The
May 1987 histogram shows, three M. relicta age classes. In order of increas-
ing size, they areC.;:recently  released young, the parents of those young, and
the relatively rare-II+ group. As these groups mature into the fall, the
rarest, largest size;class  diesout, the major group which had primarily been
responsible for release.\..;S\fthe,young of the year now becomes the largest size
class., and is also:~e~latively  rare. The young of the year are the numerical
dominants in the fall-and are starting to mature reproductively at that time.

_ The smallest size class of M. relicta makes a greater contribution to the
overall population each' year (Figure 9). Increasing importance of this class
may indicate a change from the initial M. relicta life history pattern of a
one year life cycle with release of young occurring in late winter and early
spring. M. relicta populations are well known for exhibiting differing life
history features in different environments (Morgan, 1980). The new size class
showing up in Flathead Lake may represent later-released young from parents
which require more than one year to produce a brood. Flathead Lake M. relicta
may also be exhibiting a life history similar to that of Lake Michigan, where
at least some individuals reproduce a second time about 4 months after the
initial release of young by.,other individuals in the population (Morgan and
Beeton, 1978). Lake Paajarvii in Sweden has M. relicta populations which
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breed at different times of the year (Hakala, 1978). Perhaps Flathead Lake &
relicta are altering their life history, strategy in response to limiting
resources now that the population may have reached its carrying capacity.

The M. relicta population has declined in the last two years. This is due
to either a decline in recruitment, possibly from lowered fecundity due to
resource limitation, or to an increase in mortality rate, and was likely due
to both. Unfortunately, we have.no data on fecundity. However we do have a
rough estimate of mortality. The largest size class each year represents the
survivors-.of the two smallest size classes of the year before. We calculate
survivorship estimates of 0.22 for between 1986 and 1987, and 0.055 for be-
tween 1987 and 1988. Th'e-re was an increasing mortality rate on M. relicta,
which may have been due.:to the increasing incidence of M. relicta in the diets
of lake. trout, bull trout;axid  lake whitefish. . .

:.; .,
. .

.:- Ia
Spawning Escapement

1 9 8 8

There were no kokanee spawners observed in McDonald Creek on the first
survey date, September 21, 1988. On October 4, 1988 we counted 120 koka-
nee, and on October 18, 1988 we counted 110 kokanee. In the previous four
years the spawning runinto McDonald Creek had begun by mid-September, and had
peaked by the middle of,October.

About 300 to 400 kokanee were observed in the Flathead River, between
Columbia Falls and the,;South Fork confluence, on the first aerial survey on
September 22, 1988. We.:did not observe any schools of kokanee in the river on
the last aerial survey on October 20, 1988.

We counted about 25 kokanee redds in Skidoo Bay during the survey of the
Flathead Lake shoreline conducted on November 22, 1988. We also counted 30
kokanee in the Swan River, below Bigfork Dam, when we snorkeled that reach on
October 12,. 1988.

'Although the 1988 spawning escapement, surveys were not as rigorous as in
previous years, the data indicate that the,total spawning run in the Flathead
system.was less than 1000 fish. We had unverified.reports of occasional sport
harvest of;kokanee in Flathead Lake during the summer of 1988, but no signifi-
cant fishe%, developed:.*. :.

1989
: . .
On October 17, 1989; we counted 20 redds in McDonald Creek, evenly dis-

tributed above and below Apgar ,-Bridge. ., Glacier:National‘.Parks  personnel had
observed SO-100 adults near A$gar bridge prior to our su&ey, but 'we did not
see any kokanee in the creek. Cur survey included all of McDonald Creek from
the outlet of Lake McDonald to confluence with the Middle Fork of the Flathead
River. * .a

We did not see any kokanee schools during the September 25 and October
18, 1989 aerial surveys of the mainstem Flathead River.
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We counted 22 redds on November 7, 1989, at "House of Mystery", one of 8
sites examined in the Flathead River that historically have been important
kokanee spawning areas. 'At this same location we saw 3'or 4 kokanee in the
river. No other fish or redds were observed.

No kokanee or redds were observed along the Flathead Lake lakeshore, or
in the Swan River below .Bigfork Dam, during surveys on November 9 and 21,
1989. The only kokanee reported spawning in these areas in 1989 were a few
fish observed in the Swan River below Bigfork Da& on December 11..

The 1988 and 1989,escapements‘.are  the lowest on record for kokanee in the
Flathead system. We believe t&t predation and<competition  for a diminished
food base probably cpntributed'to increased mortality of kokanee in the last
several years, accounting for the.very low number'of spawners.'. *

Hydroacoustic Assissment of Fish A-dance'. 'j
We estimated that 4.599 million fish larger than 50 mm were living in

Flathead Lake in November, 1988,. This figure translates to an over,-11 fish
density of'120.2 fish/hectare (48.7 fish/acre)." The estimate includes fish
species that inhabit the limnetic zone of the lake, i.e. bull trout, lake
trout, kokanee, lake whitefish, and pygmy whitefish (Prosonium coulteri). This
estimate excludes those species living primarily in the littoral zone, i.e.
cutthroat trout (Salmo clarki), yellow perch (Perca flavescens), minnows
(Cyprinidae), and suckers (Catostomidae).
littoral species, e.g.

The extent to which some of these
cutthroat trout and north&n squawfish (Ptvchocheilus

oreaonensis), also inhabit the limnetic zone is not fully understood. But we
did not capture these littoral species in gill' nets or'trawl hauls. Between
1979 and 1983 acoustic estimates of the density of 8.to 14 inch kokanee in
Flathead Lake ranged from 15.,71 to 22.96 fish per surface acre (Hanzel 1984).
It is difficult to compare these historic estimates with the 1988 figure
because of differences in acoustic equipment.

Fish density varied from 0.7197 to 2.3762 fish/100 m2 among the nine
strata (Table 2). The highest fish density occurred in the shoreline areas of
the east and southern part of Flathead Lake (stratum 9). The,.lowest average
density occurred in Big Arm (stratum 7). Fish'density along individual tran-
sects ranged from 0.2678 fish/100 m2 (transect 1D) to 5.2968 fish/100 m2 (the
eastern half of transect lA)* Fish detecte'd within 2 m o'f 'the bottom com-
prised a significant part of the total fish density along all of the traniects
(Table 3). 'Fish density and mean target..strengths for each transect. and
depth stratum are tabulated in Appendix B.

I
Estima.ting the variance of hydroacoustic estimates of fish abundance is a

complex statistical task because variance in sampling volume arid target
strength estimates, sampling transects which are not mutually independent, and
incomplete knowledge of fish distribution enter into the analysis. We chose
instead to present a simple estimates of the coefficient of variation (CV2) of
fish density in four types of habitat. In stratum 1, the northwest corner of
Flathead Lake where fish density is highly variable, CV2 was 0.351, which
corresponds to a standard error (SE) of 59.2 percent about the average densi-
ty- Among all the shoreline strata combines, CV2 was 0.0435, or a SE of 20.9
percent. In the combined limnetic strata CV2 was 0.0195 or S.E. of 14.0
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Table 2. Average fish density midwater and near-bottom in nine
sample strata designated from the 1988 dual-beam hydro
acoustic survey of Flathead Lake.

Stratum
Densitv (fish/100 m2)

Midwater Bottom Total

1 -- 0 . 9 8 8 3 0.4319
2 1.1176 0.5435
3 0 . 5 0 8 0 0.4161
4 1.2804 0.1339
S 1.1231 0.1585
6 0.8879 0.3066
7 0.4832 0.2365'
8 1.4963 0..2378
9 1.9071 0.4691

1.4202
1.6611
0.9241
1.4x43
1.3716
1.1945
0.7197
I.7341
2.3762

Table 3. Hydroacoustic estimates of midwater, near-bottom, and total
fish abundance in nine strata designated from the 1988
dual-beam survey of Flathead Lake.

Lake Number of Fish
Stratum Area (ha) Midwater Near-bottom Total

4,353.3 344,749
2,961.0 281,514
i,164.6 47,229
8,348.3 807,834
2,114.8 173,907

244.3 19,380
4,116.6 154,274
13,828.0 1,581,401
1,120.6 169,236

Totals 38,251.S 3,598,904 1,019,673 4,599,287

182,456
158,806
48,459
111,098
33,520
7,328

97,358
328,077
52,571

527,205
440,320
95,688

918,932
207,427
26,708

251,632
1,909,478

221.897
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percent, and in Big Arm, where overall fish density was lowest, CV" was .0361,
or S.E. of 19.0 percent. These coefficients of variation approximate variance
in fish density, but cannot be applied to estimate the confidence intervals
about the estimate of total fish abundance.

Net sampling in selected strata indicated that bull trout comprised from
1.3 to 4.8 percent of the limnetic fish community (Table 4). Lake trout made
up from 6.7 to 25.0 percent, and lake whitefish from 61.9 to 91.9 percent. We
did not collect any lake trout in area 1 (Somers/Lakeside) in the fall, though
they were present earlier in the spring and summer. Kokanee were collected
only from area 1 and area 9 (Skidoo Bay shoreline), where they comprised 5.6
percent and 14.3 percent of the catch,'respectively. If we assume that a
large proportion of the kokane,e population was aggregated in these two
strata, a minimum estimate of the total population would be 65,000 fish. But
the probability of kokanee being more widely distributed throughout the lake
at very low density suggests that this figure is a very conservative estimate.
A much more intensive sampling effort would be required to validate this
estimate of kokanee abundance and to estimate the relative abundance of the
different age classes of this species. Pygmy whitefish were sampled only in
area 1, where they comprised 23.8 percent of the catch. The absence of cypri-
nids, yellow perch, and catostomids in the fall samples validates our assump-
tion that these species do not comprise a significant part of the limnetic
fish.community.

Estimates of the abundance of fish over 500 mm long (approximately 5
pounds), based on the distribution of acoustic target strengths, were derived
because of increasing interest in the fishery for trophy lake trout and bull
trout. Among the nine strata these large fish comprised from 1.4 to 7.6
percent of total fish community. We estimated that 27,700 fish fell into this
large size class. This is a minimum estimate because of uncertainty about the
range of target strengths returned by large fish (see discussion in Methods.).
Net sampling indicated that lake trout were three to six times more abundant
than.bull trout. This would suggest that at least 23,000 lake trout, five
pounds and larger, are present in Flathead Lake. If the sport harvest of
trophy lake trout is measured in the future, the estimates of abundance could
be useful in assessing harvest-related mortality and in setting.bag limits.

c
Because we were not able to estab.lish  the distribution of young of the

year (YOY), and yearling kokanee by trawl surveys, the hydroacoustic survey
could not estimate the overall abundance of juvenile kokanee. Considerable
effort was expended in attempting to locate juvenile kokanee in the north end
of Flathead Lake during the summer and fall of 1988. Juvenile kokanee were
found in the areas we sampled in previous years. Very few YOY kokanee were
caught, as discussed later in the Food Habits discussion. We did capture
yearling fish earlier in the summer in area l-5, but not at the time of the
hydracoustic survey.

The total number of kokanee fry reared in four MDFWP hatcheries and
planted in Flathead Lake ,from mid-June to mid-July, 1988 was 2.5 million.' We
conclude that these fish either experienced very high mortality during the
summer or dispersed into a low overall density. Either result would preclude
the consistently successful sampling necessary for estimation of their abun-
dance. In Lake Pend Oreille, Idaho, Bowles (1988) found that less than 15
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Table 4. Estimatesofthe- oflinmeticspeciesinninedepthstrata
designated frcm the 1988 dual-keam hydmacoustic survey of Flathead
Ld)oe.

NmberofFish

_
8,400
U-6)

18,500 110,100 311,700 .' 6,554
(4.2) (2.5) (70.8) (3.5)

1,200 64,400 87,900 3,400
(1.3) (6.7) ( 9 2 . 0 ) (6.9)

350 1,800 24,500 488
(1.3) (6.7) (92.0) (6.5)

7,550 22,900
(3.0) (9-l)

33,100 363,800 125,500 3,598
(5.6) (69.0) . (2.4) (l-5)

vsifiedbyspecies

verifiedbyspebies

221,200
( 8 7 . 9 )

verified by species

10,550 35,200 31,700 137,350
(4.8) (15.9) (14.3) ( 6 1 . 9 )

Totals 46,550 176,400 64,800 1,146,450 125,500

4,620
(3.8)

777
P-8)

5,455
(4.5)

2,615
(0.23)

228
(T-4)

27,735
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percent of YOY kokanee survived their first summer. If mortality of this
magnitude occurred in Flathead Lake, it is logical that the survivors in the
fall would be extremely difficult to sample quantitatively.

The limited samples of all age classes of kokanee that we have coIlected
in Flathead Lake over the last three years do not indicate that food avail-
ability is directly limiting survival. Small changes in the growth rate of
yearling fish were documented in 1987. It is possible that decreased food
availability is causing starvation mortality, but that the few surviving fish,
because of--different behavior or distribution, did not show the effect.

We think it more likely that increased predation explains the increase in
kokanee mortality observed in the last three years. Juvenile lake trout are
known to feed on M. relicta in Flathead Lake. Recruitment of juvenile lake
trout may have increased because of the increased availability of M. relicta.
Even if the lake trout population is stable, the hydroacoustic estimate of
their overall abundance suggests that lake trout predation alone could account
for the high mortality of kokanee. Support of this conclusion depends on
further quantification of lake trout food habits and distribution, i.e. the
age at which lake trout become piscivorous and their predatory impact in the
areas of Flathead Lake where hatchery-reared kokanee are released in the
summer.

Hatchery supplementation of the kokanee fishery has been limited by brood
stock availability and shortage of suitable hatchery facilities. Natural
production of kokanee fry in the Flathead system ranged from 10 to 15 million
fry in the early 1980's. The three recent adult year class failures, 1986,
1987, and 1988, were recruited from YOY year classes in 1982, 1983, and 1984
that numbered at least ten million. The limiting factor, whether it was
related to food availability, competition, or predation, reduced fry-to-adult
survival of these'strong YOY year classes. Intuitively, it would be highly
unlikely for YOY year classes of 2 to 4 million hatchery-reared fry to sur-
vive in appreciable numbers, unless for some reason their viability were much
higher than that of wild fry. The hatchery releases have been timed to coin-
cide with high food availability in the lake, but our studies have not been
able to find any evidence that hatchery-reared fry have improved recruitment
in Flathead Lake.

Age and Growth

KOKANEE

We caught 68 kokanee in 1988, while attempting primarily to sample young-
er fish (age 0+ and I+). Our main sampling objective was to quantify juvenile
survival rates in conjunction with recent fry stocking efforts.

All kokanee were captured in the northwest section of Flathead Lake (Area
1, Figure 2), and most fish (60) were caught in mid-water trawls. Kokanee
were captured in all months from April through December, but sample size
varied considerably (Table 5).
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Table 5. Age composition of kokanee collected in 1988 by number
captured each month.

Age Month of Canture
. Class Apr May Jun Jul Aug Sep Ott Nov Dee Totals

o+ 2 0 0 0 0 3 0 0 0 5
1+ 0 5 28 15 8 0 1 0 48
II+: 0 1 10 0 1 2 6 1 12
III+ 0 0 0 0 0 1 0 2 0 3

Totals 2 6 29 1 5 13 2 9 1, 68

Age 0+ kokanee averaged 97.5 mm total length at capture (SE - 9.31 mm).
This average length is larger (p < 0.01) than mean lengths of fish captured in
either 1986 or 1987 (Beattie et al. 1988), indicating better growth in 1988.
However, with similar gear, technique, and sampling effort, we caught many
more age 0+ fish in 1986 (30) and 1987 (51). This observation suggests total
numbers of age 0+ fish may have declined in 1988.

Age I+ kokanee averaged 155.8 mm total length at capture (SE = 3.90 mm).
Mean lengths in samples increased continuously in our summer collections, with
largest relative-length increases occurring in July (Figure 10). Growth rate
may have been less in August and early September, although the large length
increase observed in November suggests kokanee grew rapidly through fall.
The small number of age I+ fish caught in most months requires caution inter-
preting this seasonal growth pattern as typical of kokanee in 1988. The late
year trend especially is suspect since sample size is especially small. The
summer trend, however, is quite similar to growth patterns identified for age
I+ kokanee collected in 1986 and 1987 (Beattie et al. 1988). Rapid length
increases in summer correspond to increasing water temperature and abundance
of D. thorata. These factors likely contribute to consistent summer growth
patterns from year to year.

Age II+ kokanee averaged 229.8 mm total length at capture (SE = .9.69
mm) - Seasonal growth trends appear similar to age I+ fish (Figure lo), ali
though no age II+ fish were captured in July or August. September samples
again suggest reduced growth rate in early fall. Mean length was larger in
October, but unlike age I+ samples, growth rate declined as age II+ fish
entered winter months. Since'most (75 percent) kokanee captured later than
September were age II+, reduced growth entering winter may more accurately
describe seasonal growth patterns in 1988. Less growth in winter would be
consistent with historical observations of kokanee during ice covered years
in Flathead Lake (MDFWP - unpublished data).

Age II,I+ kokanee averaged 288.7 mm total length at capture (SE = 6.67
=> * Comparison of mean length at capture with all age groups in 1988 (Figure

11) suggests good growth for each year class, including oldest fish. This
possibility is consistent with data that individual kokanee grow well even

26



Total Length (mm)
300

260

2Q0

150

ioc
APr

Age I +

May Jun Jul Aug Sep 001
Month of Capture

Nov Dee Jan
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after the introduction of M. relicta (Hanzel 1984, appendix E). Adult kokanee
captured in recent years have been in good physical condition (Hanzel et al
1988), although Beattie et al. (1988) did report growth rate declines for
younger fish (age 0+ and I+) between 1986 and 1987.

Comparison of relative growth rates estimated from length at capture,
with same rates determined from calculated lengths at annulus formation
(Figure 12), suggests growth rate was increasing as age III+ fish continued in
their fourth year of life. However, the pattern may not be significant.
Variation- in growth rate would be expected each year, and we know from long
term data that age III+ and IV+ kokanee in Flathead Lake have not been con-
sistently distinguished from size differences along (Hansel 1984).

We believe' individual kokanee are growing as well or better than before
the introduction of M. relicta. If this is a correct assessment, better
growth.'could  be explained by decreasing numbers of fish in the population.
Strong density dependent growth relationships have been noted for kokanee in
the Flathead system for many years, even providing the basis for a model to
estimate year class strength from average length of female spawners (Fraley
and Mcvullin 1984). This explanation of recent growth patterns is confounded
by simultaneous reductions in available food (Beattie et al. 1985, Beattie and
Clancey 1987,. Bukantis and Bukantis 1987, Beattie and Clancey 1988), but
kokanee losses are large (e.g. more than 99 percent loss in escapement between
1985 and 1987 - Beattie et al. 1988). Less intraspecific competition for lake
resources seems likely, despite declining food abundance.

. ..
LAKE WHITEFISH i.'..y'

. .

Four-hundred eighty-three lake whitefish were examined from samples taken
in 1986, 1987, and 1988. Lake whitefish were captured in all areas of the lake
where sampling was attempted, indicating greater abundance and widespread
distribution compared with kokanee. Captures were evenly distributed between
net types: 65 five percent of lake whitefish collected were caught in gill
nets, the rest were caught in mid-water trawls. Because lake whitefish cap-
tures were often.an indirect result of sampling for kokanee, most fish (74
percent) were collected in the northwest section of the lake. Sampling became
concentrated in this area as the project progressed because it was here that
most kokanee coiild be caught.

The oldest lake whitefish captured were VIII+ years, but age composition
of all samples is skewed strongly towards much younger ages (Table 6).
Approximately 8'0 percent of fish in combined lake whitefish samples were age
III+ or youngec; In contrast, age VI+, VII+ and VIII+ fish account for.just 6
percent of total numbers collected. Age composition of samples re-fleets
project emphasis to capture young kokanee. Older lake whitefish are not
frequently taken in mid-water trawls commonly used to sample kokanee. A
complete desc&ti,on of lake whitefish age and growth requires a larger sample
of older fish. This deficiency is being compensated in part from other work
(University of Montana, M.S. thesis proje-dt in progress). Our samples are
sufficient 'at this time, however, to 'assess lake whitefish at ages when we
feel interactions between species would be most critical to kokanee success.
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Table 6. Age composition of lake whitefish collected in 1986, 1987, and 1988
by number caught each year.

Atie
Class

Year of Capture

1986 1987 1988 Total
_- o+ 15 29

1+ 38 27
II+ 38 55
III+ 28 12
Iv+ 17 13
V+ 15 19
VI+ 14 4
VIM 3 1
VIII+ 2 1

TOTALS 170 160 153 ,483

15 59
48 113
38 131
36 76 .
4 34
.7 41
5 23
0 4
0 2
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Mean lengths at capture by age class each year (Figure 13, Table 7)
indicate largest growth gains occurred during first four years of life.
Growth rate slows after age IV+, the age when lake whitefish in Flathead Lake
typically reach maturity (Bjorklund 1953, Hanzel et al. 1989). With three
exceptions, mean length at capture was equivalent (p > 0.05) for same age
classes each year, suggesting very stable growth in the lake. Exceptions
include age I+ and II+ fish caught in 1988 which were larger on average (p <
0.001) than same age groups captured in either 1986 or 1987, and age IV+ fish
caught in 1987 which were larger (p < 0.015) than same age fish in 1986.

Comparison of mean lengths at capture pooled by sample months suggests
that seasonal growth patterns are quite different for youngest fish (age 0+
and I+) and older sub-adults (age II+.and III+). Mean length increased rapid-
ly for age I+ fish in spring, and both age 0+ and I+ samples .indicate rapid
growth during .summer (Figure 14, Table 8). Average length for age II+ and
III+ fish also increased rapidly in spring, but growth rate apparently de-
clined from July into winter months. Cur data suggest size selective mortality
for older sub-adults in Flathead Lake; indicated by the smaller average
lengths in our samples each nionth'(Figure 15, Table 9). Although we believe
that gear selectivity probably explains the result, we can not identify any
change in oursampling  procedures that would introduce this .systematic bias.
We also can not explain at this time'.'what would cause increased,mortality  of
larger members of a cohort, if,-the phenomenon suggested is a biological reali-
ty in the lake..

Recent well,do&mented changes in zooplankton communities in.Flathead
Lake (Potter 1978, Bukantis and Bukantis 1987,.Beattie  et al. 1988) have
significant implications for changing food relationships in the lake. However,
comparison of mean lengths at annulus formation calculated from pre and post-
M. relicta scale collections indicates length gains for lake whitefish remain
surprisingly similar (Figure 16). Mean calculated lengths at annulus are
equivalent (p > 0.05) for the same age classes, except that age 0+ and I+ fish
are smaller on average (p < 0.001) in the 1980s than was true before the
introductionof M..relicta. -.. .

Data from both populations fit the von Bertalanffy model 'well (Figure
17). Walford growth transformations displayed excellent linear relationships,
with correlation coefficients of .0.993141 and 0.991825 respectively for the
pre-H. relicta samples .and,samples collected after M. relicta was estab-
lished. Walford lines developed-from these regressions are: '1. ; .!

Length at age t+l = 0.865538(length  at age t) + 83.1161 .'
for pre-M. relicta samples, and

Length at age t+l = 0.822379(length  at age t) ;t 106.772
for samples collected after the shrimp was introduced to Flathead Lake.

The equations yield theoretical maximum lengths df '618.1'4 mm for fish
during the late 1960s and 1970, and 601.12 mm for fish in the 1980s. These
theoretical lengths appear reasonable compared with recent observations of
lake whitefish in Flathead Lake, and suggest little change in growth potential
despite recent perturbations in the lake. This does not mean, however, that
the lake whitefish population is unaffected in recent years. Smaller size of
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Figure 13. AQe Class
Mean length at capture for lake whitefish captured in
1986, 1987, and 1988.

Table 7. Meantutallerrgthatcapture(nun)forlabwhitefishcaughtin
1986, 1987, and1988.

1986 lem#h 113.5 190.1 252.0 329.6 381.4 428.7 438.9
m (5.27) (3.11) (4.78) (5.26) (8.03) (4.38) (4.17)

1987 length 116-7 186.3 270.7 345.1 409.5 423.7 431.5
m (3.07) (3.06) (3.58) (7.35) (6.17) (10.20) (26.50)

1988 lerrg h 118.2 213.3 277.5 323.6 405.0 427.4 431.2
(= (1.53) (4.43) (6.57) (7.09) (16.32) (9.17) (6.24)
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Figure 14. Monthly trend in mean length at capture for age 0+ and
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Table 8. Meantotallengthatcaptmz(mn)bysanplemonth:age O+
and I+ lake whitefish hqht 1986, 1987, and 1988.

as BloIal of GqYkllm
class Apr May Jun Jul Aug Sep act

ot lenym - -
(W - -

1+ length 173.8 ,219-o 182.3 200.1 203.1 233.9 224.1
(=I (5.00) (11.72) (3.49) (8.99) (3.63) (3.66) (2.32)

3 9

P/\b
4-G"
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Figure 15. Monthly trend in mean length at capture for age II+
ad III+ilake whitefish caught in 1986, 1987, and 1988.

,Table 9. Mean total length at ca#ure (rmn) by sample mnth: age II+
and III+ lake titefish C&B@ in 1986, 1987, and 1988.

%e MomlofGqkure
class Pgr May Jun Jul. Aq =P F NW

11+ lfzngm 265.6 291.2 ,254.g 279.5 246.5 230.0* - 252.5
(SW (5.05) (6.33)' (5.64) (3.94) (7.38) - - (4.83)

III+' lengk 342.9 351.4 319.0 330.4 320.0 - - 290.8
cm (4.86) (7.64) (22.18)' (5.51) (22.20) -- - (9.11)

*Singlefish

,
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Figure 17. Von Fkrtalanffy $%%?curves for lake whitefish before and
after the introduction  of Mysis relicta to Flathead Lake.
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youngest fish, and lower theoretical growth potential, are consistent with an
increasing population. Young fish may be smaller in response to increasing
numbers in the population. As developed below, von Bertalanffy growth coeffi-
cients indicate that lake whitefish growth rate is slightly higher following
introduction of M. relicta. If true, the ultimate size realized as fish grow
older would be expected to be less, since faster growing fish tend to attain
smaller maximum sizes. Although it is still possible that factors limiting
size at youngest age will detrimentally affect the lake whitefish population
in coming years, at present this possibility seems unlikely. Some growth
compensation is suggested for older year groups by a tendency to be larger on
average ('although p > 0.05) than same age fish before M. relicta entered the
lake. In addition, youngest fish have increased average length between 1987
and 1988. ..

Correlation coefficients :from least squares regressions of ln(loo-Lt) on
age were -0.996818 and -0.994765 respectively for pre M. relicta samples,
and samples collected after introduction of the shrimp. These coefficients
again suggest the appropriateness of the von Bertalanffy growth model in
describing these populations. In same order, linear relationships were deter-
mined to be:

and
ln(loo-Lt) - 6.11566 - O.l41646(age t)

ln(loo-Lt) = 6.17943 -.O.l94024(age t).

These equations provide the basis for estimating remaining von Bertalanffy
parameters. Final van Bertalanffy.growth  modelsfor the two populations were
determined to be:

for samples

Lt s 618.13821  ~l~e~-0.144404>~t+2.1959822)l

pooled from the 1960s and 1970, and, :

Lt= 601.12262  [,_,(-0.1955539(t+l.1293706))
'1.. I

for samples pooled from the late 1980s.

Lake whitefish apparently contrast with kokanee population responses to
recent changes in the lake. Lake whitefish are.still abundant, and their
numbers may be incrgas$ng.since  introduction of M. relicta. Much of this
contrast is likely expla.ined.by  different consequences of changing lake troph-
ic relationships for each species. Unlike kokanee, lake whitefish have a
predominantly benthic oriented life history (Van Oosten and Deason 1939, Smith
1952, Edsall 1960, Brown 1971, Scott and Crossman 1973). Lake whitefish use a
variety of foods other than zooplankton, and diet changes as fish grow older.
It seems reasonable that fish which are less dependent on zooplankton will
respond less drastically to altered zooplankton abundance. Perhaps for these
reasons, reduced zooplankton abundance, and subsequent feeding responses of
all fish in the lake, do not seem to result in lower lake whitefish survival.

New food items, ,including *M. relicta, might actually benefit lake whitefish
growth., This possibility.is.,,supported  by sl'ightly,faste,r  growth rates follow-
ing M. relicta introduction to'the lake.. . . .: .-
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At present, the 1988 hydroacoustic survey 'reported here is the only data
quantifying size of the lake whitefish population in Flathead bake. Although
a similar survey was conducted in 1989, data from which to assess population
responses are not yet available. It seems likely that changed food relation-
ships have affected numbers of lake whitefish in the lake. Smaller average
length for lake whitefish at young age may indicate .an expanding population,
with reduced growth a consequence of lower juvenile mortality, and individual
responses to greater number of fish. Recent observations of sport anglers and
other lake users support the contention that lake whitefish numbers have
increased in' recent years. However, it is .still possible that reduced growth
at young age reflects genuine growth limitations. Continued close monitoring
of fish populations will be required.'to establish the direction of population
trends.

Food Habits .: .'
.KOKANEE : ,' __ .: . . . ; ,: > ::, _ ;- ,' .' . . .

Fifty-seven
contents.

kokanee captured',.in 1988 retained identifiable -tomach
The majority of these fish"(48) were age I+. Only 5 frge O+,l. 3 ke

II+, and 1 age III+ fish were available for diet analyses (Table 10). '
'. I

:' : i :
: ..' .-

Yearling Fish
..-:_

A single fish captured in April contained only D. thorata and dipteran
insects. Stomachs from fish collected in May suggest a diversifying diet in
spring, including other large zooplanktop,species,  and fewer dipteran; insects.
A'single: adult M. -&lidta (S' '10 -mm totallength)  %as also identified in one
fish caught in May. In June, stomachs predominantly contained D.thorata,
although fish still incorporated a diversity of other food items,.
through October,

From;'Jyiy
stomach contents were almost exclusively D. thorata.

The marked tendency towards less diverse diet entering summer, and the
almost exclusive use of D. thorata from mid summer through fall, is the same
patte.rn identified for,yearling kpkanee, in,198$.- ,and 1987 (Beattie-et 'al",
i988);' This'p'attern %$'likely -explained in:part by the.influen&"and.-behavior
of the Flathead and Swan Rivers, particularly as they affect.the northwest
section of'Flathead Lake. Increasing diet diversity from April"to May corre-
sponds to increasing river inputs with spring run-off from the upstream drain-
age.?.. Floving water carries fo.od items directly from t-he rivers, and lifts
'items ali?eady'in the l&e' into thel'uppe.r water column. where kokanee 'typically
feed. In addition, many food .it,ems' that ,k,okane,e  other,vise 'strongly ,:Belect
(e.g. D. thorata) are at very low 'densities, in'the lake at" this $ime"'(Figure
6), perhaps influencing fish to incorp$ate more"divirse f&od.'item.s.;  'Intireas-
ing incorporation of D. thorata in early summer corresponds to increasing
abundance of this organism in Flathead Lake. Strong selection (Strauss L >
0.9) for D. thorata continued, however, long after abundance of this cladoc-
eran peaked and declined.
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Table 10. Food items aspercentof total stana& contents for kokanee
oaw in 1988.

ms/ rp/ D'.tWrata B.lodm&ris D.bicuspidatus E.mvadensis  Lashlandii C&he&
_-

4 1 1 3 56 0 0 40
9 I 99 1 0 0 0 0
10 3 99.5 0.2 oo.1 0.3 0 ,o

4 1 E 0
5 6 x.3
6 32 81 1.3

'7 I loo .O
8 3 100 0
9 2 99.6 0
10 3 99.6 0

0 o- 0 38
16 1' 2.i 8.5
I.2 9.9 0.5. 0.1
0 0 0 0
0 0 -. 0 0
0.4 0 0 0
0.2 0 0.2 '0

m II+
36 n D.Wta B.lm&m&ris D.biatddatus  E.-is L.ashladii Other

61 100 0 0 0 0 0
10 1 99.2 0 0 0.6 0 0.2
I l l 100 0 0 0 0 0

em+
m n D.Wta B.lonq~ D.biasddatus  E.-is L.ashkdii Other

5 1 96 0 3 0 0 1 '
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Other Age Classes

Sample size is small, but remaining age classes generally reflect the
same diet progression observed for age I+ kokanee. Spring and early summer
samples contained a greater variety of food items, with D. thorata predominant
in all collections made later than June.

Although D. thorata was present in all stomachs, regardless of age class
or month in which .a fish was captured, age 0+ kokanee consumed relatively
fewer of these cladocerans than did other age classes in the spring. This
pattern appears typical of kokanee in Flathead Lake (Leathe and Graham 1982).
Since age 0+ fish readily caught faster moving copepods in the spring, less
incorporation of D. thorata suggests a limited ability to filter volumes of
water comparable to older fish. One possibility is that smaller fish are
simply weaker swimmers, which lowers encounter rates when the cladoceran is at
low density. Alternatively, smaller fish may be restricted in their ability to
use some areas of the lake, either .by influence of older year classes, or
other species in the lake.

LAKE WHITEFISH . .

One hundred nine stomachs from lake whitefish captured in 1988 retained
identifiable contents. Most fish were age 0+ or I+ (32 and 49 respectively),
a consequence of project emphasis this year to sample younger age classes.
Twenty five older sub-adults (age II+ and III+), 1 age V+, and 2 age VI+ fish
were also available for diet analyses (Table 11).

Younn of the Year

In July, D. thorata was by far the most common food item.in lake white-
fish stomachs, totaling no less than 78 percent of all contents for any indi-
vidual fish. E. nevadensis, B. loneirostris, D. bicusnidatus-thomasi and L.
ashlandii were present in low numbers, and a few stomachs also contained small
numbers of dipteran insects.

In August, diet was more diverse, including benthic items, although
contents were still dominated by zooplankton. Stomachs predominantly contained
D. thorata, with chydorids, dipteran insects, ostracods, trichopteran in-
sects, D. bicusnidatus-thomasi and pelecypods all present in low numbers. A
small prop‘ortion  of stomach contents consisted of partially digested zoo--
plankton that could not be further identified. Single B. lonzirostris were
also identified in two stomachs.

Stomach contents from fish captured in September were primarily D. thora-
ta, with D. bicusoidatus-thomasi and a small number of dipteran insects com-
prising remaining food items ingested. The large percentage of D. thorata in
stomachs suggests strong selection (L > 0.9) for this food item despite low
numbers of D. thorata in the lake. By October, a single sample indicated a
diet switch to copepods, with D. bicusoidatus-thomasi agrazing influence is
not as significant as the impacts of M. relicta.
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Table 11. Focd items as percent of tutal stmach contents for lake
whitefishoollected inl.988.

7 18 98
8 8 --76
9 5 99
10 1 0

pqe I+

In n D.-rata

4 4 1
6 4 69
7 1 100
8 1 4 99
9 16 99
10 9 69
11 1 19

zige II+ and 111+

In n D.thorata

4 2 0
612 67
7 2 98
8 4 99
9 3 100
10 1 93
11 1 7.7

Afiev+

In n D.-rata

11 1 40

mm+

In nD.thorata

5 1 6
11 1 0

1.2 0 0 0.15 0.65
10 1.2 2.8 7.2 2.8
0.6 0 0 0.04 0.36

72 11 0 1.4 14.6

0.8
0.4
0
0.3
0.34
0.8
0

0
0
0
0
0
0

78.3

R2leczypaa mtraooda Diptera Other

23 29 36 10.2
1.9 0.4 2.5 27.8
0 0 0 0
0.2 0.1 0.07 0.33
0 0.6 0.06 0

I2 7 8.2 3
0 0 0 81

Feleoypoda ckstraooda Dipteza

19.5 19.5 56
2.2 5 5
1 0 0.6
0.3 0.1 0.07
0 0 0
1 1.4 0

I5 0 0

zc Felecypoda mtraooda

0 0 0

zocp1ankton Felecypoda ospzoda Diptexa

1 23 0 42 28
0.3 4.7 0 0 95*

5
21.8
0.33
0.53
0
4.6
0

Diptera other

0 60

u Calerdarmon~(l=Jamary,l2=De~e~tm)
w Nu&erofstmmchswithidentifiablecontents
g B.l
9/

irostris, D. bicuspidatus-thcmasi, E. nevadensis, L. ashlandii
-E&e2 (HemipteG~Hpmopbm,  ColecpteG~,  ephimia, Ziydoridae,

unspcifiedmoplanktonandinsectparts
,* Mysis relicta (81 total)
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Yearling. Fish

Stomachs from lake whitefish collected in April contained large numbers
of dipteran insects, ostracods, and pelecypods. Ephippia were fairly common
(8 percent). About two percent of total contents was D. thorata and D. bicus-
pidatus-thomasi. Two adult M. relicta were also identified in one stomach.

Stomachs in June suggest increasing use of D. thorata as abundance of
this cladoceran increased in the lake, but diet was still diverse. Epphippia
(25 percent) were common. Dipteran insects and pelecypods were much less
numerous than in April. Remaining contents were E. nevadensis, B. lonairos-
tris, D.. bicusnidatus-thomasi, trichopteran insects, ostracods, and a few (<l
percent) unidentified zooplankton parts. Three adult M. relicta were identi-
fied in one stomach;

By August, D. thorata was a very common food item in fish stomachs.
Trichopteran insects (0.38 percent) and pelecypods were next most common.
Despite obviously strong selection for d. thorata (L >0.89), a variety of
other food items were incorporated by these fish in small numbers. These last
items inlcude B. lonCrostris, L. ashlandii, ephippia, chydorids, dipteran
insects, and ostracods.

Samples from September suggest feeding patterns quite similar to those
identified in August. D. thorata dominated contents, with ostracods and
dipteran insects next most common. B. lonpirostris, 1. ashlandii, D. bicusni-
datus-thomasi, trichopteran insects, and pelecypods were all present at very
low numbers.

October samples suggest less incorporation of D. thorata, and increasing
incorporation of benthic food items, including pelecypods and ostracods.
Dipteran ,insects were also common. Ephippia (1.3 percent)) and D.
bicusuidatus-thomasi were present in small numbers. All other food items each
totaled less than one percent of all food item sin stomachs. These rarer
items included B. loneirostris, L ashlandii, and a variety of different in-
sects (coleopterans, hemipterans).

The single November sample contained numerous ephippia (81 percent),
suggesting that cladocerans continued to constitute an important part of the
diet although lake whitefish were shifting to a more bottom-oriented feeding
behavior.

Older Sub-adults

Stomach samples from age II+ and III+ lake whitefish were pooled to increase
total number of observations for diet analyses. Incorporation was assessed
both by age, and size class, with no meaningful difference in the amount
ingested or season of use detected for most food items. A single exception
was the presence of adult M. relicta (2 and .lO respectively) in two stomachs
from age III+ fish caught in April and November. One of these two age III+
fish caught in April and November. One of these two age III+ fish exceeded
maximum lengths observed 'for age II+ fish. No M. relicta were identified in
stomachs from age II+ fish in 1988 samples.
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.
Stomachs from fish in April predominantly contained dipteran insects,

with ostracods and pelecypods also common. About four percent of contents
were ephippia. Stomachs also contained a small number of unspecified insect
parts.

By June, samples indicate increasing use of zooplankton in place of foods
more commonly associated with the lake,bottom. Most contents were no D.
thorata and ephippia (22 percent). Dipteran insects, ostracods, and pelecy-
pods were less frequent than in April, with remaining contents comprised of
trichopteran insects (2.5 percent), and unidentified zooplankton parts.

In July, contents were almost exclusively D. thorata, with dipteran
insects, pelecypods, and unspecified zooplankton and insect parts also present
in small numbers.

Samples collected in August indicate continued strong selection (L- >0.9)
for D. thorata. Diet included small numbers of pelecypods, ostracods, dipter-
an insects, trichopteran insects, and ephippia.

Very few samples from age II+ and III+ fish captured in the fall were
available for diet analyses. Fish collected in September contained only D.
thorata. A single stomach from October contained about five percent ephippia,
in addition to entire D. thorata, ostracods, and a few pelecypods and
unidentified zooplankton parts. By November, a single stomach suggests that
older sub-adults were shifting diet emphasis as D. thorata abundance declined.
D. bicusnidatus was most common (77 percent of contents). Pelecypods were
relatively numerous, with remaining contents comprised of D. thorata and
unspecified zooplankton parts.

Adults

Sample size is small, but diet of older lake whitefish differs from
younger fish in at least one significant respect: M. relicta was incorporated
in large numbers by adult fish in the fall. M. relicta would seem an
important food supplement for adult'fish as they enter spawning season; a
supplement for adult fish as they enter spawning season; a supplement for
which no equivalent food item existed prior to introduction of the shrimp.
an enhanced food base at this critical time would likely.contribute to a more
successful reproductive effort, and may partly explain why lake whitefish
numbers seem to be increasing in recent years.

Zooplankton Diet

KOKANEE

Five large zooplankton species comprised over 99 percent of all food
items identified in kokanee stomachs: D. thorata, B. loneirostris, D. bicusDi-
datus-thomasi, L. ashlandii, and E. nevadensis. Among these five species, D.
thorata wa6 by far most common, comprising 89 percent of total diet, and no
less than 87 percent of zooplankton ingested for any age or size class
examined (Table 12). This result is consistent-with well-documented strong
selection for D. thorata by kokanee in Flathead Lake (Leathe and Graham 1982,
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Tab1el.2. Rxcentamtributionof  five lamp zooplaxdcton  species
tothemoplanktondietof~ captured in 1988.

ml- Ageclass
Species o+ 1+ II+ 111+

D.thOEitEI 93.65 87.93 99.73 96.63

B. lo3lgirostris 0.43 2.19 0.0 0.0

IL-is 0.05 0.27

D.a&iladii 5.82 3.31 0.0 3.37

L.biaspidatus-thanasi 0.05, 0.69 0.0 0.0
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Beattie et al. 1988), although influenced by the fact that most
samples were collected.only in months when D. thorata was available. Only
seven.stomachs  contained less than 50 percent D. thorata; all of these samples
were from fish captured in spring or early summer.

The winter. diet of k0kane.e in Flathead Lake has historically been
dominated by copepods (Leathe,and Graham 1982, Beattie et al. 1988), shifting
to D. thoratd as abundance of this cladoceran increases in the spring and
early summer. although sample size is'small, contents suggesst a simiiar 'diet
progression occurred in 1988. However, the characteristic switch to almost
exclusive"incorporation fo D. thorata occurred earlier in 1988-than'reported
in 1986 or 1987 (Beattie et, al. 1988). In May, 76 percent of all ,fo.od items
ingested were D. thorata comprising more than 99 percent of stomach contents
in all months th,at .followed. Earlier selection for D. thorata may be ,rel,,ated_. .I,
to timing of peak abundance of the cladoceran, since peak densities also
cocurred earlier in 1988 than in previous years (Figur&e 6).. It is.po,ssible
too, that lower total densities of other zooplankton species influenceh~ti&ng
of selection for d. thorata, although at this time we do not know the mecha-
nism by which zoopal,nkton,densities  might determine feeding ,behavior.,. The
switch to D. thorata occurred earlier in 1988, for example, despite a lower
total D. thorata abundance.

E. nevadensis, D. bicusnidatus-thomasi, B. lonPirostris, and 1. ashlandii
contributed respectively 5.2 percent, 3.2 percent, 2 percent, and 0.6 percent
of remaining large zooplankton stomach contents for combined age classes.
Stomachs contained greatest variety of these rarer food items in spring, with
each on average identified in over 50 percent of all stomachs examined.
Frequency of occurrence decreased in summer, and increased again as fish
entered fall and winter months (Figure 18). All four species contributed less
to total diet that was reported in 1986 or 1987 (Beattie et al. 1988). This
last result may again be due to lower total densities of most of these food
items in 1988.

LAKE WHITEFISH

At young age, lake whitefish incorporated large numbers of the same
dominant zooplankton species as kokanee. D. thorata, B. longirostris, E.
nevadensis, D. bicusnidatus-thomasi, and 1. ashlandii, collectively comprised
98.7 percent of total food items ingested by age )+ fish, and about 93 percent
of total numbers for age I+ fish. Among these five species, D. thorata was
incorporated by both young-of-the-year and yearlings (Table 13). Like koka-
nee, younger lake whitefish also displayed a shift in diet to D. thorata as
abundance of this cladocrean increased in the lake.

B. lonpirostris,  E. nevadensis, D. bicusnidatus-thomasi, and L. ashlandii
occurred most frequently in stomachs in spring and fall. Excluding samples
comprised of single fish, frequency of occurrence was always less than 0.5 in
any sample month (Figure 19). Low overall frequency of occurrence suggests
that these zooplankton species are less important in the diet of young lake
whitefish than was true for kokanee. But, unlike kokanee, young lake
whitefish incorporate these food items persistently in summer months. It is
possible that less commonly incorporated zooplankton species are an important
part of the young lake whitefish diet at this time. Young lake whitefish also
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Tablel3. Fwamtcontributionof  five Iage zouplanktmspecies
tothezocplanl&ndietoflalvzwhitefishca~in
3.988.

-a==-
species ot 1+ II+ 111+ v+ TjI+

98.62 99.83 100 100 100 100

B.lB 0.39 0.03 0 0 0 0

E.nevadas~~ 0.36 0.02 0 0 0 0:.: L '.
D.a&landii 0.44 0.07 0 0 0 0'

L.biaddatus-thamsi 0.19 0.05 0 0 0 0
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might not feed as selectively on zoopalnkton as kokanee, although very strong
selection for D. thorata from mid-summer through fall suggests similar feeding
behavior.

Older Sub-adults

'The only large zooplankton species identified in stomach from age II+ and
III+ fish was D. thorata. Although frequency of occurrence in all samples was
only 0.64;. D. thorata still accounted for 92 percent of total numbers of food
items ingested. Patterns of seasonal use were similar to younger lake white-
fish and kokanee, with incorporation greatest as the abundance of D. thorata
increased in spring and summer.

Adults

Two of three fish older than IV+ years contained low numbers of D. thora-
&. No other large zooplankton species were identified in these stomachs,
suggesting that zooplankton species in general no longer constituted a sig-
nificant part of the diet. D. thorata accounted for less than one percent of
total numbers of food items ingested by adult fish.

Zooplankton Size Selectivity

Average total lengths of D. thorata were larger (p <0,05) in lake samples
in August than in June, but size selection by fish was only weakly indicated
in either month (Table 14).

In June, all age classes of kokanee and lake whitefish incorporated
larger D. thorata in proportions slightly higher (L ~0.16) than their corre-
sponding frequency in the lake. Since many of these larger cladocreans are
adults, it is possible that fish grazing served to delay peak D. thorata
numbers, at least until younger individuals reached reproductive maturity. In
August, this pattern reversed, with smaller D. thorata positively selected,
although again in proportions only slightly higher than their frequency in the
lake (L CO.12). Removing cladocerans at immature stages would likely contrib-
ute to rapid declines of D. thorata observed in August: losses from direct
incorporation would be more significant because these individuals also fail to
reproduce.

Because size selection was essentially random, our results suggest that
kokanee and lake whitefish had limited influence on a,ge structure of D. thora-
ta population in 1988. Althouhg fish grazing has probably always been a
factor in zooplankton dynamics in the lake, other lake conditions (temperature
regime, nutrient availability, primary productivity) seem likely to exert
greatest influence. Still, fish may now have a relatively larger role deter-
mining zooplankton numbers. We know that zooplankton abundance has decreased
in recent years, and that this decrease is almost certainly the result of
predation by M. relicta. However, despite lower M. relicta abundance in 1988
(Figure 7), total zooplankton densities also decreased (Figure 3). It is
possible that this apparent anomaly is expalined in part by feeding behavior
of fish. No data confirm this possibility, however, and at present, we
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Table 14. Size 'selection for Daphnia'thorata by kokaneeandih2whitefishin
1988. _

IakezooPlanktonsamPles: . .

mm (Pi) lvlmer of Number of
Wle D.thoratakss D.thOEitEI
lllonth than 0.8 nun

JlXE 0.50 1 201

0.33 1 201

Species Sample
(age) -

Numbsof Number of Strauss
stomachs D.thorata I n d e x  S D

04

(I+) June '0.45 5 733
(II+) June 0.40 1 200

(I+) Ausust 0.44 3 421 0.11 0.04111

whitefish

(I+) Jury 0.44 2, 307 -0.07 0.04522
(II+) June 0.35 2 400 -0.15 0.04259
(III+) June 0.46 4 622 -0.04 0.04053

@+I JJw.=t 0.41 5 480 0.08 0.04012
(I+) Ausust 0.37 4 800 0.03 0.03735
(II+) Ausust 0.38 2 131 0.05 0.05391
(III+) Ausust 0.41 1 200 0.08 0.04810

-0.05 0.03975
-0.10 0.04940

49



suspect that fish grazing influence is not as significant as the impacts of L
relicta.

Revised Kokanee Spawning Escapement and Harvest Estimates

. In previous reports (Beattie and Clancey 1987, Beattie et al. 1988)
kokanee escapement and sport harvest in the Flathead drainage was estimated
for all years that escapement data were available from this project. These
data are records of kokanee performance.during  critical years when impacts of
hydroelectric operations on spawning success were first documented (Fraley and
Graham 1982, Decker-Hess and Graham 1982, Decker-Hess and McMullin 1983,
Decker-Hess and Clancey 1984, Beattie et al. 1985, Clancey and Fraley 1986,
Fraley et al. 1987, Fraley and Decker-Hess 1987), and when large scale eco-
logical changes limiting kokanee survival were occurring in Flathead Lake
(B&antis and Bukantis 1987, Beattie et al. 1988). Because this information is
central to understanding the fate of kokanee in Flathead Lake and its tribu-
taries still open to fish passage, we have reexamined earlier assessments and
made slight modifications. Our intention is to provide best estimates possible
from available data (Tables 15, 16, 17).

We restricted harvest estimates to 1981 and 1985, the two years for which
complete creel census data compliment spawner escapement surveys. We also
added fish estimates for the Swan River below Bigfork Dam, and the Flathead
lakeshore escapement.

.Previously, McDonald Creek estimates used the largest number of fish
counted in a survey as a minimum estimate of total escapement. Our revised
estimates differ because we used different analyses for this data. For 1985,
we summed the area under the escapement curve from 7 spawner counts that,had
been made at two week intervals. Fish numbers were estimated assuming a 30 day
residence time (Fraley and McMullin 1984). In 1981, two spawner counts were
made 28 days apart. We added these numbers assuming that ,all, fish in the
first survey had been replaced by the time the second survey was conducted.
In both years the effect of these changes is to increase escapement estimates
slightly, and reduce percent harvest figures, also by a small amount. Revised
estimates should supersede all others, and are appropriately restricted to the
two years in which complete harvest data were obtained.

Harvest estimates are large, particularly in 1981. It is possible that
overfishing contributed to kokanee declines during these years. However, many
fish are not counted in escapement surVeys, which tends to maximize the appar-
ent impact of sport fishing. Also, total escapement in McDonald Creek, where
most recruitment to the Flathead fishery originated, was still excellent.
Based on estimates of egg survival in McDonald Creek (Beattie and Clancey
1987), escapement in both years exceeded the number of fish that can make use
of available gravels without conflict with other fish for spawning sites. Fry
emigration to Flathead Lake was estimated to be 12.0 million in 1982 (Clancey
and Fraley 1986), and 9.9 million in 1986 (Beattie and Clancey 1987) from
McDonald Creek alone. -Even if maximum harvest estimates are assumed to re-
flect a complete loss of reproduction from harvested fish in 1981 and 1985;
remaining recruitment was obviously high. The 12.0 million fry recruited in
1982 produced a record high spawning escapement in 1985 (Beattie et al. 1988),
despite significant sport harvest indicated for the 1981 adult year class.
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Table 15. Spawning escapement estimates for Flathead system
kokanee in 1981 and 1985. :

.
1981 1985 a

McDonald Creeka 117,634 181,943 ; ;

Main Stem Flathead Riverb

Whitefish Riverb

South Fork Flathead Riverb

Beaver-Deerlick Creeksb

1 9 , 0 7 3  : 20,000

998 --

720 2 , 0 7 1

Middle Fork Flathead Riverb

1,723

5,520

Flathead Lakeb 1,565 2,775

Swan RiverC -- 1,350

TOTAL 147,233 210,065

Estimate Criteria:

b"
Spawner counts adjusted by 30 day residence time
Redd counts (multiplied by 2.4)

' Survey in which greatest number of spawners were counted

Table 16. Harvest estimates for Flathead system kokanee in 1981 and 1985.

Harvest Season Harvest Total III+ Percent
Winter Summer Fall Total Year Class Harvest

1981 53,530 118,600 155,032 327,162 474,395 69

1985 50,810 126,293 15,575 192,678 402,743 48
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DISCUSSION

Lake whitefish are 'included in this summary at this time because-they
seem to contrast with kokanee in response to M. relicta induced changes in the
lake. We feel that this contrast provides useful insights into subsequent
impacts on fish populations that could be anticipated when large scale reduc-
tions in pelagic food resources occur. In addition, young lake whitefish eat
many large zooplankton that comprise the majority of kokanee diet. Reduced
zooplankton numbers following the introduction of M,, relicta suggest that lake
whitefish--may now be a significant competitor for food affecting juvenile
kokanee success (Beattie et al. 1988). As this project progressed; a large
portion of our effort was redirected to understanding the extent to which
kokanee-lake whitefish interactions might explain loss of..kokanee in Flathead
Lake.

Food Limitations and Competition

The effects of M. relicta introductions are well described in ma?y lakes
(e.g. Richards et al. 1978, Cooper and Goldman 1980, Rieman and Bowler 1980,
Kinsten and Olsen 1981, Langeland 1981, Lasenby and Furst 1981, Grossnickle
1982, Nero and Sprules 1986, Bukantis and Bukantis 1987), and appear similar
at least in a general pattern of reduced total zooplankton abundance, cladoc-
eran losses, and shifts in timing of peak abundance for many zooplankton
species. It seems reasonable that these impacts could be detrimental to
planktivorous fish, and especially kokanee that primarily eat plankton
throughout their life history. Several investigators have already suggested
that loss of zooplankton to M. relicta has adversely affected kokanee popula-
tions in lakes they have examined (Richards et al. 1975, Morgan et al. 1978,
Reiman and Falter 1981, Morgan et al. 1981, Bowles et al. 1988). In Montana,
the same has been suggested in at least three lakes where M. relicta were
recently established (Anderson and Domrose 1982, Rumsey 1986, Anderson 1987),
including Flathead Lake (Beattie et al. 1988). In Lake Pend Oreille, Idaho,
researchers also suggest that success in reestablishing kokanee by hatchery
plants has been enhanced by waiting until cladoceran populations are at sea-
sonal high numbers in the lake (Bowles et al. 1988). These results indicate
that food abundance can be critical to kokanee success, and that impacts of M.
relicta on zooplankton communities are sufficient to compromise kokanee sur-
vival and reproduction.

Lower zooplankton abundance caused by M. relicta predation suggests that
competition among plankton feeding fish may intensify as food is less avail-
able. But whether or not this competition is a significant factor in kokanee
declines remains uncertain. Many fish are planktivorous at some point in their
life histories (Carlander 1969, Scott and Crossman 1973) including lake white-
fish, lake trout, northern squawfish, peamouth minnows (Mvlocheilus caurinus),
and yellow perch in Flathead Lake (Leathe and Graham 1982). Lake, whitefish
are implicated especially as competitors with kokanee because young fish occur
in large numbers where kokanee were historically common, But similar distribu-
tion may simply be more apparent now that kokanee numbers are less. Also,
mountain whitefish (Prosonium williamsoni) and pygmy whitefish in Flathead
Lake have diets more similar to kokanee than lake whitefish (Leathe and Graham
1982).
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We feel that lake whitefish numbers probably increased significantly in
recent years, and if so, their feeding could contribute more to zooplankton
losses caused by general feeding behavior of all qlankton feeding fish. But
even in this case, we have not determined that current zooplankton abundance
is actually limiting for fish. No data establish that feeding by one species
harms another. Swan Lake kokanee numbers remain stable despite.introducfion
of M. relicta, and total zooplankton densities similar to Flathead Lake
(Rumsey 1986).

Growth results suggest that food limitations do not exist for fish 'that
attain the minimum size in our samples (6Omm), but our samples would include
only fish that successfully overcome food "bottlenecks" if they occur. It is
still possible that very young fish (perhaps larval forms) might have diffi-
culty finding food at current zooplankton densities in Flathead Lake. A
number of laboratory investigations 'demonstrate that larval survival for many
fish is influenced by food density (e.g. Riley 1966, O'Connell and Raymond
1970, Wyatt 1972, Saksena and Houde 1972), and the related efficiency with
which young fish locate and capture prey (e.g. Braum 1967 cited in May 1974).
Feeding efficiency is often influenced by characteristics of prey .organisms,
including size, distribution, and motility in avoiding capture (Rosenthal and
Hempel 1970, Confer and Blades 1974, Drenner et al. 1978, O'Brien 1979, Dren-
ner et al. 1981). Since slow moving species of the genus Daohnia are particu-
larly susceptible to M. relicta predation (Richards et al. 1975, Langeland
1981, Kinsten and Olsen 1981, Grossnickle 1982), and since peak abundance of
these cladocerans has been delayed into summer since introduction of M. relic-
ta in Flathead Lake (Bukantis and Bukantis 1987, Beattie et al. 1988), we
suspect that food limitations, if they exist, would have .greatest influence
on kokanee survival during first feeding and early larval stages. We have not
been able to test this idea by quantifying young kokanee survival. Apparently,
too few fish remain in the lake to be consistently captured for this type of
assessment.

Predation

Capturing kokanee has become progressively more difficult following the
introduction of M relicta. This difficulty may be a consequence of smaller
numbers of fish in the lake each year, kokanee dispersing to low overall
densities, or fish occupying a relatively smaller area of the lake. It is
likely that all of these factors affect kokanee distribution at this time.

The persistently high mortality rate among kokanee, and the precipitous
recent decline in escapement, suggest that kokanee losses result from factors
either lacking or not operating as detrimentally for kokanee before the intro-
duction of M. relicta. Part of the explanation seems likely to be reduced
zooplankton abundance and feeding stress on young fish. But significantly,
introducing M. relicta does not always lead to loss of the kokanee fishery,
even when similar reductions in the zooplankton assemblage occur (Rumsey 1988,
Domrose 1989). At present, increased mortality from predation by other fish,
perhaps in conjunction with lowered food abundance, seems most likely to
explain all patterns observed. If true, predation may have a much larger role
explaining kokanee losses than previously acknowledged.
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Lower zooplankton densities in M. relicta impacted lakes suggest that
kokanee must search more water to obtain the same food ration than was true
before the shrimp was lintroduced. One consequence reasonably anticipated is
higher mortality from predation. That predation risks can increase if
schooling behavior changes is well established from many lines of research.
Several mathematical models (e.g. Breder 1959, Brock and Riffenburgh 1960,
Olson 1960) suggest that fish should'run higher risks of predation when soli-
tary than when living in groups. And theoretical results are corroborated by
careful investigations that show that predators capture prey more efficiently
as prey groups are less highly organized (Neil and Cullen 1974, Major 1978,
Milinski 1977 cited in Morse 1980). Recent observations, although not yet
confirmed, suggest that some kokanee predators (e.g. lake trout) are more
numerous in Flathead Lake (Hanzel et al. 1988). It seems reasonable that more
predators would kill more kokanee. And even if predator numbers do not change,
increasing predator efficiency might account for limited distribution and
fewer kokanee in the lake.

If increased predation explains the sudden kokanee losses in Flathead
Lake, similar population collapses might be expected in systems with analogous
predator populations. By.same-reasoning,  dramatic loss would not be predicted
in systems that lack these fish. In lakes we have examined, we now believe
that lake trout have a central role in determining fate of kokanee populations
after M. relicta introductions.

Twelve lakes in nolithvestern  Montana with established kokanee populations
were planted with M. 'relicta in 1968, 1975 and 1976 (Domrose 1982, Rumsey
1988). Introductions"were..made  to supplement the food base, with particular
interest in augmenting kokanee production. Later investigations confirmed M.
relicta successfully eifablished in five of these lakes (Rumsey 1988, Figure
20), and also an unintended occurrence in Flathead Lake (Leathe and Graham
1982). After shrimp populations were established, three lakes (including
Flathead) experienced dramatic-declines in kokanee numbers. Common to all
lakes where kokanee populati&s'.collapsed  was the presence of lake trout in
the system; this same $.+h.'was ab'sent from lakes in which kokanee persisted in
significant numbers;.:' ",;Interestingly, this pattern,seems  the same in lakes
outside Montana (e.g,:Morgan et al. 1978). One exception might be Lake Pend
Oreille, Idaho, where.,kokanee  numbers apparently collapsed after M. relicta
was introduced (Bowler' et'ai. 1979) even though lake trout are present at very
low numbers in that system. Significantly, however, this is also one of the
few lakes we know where attempts to reestablish kokanee by hatchery supplemen-
tation have met with any success (Bowles et al. 1988).

Other predators would certainly contribute to kokanee losses following M.
relicta introduction in Flathead Lake. In general, we expect that total preda-
tion pressure would increase as kokanee numbers decline. With continuing loss
of youngest fish, perhaps exacerbated by limited food, smaller year classes
would soon support all kokanee predators in the lake. However, lake trout
seem especially likely to have had major impacts on kokanee numbers. Lake
trout are known to strongly select kokanee as food (Leathe and Graham 1982),
they are lake spawners with all but youngest age classes contributing to
kokanee losses each year, and they are known to feed heavily on M. relicta
(MDFWP unpublished data).
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Figure 20. Locations of lakes in northwestern Montana with.established
Wsis populations.
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Lake trout are bottom oriented fish, and like lake whitefish, seem to
have benefited from M. relicta as a new food item. Both species incorporate
many M. relicta despite dramatic die1 migrations documented for the shrimp
(Beeton 1960, Beeton and Bowers 1982, Bukantis and Bukantis 1987). In at
least one lake comparable to Flathead Lake, total fish production was found to
be dominated by fish using benthic foods (Eggars et al. 1978). We suspect a
similar situation is developing in Flathead Lake. Reductions of pelagic foods
caused by M. relicta, coupled with M. relicta being eaten in turn by bottom
oriented fish, has shifted fish production in favor of benthic species. Unfor-
tunately, -if true, the consequences of this shift have been devastating for
the kokanee fishery.

Increased survival of young lake trout, perhaps due to the availability
of M. relicta, would add more predators to the lake each year, accelerating
loss of kokanee. If we are correct that predation is the dominant factor
explaining the kokanee collapse, we would expect kokanee mortality to increase
rapidly until kokanee seem suddenly lost from the system. In Flathead Lake,
loss of kokanee certainly fits this pattern.

Very recently, kokanee fry stocking at levels of about 1 million fish
each year appear effective in reestablishing kokanee in Lake Tahoe, California
(Ginger Thomas, Confederated Salish and Kootenai Tribes, personal communica-
tion, 1989, from Russ Wickwire, California Fish and Game). Escapement as high
as 50,000 fish in 1988 is attributed to supplementation efforts begun in 1980.
Hatchery enhancement had been stopped in the 1970s because stocking efforts in
the late 1960s showed no apparent improvement in the kokanee fishery. Al-
though lake trout live in this lake, their numbers were decreasing before the
most recent hatchery plants were successful. As kokanee escapement im-

q proves, lake trout numbers apparently are increasing again, while M. relicta
remain abundant. It is ,possible that the pattern of kokanee collapse experi-
enced after initial M. relicta introductions will repeat. On the other hand,
Lake Tahoe may represent a valuable test case from which to identify success-
ful kokanee rehabilitation strategies for Flathead Lake, even if lake trout
predation is as significant in explaining kokanee losses as we have proposed.

IMPLICATIONS FOR FISHERIES MITIGATION AND MANAGEMENT IN THE FIATHEAD SYSTEM

The final report for which this document is an addendum (Beattie et al.
1988) proposed three recovery alternatives for enhancing the Flathead System
fishery. These alternatives form part of mitigation planning described by
Fraley et al. (1989). Two of these alternatives were premised on successful
rehabilitation of the kokanee fishery. The third assumed that kokanee could
not be reestablished in the lake. Because we are uncertain whether or not
kokanee will recover, flexibility in management alternatives remains necessary
to compensate fishery losses in the Flathead system. One major benefit of the
Flathead Lake Kokanee Study, however, is that productive potential management
directions have been identified in context with the changed ecology of Flat-
head Lake.
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Kokane‘e Fry Planting Efforts in Flathead Lake

Our current understanding is that reduced food and increased predation in
Flathead Lake have resulted in very high mortality of kokanee. If we are
correct, as long as these factors impact kokanee asthey have in recent years,
reestablishing kokanee will be difficult. Large scale hatchery plants (not
presently feasible) might help, although food limitations could be compounded
by many more fish. Also, without continued and increasing hatchery supplemen-
tation, predators might eventually reduce new recruitment below levels of an
acceptable fishery.

We recognize that our current understanding of factors adversely affect-
ing kokanee is not complete. We are only now beginning to test the role of
predation in explaining kokanee losses. Even if the pre‘dation hypothesis is
supported in basic form, refinements may suggest ways in which complete loss
of kokanee could be avoided. One test of the predation hypothesis is already
underway. Fry supplementation begun in 1987 should first significantly con-
tribute to kokanee spawning esizapement  in 1990. At a minimum, escapement
monitoring should continue the next three years to determine if hatchery
plants have had any success increasing kokanee numbers. For similar reasons,
fry planting should continue at least two more years. Continued plants would
preserve benefits of previous efforts, if they exist.

Hydroacoustic Sumeys and Lake Trout Monitoring in Flathead Lake

The central role of lake trout we suggest in explaining kokanee losses
places priority on describing its current status in Flathead Lake more thor-
oughly. If we are correct, lake trout numbers should be increasing at the
same that kokanee have been all but eliminated. Dual-beam surveys begun in
1988 will be critical to ascertaining population responses over the next
several years. For this reason, acoustic surveys should be continued. Now
that the technology has been demonstrated effective, surveys should be stand-
ardized'to predetermined transects with several surveys made during the year.
At a minimum, lakewide sur)reys should be conducted prior to and following lake
stratification, and major spawning seasons. These surveys will also provide
data to disprove the predation,hypothesis  if it is incorrect. Ascertaining
whether or not predators are responding as we predict will be a significant
contribution to continuing efforts to understand the full implications of M.
relicta introduction to Flathead Lake.

Although we believe that younger year classes of lake trout have in-
cr.eased numbers in recent years, loss of kqkanee may lower condition and
survival of older fish. Anglers on Flathead Lake suggest -that lar.ger lake
trout (20 to 30 lbs) are now less abundant. If a trophy lake trout fishery is
a priority, food habits' of lake trout will require close monitoring to deter-
mine if other species, such as yellow perch or lake whitefish, are incorpo-
rated in adequate numbers to compensate loss of kokanee.
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Species of Special Concern and Protecting Tributaries to Flathead Lake

Westslope cutthroat and bull trout are designated species of special
concern in Montana. A policy to protect and enhance natural reproduction of
these native salmonids is already adopted in fisheries mitigation guidelines
by the Montana Department of Fish, Wildlife and Parks. Both species spawn in
rivers tributary to Flathead Lake.which are impacted by hydroelectric opera-
tions. At a minimum, management efforts should continue to promote welfare of
these populations. If kokanee can not be reestablished in Flathead Lake, these
species will have increased.importance replacing this formerly significant
fishery.

Very little is known about the current stat& of westslope cutthroat in
Flathead Lake, although the fishery was apparently more productive in previous
years (Beattie et al. 1988). Hatchery supplementation is difficult with this
species (Beattie et al. 1988), but provides one means of enhancement. We
recommend that priority also be placed on improving spawning and rearing
habitat to enhance natural reproduction. Bull trout numbers apparently are
stable in the Flathead system, based on spawner surveys from the last ten
years (Fraley and Shepard 1989). Again, emphasis should be placed on protect-
ing and enhancing spawning and rearing areas. Hatchery enhancement of bull
trout in the Flathead system should be explored as an alternative for augment-
ing the fishery.

Minimum flows in the Flathead River recommended by Fraley et al. (1989)
should be maintained, with research directed to ascertaining optimum flow
schedules for fish. These schedules must also provide for efficient opera-
tion of hydroelectric facilities in the drainage. Considerable work is already

' completed with this objective in mind (Fraley et al. 1989).

Attempts to improve fish passage at Bigfork Dam into the Swan drainage
may benefit westslope cutthroat and bull trout fisheries. However, if our
current understanding of kokanee declines in Flathead Lake is correct, a
significant risk to the kokanee fishery in Swan Lake exists if lake whitefish
and lake trout ,become established. For this reason, at a minimum, a compre-
hensive baseline assessment of the status of the Swan Lake fishery is neces-
sary before a new fish ladder is operational. These data will provide a basis
from which to assess subsequent effects of greater'numbers of fish moving
between the now relatively isolated systems. When the improved fish ladder is
functioning, fish passage should be monitored for at least two years to
ensure that significant numbers of westslope cutthroat and bull trout are
moving between drainages, and that lake whitefish and lake trout are not being
introduced to Swan Lake. Future work in the Flathead system may establish
that these concerns for the Swan Lake fishery were unwarranted. At present,
however, we urge a conservative approach in opening new drainages to poten-
tially devastating consequences for kokanee.

If kokanee are no longer viable in Flathead Lake, management efforts will
necessarily emphasize other species. Native species are a logical choice and
recommended emphasis. Many species already in the drainage have adfluvial
life histories, including westslope cutthroat and bull trout. We recommend a
general policy to protect tributaries from harmful development impacting fish
in the Flathead system, while accommodating other water uses. The protected
areas concept (Fraley et al. 1989) provides a reasonable framework to begin

59



.
implementing this policy. Protecting river spawning and rearing habitat may
be one of the best mitigation alternatives for the Flathead Lake fishery in
years to come. Protecting rivers not only supports important sport fish that
spend some part of their lives in Flathead Lake, but also maintains the integ-
rity of the-broader drainage, upon which the quality of the Flathead Lake
fishery depends.

From the mid 1970s through the early 198Os, approximately 100,000 kokanee
spawners in the Flathead drainage were lost annually due to the operation of
Hungry Horse Dam (Fraley et al. 1989). Because changes in the trophic struc-
ture of -Flathead Lake now limit kokanee survival, offsite enhancement of
kokanee may be another effective way to mitigate kokanee losses. Kokanee
populations could be enhanced in other lakes in the drainage where detrimental
interactions with M. relicta do not occur. Efficient implementation of this
mitigation approach would require that appropriate lakes be identified based
on their ability to support kokanee populations, and prioritized t'o maximize
benefits to lake users.

Introductions of New Species

The ecology of Flathead Lake is still changing as fish respond to altered
conditions in the lake. New population equilibria are being established, and
the full implications of M. relicta induced changes in this process are not
well understood. Although we recommend that the option to introduce new spe-
cies be maintained as a management alternative, results of introductions are
never entirely predictable, and could seriously compromise efforts to en-
hance natural reproduction of established fish. For these reasons, introduc-
tions of new species must be made only after complete and thorough considera-
tion of all potential consequences, including worst case scenarios. An ex-
haustive review process is already man&ted for proposed introductions of new
species to Flathead Lake.

Finally, we emphasize that whatever form fisheries mitigation may take in
coming years, all efforts must be accompanied by a strong monitoring and
evaluation program. Effective evaluation of responses of fish in the Flat-
head system is necessary to allow for adaptive fisheries management, as out-
lined in the recent Flathead system co-management plan (MDFWP-CSKT 1989).
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APPENDIX A

Average densities of selected large zooplankton species
at three sampling stations on Flathead Lake in 1988.
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TableAl. Average densities (no./l) of selectedlarye zooplankkon species at
threesan@ngstationsonFla~Lake  in1988.

Sanple Bbnth
SmNe
station May Jun Jul. Aug Sep act NSJ

l-l (E)u
l-1 0-w
l-5 (E)
l-5 OI)
6-4 (E)
6-4 09

l-l (E)
l-1 OI)
l-5 (E)
l-5 (HI
6-4 (E)
6-4 (H)

Diawclops l-l (E)
l-l (H)
l-5 (E)
l-5 (W
64 (El
6-4 (H)

9i!i&?e l-l.(E)
l-l (H)
l-5 (E)
l-5 (HI
6-4 (E)
6-4 (H)

Leptodiaptmus
l-l (E)
l-l (Hj
l-5 (E)
l-5 (W
64 (El
64 (HI

l-l (E)
l-1 (H)
l-5 (E)
l-5 (H)
6-4 (E)
6-4 (H)

0.06

0.60

0.21

0.001

0.60

0.52 0.12 0.28 0.12
0.04 0.32 0.08 0.03
0.52 0.36 0.08 0.10

co.01 0.28 0.08 0.04
0.52 0.28 0.24 0.10
0.24 0.80 0.20 0.06

2.50 4.20 2.70 0.40
1.00 2.00 1.40 0.50
1.60 1.80 1.50 0.30
1.10 1.40 0.50 0.20
1.90 2.10 1.30 0.30
0.90 1.20 1.00 0.50

0.42
0.22
0.39
0.15
0.39
0.35

iLOO
0.002
0.120
0.002
0.006
0.004

0.50
0.35

: 0.18
0.36
0.18
0.47
. .

0.26 0.34
0.23 0.21
0.24 0.24
0.25 0.41
0.27 0.20
0.29 0.27

0.008 .0.046
0.004 0.002
0.120 0.006
0.002 0.003
0.007 0.004
0.100 0.006

0.006 0.006

2.50 4.20 2.70
1.00 2.00 1.40
.1.60 1.80 1.50
1.10 1.40 0.50
1.90 2.10 1.30
0.90 1.20 1.00

0.004

0.004
0.004

0.40
0.50
0.30
0.20
0.30
0.50

0.08
co.01
0.80

0.08

0.20
0.20
0.20

0.20
0.40

0.24
0.25
0.25

0.35
0.25

0.002

0.006
0.002

0.20
0.20
0.20

0.20
0.40

- 0.00016 0.00008
- 0.00048 0.00024

- 0.0004 - 0.00008
I_-

- 0.00032 0.00028
0.00068 0.00064 0.00036 0.00044

0.12

0.08

- -
- -

0.20

0.10

-me
---

0.38
---
0.33
-w-m
- -
---

0.004

0.001
- - -

0.20
I--
0.10
- -

- -

- -
- -
-m-e
----
----
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APPENDIXB

Data supplement for the 1988 dual-beam hydracoustic'survey
of Flathead Lake.
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TableBl. Midwae, -, and total fish mity (fish.000 m2)
along 26 tsansectS sampled in the 1988 hydroaccustic suwey
of Flathead Iake.

Density.

lZ4l 0.3450
lA2. 4.5960
1 Bl 1.6830
lB2 0.0680
1c 0.2579
1D o-J.373
1E 0.0779

2 B 1.5930 (63.4) 0.9198 (36.6) 2.5128
2 c 0.7075 (76.4) 0.2190 (23.6) 0.9265

3 A 0.5080 (55.0) 0.4161 (45.0) 0.9241

, 4 A 0.8530
4 B 1.6260
4 c 1.4585

0.1533
0.1533
0.1095

1.0063
1.7793
1.5680

5 A 0.8775 (85.1) 0.1533 (14.9)
5 B 2.5215 (95.8) 0.1095 (4.2)
5 c 1.1300 (82.4) 0.2409 (17.6)
5 D 0.5895 u31.8) 0.1314 (18.2)

6 A O-8879 (74.3) 0.3066 (25.7)

7

8 0.2660 (60.3) 0.1752 (39.7)

9A 1.4655
9B 0.8640

0.2l90 (56.5)
0.5475 (38.8)

10 0.3100 (25.3) 0.9171 (74.7)

11 1.2080 (74.4) 0.4161 (25.6)

I.2 3.1045 (84.5) 0.5694

l3A 2.8450 (87.2) 0.4161
13 B 3.9129 (94.7) 0.2190

14 1.3860 (76.9) 0.4161

15 0.9960 (85.0) 0.1752 W-0)
16 1.1185 (83.6) 0.2190 (16.4)

.0.3155

(100)
(86.8)

(::,i;
(70.2)
(51.1)
(17.3)

(59.0)

0.7008
1.0293

0.1095
0.1314
0.3723

0.2190

(0)
W-2)
(37.9)
(0)

(29.8)

(41.0)

(15.5)

W-8)
(5.3)

(23.1)

0.3450
5.2968
2.7123
0.0680
0.3674
0.2687
0.4502

1.0308
2.6310
1.3709
0.7209

1.1945

0.5354

0.4412

3.3690
1.4115

1.2271

1.6241

3.6739

3.2611
4.1319

1.8021

1.1712

1.3375
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TableB2. soytic taxget e distrjbutions.for  strata 1
.

-by-f=um

At or below
1 -59.0
2 -58.0
3 -57.0
4 -56.0
5 -55.0
6 -54.0
7 -53.0
8 -52.0
9 -51.0

10 -50.0
11 -49.0
12 -48.0
13 -47.0
14 -46.0
15 -45.0
16 -44.0
17 -43.0
18 -42.0
19 41.0
20 -40.0
21 739.0
22 -38.0
23 -37.0
24 -36.0
25 -35.0
26 -34.0
27 r33.0
28 A32.0:
29 -31.0
30 -30.0
31 -29.0
32 -28.0
33 -27.0
34 -26.0
35 -25.0
36 -24.0
37 -23.0
38 ,-22.0

above -21.0

-59.0
-58.0
-57.0
-56.0
'-55.0
-54.0
-53.0
-52.0
-51.0
-50.0
-49.. 0
-48.0
-47.0
-46.0
-45.0
-44.0
-43.0
-42.0
-41.0
-40.0
-39.0
-38.0
-37.6'
-36.0
-35.0
-34.0
-33.0
-32:O
-31.0
-30.0
-29.0
-28.0
-27.0
-26.0
-25.0
-24-O
-23.'0
-22.0
-21.0

0 10 1
0 1 1
0 1 1
0 6 0
0 2 0
0 5 0
0 7 1
0 7 0
1 18 1
0 22 3
0 I.3 2
0 23 2
1 16 1
0 8 1
0' 19 2
0 20 0
0 21 . 3
1 23 2
0 16 1
0 18 3
0 8. 3
3 25 2
0 17 ? 3
:l 10 Y 0
0 10 5
0 5 '. 3
0 1 4
0 1 .o
0 4. 1
0 0 1
0 0 :. 1
0 1 1
0 0: 1
0 0 1
.O 0. 0
0 O- .O
0 0 ,l
.O 0. 0
0 0 0
0 0 0

2 2 0
0 1 0
4 0 0
4, 6 1
1 1 0
5 5. 1
3 6 2
6 8 0
6 117

I.2 21 1
10 9 2
2 l31

14 16 6
3 11.0

I2 16. 2
6 18.. 5
7 17. 4
3 15-3

13 '. I.3 . i 5
4
7;

10 7
5. ~ 2

4 15: 3
6 19. 6
1 10: 3
4 : lo 4
2 1 8: 1
2. 3.. 0
2. 2, 0
2. 5 1
1 0 0
0 0 1
0.; 2 . 0
0, 0 0
2 0 0
1; 1 0
0 0; 0
0,. 0. 0
0 0 0
0 0. 0
0 0 2

Ql .O 0
0 1 0 0

.2 0 4 0
"6 4 .3 1
2.1 -0 0
4 3 13 8
2. 2 5 0
6 1 6 2
16. 3 10 0
13 10 24 13
9 6 8 1

-10 5 12 3
13 18 28 9
4 5 11 4

14 13 31 7
17 7 19 8 .
.23.. 7 -20 16
.l9.. 9 .' 14 7
:20 13 31 20
228 7 1.18 8
.$4 9 18 7 :'
,2.1. 7 l-3 4
',19.. 9 ' : 14 3-
L3 2 : ,8 3
.6.1 ,3 1

: 3 . 4  ).7 3 .
:2, .' 2 . 8 0

.6 4 .3 3
.l 0 .3 0
T2.2 .1 0

..I- 2 2 1

.O 0 ; 0 0
0; 1 0 0
.l 1 .o 0

9: 0 1 0 :
:o. 0 .o 0
0 0 .o 0.
0.0. 0 0
0 0 0 0
0 0 0 0
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mfJer upper 6 7 8 9
Limit. Limit

Class (W (d-B) isGiiwnbm nbmw nblnw

At or belcw
1
2
3
4
5
6
7
8
9

10
11
I.2
13
14
15
16
17
18
19 ._
20
21
22
23
24
25
26

2 7
28
2 9
30
31
32
33
34
35
36
37
38

above

-59.0
-58.0
-57,0
-56.0
k55.0
'54.0
-53.0
-52.0
-51.0
-50.0
-49.0
-48.0
-47.0
-46.0
-45.0
44.0
-43.0
42.0
41.0
40.0
-39.0
-i8.0
'37.0
-36.0
-35.0
-34io
-33.0
-32.0
-31.0
-30.0
-29.0
-28.0
-27.0
-26.0‘
-25.0
-24.0
-23.0
-22.0
-21.0

b

-59.0
-58.0
-57.0
-56.0
-55.0
-54.0
-53.0
-52.0
-51.0
-50.0
49.0
-48.0
-47.0
-46.0
45.0
44.0
43.0
42.0
-41.0
-46.0
-39-o
-38.0
-37.0
-26.0
-3s.o
-34-Q
-33.0
-32.0
-31.0
-30.0
-29.0
-28.0
-27.0
-26.0
-25.0
-24.0
-23.0
-22.0
-21.0

1
6
0
4
1
6
4
4
7

'. 25
8
10
38
16
23.

2 1 '
31

28'
16
14
11
11:
4
5'
2

-. 2
-2

: 0
1
1.
9
0
1
0
0
0
0
0
;:

1 0 0 0 1
0 0 0 0 0
0 0 0 0 0
1 1 0 2 1.
0 0 3 0 2
3 3 0 3 0
0 3 6 5 2
0 2 1 4 6
2 4 3 1 4
1 I.2 5 I2 5
1 4 15 6 26
2 10 2, 9 32
1 17 0 30 I.5
0 I.2 16 18 50
5 21 10 24 36
1 17 15 17 46
3 25 8 37 32
2 14 3.3 I.6 60
5 23 13 li3 30
3 15 10 15 42
2 9 10 9 23
4 7 11 '4 14
1. 4 9 4 9
3 4 9 3 lo-
0 1 8 2 3
2 1 7 1 '1
0 6 '5 0 .O
1 2 7 '3 6.
1 .o 4 '0 0
0 1 1 0 0
1 2 3 .o 0
0 0 0' 0 .l
0 0 2 0. 0
0 1 1 0 0'
0 0 1' 0 0
0 0 0 0 0
0 0 0 1 0
0 0 1 0 0
0 0 0 0 0
0 0 0 0 0

0 0
0 0
0 1
0 0
0 0
2 3
0 5
1 8
2 9
7 17
5 4
5' :20
10 26
10 17
11 24
11' .37
9 36
8 29
3 17
4 24
2 14
1 12
0 '$13
1 11
0 5
1 4
3 11
0 3
0. '1
1 1 '
0 ‘1
0 0
1 0
0 0
0 1
0 0
0 1
0 0
0 0
0 1



;.
TableB4. Mean targetD by depth and tl%sect &Ii

3he 1988 hyilroacerustic survey of$lathead Lake.

Nuuther of
m (ml W

Mean Taryet
strength t-1

1Al

1. A2

1 Bl

lB2 . .

1c

1D

1E

lo-15

2-5
5-10

lo-l.5
m-20
20-23
23-26
26-29
29-32
32-35

2-5
5-8

8-11
11-14
14-17
17-20
20-23
23-26
26-29
29-32
32-35

'lo-I.5
E-20
20-25

5-10
lo-l.5
Is-20
20-25
25-30
30-35

15-20 4
25-30 109
30-35 32
35-40 4

5-10 3
15-20 2
25-30 44

6

8
-50
86

185
181
79
147
187
77

3
9

I.9
9

29
18
70

I.27
200
I.57

8

2
4

22

2
I2
2
4

180
I.5

. .
i’

.. .

..:

_

‘...

.

‘. ..:.

,.
.’

.

.;

:

. .

,.

-57.1

-50.5
-52.6
-55.2
~55.2
-54.5
-52.5
-52.9
-51.2
49.2

.-51.8
-48.6
-51.7
-54.1
-53.2
-55.5
-50.6
-51.8
-50.7
-50.6
-53.1

-62.6
-48.9
- 4 5 . 5

-56.5
-56.3
-58.1
-52.0
-59.0
-60.3

-46.5 ;.
-59.6
-52.5
-53.8

-41.9
-63.3
-48.3
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.

Table B4. (conthud).

2 B 5-10 7 -54.2
lo-l.5 I.3 -56.0
x5-20 10 -57-5
20-25 7 -59.3
25-30 24 -53-l
30-35 93 -52.6
35-40 287 -52.5
40-45 758 -51.4
45-50 1,= "-50.9
50-55 550 -50.2
5560 26 -53.8
60-65 33 -52.2

2 c lo-l.5
s-20
20-25
25-30
30-35
35-40
40-45
-45-50

55-60
6-5
65-70
70-75
7540

3 A lo-15
E-21)
20-25
25-30
30135
.35-40
40-45
45-50

4 A 5-10 6 -48.2
lo-15 I2 -60.3
15-20 52 -61.9
20-25 45 -60.4
25-30 27 -56.6
30-35 106 -49.9
3540 266 -50.2

6 49-45 4 4 -53.7
45-50 57 -53.0
50-55 5 3 -52.6
55-60 55 -54.5
60-65 99 -51.9

7 -61.4
16 -61.5
31 -59.8
61 -57.1
34 -55.6

.=4 -54.3
326 -54.0
278 -52.6
41 -55.1
50 -53.1
69 -52.4
72 -55.0
155 -52.3
97 -54.5

1.
25
27
33

860
820
206

-58.5
-61.6
-52.6
-49.5
-48.7
-48.7
-49.9
-51.3



TableB4. (co&hued).

Numbm of -Target
Trahsect - ON Tarrpets strength (W

4 A 65-70 80 -52.5
70-75 66 -54.5
-75-80 72 -51.9
80-85 56 -54.1
85-90 ' 92 -54.8
go-95 85 -54.4

4B lo-l.5 2 ~56.3
l5-20 5 -60.6
20-25 47 -59.2
25-30 317 -59.6
30-35 388 -57.9
35-40 48 -57.6
40-45 25 -49.7
45-50 75 -52.4
50-55 152 -50.5
55-60 79 -50.5
60-65 94 -51.4
65-70 55 -53.0
70-75 41 -53.1

4 c lo-l.5
E-20
20-25
25-30
30-35
35-40
40-45
45-50
50-55
55-60
60-65
65-70
70-75
75-80
80-85
85-90
90-95

95-100

5A lo-I.5 ' 1 4 -60.9
E-20 30 -60.7
20-25 17 -58.0
25-30 l3 -49.9
40-45 20 -49.3
45-50 16 -49.0
50-55 29 -53.5
55-60 48 -51.5
60-65 66 -51.8

2
I.3

120
203
91
62
82

147
244
159
187
117

293
427
552
494
46

-52.3.
-61.4
-58.9
-60.5
-58.1
-52.1
-52.9
-52.5
-54.2
-54.3
-53.7
-54.2
-53.6
-54.7
-54.3
-55.0
-54.2
-55.1
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Table'B4. (cozdmed).

5 A 65-70
70-75

5B .I lo-I.5
s-20
20-25

:.' 25-30
30-35
35-40
40-45
45-50
50-55
55-60
60-65
65-70
70-75

5c lo-I.5
E-20
20-25
25-30
30-35
35-40
4045
45-50
50-55
55-60
60-65
65-70
70-75

5 D lo-I.5
Es-20
20-25
25-30
30-35
35-40
40-45
45-50
50-55
55-60

6 A 5-10 5 -52.0
lo-15 8 -49.9
20-25 I.2 -54.0
25-30 28 -50.7
30-35 103 47.9
35-40 564 -48.8
40-45 472 -51.4

21
16

20 :
114 ,I
238
52
5 ',.

17 .
l.3
46
36

114

137
23

9
47
45
20
33
33
87

104
142
143

:'I.30 .
I.56
35

9
34
62
22 (
40
49
96
181
45
22

-51.0
-50.7

-62.3
-60.9
-59.4
-58.7
'-61.8
-53.1
-49.9
-50.0,
-52.9
-50.3
-51.5
-51.7
-56.2

-57.7
-61.6
-61.0
-58.1
-53.7
-55.9
-54.2
-53.3
-52.6
-54.1
-53.1
-54.0
-51.9

-62.1
-60.3
-58.6
-55.5
-50.8
-46.9
-48.5
-52.7
-53.1
-50.4
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TableB4. (cmtimed).

Mmnber of -Target
- ON - strerrgth (W

6 A 45-50 253 -51.5
50-55 I.91 49.6
55-60 4 -39 :5

7 5-10
lo-15
E-20
20-25
30-35
35-40
30-45

8 5-10 6 -49.6
lo-I.5 41 46.8
E-20 66 47.2
20-25 73 _. -53.0
25-30 95 48.9
30-35 20 -48.7

9A lo-15 33 -56.5
: Is-20 83 - 6 0 . 9

20-25 166 -59.1
25-30 88 -57.1
30-35 17 -53.4

9B

10 35-20
20-25
25-30
30-35
35-40
4045
45-50

50-55
55-60
60-65
65-70
70-75
75-80

E-20 68 ! -59.5
20-25 36 -57.2
25-30 23 -51.9
30-35 59 -52.0
35-40 1 7 9 -50.5
40-45 212 - 5 3 . 1
45-50 2 8 1 -50.9
50-55 258 -52.0
55-60 227 -50.7

4 -57.7
8 -61.0
10 -58.6
55 ~51.8
40 : 46.3
103 47.0
I.26 -52.4
74 -51.9

4 -62.9
99 -59.2
27 -60.6
22 -52.6
34 -48.0
73 -50.8
103 -50.8
103 -52.6
40 -54.8
58 -55.4
8 6 -52.8
99 -54.6
70 -58.1
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TableB4. (catimed).

11 5-10
lo-l.5
15-20

_- 20-25
25-30
30-35
35-40
40-45
45-50
50-55
55-60
60-65

5 -52.0
3 -59.0

33 -61.3
59 -56.5
161 -57.9
149 -55.9
I.37 -55.4
167 '+x.7
292 53.3
323 -53.0
207 -54.2
70 -52.8

Il.2 5-10
10-15

1 D-20
20-25
25-30
30-35
35-40
40-45
45-50
50-55
55-60
60-65
65-70
70-75
75-80
80-85
85-90

6
35
97
144
478

285
403
396
502
577
444
489
548
222
299
104

-49.1
-57.3
-57.1
-56.0
-57.1
-52.6
49.8
-59.7
-52.1
-53.1
-53.7
-54.6
-53.2
-53.1
-54.1
-54.0
-54.4

l3A 5-10
lo-l.5

: E-20
20-25
25-30
30-35
35-40
40-45
45-50
50-55
55-60
60-65

2
14
60

168
160
97
254
377
358
225
299
190

-39.0
-50.5
-56.1
-57.8
-57.3
-51.9
-50.5
-50.3
-52.3
-55.0
-53.7
-52.9

13 B 5-10 2 -44.8
10-3.5 9 -54.1
E-20 51 52.9
20-25 182 54.9
25-30 265 -56.6
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Table B4. (codnued).

14 lo-J.5 8 -58.8
Is-20 46 -56.4
20-25 68 -53.6
25-30 25 -58.4
30-35 48 -53.4
35-40 I25 -51.8
40-45 131 -51.4
45-50 I.36 -52.2
50-55 319 -51.2
55-60 265 -52.0
60-65 4f -54.1
65-70 40 -53.3

15 lo-15 2 -56.2
E-20 28 -51.1
20-25 21 -56.1
25-30 12 -58.7
30-35 16 -54.8
35-40 42 -48.0
40-45 26 -55.6
45-50 106 -54.2
50-55 135 -53.7
55-60 75 -54.4
60-65 99 -52.5
65-70 65 -52.6

16 lo-I.5 6
Is-20 17
20-25 Xl.2
25-30 27
30-35 28
35-40 52
40-45 133
45-50 237

13 B 30-35 89 -53.0
35-40 141 -50.9
40-45 438 -48.9
45-50 547 -52.4
50-55 583 -53.7
55-60 402 .: -54.5
60-65 305 -55.0
65-70 277 "55.5-o
70-75 234 -56.5
75-80 I . 9 8 -55.4
SO-85 I.31 -54.9
85-90 70 -57.2
90-95 17 -49.4

-55.9
-55.1
-57.4
-58.3
-50.9
-50.9
-49.9
-49.9
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Table B4. (continued). '

Transect
Depth Number of Mean Target

Interval (m) Targets Strength (dB)

16 50-55
55-60
60-65
65-70
70-75:
75-80
SO-85
85-90

: 90-95
95-100

414 -51.8
434 -52.3
3 6 4 -54.0
325 -54.2
321 -55.7
294 -55.8
372 -55.1
414 - -55.7
318 -56.0
161 -55.8
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APPENDIX c

Information supplement for age d&erm&ation& of kdkanee and lake
whitefish.



TableCl. Agmemat ofagesdeterminedbydiffererrtscalereaders.

Number of Brcent of Numberof Rzrcent
Species scalesBG4mined Total Sample SameAges Agreement

30 52 25 83

Iake whiw* 30 45 21 70

Tab1ec2. .0mqEu=l ofempirically~ .meantotallengthsat
age withlengthspzedictedfrumthe  Walfordmodel for lake
whitefish captured in Flathead Lake in 1986, 1987, and
1988.

obsemedmean
predictedmean

T&al. length (rrm) - -Km mo difference

III+ 329.24 323.48 1.75
394 * 91 381.43 3.41

v+ 426.17 426.35 0.04
VI+ 435.% 465.01 6.25
VII+ 478.75 498.28 3.92

TableC3. Rzsultsofleast~l~ rqressionsofscaleradius
on total fish length for kokanee and lake whitefish
samples.

Kokaneecollected in1988:

scaleradius= 0.0070049 (to&d lerrgth) - 0.32442
r = 0.94
n = 68

Lake whitefiSh ~!~ll.eCted in 1986, 1987, anl 1988:

scaleradius= 0.0124947 (tobil length) - 0.556478
r = 0.97

b n = 483 ;
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APPEImx E

Journal article: "The.effect of the establishment of Hvsis,
relicta on the zooplankton comnnmity of Flathead Lake, and

coincident decline in the survival of kokanee".
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EFFECTS OF THE ESTABLISHMENT OF OPOSSUM SHRIMP (MYsis
relicta) ON THE ZOOPLANRIQN COMMUNITY, AND COINCIDENT
DECLINEIN=-OF-(Snerka)IN B
~lAKE,MONIHKk

. WilliamD.BeattieanlPatri&T.Clancey
Montana Department of Fish, Wildlife, .and Parks

P.O. Box 67, Kalispell, Montana, 59903

Opossum shrimp (MYsis relicta) were introdukd into

l!laaadlakeby~frona~laktts,andm

average density of 130/m2 by 1986. The abundance and

temporal distribution of crustaoean zooplanktonchanged

mar&dlyasaresultofirrcreasedmysidpredation.D&nia

longiremis,and,Leptodora kindtii were reducedto.below

detectable- density. The spring' population incre& 'di

~~athoratawasdelayeduntilJuly, and it's maximum

summer abundance declined from over 4.O/lto l.2/1. The

abundanceofthecopepodDiaptomusashlandialsodeclined

from over 20/l to less than 5/l. Already impacted by

hydro&ectricoperationsintheFlaUxadsystem,~l&anee

(Onco~nerka))tionhasalsodeclinedsixel985.

TkUghthegrowUHa~ofyou&of-the-year kokamedidnot

decline significantly between l980-81and 1986-87, fry-to-

adultsurvivalfellfrom2.7%  in1985tolessthanO.O5% in

1987. Predationby lake trout (Salvelinus namaycush) and

competitionwi~la&whitefish(~clupeaformis)may

'ilso &xlfl- kokameswxi.inFlal2eadI.zib.'.
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Flathead Lake is a 510 km2,pligomesotrophic  lake in':

northwesternMontana. ~TheNor&Middle~~andsatthForksof

tlE FlaM.River;.  the whitefishRiver, the swanRiver;aIld " :

the Stillwat&..RiVer drainthe 18,400&m2 Flathead basin :,' Y

(Figure 1). The lake's mean:.ee.is 32.5 m,.. and. it's. .':

maxiyIn de@ is ll3.o.:m . . : ,.. -

The.kokanee-~(Oncorhvnchus  nekka) fishery in Flathea&

-, which until recently supported a sport harvest.

exceeding 200,000 fishperyear (300,000 angler-hours),has

declinedrapidlysincel985.~Prespedeswasintddwdinto~

the syshu in 1916, from coastal so&glyew-* m. .j

scanthistoricaldata#atexi&SiIxlicates~t.~fi.shexy

waswellestablished,andthatspawningnmshad-dSJelope&

along theFlatheadLake  shorean&intothe FlatheadRiver '-

system by thy 1930%.

composed of age III+
.compcmd up to 50% of

Spawning runs have been primarily .

fish, Azhough age II+ and Iv+ have*

scmerms(Bmzell985).

The recentdowntrendin  kokanee abundance followS an

earlier decline in reproductive success in the 1970% that

wasdLlelargelytotheimpa&Sofhydrpelectric~opetationsin

the system. Hydroelectric operations in the system have

substantially reducedkokaneeegg-to-fry survival, Winter

power~tionatKJErAam,bG.ltinl937belowtheoutlet

OfFlauleadIake, cause~lakeleveltofall3.3m between

September and March. High egg mortality has resulted as

drawdownexposedreddsLuiltinshallowwaterinOct&x~

Nwember w andMcMullin1983).  HuqtyHorseDam
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was constructedby the Bureau of Reclamation onthesouth

mirk of the F3zaeadRim.h 1952. Initially, the hErease

. in fall and winter water.kemperature associated with

di&e from Hungry Horse reservoirattractedspawning

kokmee to si tes in the upper main stem and in the South

Fork’ below the dam. Butpeakingpowergenerationinthe

mk+l970% caused +law in these areas tc.fl~'w~y,

andreproductivesuccess fellaseggswereexposedin

shallowreddsalc?ngtherivermaxyin(FraleyandD

1987).

In spite of the decline in reproductive success, the

~fisherypers~unkill985.~alaxye~~

oftheannual recruitmenthas, since1980,beenproducedin

Md)csldld~atrihbxyoftheMi&leForkFrcrml982to

3.986 the Ilumbr of lpokanee frypdUCE!d.inMCDDEtld CreEkhas

ranged from 6.5 to 13.1million  (Clancey and Fraley 1986).

TotalfryproductionintheFlatheadsystemisthoughtto

haverangedfromlOtol5million  (F!raleyandMcMullinl983).

This level of recruitmexrt  was sufficient to maintain the

fishery until 1986.

.was c-ylinkedtotheestablishm~ofcpossum

shrimp (M-is relicta) in Flathead Lake. In 1968 and 1975

shrimpweretransplanjzed  from WatertonIake,  Albertainto

whitefishLake,AshleyIake,andswanIake-alltraes

of%Flatheadsystem.  ~lanbdmysidpapllatianswere
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expected to provide a superior food source for benthic-

feeding fishes such as lake trout, and for pelagic

planktivores suchas kokanee. Downstreamdriftfromthe
.t3?aaylakes~mysidsintoFl~Iake,  where

they were collected firstinl981(LeatheandGraham1982).

ChangesinthezooplanMonandfishcommunitiesofother

elmc labs BasaatofBa&xblishment

of my&l shrimp (Rieman and &wler 1980, Morgan et al 1978).

We~UUtsimilar~inthetrqhicecologyof

FlZtldlfBdIaloeW~iIlfl~ Mcalwe sllnmal.

The present study was begun in 1986 to see if the

anticipated decline in the abundance of cladoceran

zooplankton, refllltingf~mincreasedgrazingpressureby

mysid shrimp, wouldaffectthegrowthandswxivalof~

in Flathead Lake. Juvenile fish were thought to be

particularly susceptibletofoodlimititi~,because~

enter~lakefrvmup&?Xamspawning~iNAprilandMay

-beforepulsesinsecondaryproductivityoccurred.  This

scenariowas~bystudiesofotherlargelakesystems

inwhi&mysidshrimphadbecameestablished-inparticular

LakeF&AOreille,IdahoaAI&eTahoe,California@eman

and Falter 1981, Morgan et al 1979). Similar events had

ocanredinmZUlylakesV the northwesten us. and

QMaaw- 1973, Rumsey 1985) . wzt differenoes in the

trophicstatusandthe zooplanktanand fishamununitiesof

the lakes in question gave rise to uncertainty over the

-einFlaMLake
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Thea3xmdanee~f~~.zoqla$toninFlathead,Iak~

wasmeasuedbiwe&ly, froaaI@yJ$om I.5 of 1986 and:
1987, atsixstations (Figurel). Replicatevert&Fltows

--
were haul+ from a depth of 30 m using a..0.5 m. diaqueter, '1.

Wisconsin netmade of 88 micronNitex. The sampXes were. . . _

preserv+ in 95% ethylalc+ol,,C~adocerans .aridcopepods

were i+ntifi@ ancJ cowted in four -1 1p1 subsamples

dispensed into a Sedgwick-Rafter chamber,except for .,

Epischuraand~ptodora, whichwe~countedinfqur30ml '.

sibsmplw Ateachsamplirrgsitetemperalxreprofileswere
.-with a calibratedthermistor @ydxx&&M~,T4).

Mysid shrimp were censused in Flathe$d I&e in early

&@emberbysampling6statioar;inl986and25stations~

1987. We sampledatnight+ingthenew  moon. Staff from

theuniversity of Montana's Yellow Bay Biological Station

cooperated in this effort. Sampling was stratified among

three depthzones, 5to40 m, 40 to 75 m, andgreaterthan

75m. V&&alhaulswere@ledfrom~bottomwithal.O

m Wisconsin net made of 500 micron Nitex. The average

densitiesineachapnrthstratum, ~asthenumberof

mysids/m2, were weighted according to proportion of the

lake's surface area in each stratumtocalculatelakewide

average density.

We sampled cladccerans and copepods, because of their

importance inthedietofplanktivorous fish. Sampling in

Fla~Idkehaspr0Adedarecordof~springardsummex
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abundance of these species since 1980, and a basis for

comparhg&e ?&ults 0s our studyin &d1987. Fkom

1983 to.1985 zoc&ankton samples'werktiy  taken at S&&XI

:. ,_

estimate zdoplanktotiaIkikltic&~  Ikeiwascharacterized-by
. ,.

counting zo&plaN&on &nd other or&nisms in individ&
.., .:

stomachs. The average. nGrical"'comp&it~on of &a&es'

collectedwithinea&mcarthwascalcula~Tutall~and~

weightofeachfishwere meamred,.aniscalesamplesbken

toagethefishby --e:e+$P=-.

Spawning kokanee were count* by two snorkelers in

McDonaldCreekat2we&inWxalsinOct&erandNov~

Redds were counted during,boat.surveys of the principal

riverine and lakeshore spawning areas. A "fish per reddIg
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ratio of 2.6 (Fraley and McMullin1983) wasusedto expand

redd-Fky~~inMcDainaldCreekwasestimated

bysettiqfaa0.5m2driftnetsfx0mabridgeat~neek

mouth, ThesenetsweresetohceeachweekfromAprill

Kokanee survival was estimated by comparing fr$

production  to age II$+ adult abundance fouryearslater.

mIltyerv~~estimatesarederivedfrrn~
harvest (FTedaberg and Graham 1982, Hanzel 1986) and

eswpWnteskima~,andincl~-ofageII+

and IV+ fish from adjacent years. Based on spawning

escqmntand~fxysurvival,M~ -paodrwred

zqpraxh~y9o%oftQtalarnxlal recruitment frcan IS82 to

1984. FWml981tol985tbqWni.ng~toMcmnald

czreek~78%ofthesystemtotalo~~fxysurvival

inMcDonaldCreekexceededthatinotherriverineand

lake&mm spawning areas (Clancey and Fkaley 1986).

.DE!clmeincrr;lstaoean~~

The maximum summer density of Daphnia thorata at

station2, whichvaried from 3.Oto 4.5 organisms/lbetween

1980 and 1982, declined to less than 1.0/l in 1987 (Figure

2). Until 1985 it attain4 measurable density as early as
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Aprilandincreases instanding crop were evident in late

May. In 1987 it was below dsteck&ledensityUntil  lateHay

atallsMions,titbefixst~wasd+yedurrtilearly

July.

Ekvious studies (Leathe andGraham 1982, Fotter1978)

famdBosminalont&BMstobepresent -F=-
in Flathead Iake, and showing spring andd faI1 density

notindicateadeclinein maximum density.or a shift in

l=pa%%l~=&titwaS&sentfroDllJ~~ntil

mid-May in 1987. The maximum summer abundance of

Rhmhstrb, Whidirarrged from L3/lto4.2/1 in 198-2,

fell to 0.4/l to 0.6/l w 1986-87 (Figure 2). No spz5ng

plsewasevibmtinl987.Fdllhnsityalsobclinedfrom

abaxt LO/l in 1980-82 to less- 0.2/l in 1986-87.

Daphnialonsiremis was detectable for only a brief

period in AUgUst of 1986i and was not present in 1987

=ae=It--Y--Mayw~

inprevio~syears, thoUghatdensitylessthan  O.l/lin

l982.W cold-c specieswaslessab~nd&.than

D. thorata in samples collected in the metalimnion and-

epilimnion  in previous years (Leathe and Graham 1982).

I.eptodorakindtiiwaspresentinmeas~rab le density for

suazessivelyskrter - periods frum 1983 to 1986, and

was not fatnd in I.987 samples. It's mzuimum densitydeclined

from 0.04 to 0.14/l in 1980-82 to 0.01/l in1986. Thediel

migratianofL kiMti.i t&Jarildeeperwa*durirgdaylight-I
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hours (potter 1978), may have affected the accuracy of

daytime30mverticaitowsirimeasuring~~

The-abundance'of  thecopetiod Diaptomus ashlandihas 1

' alsodecl~s~~8j,~In..~i~~y~this.specj.eswas

themostabun%nt crustacean in Flathead Lake, with early-

to mid-summer peak d&sity,‘of 2O~to~'40/1; It atbined a

spring d&it9 bf 15/1”ih i$&6’& &&ion &’ but’ :f~o~.&& ’

m ,& ‘fu of 1g87’ ad * & .Ql .‘(Fi& 3)a . ,. .

:... .
A.&age ,cl~o&m&.‘d&siti~  &&’ tie s& aapl&g

mtim  in 1g86-87  ‘were e: .signi*i&&y .m&& <Mw

Whitney .@airs: test,‘ ‘p'=".ZlO) 'within ye&s, Subtle '".' ~
.lntersbtiondiffm 'in@y&&&~werefcrimd.a.

thorata, for example; reached mea&real&e'de&ity  at&e" -"'
-m~&ti~two~&&&li&~at~three 5“

southern &&Y&s in f986.. It"was'presen<at station 1 in'

late March of 1987, whereas'it-was'not found at deeper s.

stations in the southern end of.the‘lake  u&i the end'bf.

June. Maximum density'in.1987  was higher'atthe southern'

stationsthan  at.stations l'and 3. "-The.maximum density of . "'.

D. thorata washigher at southern.stations in1987 (Figure ""-

4). consistentdifferz?n&  in'maximum d!hsity or plxx3udm'

timingw-riot'&&,t  f&'*sr;ecies.  .., .I _,_.

lrysiasltiiap-.
: '.

From 1981,~whenMysis relicta was first found in'-

Flathead Lake, until 1985 mysid bundance'increased ' .
, .eqpm&mUy, reachit$ a la&wide average density of 45/m2

(Bukantis and Bukantis 1987). Their rate of increase

declined slightly'in 1986, when the average density was
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130/m2. A~densitydeclined,.butnotsignificantly, i n

1987 to 108/m2, Umugh single samples ranged up to 575/m2.

Itappears~tmysidshaveapprua&ed~.carryiqcapacity

of FlatheadLake withintenyears of introducti~,ashas

been'fou&inmaqotherlaqe,,oligotro&ic~  (Rieman _

ard Bowler 3.980, NorUxde 1973, vomjax? et al 1981). Given.

theirrcreaseaincidence~fmysidshrimpin.thedietoflake

whitefish and lake trout, fish predation may also.be a

limitbq factor.

The Flathead mysid population showed high spatial.
variability. Ingeneral, densityatstations  inthedeeper

P 75 W, southern part of the lake exceeded that at

narthern sbtims. Density exceed& loo/m2 only at sbtions

~than40m,txrtnos~~erelatioaLshipbetwsendensity

an3 sbticndepl& was evident. mity waslessthan15/m2

atallstations shallower than 25 m. Various factors are

thought to influence the distribution of mysid shrimp,

including dissolved oxygen, light int-ity, mture,

turbidity, and prey availability (Betcn and Bow- 1982).

In Flathead Lake their vertical migration into the

epilimnibn at night is inhibited when surface water

temperature reaches 15OC, though some juvenile Mvsis

continue to migrate into the epilimnion (Craig Spencer,

Univ. ofI&ntana FlatheadBiological SQ&iun, pers. comm).

l#amesunrivalRates

Fky-teadult  sunhml was qqroxhately 2.9% in 1981 and

2.5% in 1985. It dropped sharply to 0.6% in 1986, and to
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less than 0.01% in 1987 (Tablel). In1985 adultyearclass

strength and spawniq escapement was the highest since

197g.~III+year~~fell~cnrer350,000in

1984 and 1985 to less than 8,000 in 1987. Though fishing

tityhadfn4uenUyexzeded 5O%oflheIII+yearclass

inme early I98Ws, mvely few kOkEtIWW~CdU#lt

in 1986 and 1987. Fry recruitment was relativelyhigh in

1983 ard 1984, 13.7 atxl 14.5 million respectively (Table 1).

cbingesin-EbkaneeDiet

The diet of young-of-the-year (YOY) kokanee that we

collected in May was dominated by the copepod Cvclous

bicuspidatus (69%), but included significant numbers of

Diaptomus ashlandi (14%) and aquatic insects (16%), mostly

chironomid pupae (Figure 5). Other zooplankton species,

including Daphnia thorata, Bosmina lonqirostris and

Epischuranevadensis, were found infrequently in stomach

samples. Junesamplesshowedsomewhatgreaterdiversityin

diet, with E. nevadensis comprising an average of 42%, &-

bicuspidatus 22%, D. thorata 19%, D. ashlandi I2%, and B.- - -

lcargirostris 4%. R thcrratamadeupalmosthalf(46%)lheir-

diet inJuly, B,lonqirostris  22%, andE,nevadensis 31%.

For the remainder of the summer period, August and

&ptem&r,~dietofYoY kokaneewasdomina@dstronglyby

D.thorata, though E. nevadensis and B. lonqirostris- -

compried 27% and 7% of the stoma- collected inOctober
,

Study of YOY kokanee dietin1980-81  (Leathe andGraham

1982) showed that D.thorata made up at least 60% of their

foodbi~assfromJune~Nov~  Exvadensiswas-

E-12



the only other species contributing

diet. obersbldieshaveshown~t

significantly totheir

shift their diet in the summer from small zooplankton

species, e.g. Cyclops, Diaptomus, andBosmina,  tolarger

preysuchasDs#mia,DbMam6aa,  andE&dxxa(Ikbleand

Eggers 1978, Lindsay and Lewis 1978, Goodlad et al 1974).

This- shift, that had apparently mbefore l&e May

samples were aected in 1980 and 1981, wasd&ayeduntil

u in 1986-87. That YOYkokanee selectedfor~~ta

wasemphasizedbythe~ ofthisspeciesin~

col.lectedinMayandJune,  when it~savailabilitywasnear

or.below me limits. Jwenilea alsoselEted

for&-is inJ~~,July,  arrlO&ober.

The diet of yearling (age I+) kokanee did not differ

marh?dlyfnnnthatofYoYfi&,exce!ptyearlingsshifGdfronn *
a diverse diet to one dominated by D. thorata one month-

earlier, inJuly. We didnotcollectanyyearlingkokanee

in May, b&z in June, 1986 B. lonqirostris (23%), E.- -

nevadensis (35%), and D. thorata (40%) contributed to-

yearlingdiet. ButinJuneof1987 cladoceran~was

low (< 0.1/l) and E. nevadensis madeup 72% of their food.-

In July, August, and September diet was dominated by D.-

thorata me characteristic high p332ference for lm m

species, principally D. thorata and E, nevadensis, was-

apparentinyearling kokanee as well, Mysidshrimpdidnot
.conbzhbtothedietofjuvenilekokanee, atleastdurbq

~monthsencampassedbyoursamplirrg.
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.~Of~leIqUSOfYOY kokanee sampledin I.980

and 1981, with IWse collected in I986 and 1987 did not show

'significant differences in size. Because fry hatched in

McD&ald~Cre&makeupalargeproportionoftheannual

recruitment, their size was taken as a baseline for

assessingthegrowthofYOYkokanee.  Themeanlengthof
.outmq~tfryinI986was25.3~mn~  Trawlsampliqinthe

latenmrmerandfall&lowedthatmeanlerrgthhadincESed

to 69.4 mm in late August, and 78.5 mm in mid-October

(Figure 6). Juvenile kOhIE~y-toQrerwil3

the fall inspitxofdecl&&qfoodavailabilityandfalling

water~tureinthelaka

Yearliq kokaneegrowthrateswerelowinJuneandJuly

of 1986 and 1987 (Figure 7). Their mean length did not

increasebeyondl35mmthroughthatpericdinbothyears.

However,by~endofAugustsamplescollectzdinl986were

significantlyUqerthanthnse~llectedinI987. Inlate

August, 1986 meanlengthapproached170mm, while in1987

meanlengthwasabaltI55mm. Thesummergmwthtrajectcry

in 1986 was not significantly different from those of

ye~lingfishWtw~collecMinl980.

The changes we have observed in the Flathead Lake

zooplankton community have probably been caused by

increasing predation by mysid shrimp. Declines in
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cladoceran abundance in lakes where M. relicta has Been-
.-arewelldocumentedintfhewesternus.,  Canada,

and Scandinavia (Rieman and Falter 1981, Richards eta1

1975, Grossnickle 1982, Langeland 1981, Zyblut 1970).

Studies of the foodhabitsof M. relictahaveshown, in-

particular, preference for cladocerans e.g. Danhnia spp.

(Grbssnickle 1982).

the water column from 30 m to the surface (Fotter1978).

M+dShAp~~yeXClded~~sclrfacela~h

u%?summerbytheir~- for water colder than WC,

andsoarW%geforWclm exists medabifronl

zlaaeadIake~~tinwaasein~-

was delayed until thermal stratification isolates a

substantial part of their population from mysid grazing

(Morganetall981).Also,lowmysid abuWaxeinwatecless

than 40 m deep allows dapbnids to multiply early in the

spring in shallow parts of the lake. Inter-station

differencesinthethenaalsbucbre of~lakeanelikely

The decline of D lonqiremis in 1986-87 is also2

circumstantially linked to increased mysid grazing. This

species vies &der, w water (m 3.978, Ieam

&Graham 1982) and ist5emfo.m

~itslifecycl~

Thedecline intheabundance

aMilabletomysidshrimp

of Diaptomus ashlandi is

also~ylinkedtomysidgrazing. EeedingeJQeriments
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have~shownthatM.relictagrazeheavilyonDiantomus@'olt-

etal1982). Gravid female~ashlandimaybeparticularly

vulnerable to predation because of their preference for

water deepr than 30 m (Potter 1978). As cladoceran

abundance has declined, other predaceous species e.g.

Enischura may also have shifted to the more available

-* . .

OUkerfactorsthatmighthave~to~abserved.'
changes in the zooplankton community have not been

identified. There have not been major differences in the

spairrgd summerWuperatureregi.meinPla~~The

lake froze completely in two consecutive winters, 1984-85

and 1985-86, but the lake thawed in early April in both

years and spring warming proceeded normally. But since

primaxy gnzodu@viw did not charge significantly in i3x two

!amedng t3prhJ/summ~seasons, .relativeto~~

five years (Stanford and Ellis 1988) it k?W?lUSunli)oely~

SiTEfry ?zecmlitm~ was relatively high in the years

that produced the 1986 and 1987 adult year classes, we

conclude that post-emergent mortality in Flathead m has

increased. Juvenile fishexperienoehighermortalityrates

than older age classes, especially when food is limiting.

(Riemanand Bowler 1980, I&rasem et al 1978). Martality

is thought to be size dependent, because larger fish are

more adept grazers and better able to avoid predation.
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Intra-specificcompetition~foaiavailabiXtyarelikely

the primary determinants of growth rate, giventhatthe

temperatureregimeismoreorlesscon&ant between years.

~~ati~offoodavailabilityandjwenilesockeye~~

growth rate has not been consistently shown. But growth_.
rate has improvedinlakes where fertilization increased

zooplankton availability (Hyatt and Stockner 1985). In

FlaUleadIake,thegrpwthratesofYcxandyearlinglK&anee

havenotdeclinedsignificantly,despitealaqereduction

in the abundance of their preferred prey. If mortality

occurred primarily in the first year in the lake, the

density dependence of growth rate may be exerting an

egualizi.ngeffectcnsize.

There is no clear link between decline in food

aMilabilityandthedecreasedsurviMlrateofFlathead

Lake kokanee. We have not excluded possibility that food
.~ilityi.nMay~June, immediat&yafteroutmigrant

fryarriveinFla~Lake,mayexertastr7xqcontxolover

fishsurvival.  MorUityrates~8O%weseshownfor

O+lmkaneeintheirfirstsummerInIake~0reille,Idaho

(Bowles etal1988), where zooplanktonabundancehasbeen

similarly-bymysidglxing.

TheobserEddeclineinadultkokaneeabur&rEinl986

could not have been due to increased juvenile kokanee

mortality associated with low food availability in 1983 and

1984. Mysid abundance was still low in those years, and

1imitedsamp1iIqindicatedthatcladoozlnabu&axehadnot

declined. Iowfoadavailabilitycouldhavedire&lyreduoed
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the survival of the 1986 and1987 adult year classes only

after 1985. Similar declines in kokanee survival at low

.mysid&uMancewere&senredinLake~Oreille,Idahoin

the mid-1970's. Rieman and Bowler (1980) concluded that

redxiced zooplankton abundance limited juvenile kokanee

survivalinthatsystem, Webaven&measured thesun~ival

rate of specific year classes of vinFla--

~tionandpredatioLmayalsobeimporb&fa~

Juvenilelakewhitefishhavesimilardiet(Lea~andGraham

1982), growmorerapidlyandmaybebetterabletoexploit

the~PlanktWB.MtrmutWprilMry

predator on kobnee in Flathead Lake. The growth and

survivalofjuvenilelake~maybe fszhamdbyutilizing

mysidshrimpasfood.(RiemanandLukensl979,Moqanetal

1978).

R&aneepo@ationshavebeenimpact&tovaryiqdegrees

in other lakes where mysid shrimp have been introduced.
.~insomesysbmsmayberelatedtotheaxnposition

of~fi&a3mm~~ Abundant predators ad/or CQmpetitive

planktivores are conspicuouslyabsentin~wheremysid

shrimp andkokaneepopulations coexist. Kokaneethrivein

Swan Lake and Ashley Lake where they are the only

planktivorous species in the limnetic zone (Ramsey 1985).

Mysidabundance inboththeselakesexceedsthat foundin

Flathead Lake. ',
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Figure 1.

Figure 2.

Figure 3.

Figum 4.

Fiw 5.

Figu?x 6.

Figure 7.

MapoftheFlatheaddrainageanditsprincipal
tributaries. Zooplankton sampling stations are
shownonUleenlaqedmapofFWUxeadLake.

The density of Daphnia thorata and Bosmina
lonairostris  haulsatstation2  OnFlatheadLake
in1986 and1987.

Thedensi~ofDbtomusashlanliatstaticn2~
FlaWtea Lake in 1986 and 1987.

.~ofthemeandensityof~thorata
at three northern stations to that at three
saIUmrnstationsop1FlalAeadIakeinl987.

The diet of age 0+ kokanee in Flathead Lake in
1986-87, expressedas meanmonthly frequency of
organismsin stanachsalples*

The growth trajectory of age 0+ kokanee in
Flathead Iake in 1980, 1981, 1986, and 1987.
Significant diffm donotexistbeitwen~
~lerq&satea&sanplingdate.

The growth trajectory of age l+ kokanee in
Flathead Iale in 1980, 1986, and 3.987. Mean length
in&pbmber,l987issignificantlylow~l&anin
-years*

Table l.Fry production, adult year class strength,
spawningesq=ent,andsllrvi%ilrateforkckanee
in F'laM Lake, 3.981-1987.
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Table 1. Fry production, resulting adult year class
-r spawning escapement~~fry-tm-adultsu+ml.for
kokame inFla~Lake, l981- 1987.

oritmigrant Adult spawnins y--y,

(mi.lliors) yE -

1981 16.6 461,900 133,200 2.8% .
I.982 - 257,600 33,300 -

.
1983 - 204,800 54,200 -

$984 - 358,100 107,400

1985 .l3.3 358,100 165,400 2.7%

I.986 13.7 99,200 21,400 0.7%

1987 14.5 7,800 1,950 0.05%

*Outmigrantfryestimatesarethosethatproducedthelisted
adultyearclass,i.e.farryearsprevious.
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