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EXECUTIVE SUMMARY

Since 1981, our studies have docunented decreases in the kokanee (Oncor-
hvnchus nerka) population fromwhat was formerly the domi nant sport fishery in
the Flathead system The original intention of these studies was to assess
the i npacts of hydroelectric operations at Kerr and Hungry Horsedans, and
quantify fisheries | osses attributable to their influence in the system
Hydr opower operations were found to significantly reduce kokanee recruitnent
from both river and |akeshore spawning areas. Due primarily to their influ-
ence on the timng and anplitude of water |evel fluctuations, operation of the
dans was estimated to reduce adult kokanee spawners in the system annually by
as many as 150, 000 fi sh.

Sport harvest also contributed to kokanee |osses during these years.
Revi sed total escapenent and harvest estimates for 1981 and 1985 indicate that
50 percent or nmore of kokanee spawners may have been harvested before repro-
ducing in either year. Recruitnment to the |ake, however, was still quite
| ar ge. Over 9 million kokanee fry were estimated to have entered Flathead
Lake in both 1982 and 1986.

Beginning in 1986, studies were redirected to understanding the effects
of M/sis relicta on kokanee popul ations in the Flathead system The estab-
lishment of M reliecta in Flathead Lake in the early 1980s has drastically
altered the | ake's zooplankton community. These changes in turn are associat-
ed with rapid declines in kokanee spawni ng escapenent. In 1985, total escape-
ment in the Flathead River system was estimated at 147,000 fish. M ni mum
esti mates of 'kokanee escapenent in both 1988 and 1989 are now |l ess than 1000
fish in the entire Flathead system

We know that M. relicta has been a dominant factor reshaping the ecol ogy
of Flathead Lake. Recently, however, it appears that M_relicta is also
adj usting to changing conditions in the lake. A third, smallest size class
was identified in M_relicta sanples from 1986, 1987, and 1988. This size
cl ass represents a new generation not previously identified in the life histo-
ry of M. relicta in Flathead Lake, and occurs as average densities of M.
relicta continue to decline. W estimated 52 M_relicta/m? fromthe fall
1988 census. This density is about equal to M relicta densities estimted in
1985, and down from peak densities of about 130/m2 estimated in 1986.

In 1988, total crustacean zoopl ankton densities were |ower in Flathead

Lake at three sanpling stations than in the two previous years. 1988 peak
total densities occurred in July at roughly 11 organisns/liter. Since cla-
doceran densities were about equal during these years, | ower total zooplank-

ton density results fromloss of copepods.

A dual - beam hydroacoustic survey of Flathead Lake conducted in 1988
i ndicates roughly 4.5 mllion fish greater than 50 mmwere living in the | ake.
A significant portion (over 30 percent) of these fish were associated with the
| ake bottom Al though species verifications are difficult in a lake this
large, 60 to 90 percent of limetic species sanpled in all areas were |ake
whitefish (Coregonus clupeaformis). Unlike kokanee, |ake whitefish nunbers
are stable or increasing after M _relicta becanme established. W feel that
this response is probably explained by their benthic feeding habits, and




ability to use M__relicta as a new food itemin their diet. Von Bertal anffy
growth nodels for | ake whitefish popul ations before and after M__relicta
introduction indicate faster growmh rates after M_relicta was established.

Gowth coefficients increased from0.14 to 0.20 following the introduction of
the shrinmp. Average |ake whitefish size in our sanples, however, has changed
very little.

Since predation by M__relicta has reduced zoopl ankt on abundance in Flat-
head Lake, conpetition for food between kokanee and | ake whitefish has been
proposed to explain recent kokanee declines. Although youngest |ake whitefish
and kokanee are predonminantly plankton feeders, no data establish that either
species is food Ilimted. If feeding stress exists for kokanee, we believe it
must occur at very early stages in their devel opment. Al kokanee that we are
able to capture are in excellent condition. However, kokaree nunmbers are very
low in the lake, and it is possible that food limtations are responsible for
high nortality of fish smaller than we normally capture.

Conpari ng Flathead Lake with other |akes that have kokanee and recently
established M_reliecta populations, it is clear that the presence of M_relic-
& al one does not explain kokanee popul ati on col | apses. Swan Lake, also in
t he Flathead drai nage, has a stabl e kokanee popul ation, despite abundant M.
relicta. In part for this reason, we feel that predation by other fish is nore
likely the domi nant factor determining the fate of kokanee popul ati ons when M.
relicta is introduced. Bottomoriented predators that can readily incorporate
M relicta are especially inplicated in kokanee |osses. In nost |akes we have
exam ned, the presence of laketrout (Salvelinus namavcush) seens especially
important in determning whether or not a kokanee popul ation collapse wll
occur

Because reestablishing kokanee in the Flathead system is uncertain at
this time, managenent planning nust remain flexible. Al though efforts to
rebui | d kokanee popul ati ons in Flathead Lake should continue, alternative
fisheries conpensation programs should be devel oped. W recommend that these
alternatives enphasize native and established species, and focus on protecting
and enhancing river spawning and rearing areas, and critical |ake habitats.
The enhancenment of native fish populations through the release of hatchery
fish should be included as part of the mitigation program

X




| NTRODUCTI ON

This addendumto the Final Report for project 81-S-5 presents results of
research on the zoopl ankton and fish communities of Flathead Lake. The intent
of the Study has been to identify the impacts.of hydroel ectric operations at
Kerr and Hungry Horse Dam on the reproductive success of kokanee and to pro-

pose nmitigation for these inpacts. Recent changes in the trophic ecol ogy of
the lake, at least in part related to the establishment of M/sis relieta 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 mechanisns
which now limt kokanee survival, and to test nethods of enhancing the koka-
nee fishery by artificial supplenentation. These studies were necessary to
the fornulation of nmitigation plans. The possibility of successfully rehabili-
tating the kokanee population, the original nmandate 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 popul ation
dynamics of crustacean zooplankton, upon which planktivorous fish (e.g. koka-
nee) depend. It has been suggested that food availability may be liniting the
survival of kokanee in Flathead Lake, in particular the survival of juvenile
fish. Previous work has documented declines in zoopl ankton abundance that was
apparently related to the increased grazing pressure of mnysid shrinp. Thi s
report also presents trends in M relicta abundance, including their life

history in Flathead Lake and their average density as neasured by the fal
census in 1988

A nodest effort was directed to neasuring the spawni ng escapenent of
kokanee in 1988. Because of its relevance to the study, we also report assess-
ments of 1989 kokanee spawning escapenent. Hydroacoustic assessnent of the
abundance of all fish species in Flathead Lake was conducted in Novenber
1988.

Summary of the continued efforts to docunent the growh rates and food
habits of kokanee and |ake whitefish are included in this report. Revi sed
kokanee spawning escapenent and harvest estimates, and managenent inplications
of the altered ecol ogy of Flathead Lake conprise the final sections of this
addendum

Measurenment 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. Consi derable effort was expended
in attenpting to sanple juvenile kokanee in the period follow ng the rel ease
of hatchery-raised fry. Either very high nortality or their rapid dispersion
to very low.overall density in the |ake precluded any quantitative sanpling of
kokanee fry. Final assessnent of the success of the supplementation program
will be possible in the followi ng years when those fry will reach naturity and
begin to contribute to the sport fishery or to spawni ng escapenent.

Appendix D is a bibliography of reports and scientific publications
produced fromproject 81-S-5. Appendix Eis a journal article entitled "The
effect of the establishment of IM/sis relicta on the zoopl ankton comunity of
Flathead Lake, and coincident decline in the survival of kokanee". This arti-

cle was accepted for publication in the Arerican Fisheries Society Synposium
Series to be published in 1990.




METHODS
Zoopl ankt on Density

Dupl i cate zoopl ankton sanples were collected with a 0.5 mclosing zoco-
pl ankton net constructed from 80 mcron Nitex. The net was retrieved with an
electric winch at 0.4 m/sec. Three stations on Flathead bake - Sonmers Bay (1-
5), Lakeside Bay (I-1), and Big Arm (6-4) - were sanpled from May 15 to Ccto-
ber 1, 1988 (Figure 1). \Wen the lake was not thermally stratified bottomto
surface hauls were taken. Wen the |ake was stratified, stage hauls were taken
fromthe bottomto the base of the thernocline and fromthe base of the ther-
nocline to the surface. Wen the water colum was isothermal or only weakly
stratified, bottomto surface hauls were taken. Sanples were preserved in the
field with 95 percent ethyl alcohol.

Eoi schura nevadensis and Leptodora kindtii were counted in five 10 m
samples after concentrating the sanple to approximately 90 mi. These |arge
species were counted with a 'dissecting mcroscope. For the other crustacean
zoopl ankton, sanples were diluted to between 130 and 300 mM to facilitate
counting. One m subsanples were dispensed into a Sedgwi ck-Rafter cell for
counti ng. The following criteria were applied to nore efficiently apply

counting effort and reduce overall subsanpling variance. If a taxon was
counted more than 200 times in a subsanple, no further counts were nade for
that taxon. |If it occurred 100 to 200 times two counts were nade. If it

occurred 50 to 100 times three counts were nmade. A taxon was counted in four
subsamples if less than 50 individuals were counted per subsanple.

Mysis Census

On Septenber 12 and 13, 1988, M _relicta were collected at 40 stations
on Flathead Lake (Figure 1). Sanpling stations were proportionately allocated
to three depth strata and randomy specified within each stratum Depth zones
were: less than 40 m 40 to 75 m and greater than 75 m These stations
represented approxi mately 45, 30 and 25 percent of the | ake surface area,
respectively. Al sanples were taken at |east two hours after sunset. W
used a 500 'micron nmesh conical net with a one nmeter diameter opening. The net
was pulled fromthe bottomto the surface with an electric winch at about 0.4
meters per second. Sanples were preserved with 95 percent ethyl al cohol

‘We sanpled nore stations'in 1988 than previous years, wthout replicat-
ing the hauls, to reduce the variance of the estinmate of average abundance.
Previ ous surveys indicated that nmuch greater variance in M_xelicta density
occurs between stations than between replicates taken at the sane statiqgn

Measuring the length of antennal scales of M__relicta sinplifies obtain-
ing length frequencies, once the relationship between scale |ength and total
length is derived. Antennal scal es were measured under a dissecting microscope
with an ocular nmcrometer. Total length (tip of rostrumto tip of telson) was
measured for 124 M. relicta. Using |least squares l|inear regression we calcu-
lated a linear nodel relating antennal length to total |ength. The regres-
sion was used to convert neasured antennal scale lengths to estimtes of tota
length. The sex of individual M_relicta was determined when feasible




Figure 1. Zooplgggkton and Mysis sanpling stations on Flathead Lake
in 1988.. o




Spawni ng Escapenent Surveys

In 1988, spawni ng kokanee were counted by two snorkelers in MDonald
Creek at two week intervals from Septenber 21 to Cctober 18. W flew two
aerial surveys of the mainstem and South Fork of the Flathead River on Septem
ber 22, and Cctober 20. River system surveys. were discontinued when it became
apparent that a significant spawning run woul d not develop. This decision was
based on the'tinmng of the river spawning run in the previous seven years.
We al so surveyed Flathead Lake shoreline, from Yellow Bay to Skidoo Bay on
Novenber 22. W deci ded not to-conduct nore extensive shoreline surveys be-
cause escapenent was very | ow.

In 1989, we again limted our spawner surveys because of |ow escapenent.
Two aerial surveys of 'the mainstem El athead River were flown on Septenber 25
and Cctober 18. A snorkel survey was conducted in MDonald Creek on Cctober
17. Ei ght historically inportant spawning sites in the mainstem Flathead
Ri ver were exam ned for kokanee spawni ng on Novenber 7. The east shore of
Flathead Lake from Wods Bay to Skidoo Bay was surveyed on Novenber 9 and 21.

Because the river and | akeshore surveys were discontinued in both years,
escapenent estimates nust be treated as mnimum estinates

Hydroacousti ¢ Estimation of Fish Abundance

A hydroacoustic survey was conducted on Flathead Lake during the nights
of Novenber 4 through 7, 1988. A Bi osonics Mdel 105 dual - beam echosounder
was used to obtain estimates of fish abundance and si ze. The system operated
at 420 kHz through 6 and 15 degree transducers nmounted in a towing fin. The
equi pnent operated on 110AC volt.power from a portable generator aboard the

MDFWP research vessel ®Bull Trout". The data were collected in digital fornat
on a VCR recording system Si xteen 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 al so excluded fromthe sanpled area.

Measurenents of fish density and target strength in 5 mdepth strata were made
with a Biosonics Mdel 281 Echo Signal Processor. The volune of water sanpled
was determined by the dtiration-in-beam technique (Thorne 1988). Si nce nany
fish were close to the lake bottom the target strength of fish within 2 m of
the bottom were neasured manually with a storage oscilloscope (Thorne 1989).

Fish density (fish/m3) in each depth stratum for each transect was out put
from Biosonic's data processing software. Near-bottom fish density was cal cu-
|l ated separately from the manually acquired near-bottom data base. Density
estimates for each stratum weretransformed and sunmed over the entire water
colum to calculate areal density according to the formula:

n
£ish/100 w2 = sum [(Dy; - Dy;)/10](£ish/1000 m3)
i=1
where Dy; 'and Dyj are the lower and upper limts of the depth

stratum respectively (Nunnallee 1973).




Fi sh abundance estinates 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 |engths were neasured during
sanpling with a Signet M 267 digital knot |og.

Only fish greater than 50 mm were included in the density estimtes. W
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) - 0.9log(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 nysid shrinp or zoopl ankton aggregations. We also derived
estimates of the abundance of fish larger then 500 nm (-32 dB) in the nine
sanmpling 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 neasured when fish are oriented horizontally beneath
the acoustic axis. Because this range was not neasured for bull trout or
| ake 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 mninmmestimtes of the abundance of fish larger than 500 nm

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

2
(CV) <= ny + Cyy - 2ny/n

wher e i;é]and Cyx are the squared coefficients of variation for fish density
n

and le of each transect, arid ny is covariance of length and density:
Cxy = §u=i1 [(yi-yx) (%i-%g)/ (n-1) (yx) (x) ]
1=

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
(Eber hardt 1978).

The species conposition of the Flathead Lake fish comunity was deter-
mned fromgill net sanpling preceding and follow ng the acoustic sanpling,
i.e. from Cctober 1 to Decenber 22, 1988. Experinmental, 1.83 x 38.1 mgill
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 1/4,1 1/2, and 2
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Figure 2. Locations of transects sanpled in the 1988 hydroacoustic

survey Of Flathead Lake. The sampling areas are defined
by heavy borders.
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inch (bar neasure) nylon nesh. 'Mnofilanent gill nets, 5 x 33 mlong and
constructed of 3/4 and 1 inch nesh, were also set midwater at sone sites.

Trawl sanpling, primarily in area 1, supplenented the gill net sanples.

Beattie et al. (1988) described the trawl gear in detail. Because of the
logistic difficulty of adequately sanpling the fish community of a large |ake
system within a short period adjacent to the acoustic sanpling, we could not
quantify the species conposition in all areas sanpled with the hydroacoustic
gear. G Il nets were set in areas, prinarily nearshore, of known fish concen-

trations. We do not fully understand how the species conposition of these
nearshore concentrations reflects that of the limetic zone. Some fish spe-
cies may be nore vulnerable to capture in gill nets, but this analysis did not
consi der size or species selectivity in determning species conposition

Age and G owh

W assessed age and growt h of kokanee and | ake whitefish from scales
routinely taken fromall fish captured during the project. Scal es were re-
nmoved from fish bodi es bel ow the dorsal fin and above the lateral |ine, an
area recomended for scale studies of both species (N elson and Johnson
1983). Age was determ ned from nunber of annuli. By convention in this re-
port, age is designated by Roman nunmeral s representing number of annuli on a
scal e. Because no annulus was considered complete unless circuli indicted
renewed growt h beyond the nost recent annulus, all ages are reported as year
plus. An age I+ fish, for exanple, had a single annulus on its scale, and was
captured during'its second year of life in the | ake. W prepared scales for
exam nation by enbedding in acetate using a hydraulic |aboratory press and
heated plates (Fred S. Carver, Inc.). Scal es were pressed at 20000 psi pres-

sure applied for 2.5 mnutes. Acetate inpressions were projected on a 3M
Consultant 114 nicrofiche reader at different magnifications depending on
scal e size and convenience in determning scale features. The distance from

center of scale focus to annuli and scale edge was neasured directly fromthe
proj ected i mage. Measurenents' were converted to actual distance between
annuli and scale radius, for use in back calculations of length at annulus
formation.

Agreenment of ages deternined by different readers was assessed when
possi bl e using a subsanple of sane scales from both species (Appendix C).
Since age from scales of older fish is subject to greatest interpretive dis-
crepancy, age determnations for |ake whitefish were also assessed from
Walford growh transformations (Walford 1946), derived fromdata for earliest
year classes (ages O+, I+, and |l1+). Empirically determned nmean |lengths at age
were conpared with same lengths for each age class predicted by' the 'node
(Appendix C. Walford growth transformations were also used to determne the
appropriateness of a von Bertal anffy growth nodel (Bertalanffy 1938) to de-
scribe pooled |ake whitefish sanmples. The formof the von Bertal anffy equa-
tion adopted in this report'is:

Lt = loo[l-e-K(t-t0),

where Lt'is length at time t (years), loo is the theoretical ultinmate length
for fish in the population, K is the von Bertalanffy growh coefficient, and
t0 is the tinme at which growh is theoretically 0. Age VIII+. fish were not
included in calculations to avoid bias fromvery small nunbers (2 total in al




sanples).  Theoretical maximum | engths for each population were estinmated from
Walford lines, with no attenpt to iteratively inprove the estimates. Remaining
terns in the nodel were estinmated from | east squares |inear regression of
In(loo-Lt) on age.

Estimates of length at annulus formation were based on proportional
i ncreases of body length and scales (Hle 1970). A linear nodel of this
relationship was adopted after |east squares regression of scale radius on
length at capture for both species showed correlation coefficients greater
than 0.93. (Appendix C). The relationship between |length at capture (Lc) and
di stance fromscale focus to scale edge (E) was taken to be:

Li = (Ai/E)(Lc)

where Li is the calculated body Iength at annulus i, and Ai is the distance
fromcenter of scale focus to scale annulus i. Gowh of fish prior to estab-
lishing scales was estimated from the intercept of |east squares regressions
of scale edge on length at capture. Final calculated lengths at annuli for
kokanee and | ake whitefish are based on the nodified equation

Li = (Ai/E)(Lc-Q + C
where Cis the intercept of the scal e/body regression

Average length at capture was determned for each year class avail able.
Mean cal cul ated | engths at annmulus fornati on were conpared on a year by year
basis when appropriate and possible. Lake whitefish scale sanples were also
pooled fromthe late 1980s, and conpared with pool ed scal e sanples of |ake
whitefish collected before the establishment of M_relicta in Flathead Lake.
Where probability values are reported, statistics were tested against a nul
hypot hesis of no difference at a 0.05 |level of significance.

Gowh was estimated fromrelative change in nean | engths at capture
[(length at time t+l)-(length at time t)/length at time t)] for sane age fish
collected in different sanple nonths, and for all age classes by sanple year
Rel ative increase in nmean lengths at annulus formation was used for growth
history analysis of individual cohorts, and for comparison with rates derived
fromactual lengths at capture. Gowh paraneters for |ake whitefish sanples
coll ected before and after M. relicta establishment were also assessed from
von Bertal anffy estimates devel oped for each group

Food Habits

Food habits of kokanee and | ake whitefish captured in 1988 were assessed
from stomach contents of all fish that retained identifiable food itens.
St omachs were renoved between the cardiac and pyloric sphincters, with con-
tents extruded into plastic vials containing 95 percent ethyl alcohol as a
preservative. Most food itens in each stomach were identified and counted
directly under a binocular microscope (40x). An exception was nade when cer-
tain crustacean zoopl ankton exceeded 200 organi sns per stomach, in which case
zoopl ankt on numbers were estimated fromthree 1 m subsanples in a Sedgwick-
Rafter counting chanber for the genera Daphnia, Bosnmi na, Diacvelops (fornerly
Cvclops), and Leptodiaptomus (fornerly Diaptomus). To facilitate counting,




sanples were diluted to provide subsanples of approxinately 100 organisns in
each chanmber. Al other food items were identified and counted fromthe entire
sample, regardl ess of nunbers in the stomach

The proportional contribution of each food itemto total nunbers of food
itens ingested was determned for each species by age class and sanple nonth.
Because of the limted nunber of stomach sanples from kokanee in 1988, these
determinations were not based on mean percentages as was true in previous
reports (e.g. Beattie et al. 1988). W were concerned that averaging per-
centages m ght exaggerate contribution for food itens that occur in many
stomachs it low nunbers, and obscure contribution of food items |ess commonly
i ncor por at ed. Proportions were al so exami ned by length class (50 mm i ncre-
nments) to assess possible bias in food itemselectivity that results fromfish
size rather than chronol ogi cal age. Wen no neaningful difference was detect-
ed, age class was adopted for convenience in discussion. Age cl asses were
pool ed only when no significant differences could be detected in the type and
timng of food items ingested

Because of concern that young kokanee and | ake whitefish conpete directly
for reduced nunbers of zoopl ankton, proportions of Danhnia thorata, Bosniha
lonairostris, Diacvelops bicusni datus-thomasi, Enishura nevadensis, and Lepto-
diaptomus ashl andii were exam ned separately against totals of these food
items ingested. Diet was al so assessed from frequency of occurrence of each
food itemin all stomachs by total sanple, and by nonth in which fish had been
capt ured

Zoopl ankton Selectivity

Selection for D._thorata, B longirostris, L. ashlandii. E. nevadensis
and D. bicusoidatus-thomasi was assessed by conparing percentages of these
food itens in stomachs with their correspondi ng frequency in zoopl ankton
sanples from the lake. A Strauss (1979) linear index of selection was cal cu-
|ated to provide a common scale for conparison. For purposes of this report,
the index (L) was developed as the difference between unwei ghted proportions
of each zoopl ankton species in stomach sanpl es and | ake zoopl ankt on sanpl es:

L=ri -pi
where ri is the proportion of species i found in stomachs, and pi is the
proportion of species i in the |ake. I ndex val ues can range from-1 to 1,
with random i ncorporation indicated by O. I n devel oping the index, stomach

sanpl es were pool ed separately by nonth, age class, and the area of the |ake
in which they were collected

Estimated sanple variance of the index [sz(L)] is given by:
s2(L) = [ri(l-ri)/ ng] + [pi(1-pi)/mp]

where n = nunbers of D. thorata neasured in stomachs (subscript r) and | ake
sampl es (subscript p) respectively. Esti mated standard deviation of L was
deternmined as the square root of the estimated variance. Recogni zi ng t hat
gear selectivity (Ham ey 1975) precludes truly random fish sanples, and that
different digestion rates for different size organisns will also influence




results (Strauss 1979), in& values were not interpreted as strict quantifi-
cations. Although reported in their quantitative form we used these val ues
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 neasured wth
a binocular mcroscope (ocular microneter, 40X) for organisnms found in fish
stomachs, .and in sanples from zoopl ankton nonitoring stations in the |ake.
Average length and length frequency distributions were conpared between stom
ach contents and'lake sanples. A linear index of selection was devel oped for
cl adocerans less than 0.8 nmm and conpared with same index values for |arger
D. thorata. Stomach sanples were chosen fromall available -age classes of fish
captured near zoopl ankton sanmpling stations. Date of fish capture and zoo-
pl ankton col l ections corresponded as closely as possible. Where a sanple
contained nore than 200 organisms, the first 200 D__thorata encountered were
nmeasured in random 1 nm subsanples drawn fromthe well nixed total sample.
VWhere D._thorata were |less than 200, all individuals were neasured. Because of
the small nunber of kokanee captured in nost 'nonths, this assessnent was
limted to sanples fromthe northwest section of-Flathead Lake collected in
June and August

RESULTS

Zoopl ankt on Abundance

Aver age zoopl ankton densities of selected species by sanple site are
tabul ated in Appendix A for |ake sanples collected in 1988 by Mntana Depart-
ment of Fish, Wldlife and Parks personnel. Results reported here are linmted
to sanples fromthree locations in the western half of Flathead Lake. Addi -
tional zooplankton sanples fromtw mid-lake sites were collected by workers
at the University of Mntana Biological Station (UMBS) as part of a coopera-
tive effort to provide nmore 'conplete characterizations of zooplankton dynam
ics in the |ake. Data from UMBS are not included in this report. For these
reasons, Wwe urge caution in extending zooplankton results reported here to
| arge scal e inferences about the |ake.

Crustacean zoopl ankton densities were |ower in 1988-at station |-1 than
they were the previous two years (Figure 3). ‘Peak density also occurred |ater
in the season in 1988 than the previous two years.

D. thorata, B. loneirostris, D. bicusnidatus-thomasi and L. _ashl andii
‘declined in abundance. The copepods D. bicuspidatus-thomasi and L. ashl andi
showed a greater decline than the cladocerans. The delay in seasonal peak
total zooplankton density was primarily a result of the decline in copepod
abundance, because both B. longirostris and D.__thorata show peak abundance
simlar intimng or slightly earlier than the previous two years.
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Figure 3. Seasonal trends in total crustacean zooplankton abundance in
Flathead Lake in 1986, 1987, and 1988.



W noted the reappearance of two cladoceran species in the 1988 zooplank-
ton. Daohnia longiremis was | ast seen in the 1986 zooplankton in two sanples.
W saw two individuals in one sanple collected at site I-5 on 9 June, 1988.
L. kindtii disappeared in 1986, but we found quantifiable densities at al
three sites sanpled in 1988

L. kindtii was nost abundant at station 6-4, and was nost abundant in
hypol i metic sanples taken at that station. In general, L. Kindtii was nore
abundant in the hypolimion, except at station 1-5 where it was only collected
on two dates at relatively low densities in the epilimion in August, and in a
full depth haul in early Cctober

E. nevadensis occurred at relatively simlar |low densities at all three
sites, except for a relatively large peak density exhibited in the epilimion
during md-sumer at station |-1. Densities were generally higher in the
epi li mion than the hypolimion.

Nauplii occurred at simlar densities at all three sanpling stations.
Densities were consistently higher in the hypolimion.

Abundance of L. ashlandii was roughly simlar at all three sites. H gh-

est densities were at site I-1, and site 6-4 was internmedi ate 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-
ni on.

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 simlar fromstation to station except for
a sharp early sunmer pul se at station 6-4. The data show evi dence of posi-
tioning in the water colum by B. longirostris to sonme stinmulus, possibly
t enperat ure. In June, the density of B. loneirostris was narkedly higher in
the epilimion (Figure 4), whereas in July the situation reversed, especially
at station 6-4 (Figure 5). By the end of August, density was agai n hi ghest
in the epilimion, and continued to increase in the epilimion relative to the
hypolimion to the end of the sanpling period.

D._thorata showed an early sumer pul se which was nore clearly defined
than that of B. longirostris (Figure 6). In contrast to B. lonairostris, D.
thorata was alnost exclusively epilimetic in distribution, with the curious
exception of site 6-4 where densities in the hypolimion were only slightly
l ess than densities in the epilimmion

In general the 1988 data showed simlar patterns of abundance anong the
three sanpling sites. However, there are a few notable differences between
sites. Peak densities are considerably higher for D__thorata and E__nevaden-
sis at Lakeside (I-1) than at the other two sites while peak densities for B.
longirostris are highest for Big Arm (6-4).

The reappearance of D__lonpiremis and L. _kindtii nmay be due to a decline
in predation pressure fromM relicta. Densities of M. relicta in 1988 were
simlar to those observed in 1985, about the tine these two species disap-
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Figure 4. Seasonal trends in the abundance of Bosmina. longirostrisin
the epilimion of Flathead Lake at three zoopl ankion
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Figure 5. Seasonal trends in the abundance of Bosmina longirostris in
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13




7T

L6

14|

1.2

0.8

0.6

0.4

0.2

no./l

0

Fob  Mar Apr  May Jun Jul Aug  Sep Oct Nov Dec

Sample Month

Figure 6. Seasonal trends in the abundance of Daphnia thorata at station 1-1 in Flathead

Lake in 1986, 1987, and 1988,




peared fromthe Flathead Lake zoopl ankton sanples. C adoceran species such as
B. loneirostris reappeared in Lake Tahoe sanples during periods of depressed
M reliecta abundance (Threl kel d, 1981).

Because M__relicta has declined in Flathead Lake, it would be reasonable
to expect that total zooplankton density would increase, especially in |ight
of the reappearance of B._ longirostris and L._kindtii. But total zooplankton
density declined in 1988 conpared to the previous two years. W have no data
on why this occurred. The observed decline nay be due to a decrease in zoo-
pl ankton birth rates due to a decline in primary productivity, or may be
rel ated to"fish grazing in certain areas of the |ake.

Mysis Abundance And Age Structure
ABUNDANCE

M _relicta were first documented in Flathead Lake in 1981 when severa
i ndi viduals were collected while traming for kokanee in the north end of the
| ake (Leathe and G aham 1982). Since then the population has risen dramati -
cally until 1986, when it apparently peaked (Figure 7). The past two years
have seen a decline, and the fall 1988 popul ation survey indicated an average
of about 52 M. reliecta per square meter of |ake surface, or about equal to the
1985 density.

SI ZE DI FFERENCES

Regression of total lengths of M. relicta on antennal scal e |engths
produced the relationship

total M_relicta length = 1.47 + 5.78(antennal scal e | ength).

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

Si ze-frequency histogranms were plotted for each site separately for nale
and female M_relicta. The data showed tri-nodal, approxinmately normal dis-
tributions (Figure 8). The data which formed the nmiddle node were separated
out. in all cases to perform anal yses on between site, sex, and year differ-
ences in-mean size of M_relicta. This was done to neet the assunptions of
paranetric statistics, and because it represented the nost abundant class of
M.relicta and thus gave us the largest possible sanple size for testing.

Anal ysis of variance showed no significant differences between nean size

of M_relicta between sites in any year except for the 1986 sanple taken at
site I-1. At that site male M__relicta were significantly snaller than at the

other 3 sites tested
Data from 1987 was used to test whether there was a significant differ-

ence in nean size of male and female M_relicta. Females were significantly
| arger 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 fromthose collected in
fall 1988.

Table 1, Size differences (mm by.sex for Mysis relicta sanpl ed

in 1986, 1987, and 1988
Year Mal e Fenal e
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

MYSI S SIZE FREQUENCY

Each size-group in the size-frequency histograns for M. relicta i S com-
posed of both males and fenmales, and apparently represents a distinct age-

group.

Flathead Lake M _relicta (at |east during the tine period 1983 through
1986) release their young nostly during late winter and early spring and nost
M. relicta reproduce in the end of their first year with sone 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 are: ‘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 dies out, the major group which had prinmarily been
responsi bl e for releasgggf5£he;young of the year now becones the |argest size
class., and is also #%elatively rare. The young of the year are the nunerical

domnants in the fall-and are starting to mature reproductively at that tine.

" The smallest size class of M. relicta nmakes a greater contribution to the
overal | popul ation each' year (Figure 9). I ncreasing inportance of this class
may indicate a change fromthe 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 popul ations are well known for exhibiting differing life
history features in different environnents (Mrgan, 1980). The new size class
showi ng up in Flathead Lake may represent |ater-rel eased young from parents
whi ch require nore than one year to produce a brood. Flathead Lake M_relicta
may also be exhibiting a life history simlar to that of Lake M chigan, where
at |east sone individuals reproduce a second tine about 4 nonths after the
initial release of young by.,other individuals in the popul ation (Mrgan and
Beeton, 1978). Lake Paajarvii in Sweden has M. relicta popul ations which
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breed at different times of the year (Hakala, 1978). Per haps Flathead Lake M.
relicta are altering their life history, strategy in response to liniting
resources now that the popul ation may have reached its carrying capacity.

The M_relicta popul ation has declined in the last two years. This is due
to either a decline in recruitment, possibly from lowered fecundity due to
resource limtation, or to an increase in nortality rate, and was |ikely due
to both. Unfortunately, we have mo data on fecundity. However we do have a
rough estimate of nortality. 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. There was an increasing nortality rate on M_relicta,
whi ch may have been due to the increasing incidence of M. relicta in the diets
of lake. trout, bull trout.and |ake whitefish. X

&

Spawni ng Escapenent

1988

There were no kokanee spawners observed in MDonald Creek on the first
survey date, Septenmber 21, 1988. On Cctober 4, 1988 we counted 120 koka-
nee, and on Cctober 18, 1988 we counted 110 kokanee. In the previous four

years the spawning run into McDonal d Creek had begun by m d- Septenber, and had
peaked by the middl e of October.

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

We counted about 25 kokanee redds in Skidoo Bay during the survey of the
Flathead Lake shoreline conducted on Novenber 22, 1988. We al so counted 30
kokanee in the Swan River, bel ow Bigfork Dam when we snorkeled that reach on
Cct ober 12,. 1988.

"Al though the 1988 spawni ng escapenent, surveys were not as rigorous as in
previous years, the data indicate that the total spawning run in the Flathead
system.was | ess than 1000 fish. W had unverified reports of occasional sport
harvest of Kokanee in Flathead Lake during the summer of 1988, but no signifi-
cant fishex¥ devel oped:

1989

On Cctober 17, 1989; we counted 20 redds in MDonald Creek, evenly dis-
tributed above and bel ow Apgar Bridge. Glacier-National Parks personnel had
observed SO 100 adults near Apgar bridge prior to our survey, but 'we did not
see any kokanee in the creek. Cur survey included all of MDonald Creek from
the outlet of Lake MDonald to confluence with the Mddle Fork of the Flathead
River. ¢ :

W did not see any kokanee schools during the Septenber 25 and Cctober
18, 1989 aerial surveys of the mainstem Flathead River.
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We counted 22 redds on Novenber 7, 1989, at "House of Mystery", one of 8
sites examined in the Flathead River that historically have been inportant
kokanee spawning areas. 'At this sane |ocation 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 | akeshore, or
in the Swan River below .Bigfork Dam during surveys on Novermber 9 and 21
1989. The only kokanee reported spawning in these areas in 1989 were a few
fish observed in the Swan River bel ow Bigfork Dam on Decenber 11

The 1988 and 1989, escapements are the |owest on record for kokanee in the
Flathead system W believe that predation and “competition for a dimi nished
food base probably contributed to increased nortality of kokanee in the |ast
several years, accounting for the very |ow nunber'of spawners.

Hydr oacoustic Assessment of Fish Abundance

W estimated that 4.599 nmillion fish larger than 50 nm were living in
Flathead Lake in Novenber, 1988,. This figure translates to an over.ll fish
density of'120.2 fish/hectare (48.7 fish/acre)." The estimate includes fish
species that inhabit the limetic zone of the lake, i.e. bull trout, |ake
trout, kokanee, |ake whitefish, and pygmy whitefish (Prosoniumcoulteri). This
estimate excludes those species living primarily in the littoral zone, i.e.
cutthroat trout (Salnp elarki), yellow perch (Perca flavescens), m nnows
(Cyprinidae), and suckers (Catostom dae). The extent to which some of these
littoral species, e.g. cutthroat trout and north&n squawfish (Ptvchocheilus
oreaonensis), also inhabit the limetic zone is not fully understood. But we
did not capture these littoral species in gill' nets or'traw hauls. Bet ween
1979 and 1983 acoustic estimates of the density of 8.to 14 inch kokanee in
Flathead Lake ranged from15.71 to 22.96 fish per surface acre (Hanzel 1984).
It is difficult to conpare these historic estimates with the 1988 figure
because of differences in acoustic equipnent

Fish density varied from 0.7197 to 2.3762 £ish/100 m2 anong 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 al ong individual _tran-
sects ranged from 0. 2678 £ish/100 m? (transect 1D) to 5.2968 £ish/100 m2 (the
eastern half of transect 1A). Fish detected within 2 mof 'the bottomcom
prised a significant part of the total fish density along all of the transects
(Table 3). 'Fish density and nean target ‘strengths for each transect. and
depth stratum are tabulated in Appendix B.

Estimating the variance of hydroacoustic estimtes of fish abundance is a
conpl ex statistical task because variance in sanpling volune arid target
strength estimates, sanpling transects which are not nutually independent, and

i nconpl ete knowl edge of fish distribution enter into the analysis. W chose
instead to present a sinple estimtes 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 variabl e, cv? was 0. 351, which
corresponds to a standard error (SE) of 59.2 percent about the average densi -
ty- Among all the shoreline strata conbines, 2 \as 0.0435, or a SE of 20.9
per cent. In the combined limetic strata €V4 was 0.0195 or S.E. of 14.0
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Table 2. Average fish density midwater and near-bottom in nine
sanple strata designated fromthe 1988 dual - beam hydro
acoustic survey of Flathead Lake.

Density (fish/100 m?)

Stratum Midwater Bot t om Tot al
1 0. 9883 0.4319 1. 4202
2 1.1176 0.5435 1. 6611
3 O . 5 0 8 0 0.4161 0.9241
4 1. 2804 0.1339 1.4143
S 1.1231 0. 1585 1. 3716
6 0. 8879 0. 3066 1.1945
7 0. 4832 0. 2365 0.7197
8 1. 4963 0.2378 |.7341
9 1.9071 0. 4691 2.3762

Table 3. Hydr oacoustic estimates of mdwater, near-bottom and total
fish abundance in nine strata designated fromthe 1988
dual - beam survey of Flathead Lake.

Lake Number of Fish
Stratum Area (ha) Midwater Near - bot t om Tota
1 4,353.3 344,749 182, 456 527, 205
2 2,961.0 281,514 158, 806 440, 320
3 1,164.6 47,229 48, 459 95, 688
4 8,348.3 807, 834 111, 098 918, 932
5 2,114.8 173, 907 33, 520 207, 427
6 244.3 19, 380 7,328 26, 708
7 4,116.6 154, 274 97, 358 251, 632
8 13,828.0 1,581,401 328,077 1,909,478
9 1,120.6 169, 236 52,571 221. 897

00}

Total s 38, 251. 3,598,904 1,019,673 4,599,287
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percent, and in Big Arm where overall fish density was |owest, CV4 was .0361,
or SSE. of 19.0 percent. These coefficients of variation approxi mate variance
in fish density, but cannot be applied to estimate the confidence intervals
about the estimate of total fish abundance.

Net sanpling in selected strata indicated that bull trout conprised from
1.3 to 4.8 percent of the limetic fish community (Table 4). Lake trout made
up from6.7 to 25.0 percent, and |ake whitefish from61.9 to 91.9 percent. W
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 coll ected
only fromarea 1 and area 9 (Skidoo Bay shoreline), where they conprised 5.6
percent and 14.3 percent of the catch, respectively. If we assune that a

| arge proportion of the kokanee popul ation was aggregated in these two
strata, a mininum estinmate of the total population would be 65,000 fish. But
the probability of kokanee being nore wdely distributed throughout the |ake
at very low density suggests that this figure is a very conservative estinate
A much nmore intensive sanpling 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. Pygny whitefish were sanpled only in
area 1, where they conprised 23.8 percent of the catch. The absence of cypri-
nids, yellow perch, and catostomids in the fall sanples validates our assunp-
tion that these species do not conprise a significant part of the limetic
fish community.

Esti mates of the abundance of fish over 500 mm | ong (approxi nately 5
pounds), based on the distribution of acoustic target strengths, were derived
because of increasing interest in the fishery for trophy lake trout and bul
trout. Anpbng the nine strata these large fish conprised from1l1l.4 to 7.6
percent of total fish community. W estimated that 27,700 fish fell into this
large size class. This is a mininumestinmate because of uncertainty about the
range of target strengths returned by large fish (see discussion in Methods.).
Net sanpling indicated that [ake trout were three to six tinmes nore abundant
than bull trout. This woul d suggest that at |east 23,000 |ake trout, five
pounds and |arger, are present in Flathead Lake. If the sport harvest of
trophy lake trout is neasured in the future, the estimtes of abundance could
be useful in assessing harvest-related nortality and in setting.bag limts.

.

Because we were not able to establish the distribution of young of the
year (YOY) and yearling kokanee by traw surveys, the hydroacoustic survey
could not estinmate the overall abundance of juvenile kokanee. Consi der abl e
effort was expended in attenpting to |ocate juvenile kokanee in the north end
of Flathead Lake during the summer and fall of 1988. Juvenile kokanee were
found in the areas we sanpled in previous years. Very few YOY kokanee were
caught, as discussed later in the Food Habits discussion. W did capture
yearling fish earlier in the summrer in area |-5, but not at the tine of the
hydracoustic survey.

The total nunber of kokanee fry reared in four NMDFWP hatcheries and
planted in Flathead Lake from md-June to md-July, 1988 was 2.5 million.' W
conclude that these fish either experienced very high nortality during the
summer or dispersed into a |low overall density. Ei ther result would preclude
the consistently successful sanpling necessary for estimation of their abun-
dance. In Lake Pend Oeille, I|daho, Bow es (1988) found that |ess than 15
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Table 4. Estimates of the abundance of | i nneti cspeci esi nni nedept hstrata
desi gnat ed from the 1988 dual-beam hydroacoustic survey of Flathead
Lake

Number of Fish
Bull Lake ' Lake Pygmy Fish >500
Stratum (percent) (percent) (percent) (percent) (percent) (pexrcent)

1 8,400 0 33, 100 363, 800 125, 500 3,598
(1.6) (0) (5.6) (69.0) . (2.4) (1-5)

2 18, 500 110, 100 311, 700 - 6, 554
(4.2) (2.5) - (70.8) - (3.5)

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

4 not verified by species 4,620
(3.8)

5 not verified by species 777
(0.8)

6 350 1,800 24, 500 488
(1.3) (6.7) — (92.0) - (6.5)

7 7,550 22,900 221, 200 5, 455
(3.0) (9-1) ( 8 7 9 ) (4.5)

8 not verified by species 2,615

(0.23)

9 10, 550 35, 200 31, 700 137, 350 228
(4.8) (15.9) (14.3) ( 6 1 . (1.4)

Totals 46, 550 176, 400 64,800 1,146,450 125,500 27,735
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percent of YOY kokanee survived their first summer. If nortality of this
magni t ude occurred in Flathead Lake, it is logical that the survivors in the
fall would be extrenely difficult to sanple quantitatively.

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

We think it nore likely that increased predation explains the increase in
kokanee nortality observed in the last three years. Juvenile | ake trout are
known to feed on M_rxelicta in Flathead Lake. Recruitment of juvenile |ake
trout may have increased because of the increased availability of M_relicta.
Even if the |ake trout population is stable, the hydroacoustic estimte of
their overall abundance suggests that |ake trout predation al one could account
for the high nortality 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 inpact in the
areas of Flathead Lake where hatchery-reared kokanee are released in the
summer .

Hat chery suppl ementation of the kokanee fishery has been limted by brood
stock availability and shortage of suitable hatchery facilities. Nat ur al
production of kokanee fry in the Flathead system ranged from 10 to 15 mllion
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 nunbered at least ten million. The Iimting factor, whether it was
related to food availability, conpetition, 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 nillion hatchery-reared fry to sur-
vive in appreciable nunbers, unless for sonme reason their viability were nuch
hi gher than that of wild fry. The hatchery rel eases have been tined to coin-
cide with high food availability in the |ake, but our studies have not been
able to find any evidence that hatchery-reared fry have inproved recruitnent
i n Flathead Lake.

Age and Growth
KOKANEE

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

Al kokanee were captured in the northwest section of Flathead Lake (Area
1, Figure 2), and nost fish (60) were caught in md-water traws. Kokanee

were captured in all nonths from April through Decenber, but sanple size
vari ed considerably (Table 5).
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Table 5. Age conposition of kokanee collected in 1988 by nunber
captured each nonth.

Age Month of Canture

d ass Apr May Jun Jul Aug Sep Oct Nov Dec Total s
0+ 2 0 0 0 0 3 0 0 0 5
I+ 0 5 28 15 8 0 1 0 48
II+: 0 1 10 0 1 2 6 1 12
I1I+ 0 0 0 0 0 1 0 2 0 3
Total s 2 6 29 1 5 13 2 9 1 68

Age 0+ kokanee averaged 97.5 mmtotal length at capture (SE = 9.31 mm.
This average length is larger (p < 0.01) than mean |engths of fish captured in
either 1986 or 1987 (Beattie et al. 1988), indicating better growh in 1988.
However, with simlar gear, technique, and sanpling effort, we caught many
nore age 0+ fish in 1986 (30) and 1987 (51). This observation suggests total
nunbers of age O+ fish may have declined in 1988.

Age |+ kokanee averaged 155.8 nmtotal length at capture (SE = 3.90 mm.
Mean lengths in sanples increased continuously in our summer collections, with
| argest relative-length increases occurring in July (Figure 10). Gowh rate
may have been less in August and early Septenber, although the large |ength
i ncrease observed in Novenber suggests kokanee grew rapidly through fall.
The small nunber of age I+ fish caught in nost nonths requires caution inter-
preting this seasonal growth pattern as typical of kokanee in 1988. The late
year trend especially is suspect since sanple size is especially small. The
summer trend, however, is quite simlar to growh patterns identified for age
| + kokanee collected in 1986 and 1987 (Beattie et al. 1988). Rapi d | ength
increases in sumer correspond to increasing water tenperature and abundance
of D thorata. These factors likely contribute to consistent sumrer growth
patterns from year to year.

Age |1+ kokanee averaged 229.8 nmmtotal length at capture (SE = 9.69
mm). Seasonal growh trends appear sinilar to age |+ fish (Figure 10), al-

t hough no age |1+ fish were captured in July or August. Sept enber sanpl es
agai n suggest reduced growth rate in early fall. Mean length was larger in
Cctober, but unlike age I+ sanples, growh rate declined as age Il+ fish
entered w nter nonths. Since' nmost (75 percent) kokanee captured later than

Sept enber were age |1+, reduced growh entering winter may nore accurately
descri be seasonal growh patterns in 1988. Less growh in winter would be
consistent with historical observations of kokanee during ice covered years
in Flathead Lake (MDFWP - unpublished data).

Age ILI+ kokanee averaged 288.7 mmtotal length at capture (SE = 6.67

mm). Conparison of nean 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
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Figure10. Monthly trend inmeanlength at capture for age 0+ and I+ kokanee caught in 1988,



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), al t hough Beattie et al. (1988) did report growh rate declines for
younger fish (age 0+ and |+) between 1986 and 1987.

Conparison of relative growmh rates estimated from length at capture,
with sane rates deternmined from cal culated | engths at annulus formation
(Figure 12), suggests growth rate was increasing as age Il1+ 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 | ong
termdata that age Ill1+ and | V+ kokanee in Flathead Lake have not been con-
sistently distinguished from size differences along (Hansel 1984).

W believe' individual kokanee are growing as well or better than before
the introduction of _M relicta. |If this is a correct assessnent, better
growth-'could be explained by decreasing nunbers of fish in the popul ation.
Strong density dependent growth relationships have been noted for kokanee in
t he Flathead system for many years, even providing the basis for a nodel to
estimate year class strength from average length of femal e spawners (Fraley
and McMullin 1984). This explanation of recent growth patterns is confounded
by sinultaneous reductions in available food (Beattie et al. 1985, Beattie and
O ancey 1987,. Bukantis and Bukantis 1987, Beattie and C ancey 1988), but
kokanee | osses are large (e.g. nore than 99 percent loss in escapenent between
1985 and 1987 - Beattie et al. 1988). Less intraspecific conpetition for |ake
resources seens likely, despite declining food abundance.

LAKE WHI TEFI SH o

Four - hundred eighty-three |ake whitefish were exanined from sanples taken
in 1986, 1987, and 1988. Lake whitefish were captured in all areas of the |ake
where sanpling was attenpted, indicating greater abundance and w despread
distribution conpared with kokanee. Captures were evenly distributed between
net types: 65 five percent of |ake whitefish collected were caught in gil
nets, the rest were caught in md-water trawls. Because |ake whitefish cap-
tures were often.an indirect result of sanpling for kokanee, nost fish (74
percent) were collected in the northwest section of the |ake. Sampling becane
concentrated in this area as the project progressed because it was here that
most kokanee coiild be caught.

The ol dest |ake whitefish captured were VI11+ years, but age conposition
of all” sanples is skewed strongly towards nuch younger ages (Table 6).
Approxi mately 80 percent of fish in conbined | ake whitefish sanpl es weze age
11+ or younger: In contrast, age VI+, VII+ and VIII+ fish account for-just 6
percent of total numbers collected. Age conposition of sanples reflects
project enphasis to capture young kokanee. A der | ake whitefish are not
frequently taken in md-water trawls commonly used to sanple kokanee. A
conpl ete description of |ake whitefish age and growth requires a larger sanple
of older fish. This deficiency is being conpensated in part from other work
(University of Montana, MS. thesis project in progress). Qur sanples are
sufficient "at this tine, however, to 'assess |ake whitefish at ages when we
feel interactions between species would be nost critical to kokanee success.
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Figure 12. Conparison of nean Iength at capture and nean length at
arnnulus formation for kokanee caught in 1988.
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Table 6. Age conposition of |ake whitefish collected in 1986, 1987, and 1988
by nunber caught each year.

Age Year of Capture
Class

1986 1987 1988 Tota

0+ 15 29 15 59
I+ 38 27 48 113
I+ 38 55 38 131
[+ 28 12 36 76
IV+ 17 13 4 34
v+ 15 19 7 41
VI + 14 4 5 23
VIii+ 3 1 0 4
VI1I+ 2 1 0 2
TOTALS 170 160 153 483
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Mean | engths at capture by age class each year (Figure 13, Table 7)
indicate |l argest growh gains occurred during first four years of life.
Gowh rate slows after age |IV+, the age when | ake whitefish in Flathead Lake

typically reach maturity (Bjorklund 1953, Hanzel et al. 1989). Wth three
exceptions, nean length at capture was equivalent (p > 0.05) for sane age
cl asses each year, suggesting very stable growh in the I|ake. Exceptions

include age I+ and I+ fish caught in 1988 which were larger on average (p <
0.001) than sanme age groups captured in either 1986 or 1987, and age |V+ fish
caught in 1987 which were larger (p < 0.015) than sane age fish in 1986.

Conpari son of nean |l engths at capture pool ed by sanpl e nonths suggests
that seasonal growth patterns are quite different for youngest fish (age 0+
and 1+) and ol der sub-adults (age II+and I11+). Mean |length increased rapid-
ly for age I+ fish in spring, and both age 0+ and |+ sanples indicate rapid
grow h during summer (Figure 14, Table 8). Average length for age Il+ and
I11+ fish also increased rapidly in spring, but growh rate apparently de-
clined fromJuly into winter nmonths. Cur data suggest size selective nortality
for older sub-adults in Flathead Lake; indicated by the smaller average
lengths in our sanples each month (Figure 15, Table 9). Al though we believe
that gear selectivity probably explains the result, we can not identify any
change in our sampling procedures that woul d introduce this -systematic bi as.
We al so can not explain at this time what woul d cause increased mortality of
| arger members of a cohort, if,-the phenonenon suggested is a biological reali-
ty in the |ake.

Recent well documented changes in zoopl ankton communities in.Flathead
Lake (Potter 1978, Bukantis and Bukantis 1987, Beattie et al. 1988) have
significant inplications for changing food relationships in the | ake. However,
conparison of nean lengths at anmnulus fornation cal culated from pre and post-
M relicta scale collections indicates |length gains for |ake whitefish remain
surprisingly simlar (Figure 16). Mean cal cul ated | engths at annulus are
equivalent (p > 0.05) for the sane age classes, except that age 0+ and I+ fish
are snaller on average (p < 0.001) in the 1980s than was true before the
i ntroducti onof__M..relicta.

Data from both populations fit the von Bertalanffy nobdel '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 sanples and samples collected after M relicta was estab-
lished. Walford lines devel oped-from these regressions are:

Length at age t+l = 0.865538(length at age t) + 83.1161
for pre-M__relicta sanples, and

Length at age t+ = 0.822379(length at age t) + 106.772
for sanples collected after the shrinp was introduced to Flathead Lake.

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

Table 7. Mean total length at capture (mm) for lake whitefish caught in
1986, 1987, and 1988.

Year ' Age Class
of
Capture o+ I+ I+ III+ I v+ VI+

1986 length 113.5 190.1 252.0  329.6  381.4  428.7 438.9
(SE) (5.27) (3.11) (4.78)  (5.26)  (8.03)  (4.38) (4.17)

1987  length 116.7 186.3 270.7 3451  409.5  423.7 431.5
(SE) (3.07) (3.06) (3.58) (7.35)  (6.17)  (10.20) (26.50)

1988  lengh 118.2 213.3 277.5  323.6  405.0  427.4  431.2
(SE  (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
I+ | ake whitefish caught in 1986, 1987, and 1988.

Table 8. Mean total length at capture (mm) by sample month: age 0O+
ard | + | ake whitefish caught 1986, 1987, and 1988.

Age Month of Capture
cl ass Apr May Jun Jul Aug Sep oct
o+ length —_— 65 102.9 122.4 127.2

(SE) — — (5.00) (3.45) (1.15) (3.92) —

I+ length 173.8 219.0 182.3 200.1 203.1 233.9 224.1
(SE)  (5.00) (11.72) (3.49) (8.99) (3.63) (3.66) (2.32)
3 f}
ﬁéﬁﬁb W57 afh

]
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Figure 15. Mnthly trend in mean length at capture for age I+
ad III+ lake whitefish caught in 1986, 1987, and 1988.

Table 9. Mean total |ength at capture (mm) by sanpl e month: age ||+
ard | | | + 1lake whitefish caught in 1986, 1987, and 1988.

Age Month of Capture

Class Apr May Jun Jul Aug Sep Oct Nov

II+ length 265.6 291.2 254.8 279.5 246.5 230.0% -—  252.5
(SE)  (5.05) (6.33)' (5.64) (3.94) (7.38) —  —— (4.83)

|11+ length 342.9 351.4 319.0 330.4 320.0 -— — 290.8
(SE)  (4.86) (7.64) (22.18)' (5.51) (22.20) — (9.11)

* Single fish
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Figure 17. Von Bertalanffy growth curves for lake whitefish before and

after the introduction of Mysis relicta to Flathead Lake.
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youngest fish, and |ower theoretical growh potential, are consistent with an
i ncreasing population. Young fish may be snmaller in response to increasing
numbers in the popul ation. As devel oped below, von Bertalanffy growth coeffi-
cients indicate that |ake whitefish growh rate is slightly higher follow ng
introduction of M _relicta. If true, the ultimate size realized as fish grow
ol der would be expected to be less, since faster growing fish tend to attain
smal | er maxi mum sizes. Although it is still possible that factors limting
size at youngest age will detrimentally affect the |ake whitefish population
in comng years, at present this possibility seens unlikely. Some growh
conpensation is suggested for ol der year groups by a tendency to be larger on
average ('although p > 0.05) than same age fish before M_relicta entered the

| ake. In addition, youngest fish have increased average |ength between 1987
and 1988

Correl ation coefficients :from | east squares regressions of In(loo-Lt) on
age were -0.996818 and -0.994765 respectively for pre M__relicta sanples,

and sanples collected after introduction of the shrinp. These coefficients
agai n suggest the appropriateness of the von Bertalanffy growmh nodel in
describing these populations. In same order, linear relationships were deter-

mned to be:

In(loo-Lt) = 6.11566 - 0.141646(age t)
and

In(loo-Lt) = 6.17943 - 0.194024(age t).

These equations provide the basis for estimating renmaining von Bertal anffy
par amet ers. Fi nal won Bertalanffy growth nodel sfor the two popul ati ons were
deternined to be:

Lt = 618.13821 [1-e(-0-144404) (£+2.1959821),

for sanples pooled fromthe 1960s and 1970, and,
Lt= 601.12262 [1-6(-0 .1955539(t+1.1293706) ]

for samples pooled fromthe late 1980s.

Lake whitefish apparently contrast with kokanee popul ation responses to
recent changes in the |ake. Lake whitefish are.still abundant, and their
nunbers may be increasing since introduction of M_relicta. Much of this
contrast is |likely explained by different consequences of changing | ake troph-
ic relationships for each species. Unlike kokanee, |ake whitefish have a
predomi nantly benthic oriented life history (Van Qosten 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 ol der.
It seens reasonable that fish which are | ess dependent on zooplankton will
respond |less drastically to altered zoopl ankton abundance. Perhaps for these
reasons, reduced zoopl ankton abundance, and subsequent feeding responses of
all fish in the lake, do not seemto result in |ower |ake whitefish survival

New food items, -including *M. relicta, nmight actually benefit |ake whitefish
gromrl This possibility .is, supported by Sllghtly faster growth rates fol | ow
ing M rellcta introduction to'the I ake.
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At present, the 1988 hydroacoustic survey 'reported here is the only data
quantifying size of the |ake whitefish population in Flathead bake. Although
a simlar survey was conducted in 1989, data from which to assess popul ation
responses are not yet available. 1t seens likely that changed food rel ation-
shi ps have affected nunbers of lake whitefish in the |ake. Snaller average
length for |ake whitefish at young age nay indicate an expandi ng popul ation,
with reduced growth a consequence of lower juvenile nortality, and individual
responses to greater number of fish. Recent observations of sport anglers and
ot her | ake users support the contention that | ake whitefish nunbers have
increased in'" recent years. However, it is 'still possible that reduced growth
at young age reflects genuine growh |imtations. Continued close nmonitoring
of fish populations will be required to establish the direction of population
trends.

Food Habits
KOKANEE C—

Fifty-seven kokanee captured in 1988 retained identifiable -tomach
contents. The majority of these fish' (48) were age I+. Only 5 age 0+,. 3 age
I+, and 1 age Il11+ fish were available for diet analyses (Table 10). o

Y

Yearling Fish

A single fish captured in April contained only D__thorata and dipteran
i nsects. Stomachs from fish collected in My suggest a diversifying diet in
spring, including other |arge zooplankton.species, and fewer dipteran, insects.
A single’ adult _M -reliéta (> 10 mm total <length) ‘was al so identified in one
fish caught in May. In June, stomachs predomi nantly contained D.thorata
al though fish still incorporated a diversity of other food itemns,. From Jyly
through Cctober, stomach contents were al nbst exclusively D__thorata.

The marked tendency towards | ess diverse diet entering sunmer, and the
al nost exclusive use of D.__thorata frommd summer through fall, is the sane
pattern identified for Yyearling kpkanee, in 1986 and 1987 (Beattl e-et al:
1988). This pattern 14 1ikely ‘explained in-part by the influené¢e amd- 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 fromthe upstream drain-
age ?.. Flowing water carries food items directly fromthe rivers, and lifts
"itens already in the lake into the uppex wat er col umm. where kokanee ' typl cally
feed In addition, nany food 1tems t hat kokanee otherw1se Strong_y ‘select
(e. thorata) are at very | ow ' denS|t|es in the Iake at" this time (Flgure
6), perhaps influencing fish to 1ncorporate moré 'diverse food ‘itehms. Inéreas-
ing incorporation of Q__thorata in early summer corresponds to increasing
abundance of this organismin Flathead Lake. Strong selection (Strauss L >
0.9) for D__thorata continued, however, |ong after abundance of this cladoc-
eran peaked and decli ned.
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Tabl e 10. Food itens as percent of total stomach contents for kokanee

captured i n 1988.
Age 0O+
12/ 0¥/ D.thorata B.longirostris D.bicuspidatus E.nevadensis L.ashlandii OtherS/
4 1 1 3 56 0 0 40
9 | 99 1 0 0 0 0
10 3 99.5 0.2 0.1 0.3 0 0

4 1 72 0 0 0 0 38

5 6 X.3 16 )y 2.1 8.5

6 32 87 1.3 1.2 9.9 0. 5. 0.1
T 1 100 0 o 0 0 (4

8 3 100 2] 0 0 0 0

9 2 99.6 0 0.4 0 o 0
10 3 99.6 0 0.2 0 0.2 0
Age I+ :

m n D.thorata B.longirostris D.bicuspidatus E.nevadensis l.ashlandii Other
6 1 100 0 0 0 0 0
10 1 99.2 0 4] 0.6 0 0.2

[ 1 100 0 0 0 0 0
Age III+

m n D.thorata B.longirostris D.bicuspidatus E.nevadensis L.ashlandii O her
5 1 96 0 3 0 0 1

2/ calendar month (1 = January, 12 = December)
b/ Number of stomachs with identifiable contents
€/ Insects (Diptera, Coleoptera, Hamoptera) -




O her Age Cl asses

Sanple size is small, but remaining age classes generally reflect the
sane diet progression observed for age |+ kokanee. Spring and early sunmer
sanples contained a greater variety of food items, with D__thorata predoninant
in all collections made later than June.

Although D__thorata was present in all stomachs, regardl ess of age class
or nonth in which a fish was captured, age 0+ kokanee consumed relatively
fewer of these cladocerans than did other age classes in the spring. Thi s
pattern appears typical of kokanee in Flathead Lake (Leathe and G aham 1982).
Since age 0+ fish readily caught faster noving copepods in the spring, |ess
incorporation of D__thorata suggests a limted ability to filter volunes of
wat er conparable to ol der fish. One possibility is that snmaller fish are
sinmply weaker swimmers, which |owers encounter rates when the cladoceran is at
low density. Alternatively, smaller fish may be restricted in their ability to
use sone areas of the lake, either by influence of older year classes, or
other species in the |ake.

LAKE WH TEFI SH

One hundred nine stomachs from | ake whitefish captured in 1988 retained
identifiable contents. Mst fish were age 0+ or |+ (32 and 49 respectively),
a consequence of project enphasis this year to sanple younger age cl asses.
Twenty five ol der sub-adults (age I+ and Il11+), 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 nost common food itemin |ake 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 [ow nunbers, and a few stonmachs al so contained snall
nunbers of dipteran insects.

In August, diet was nore diverse, including benthic itens, although
contents were still dominated by zooplankton. Stomachs predom nantly contained
D. thorata, wth chydorids, dipteran insects, ostracods, trichopteran in-
sects, D. bicusnidatus-thomasi and pel ecypods all present in | ow nunbers. A
smal | propertion of stomach contents consisted of partially digested zoo--
pl ankton that could not be further identified. Single B. longirostris were
also identified in tw stomachs.

Stomach contents from fish captured in Septenber were prinmarily D thora-
ta, With D_ bicusoidatus-thomasi and a snall nunber of dipteran insects com
prising remaining food itens ingested. The large percentage of _D__thorata in
stomachs suggests strong selection (L > 0.9) for this food itemdespite | ow
numbers of D.__thorata in the |ake. By Cctober, a single sanple indicated a
diet switch to copepods, with D__bicusoi datus-thomasi agrazing influence is
not as significant as the inpacts of M_relicta.
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Table 11. Food itens as percent of total stamach contents for | ake
whitefish collected in 1988.

Age O+
Other
n® r®/ D.thorata Zooplankton® Pelycypoda Ostracoda Diptera Other®
7 18 98 1.2 0 0 0.15 0.65
8 8 .-76 10 1.2 2.8 7.2 2.8
9 5 99 0.6 0 0 0.04 0. 36
10 1 0 72 11 0 1.4 14.6
Age I+
Other
m n D.thorata Zooplankton Pelecypoda Ostracoda Diptera O her
4 4 1 0.8 23 29 36 10. 2
6 4 69 0.4 1.9 0.4 2.5 27. 8
7 1 100 0 0 0 0 0
814 99 0.3 0.2 0.1 0. 07 0.33
9 16 99 0.34 0 0.6 0.06 0
10 9 69 0.8 | 2 7 8.2 3
11 1 19 0 0 0 0 81
Age || + and ITI+
Other
m n D.thorata Zooplankton Pelecypoda Ostracoda Diptera Other
4 2 0 0 19.5 19.5 56 5
6 12 67 0 2.2 5 5 21.8
7 2 98 0 1 0 0.6 0.33
8 4 99 0 0.3 0.1 0.07 0.53
9 3 100 0 0 0 0 0
10 1 93 0 1 1.4 0 4.6
11 1 7.7 78. 3 | 5 0 0 0
Age W
Other
m n D.thorata 2ooplankton Felecypoda Ostracoda Diptera ot her
11 1 40 0 0 0 0 60
Age VI+
Other
m n D.thorata Zooplankten Fel ecypoda Ostracoda Diptera Other
5 1 6 1 23 0 42 28
11 1 0 0.3 4.7 0 0 95%
&y Calendar month (1 = January, 12 = December)
Y Number of stomachs with identifiable contents
g// B. longirostris, D. bicuspidatus-thomasi, E. nevadensis, L. ashlandii

Insects (Hemiptera, Hymenoptera, Coleoptera), ephippia, Chydoridae,
unspecified zooplankton and insect parts
* Mysis relicta (81 total) 40




Yearling. Fish

Stomachs from | ake whitefish collected in April contained |arge nunbers

of dipteran insects, ostracods, and pel ecypods. Ephi ppia 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 stonach

St omachs in June suggest increasing use of D.__thorata as abundance of

this cladoceran increased in the |ake, but diet was still diverse. Epphippia
(25 percent) were conmon. Di pteran insects and pel ecypods were much |ess
nunerous than in April. Remai ni ng contents were E. nevadensi s, B. longiroes-

tris, D. bicusnidatus-thomasi, trichopteran insects, ostracods, and a few (<l

percent) unidentified zooplankton parts. Three adult M relicta were identi-
fied in one stonmach;

By August, D__thorata was a very common food itemin fish stomachs.
Trichopteran insects (0.38 percent) and pel ecypods were next npbst comon.
Despite obviously strong selection for d. thorata (L >0.89), a variety of
other food itens were incorporated by these fish in small nunbers. These |ast
items inlcude B. longirostris, L. ashlandii, ephippia, chydorids, dipteran
insects, and ostracods.

Sanpl es from Sept enber suggest feeding patterns quite simlar to those

identified in August. D. thorata dominated contents, with ostracods and
di pteran insects next nost common. B. longirostris, 1. ashlandii. D bicuspi-
dat us-t honmsi trichopteran insects, and pel ecypods were all present at very
| ow nunbers

COct ober sanpl es suggest |ess incorporation of D.__thorata, and increasing
i ncorporation of benthic food itens, including pelecypods and ostracods.
Dipteran insects were also conmmon. Ephippia (1.3 percent)) and D.
bicuspidatus-thomasi were present in small nunbers. Al other food itens 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 (col eopterans, hem pterans).

The singl e Novenber sanple contai ned nunerous ephippia (81 percent),
suggesting that cladocerans continued to constitute an inportant part of the

diet although |ake whitefish were shifting to a nore bottomoriented feeding
behavi or .

O der _Sub-adul ts

Stomach sanples fromage |1+ and I+ |ake whitefish were pooled to increase
total number of observations for diet anal yses. I ncorporation was assessed
both by age, and size class, wth no neaningful difference in the anmount
i ngested or season of use detected for nost food items. A single exception
was the presence of adult M. relicta (2 and 10 respectively) in two stonachs

fromage |11+ fish caught in April and Novenber. One of these two age |11+
fish caught in April and Novenber. One of these two age Ill+ fish exceeded
mexi mum | engt hs observed 'for age ||+ fish. No M_relicta were identified in

stomachs fromage |1+ fish in 1988 sanpl es.
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Stomachs fromfish in April predonm nantly contained dipteran insects,
with ostracods and pel ecypods al so common.  About four percent of contents
wer e ephi ppi a. Stomachs al so contained a small nunber of unspecified insect
parts

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

In July, contents were alnost exclusively D. thorata, with dipteran

insects, pelecypods, and unspecified zooplankton and insect parts al so present
in small nunbers.

Sanpl es col lected in August indicate continued strong selection (L- >0.9)
for D__thorata. Diet included small nunbers of pel ecypods, ostracods, dipter-
an insects, trichopteran insects, and ephippia.

Very few sanples fromage II+ and |11+ fish captured in the fall were
available for diet analyses. Fish collected in Septenber contained only D.
thorata. A single stomach from October contained about five percent ephippia
in addition to entire D__thorata, ostracods, and a few pel ecypods and
uni dentified zoopl ankton parts. By Novenber, a single stomach suggests that
ol der sub-adults were shifting diet enphasis as D. thorata abundance decli ned.
D. bicusnidatus was nost conmmon (77 percent of contents). Pel ecypods were
relatively numerous, wth renaining contents conprised of D__thorata and
unspecified zooplankton parts.

Adults

Sanmple size is snall, but diet of older |ake whitefish differs from
younger fish in at |east one significant respect: M reliecta was incorporated
in large nunmbers by adult fish in the fall. M_relicta would seem an

i mportant food supplenent for adult'fish as they enter spawning season; a
suppl enent for adult fish as they enter spawning season; a supplenment for
whi ch no equivalent food itemexisted prior to introduction of the shrinp.
an enhanced food base at this critical tine would likely, contribute to a nore

successful reproductive effort, and may partly explain why | ake whitefish
nunbers seem to be increasing in recent years

Zoopl ankton Di et
KOKANEE

Five large zooplankton species conprised over 99 percent of all food
itens identified in kokanee stomachs: D thorata, B. loneirostris, D bicuspi-
datus-thommsi, L. ashlandii, and E. nevadensis. Anpbng these five species, D.
thorata wa$ by far nost common, conprising 89 percent of total diet, and no
| ess than 87 percent of zooplankton ingested for any age or size class
exanmned (Table 12). This result is consistent-with well-docunmented strong
selection for D__thorata by kokanee in Flathead Lake (Leathe and G aham 1982,
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Table 12. Percent contribution of five large zooplankton Speci es
to the zooplankton diet of kokanee captured in 1988.

Zooplankton Age Class

Speci es o+ I+ I+ ITI+

D. ta 93. 65 87.93 99.73 96. 63
B. longirostris 0.43 2.19 0.0 0.0

E.nevadensis 0.05 5.90 0. 27 0.0

D.ashlandiji 5.82 3.31 0.0 3. 37
L.bicuspidatus-thamasi 0. 05, 0.69 0.0 0.0
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Beattie et al. 1988), although influenced by the fact that nost
sanmpl es were collected only in nonths when D__thorata was avail abl e. Only
seven stomachs contained | ess than 50 percent D__thorata; all of these sanples
were fromfish captured in spring or early summrer.

The winter. diet of kokanee in Flathead Lake has historically been
dom nated by copepods (Leathe and G aham 1982, Beattie et al. 1988), shifting
to D__thorata as abundance of this cladoceran increases in the spring and
early summer. although sanple size is'small, contents suggesst a simiar 'diet
progression occurred in 1988. However, the characteristic switch to al nost
exclusive"incorporation fo D._ _thorata occurred earlier in 1988 than reported
in 1986 or 1987 (Beatt1e et, al. 1988) In May, 76 percent of all food itens
i ngested were thorata conprising nore than 99 percent of stomach contents
in all months that followed. FEarlier selection for D._thorata my be related
to timng of peak abundance of the cladoceran, since peak densities al o
cocurred earlier in 1988 than in previous years (Figure 6)... It is-possible
too, that |lower total densities of other zooplankton species 1nf1uenced timing
of selection for d. _thorata, although at this tine we do not know the mecha-
ni sm by whi ch zoopalnkton: densities ni ght determine feeding behavior. The
switch to D.__thorata occurred earlier in 1988, for exanple, desplte a | over
total D.__thorata abundance.

B. longirostris, and 1. ashl andi
contrlbuted respectlvely 5.2 percent, 3.2 percent, 2 percent, and 0.6 percent
of remaining |arge zooplankton stomach contents for conbined age classes.
St omachs contai ned greatest variety of these rarer food itens in spring, with
each on average identified in over 50 percent of all stomachs exam ned
Frequency of occurrence decreased in summer, and increased again as fish
entered fall and winter nonths (Figure 18). Al four species contributed |ess
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 WHI TEFI SH

At young age, |ake whitefish incorporated |arge nunbers of the same

dom nant zoopl ankton species as kokanee. D. thorata, B. longirostris, E.
nevadensis, D. bicusnidatus-thomasi, and 1. ashlandii, collectively conprised

98.7 percent of total food itens ingested by age )+ fish, and about 93 percent
of total nunbers for age I+ fish. Anong these five species, D_thorata was
i ncorporated by both young-of-the-year and yearlings (Table 13). Li ke koka-
nee, younger |ake whitefish also displayed a shift in diet to D__thorata as
abundance of this cladocrean increased in the | ake.

B. longirostris, E. nevadensis, D bicusnidatus-thomsi, and L. ashlandii
occurred nmost frequently in stomachs in spring and fall. Excl udi ng sanpl es
conprised of single fish, frequency of occurrence was always |less than 0.5 in
any sanple nmonth (Figure 19). Low overall frequency of occurrence suggests
that these zoopl ankton species are less inportant in the diet of young |ake
whitefish than was true for kokanee. But, wunlike kokanee, young | ake
whitefish incorporate these food itens persistently in sumrer nonths. It is
possible that |ess commonly incorporated zoopl ankton species are an inportant
part of the young |ake whitefish diet at this tinme. Young |ake whitefish also
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Table 13. Percent contribution of five large zooplankton species
to the zooplankton diet of lake whitefish captured in

1988.

Zooplankton Age Class

Species or ™ I+ IIF W VIt
D.thorata 98.62 99.83 100 100 100 100
B.longirostris 0.39  0.03 o 0 0 0
E.nevadensis 0.3 002 © .0 0 0
D.ashlandii 0.4 007 0 0 0 0
L.bicuspidatus-thamasi 0019 005 0 0 0 0
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m ght not feed as selectively on zoopal nkton as kokanee, although very strong
selection for D__thorata from mid-summer through fall suggests sinmilar feeding
behavi or.

O der Sub-adul ts

"The only large zoopl ankton species identified in stomach fromage ||+ and
[+ fish was D.__thorata. Although frequency of occurrence in all sanples was
only 0.64;" D__thorata still accounted for 92 percent of total nunbers of food
itens ingested. Patterns of seasonal use were simlar to younger |ake white-
fish and kokanee, with incorporation greatest as the abundance of D.__thorata
increased in spring and sunmer.

Adul t s

Two of three fish older than |V+ years contained | ow nunbers of D__thora-
ta. No other large zoopl ankton 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 |ess than one percent of
total nunbers of food itens ingested by adult fish.

Zoopl ankton Size Selectivity

Average total lengths of D__thorata were larger (p <0,05) in |ake sanples
in August than in June, but size selection by fish was only weakly indicated
in either nonth (Table 14).

In June, all age classes of kokanee and | ake whitefish incorporated
larger D.__thorata in proportions slightly higher (L <0.16) than their corre-
spondi ng frequency in the lake. Since many of these |arger cladocreans are
adults, it is possible that fish grazing served to delay peak D__thorata
nunbers, at least until younger individuals reached reproductive maturity. In
August, this pattern reversed, with smaller D__thorata positively selected
al though again in proportions only slightly higher than their frequency in the
| ake (L <0.12). Renpving cladocerans at immture stages would likely contrib-
ute to rapid declines of D__thorata observed in August: |osses from direct

i ncorporation would be nore significant because these individuals also fail to
reproduce

Because size selection was essentially random our results suggest that
kokanee and | ake whitefish had linited influence on age structure of D__thora-
ta population in 1988. Althouhg fish grazing has probably always been a
factor in zooplankton dynanmics in the | ake, other |ake conditions (tenperature
regime, nutrient availability, primary productivity) seemlikely to exert
greatest influence. Still, fish may now have a relatively larger role deter-
m ning zoopl ankton nurmbers. W know that zoopl ankton abundance has decreased
in recent years, and that this decrease is alnbst certainly the result of
predation by M xrelicta. However, despite |lower M_xrelicta abundance in 1988
(Figure 7), total zooplankton densities also decreased (Figure 3). It is
possible that this apparent anormaly is expalined in part by feeding behavior
of fish. No data confirmthis possibility, however, and at present, we

4 8




Tabl e 14. Size 'selection for Daphnia' thorata by kokanee and lake whitefish in
1988. -

Iake zooplankton samples:

Proportion (pj) Number of Nunber of
Sample D.thorata less samples D.thorata
month than 0.8 mm examined measured
June 0.50 1 201
August 0.33 1 201

Fish stamach samples:

Proportion (rj) Number of Nunber of Strauss

Speci es Sanpl e D.thorata st omachs D.thorata | ndex SD
(age) month < 0.8 mm examined measured (L)

Kokanee
(1+) June '0.45 5 733 -0.05 0.03975
(1'1+) June 0.40 1 200 -0.10 0.04940
(I+) August 0.44 3 421 0.11 0.04111

Lake

whitefish
(1+) June 0.44 2 307 -0.07 0.04522
(I'1+) June 0.35 2 400 -0.15 0. 04259
(1'1r1+) June 0.46 4 622 -0.04 0.04053
(0+) Angust 0.41 5 480 0.08 0.04012
(I+) August 0.37 4 800 0.03 0.03735
(I1+) August 0.38 2 131 0.05 0.05391
(III+) 2August 0.41 1 200 0.08 0.04810
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suspect that fish grazing influence is not as significant as the inpacts of M.
relicta.

Revi sed Kokanee Spawning Escapenent and Harvest Estimates

In previous reports (Beattie and Cl ancey 1987, Beattie et al. 1988)
kokanee escapenent and sport harvest in the Flathead drai nage was estimated
for all years that escapenent data were available fromthis project. These
data are records of kokanee performance during critical years when inpacts of
hydroel ectric operations on spawni ng success were first docunented (Fraley and
G aham 1982, Decker-Hess and Graham 1982, Decker-Hess and McMullin 1983,
Decker - Hess and C ancey 1984, Beattie et al. 1985, O ancey and Fral ey 1986,
Fraley et al. 1987, Fral ey and Decker-Hess 1987), and when | arge scal e eco-
| ogi cal changes limiting kokanee survival were occurring in Flathead Lake
(Bukantis 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 reexanined earlier assessments and
made slight nodifications. Qur intention is to provide best estinates possible
from avail able data (Tables 15, 16, 17)

W restricted harvest estinates to 1981 and 1985, the two years for which
conpl ete creel census data conplinment spawner escapenent surveys. W also
added fish estimates for the Swan River bel ow Bigfork Dam and the Flathead
| akeshore escapenent.

.Previously, McDonal d Creek estimates used the |argest nunber of fish
counted in a survey as a mninumestinmate of total escapenent. Qur revised
estimates differ because we used different analyses for this data. For 1985
we summed the area under the escapenment curve from 7 spawner counts that had
been nade at two week intervals. Fish numbers were estimated assunming a 30 day
residence time (Fraley and McMullin 1984). In 1981, two spawner counts were
made 28 days apart. We added these nunbers assuming that 'all fish in the
first survey had been replaced by the tinme the second survey was conduct ed.
In both years the effect of these changes is to increase escapenent estinates
slightly, and reduce percent harvest figures, also by a small anmount. Revised
estimates should supersede all others, and are appropriately restricted to the
two years in which conplete harvest data were obtai ned

Harvest estinmates are large, particularly in 1981. It is possible that
overfishing contributed to kokanee declines during these years. However, nany
fish are not counted in escapenent surveys, which tends to maxinize the appar-
ent inpact of sport fishing. Aso, total escapenent in MDonald Creek, where
nost recruitnment to the Flathead fishery originated, was still excellent.
Based on estimates of egg survival in MDonald Creek (Beattie and C ancey
1987), escapenent in both years exceeded the number of fish that can nmake use
of available gravels without conflict with other fish for spawning sites. Fry
emgration to Flathead Lake was estimated to be 12.0 nmillion in 1982 (d ancey
and Fraley 1986), and 9.9 mllion in 1986 (Beattie and C ancey 1987) from
McDonal d Creek alone. -Even if maxi mum harvest estinates are assumed to re-
flect a conplete |oss of reproduction from harvested fish in 1981 and 1985;
remai ning recruitment was obviously high. The 12.0 million fry recruited in
1982 produced a record high spawning escapenent in 1985 (Beattie et al. 1988),
despite significant sport harvest indicated for the 1981 adult year class.
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Tabl e 15. Spawni ng escapenent estimtes for Flathead system

kokanee in 1981 and 1985

1981 1985 -
McDonal d Creek? 117, 634 181, 943
Mai n St em Flathead RiverP 19,073 . 20,000
Wi t ef i sh RiverP 998
South Fork Flathead RiverP 720 2,071
Beaver - Deer | i ck CreeksP 1,723 1,826
M ddl e Fork Flathead River? 5,520 100
Flathead LakeP 1,565 2,775
Swan River® - 1, 350
TOTAL 147, 233 210, 065

Estimate Criteri a;

a
b

Spawner counts adjusted by 30 day residence tine
Redd counts (multiplied by 2.4)

€ Survey in which greatest nunber of spawners were counted

Table 16. Harvest estimates for Flathead system kokanee in 1981 and 1985.
Harvest Season Har vest Total 111+ Per cent
W nt er Sunmmer Fal | Tot al Year C ass Har vest
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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DI SCUSSI ON

Lake whitefish are "included in this sunmary at this tinme because-they
seemto contrast with kokanee in response to M_relicta induced changes in the
| ake. W feel that this contrast provides useful insights into subsequent
i npacts on fish populations that could be anticipated when large scale reduc-
tions in pelagic food resources occur. In addition, young |ake whitefish eat
many | arge zoopl ankton that conprise the mpjority of kokanee diet. Reduced
zoopl ankton numbers following the introduction of M. relicta suggest that |ake
whitefish--may now be a significant conpetitor 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-| ake whitefish interactions night explain | oss of .kokanee i n Flathead
Lake.

Food Limtations and Conpetition

The effects of M_relicta introductions are well described in ma~y |akes
(e.g. Richards et al. 1978, Cooper and Gol dman 1980, Ri eman and Bow er 1980
Kinsten and O sen 1981, Langeland 1981, Lasenby and Furst 1981, G ossni ckl e
1982, Nero and Sprul es 1986, Bukantis and Bukantis 1987), and appear sinilar
at least in a general pattern of reduced total zooplankton abundance, cladoc-
eran losses, and shifts in timng of peak abundance for nmany zoopl ankton

speci es. It seens reasonable that these inpacts could be detrinental to
pl anktivorous fish, and especially kokanee that primarily eat plankton
throughout their life history. Several investigators have already suggested

that | oss of zooplankton to M__relicta has adversely affected kokanee popul a-
tions in |akes they have exam ned (Richards et al. 1975, Mrgan et al. 1978
Reiman and Falter 1981, Mrgan et al. 1981, Bowes et al. 1988). In Mntana
t he sane has been suggested in at |east three | akes where M_relicta were
recently established (Anderson and Donrose 1982, Runsey 1986, Anderson 1987),
i ncl udi ng Flathead Lake (Beattie et al. 1988). In Lake Pend Oeille, Idaho,
researchers al so suggest that success in reestablishing kokanee by hatchery
plants has been enhanced by waiting until cladoceran populations are at sea-
sonal high nunbers in the lake (Bow es et al. 1988). These results indicate
that food abundance can be critical to kokanee success, and that inpacts of M.
relicta on zoopl ankton comunities are sufficient to conprom se kokanee sur-
vival and reproduction.

Lower zoopl ankt on abundance caused by M__relicta predation suggests that
conpetition among plankton feeding fish may intensify as food is |less avail-
able. But whether or not this conpetition is a significant factor in kokanee
declines remmins uncertain. Many fish are planktivorous at sone point in their
life histories (Carlander 1969, Scott and Crossman 1973) including |ake white-
fish, lake trout, northern squawfish, peamouth minnows (Ml ocheilus caurijnus),
and yell ow perch in Flathead Lake (Leathe and Graham 1982). Lake, whitefish
are inmplicated especially as conpetitors with kokanee because young fish occur
in large numbers where kokanee were historically comon, But similar distribu-
tion may sinmply be nore apparent now that kokanee nunbers are |ess. Al so,
nmountain whitefish (Prosopium williansoni) and pygny whitefish in Flathead
Lake have diets nmore sinilar to kokanee than |ake whitefish (Leathe and G aham
1982).
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We feel that |ake whitefish numbers probably increased significantly in
recent years, and if so, their feeding could contribute nmore to zoopl ankton
| osses caused by general feeding behavior of all plankton feeding fish. But
even in this case, we have not deternmined that current zooplankton abundance
is actually limting for fish. No data establish that feeding by one species
harms anot her. Swan Lake kokanee nunmbers remain stable despite.introducfion
of M. relicta, and total zooplankton densities sinmilar to Flathead Lake
(Runsey 1986).

Gowh results suggest that food limtations do not exist for fish 'that
attain the minimmsize in our sanples (60 mm), but our sanples would include
only fish that successfully overcome food "bottlenecks" if they occur. It is
still possible that very young fish (perhaps larval forms) mght have diffi-
culty finding food at current zooplankton densities in Flathead Lake. A
number of |aboratory investigations 'denonstrate that |arval survival for many
fish is influenced by food density (e.g. Riley 1966, O Connell and Raynond
1970, Watt 1972, Saksena and Houde 1972), and the related efficiency wth
whi ch young fish |ocate and capture prey (e.g. Braum 1967 cited in My 1974).
Feeding efficiency is often influenced by characteristics of prey -organisms,
including size, distribution, and notility in avoiding capture (Rosenthal and
Henpel 1970, Confer and Bl ades 1974, Drenner et al. 1978, O Brien 1979, Dren-
ner et al. 1981). Since slow noving species of the genus Daohnia are particu-
larly susceptible to M__relicta predation (Richards et al. 1975, Langel and
1981, Kinsten and O sen 1981, G ossnickle 1982), and since peak abundance of
t hese cl adocerans 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 limtations, if they exist, would have .greatest influence
on kokanee survival during first feeding and early larval stages. W 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
assessnent .

Predati on

Capturing kokanee has become progressively nore difficult followi ng the
introduction of M relicta. This difficulty may be a consequence of smaller
nunbers of fish in the |ake each year, kokanee dispersing to |ow overal
densities, or fish occupying a relatively snmaller area of the I ake. It is
likely that all of these factors affect kokanee distribution at this tine.

The persistently high nortality rate among kokanee, and the precipitous
recent decline in escapenent, suggest that kokanee |osses result from factors
either | acking or not operating as detrimentally for kokanee before the intro-
duction of M relicta. Part of the explanation seens likely to be reduced
zoopl ankt on abundance and feeding stress on young fish. But significantly,
introducing M__relicta does not always |lead to | oss of the kokanee fishery,
even when simlar reductions in the zoopl ankton assenbl age occur (Runsey 1988,

Dontrose 1989). At present, increased nortality from predation by other fish
perhaps in conjunction with |lowered food abundance, seems nost likely to
explain all patterns observed. |f true, predation may have a nuch larger role

expl ai ni ng kokanee | osses than previously acknow edged.
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Lower zoopl ankton densities in M. relicta inmpacted | akes suggest that
kokanee must search nbre water to obtain the same food ration than was true
before the shrinp was -introduced. One consequence reasonably anticipated is
hi gher nortality from predation. That predation risks can increase if
school i ng behavi or changes is well established fromnany |ines of research.
Several mathematical nmodels (e.g. Breder 1959, Brock and Riffenburgh 1960,
O son 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 nore efficiently
as prey groups are less highly organi zed (Neil and Cullen 1974, Major 1978,
M1linski 1977 cited in Mdrse 1980). Recent observations, although not yet
confirmed, suggest that sone kokanee predators (e.g. lake trout) are nore
nunerous in Flathead Lake (Hanzel et al. 1988). It seens reasonable that nore
predators would kill nmore kokanee. And even if predator numbers do not change
i ncreasing predator efficiency mght account for limted distribution and
fewer kokanee in the | ake.

If increased predation explains the sudden kokanee | osses in Flathead
Lake, simlar population collapses mght be expected in systenms with anal ogous
predat or popul ations. By -same.reasoning, dramatic |oss would not be predicted
in systens that |ack these fish. In |akes we have examined, we now believe
that |ake trout have a central role in determning fate of kokanee popul ations
after M_relicta introductions.

Twel ve | akes in northwestern Mntana with established kokanee popul ations
were planted with M__relicta in 1968, 1975 and 1976 (Donrose 1982, Runsey
1988). Introductions were.made t o0 suppl ement the food base, with particular
interest in augnenting kokanee production. Later investigations confirmed M.
relicta successfully established in five of these | akes (Runsey 1988, Figure
20), and al so an uni ntended occurrence in Flathead Lake (Leathe and G aham
1982). After shrinp populations were established, three lakes (including
Fl at head) experienced dramatie-declines in kokanee numnbers. Common to al
| akes where kokanee populatlons collapsed was the presence of lake trout in
the system this sane flSh ‘was absent from | akes in which kokanee perS|sted in
significant nunbers;.:' *Interestingly, this pattern seems the sane in |akes
out si de Montana (e. g.,Morgan et al. 1978). One exception m ght be Lake Pend
Oeille, Idaho, where.kokanee nunbers apparently collapsed after M_relicta
was introduced (Bowler' et al. 1979) even though |ake trout are present at very
| ow nunmbers in that system Significantly, however, this is also one of the
few | akes we know where attenpts to reestablish kokanee by hatchery suppl enen-
tation have met with any success (Bowles et al. 1988).

Ot her predators would certainly contribute to kokanee | osses follow ng M.
relicta introduction in Flathead Lake. |In general, we expect that total preda-
tion pressure would increase as kokanee nunbers decline. Wth continuing |oss
of youngest fish, perhaps exacerbated by Iimted food, smaller year classes
woul d soon support all kokanee predators in the |ake. However, |ake trout
seem especially likely to have had mmjor inpacts on kokanee nunbers. Lake
trout are known to strongly sel ect kokanee as food (Leathe and G aham 1982),
they are | ake spawners with all but youngest age cl asses contributing to
kokanee | osses each year, and they are known to feed heavily on M _relicta

(MDFWP unpubl i shed data).
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Lake trout are bottomoriented fish, and Iike |ake whitefish, seemto
have benefited from M_relicta as a new food item Both species incorporate
many M__relicta despite dramatic diel migrations docunented for the shrinp
(Beeton 1960, Beeton and Bowers 1982, Bukantis and Bukantis 1987). In at
| east one | ake conparable to Flathead Lake, total fish production was found to
be domi nated by fish using benthic foods (Eggars et al. 1978). W suspect a
simlar situation is devel oping 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.

I ncreased survival of young |ake trout, perhaps due to the availability
of M_relieta, would add nore predators to the |ake each year, accelerating
| oss of kokanee. If we are correct that predation is the dom nant factor
expl aining the kokanee collapse, we woul d expect kokanee nortality to increase
rapidly until kokanee seem suddenly lost from the system I n Flathead Lake,
| oss of kokanee certainly fits this pattern

Very recently, kokanee fry stocking at levels of about 1 mllion fish
each year appear effective in reestablishing kokanee in Lake Tahoe, California
(G nger Thomas, Confederated Salish and Kootenai Tribes, personal conmunica-
tion, 1989, from Russ Wckwire, California Fish and Gane). Escapenent as high
as 50,000 fish in 1988 is attributed to supplenentation efforts begun in 1980.
Hat chery enhancenent had been stopped in the 1970s because stocking efforts in
the late 1960s showed no apparent inprovenment in the kokanee fishery. Al -
though lake trout live in this lake, their nunbers were decreasing before the
nost recent hatchery plants were successful. As kokanee escapenent im-

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

| MPLI CATI ONS FOR FI SHERIES M Tl GATI ON AND MANAGEMENT | N THE FLATHEAD 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 prenised on successful
rehabilitation of the kokanee fishery. The third assumed that kokanee coul d
not be reestablished in the | ake. Because we are uncertain whether or not
kokanee will recover, flexibility in managenment alternatives renains necessary
to conpensate fishery |losses in the Flathead system One mjor benefit of the
Flathead Lake Kokanee Study, however, is that productive potential nanagenent
directions have been identified in context with the changed ecol ogy of Flat-
head Lake.
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Kokanee Fry Planting Efforts in Flathead Lake

Qur current understanding is that reduced food and increased predation in

Flathead Lake have resulted in very high nortality of kokanee. If we are
correct, as long as these factors inpact kokanee as they have in recent years,
reestabl i shing kokanee will be difficult. Large scale hatchery plants (not

presently feasible) mght help, although food linmitations could be conpounded
by many nore fish. Also, w thout continued and increasing hatchery supplemen-
tation, predators nmight eventually reduce new recruitment below |evels of an
acceptable fishery.

W recognize that our current understanding of factors adversely affect-
ing kokanee is not conplete. W are only now beginning to test the role of
predation in explaining kokanee |osses. Even if the predation hypothesis is
supported in basic form refinenents may suggest ways in which conplete |oss
of kokanee coul d be avoided. One test of the predation hypothesis is already
underway. Fry supplenentation begun in 1987 should first significantly con-
tribute to kokanee spawni ng escapement in 1990. At a mninum escapenent
monitoring should continue the next three years to determine if hatchery
pl ants have had any success increasing kokanee nunbers. For sinilar reasons,
fry planting should continue at least two nore years. Continued plants would
preserve benefits of previous efforts, if they exist.

Hydr oacoustic Surveys and Lake Trout Monitoring in Flathead Lake

The central role of |ake trout we suggest in explaining kokanee | osses
places priority on describing its current status in Flathead Lake nore thor-

oughly. If we are correct, |ake trout nunbers should be increasing at the
sane that kokanee have been all but elinminated. Dual-beam surveys begun in
1988 will be critical to ascertaining popul ati on responses over the next

several years. For this reason, acoustic surveys should be continued. Now
that the technol ogy has been denonstrated effective, surveys should be stand-
ardized to predetermned transects with several surveys made during the year.

At a mininmm lakewide surveys shoul d be conducted prior to and follow ng | ake
stratification, and major spawning seasons. These surveys wll also provide
data to disprove the predation hypothesis if it is incorrect. Ascertaining
whet her or not predators are responding as we predict will be a significant

contribution to continuing efforts to understand the full inplications of M.
relicta introduction to Flathead Lake.

Al t hough we believe that younger year classes of |ake trout have in-

creased nunbers in recent years, |oss of kokanee may | ower condition and
survival of older fish. Anglers on Flathead Lake suggest -that larger | ake
trout (20 to 30 Ibs) are now | ess abundant. If a trophy lake trout fishery is

a priority, food habits' of lake trout will require close nonitoring to deter-
mne if other species, such as yellow perch or |ake whitefish, are incorpo-
rated in adequate nunbers to conpensate |oss of kokanee.
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Speci es of Special Concern and Protecting Tributaries to Flathead Lake

West sl ope cutthroat and bull trout are designated species of special
concern in Mntana. A policy to protect and enhance natural reproduction of
these native salnmonids is already adopted in fisheries mitigation guidelines
by the Mntana Departnent of Fish, Wldlife and Parks. Both species spawn in
rivers tributary to Flathead Lake.which are inpacted by hydroel ectric opera-
tions. At a mninum nanagenent efforts should continue to pronote welfare of
t hese popul ations. |f 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 nore productive in previous
years (Beattie et al. 1988). Hatchery supplementation is difficult with this
speci es (Beattie et al. 1988), but provides one neans of enhancenent. W
reconmend that priority also be placed on inmproving spawni ng and rearing
habitat to enhance natural reproduction. Bul | trout nunbers apparently are
stable in the Flathead system based on spawner surveys fromthe last ten
years (Fraley and Shepard 1989). Again, enphasis should be placed on protect-
ing and enhancing spawning and rearing areas. Hatchery enhancenent of bul
trout in the Flathead system should be explored as an alternative for augnent-
ing the fishery.

M nimm flows in the Flathead River recomrended by Fraley et al. (1989)
should be maintained, wth research directed to ascertaining optinmmflow
schedul es for fish. These schedul es nust also provide for efficient opera-
tion of hydroelectric facilities in the drainage. Considerable work is already
“conpleted with this objective in mind (Fraley et al. 1989).

Attenpts to inmprove fish passage at Bigfork Daminto the Swan drainage
may benefit westslope cutthroat and bull trout fisheries. However, if our
current understandi ng of kokanee declines in Flathead Lake is correct, a
significant risk to the kokanee fishery in Swan Lake exists if |ake whitefish

and | ake trout ‘become established. For this reason, at a mninmm a conpre-
hensi ve baseline assessnment 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'nunbers of fish noving
between the now relatively isolated systens. VWen the inproved fish |adder is
functioning, fish passage should be nonitored for at |least two years to
ensure that significant nunbers of westslope cutthroat and bull trout are
movi ng between drainages, and that |ake whitefish and | ake trout are not being
i ntroduced 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 drai nages to poten-
tially devastating consequences for kokanee

If kokanee are no longer viable in Flathead Lake, managenent efforts will
necessarily enphasize other species. Native species are a |ogical choice and

recommended enphasi s. Many species already in the drainage have adfl uvi al
life histories, including westslope cutthroat and bull trout. W recommend a
general policy to protect tributaries from harnful devel opnent inpacting fish
in the Flathead system while accommodating other water uses. The protected

areas concept (Fraley et al. 1989) provides a reasonable framework to begin
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i mpl ementing 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 inmportant sport fish that
spend sonme 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.

Fromthe mid 1970s through the early 1980s, approximately 100,000 kokanee
spawners in the Flathead drai nage were | ost annually due to the operation of
Hungry Horse Dam (Fraley et al. 1989). Because changes in the trophic struc-
ture of 'Flathead Lake now linmt kokanee survival, offsite enhancenent of
kokanee may be another effective way to mitigate kokanee | osses. Kokanee
popul ations could be enhanced in other lakes in the drai nage where detrinenta
interactions with M_relicta do not occur. Efficient inplenmentation of this
mtigation approach would require that appropriate |akes be identified based
on their ability to support kokanee populations, and prioritized to nmaxin ze
benefits to |ake users

I ntroductions of New Species

The ecol ogy of Flathead Lake is still changing as fish respond to altered
conditions in the lake. New population equilibria are being established, and
the full inplications of M_relicta induced changes in this process are not

wel | understood. Although we recomend that the option to introduce new spe-
cies be maintained as a nanagenent alternative, results of introductions are
never entirely predictable, and coul d seriously conpronise efforts to en-
hance natural reproduction of established fish. For these reasons, introduc-
tions of new species nust be made only after conplete and thorough considera-
tion of all potential consequences, including worst case scenarios. An ex-
haustive review process is already man& ed for proposed introductions of new
speci es to Flathead Lake.

Finally, we enphasize that whatever formfisheries nmitigation may take in
com ng years, all efforts nust be acconpanied by a strong nonitoring and
eval uation program Ef f ecti ve evaluation of responses of fish in the Flat-
head system is necessary to allow for adaptive fisheries managenment, as out-
lined in the recent Flathead system co-nanagenent plan (MDFWP- CSKT 1989).
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APPENDI X A

Average densities of selected |arge zooplankton species
at three sanpling stations on Flathead Lake in 1988.




Table Al. Average densities (no./1) of selected large zooplankton species at
three sampling stations on Flathead lLake i n1988.

Sample Month
Sample
Genus station My Jun Jul Ang Sep Oct Nov
Bosmina -1 ®¥ 0.06 0.52 0.12 0.28 0.12 0.08 0.12
1-1 )b/ — 0.04 0.32 0.08 0.03 c0.01 ——
-5 (B —_ 0.52 0.36 0.08 0.10 0.80  0.08
|.5 () —— c0.0l 0.28 0.08 0.04
6-4 (E) —_ 0.52 0.28 0.24 0.10 0.08 - -
6-4 (H) —— 0.24 0.80 0.20 0.06 ——— - -
Daphnia -1 (B 0. 60 2.50 4.20 2.70 0.40 0.20  0.20
1-1 (H) —— 1.00 2.00 1.40 0.50 0.20 —
-5 (B) —_— 1.60 1.80 1.50 0.30 0.20  0.10
|.5 (H)  —— 1.10  1.40  0.50  0.20
6-4 (E) —_ .90 2.10 1.30 0.30 0.20  -—-
6-4 (H S 0.90 1.20 1.00 0.50 0.40 ---
Diacyclops -1 (B 0.21 0.42 0.50 0.26 0.34 0.24  0.38
-1 (H —_ 0.22  0.35 0.23 0.21 0.25 ---
-5 (E) —_ 0.39 :0.18 0.24 0.24 0.25  0.33
|.5 (H)  —— 0.15 0.36 0.25  0.41
64 (E)  — 0.39 0.18 0.27 0.20 0.35 - -
6-4 (H —_ 0.35 0.47 0.29 0.27 0.25 ---
Epishura 1-1.(E) 0.001 ©0:004 0.008 0.046 0.006 0.006 0.004
-1 (H ——  0.002 0.004 0.002
|-5 () ——  0.120 0.120 0.006 0.004 0.002 0.001
|.5 ) —— 0.002 0.002 0.003 - - -
6-4 (E) ——  0.006 0.007 0.004 0.004 0.006 ——
6-4 (H ——  0.004 0.100 0.006 0.004 0.002 ——
Ieptodiaptomis
| -1 (E) 0.60 2.50 4.20 2.70 0.40 0.20  0.20
-1 (H) —— 100 2.00 1.40 0.50 0.20 I--
|-5 (B —  1.60 1.80 1.50 0.30 0.20  0.10
| -5 (H) — 110 1.40 0.50 0.20 =—— - -
64 (E) — 190 2.10 1.30 0.30 0.20 ——
64 (H) ——  0.90 1.20 1.00 0.50 0.40 - -
Leptodora -1 (B 0.00016 0.00008 - -
1-1 (H 0.00048 0.00024 - -
-5 (E) 0.0004 == 0.00008 =-——
-5 (H | _- -
6-4 (E) - 0.00032 0.00028
6-4 (H . 00068 0.00064 0.00036 0.00044




APPENDIX B

Data supplenment for the 1988 dual -beam hydracoustic' survey
of Flathead Lake.




Table Bl. Midwater, near-bottom, and total fish density (fish. 000 m?)
al ong 26 transects sanpl ed i n the 1988 hydroacoustic survey
of Flathead Iake.

Midwater Near-bottom Total
Transect Density (percent) Density (percent) Densi ty.

12 0. 3450 (100) —  (0) 0. 3450
1A2 . 4.5960 (86.8) 0.7008 (13.2) 5. 2968
1Bl 1.6830 (62.1) 1.0293 (37.9) 2.7123
1B 0. 0680 (100) —_  (0) 0.0680
i1c¢C 0.2579 (70.2) 0.1095 (29.8) 0.3674
1D 0.1373 (51.1) 0.1314 (48.9) 0. 2687
1E 0.0779 (17.3) 0.3723 (82.7) 0. 4502
2B 1.5930 (63.4) 0.9198 (36.6) 2.5128
2cC 0.7075 (76.4) 0.2190 (23.6) 0.9265
3A 0.5080 (55.0) 0.4161 (45.0) 0.9241
4 A 0.8530 (84.8) 0.1533 (15.2) 1. 0063
4 B 1.6260 (91.4) 0. 1533 (8.6) 1.7793
4 c 1.4585 (93.0) 0.1095 (7.0) 1. 5680
5A 0.8775 (85.1) 0.1533 (14.9) 1. 0308
5B 2.5215 (95.8) 0.1095 {4_2 2.6310
5c 1.1300 (82.4) 0.2409 (17. 63 1.3709
5D 0.5895 (81.8) 0.1314 (18.2) 0.7209
6 A 0.8879 (74.3) 0.3066 (25.7) 1. 1945
7 0.3155 (59.0) 0.2190 (41.0) 0.5354
8 0.2660 (60.3) 0.1752 (39.7) 0. 4412
9 A 1. 4655 (43.5) 0.2190 (56.5) 3.3690
9B 0.8640 (61.2) 0.5475 (38.8) 1. 4115
10 0.3100 (25.3) 0.9171 (74.7) 1.2271
11 1.2080 (74.4) 0.4161 (25.6) 1. 6241

3.1045 (84.5) 0.5694 (15.5) 3.6739
132 2.8450 (87.2) 0.4161 (12.8) 3.2611
13 B 3.9129 (94.7) 0.2190 (5.3) 4.1319
14 1.3860 (76.9) 0.4161 (23.1) 1. 8021
15 0.9960 (85.0) 0.1752 (15.0) 1.1712
16 1.1185 (83.6) 0.2190 (16.4) 1. 3375




Tabl eB2. Hydroacoustic target strength distributions. for strata 1

through 5.
Frequency by Stratum
Lower Upper 1 2 3 4 5
Limit Linit - o
Class  (dB) (@B Y m o m b mw ™ ™ ™
At or below -59.0 0 10 1 2 2 0 o 1 0 0
1 -59.0 -58.0 0 1 1 0 1 0 0 1 0 0
2 -58.0 -57.0 0 1 1 4 0O O 2 0 4 0
3 -57.0 -56.0 0 6 0 4 6 1 "6 4 .3 1
4 ~56.0 '-55.0 0 2 0 1 1 O 2 1 -0 O
5 -55.0 -54.0 0 5 0 5 5. 1 4 3 13 8
6 -54.0 -53.0 0 7 1 3 6 2 2. 2 5 0
7 -53.0 -52.0 0 7 0 6 8 0 6 1 6 2
8 -52.0 -51.0 1 18 1 6 11 7 16. 3 10 O
9 -51.0 -50.0 0 22 3 12 21 1 13 10 24 13
10 -50.0 -49.0 0 13 2 10 9 2 9 6 8 1
11 -49.0 -48.0 0 23 2 2 13 1 .10 5 12 3
12 -48.0 -47.0 1 16 1 14 16 6 13 18 28 9
13 -47.0 -46.0 0 8 1 3 1 o 4 5 11 4
14 -46.0 -45.0 0 19 2 12 16. 2 14 13 31 7
15 -45.0 -44.0 0 20 0 6 18 5 17 7 19 8
16 -44.0 -43.0 0 21. 3 7 17 - 4 23 7 -20 16
17 -43.0 -42.0 1 23 2 3 15 . 3 19. 9 14 7
18 -42.0 -41.0 0 16 1 13 . 13..5 -20 13 31 20
19 41.0 -40.0 0 18 3 4 10 7 22 7 18 8
20 -40.0 -39.0 0 8 - 3 7 5 .2 14 9 18 7 ..
21 739.0 -38.0 3 25 2 4 15 3 121 7 1-3 4
22 -38.0 -37.6 0o 17. 3 6 19 6 .19 9 - 14 3.
23 -37.0 -36.0 1 10 : 0 1 10: 3 13 2 -8 3
24 -36.0 -35.0 0 10 5 4: lo 4 6 1 -3 1
25 -35.0 -34.0 0 5 - 3 2 8 1 3.4 .7 3.
26 -34.0 -33.0 0 1 4 2 30 2.2 .8 0
27 -33.0 -32.0 0 1 0 2 2, 0 . 6 4 -3 3
28 =32.00 -31.0 0 4. 1 2 - 5 1 1 O ‘3 0
29 -31.0 -30.0 0 0 1 1 0O O - 2. 2 10
30 -30.0 -29.0 0 0. 1 0 0O 1 1 2 2 1
31 -29.0 -28.0 0 1 1 o0 . 2.0 0 0 0O O
32 -28.0 -27.0 0 0. 1 o0 0O O 0; 1 0 0
33 -27.0 -26.0 0 0 1 2 0O O a1 1 o 0 .
34 -26.0 -25.0 0 0: 0 1 1 O 0. (0] 1 0 -
35 -25.0 =24.0 0 0. o 0 0; O 0. O 0 0
36 -24.0 =23.0 0 0 1 0 . 0. O 0 0 .0 O
37 -23.0 -22.0 -0 0- 0 0 0O O 0. 0 - 0O 0
38 -22.0 -21.0 0 0 0 O 0. O 0O O 0 0
above -21.0 0 0 0 0 0o 2 0O O 0 0

2/  Near-bottam targets
Y  Midwater targets

B-3
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Table B3.

Hydroacoustic target strength distributions for strata 6
through 9.

Frequency by Stratum

Lower Upper 6 7 8 9
Limt. Limt . .

d ass (aB) (dB) Y m o mw n mw o  mw
At or below 59.0 1 1 0 0 0 1 0 0
1 -59.0 58.0 (1] ¢] 0 0 0 0 0 0
2 58.0 57.0 0 0 0 0 0 0 0 1
3 57,0 56.0 4 1 1 0 2 1 0 0
4 56.0 55.0 1 0 0 3 0 2 0 0
5 =55.0 54.0 6 3 3 0 3 0 2 3
6 '54.0 -53.0 4 0 3 6 5 2 0 5
7 -53.0 -52.0 4 0 2 1 4 6 1 8
8 -52.0 -51.0 7 2 4 3 1 4 2 9
9 -51.0 -50.0 - 25 1 12 5 12 5 7 17
10 -50.0 49.0 8 1 4 15 6 26 5 4
11 -49.0 -48.0 10 2 10 2 9 12 5 20
12 -48.0 -47.0 38 1 17 0 30 1.5 10 26
13 -47.0 -46.0 16 0 .2 16 18 50 10 17
14 -46.0 45.0 23 5 21 10 24 36 11 24
15 -45.0 44.0 21" 1 17 15 17 46 11" 37
16 44.0 43.0 31 3 25 8 37 32 9 36
17 -43.0 42.0 28' 2 14 13 16 60 - 8 29
18 42.0 41.0 16 5 23 13 18 30 3 17
19 -41.0 -46.0 14 3 1s 10 15 42 4 24
20 40.0 -39.0 1n 2 9 10 9 23 2 14
21 39.0 38.0 11 4 7 11 "4 14 1 12
22 -38.0 -37.0 4 1l 4 9 4 9 0 a3
23 "37.0 -36.0 5' 3 4 9 3 10 1 11

24 -36.0 -35.0 2 0 1 8 2 3 ¢]
25 -35.0 ~34.0 .2 2 1 7 1 "1 1 4
26 =34.0 -33.0 -2 0 6 'b 0 0 3 11
2 7 -33.0 -32.0 0 1 2 7 '3 6 0 3
28 -32.0 -31.0  § 1 0 4 0 0 o '1
29 -31.0 -30.0 1 0 1 1 0 0 1 1
30 -30.0 -29.0 0 1 2 3 0 0 - 0o ‘1
31 -29.0 -28.0 0 0 o O 0 1 0 0
32 -28.0 -27.0 1 0 0 2 0. 0 1 0
33 -27.0 -26.0 0 0 1 1 0 0 0 0
34 -26.0' 25.0 0 0 o 1 0 0 0 1
35 25.0 24.0 0 0 0 0 0 0 0 0
36 24.0 23.0 0 0 0 0 1 0 0 1
37 -23.0 22.0 0 0 0 1 0 0 0 0
38 -22.0 21.0 (0] 0 0 0 0 0 0 0
above 21.0 o 0 0 0 0 0 0 1




Tabl eB4. ~Mean target strengths by depth and transect for
the 1988 hydroacoustic survey of Flathead Lake.

Depth Number of Mean Target
Transect Interval (m) Targets Strength (dB)

1Al 10-15 6 -57.1
1 A2 2-5 8 -50.5
5-10 -50 -52.6
10-15 86 -55.2
15-20 185 -55.2
20- 23 181 54.5
23-26 79 52.5
26- 29 147 52.9
29- 32 187 51.2
32- 35 77 49. 2
1Bl 2-5 3 .-51.8
5-8 9 -48. 6
8-11 19 -51.7
11-14 9 -54.1
14-17 29 -53.2
17- 20 18 -55.5
20- 23 70 : -50.6
23-26 127 -51.8
26- 29 200 -50.7
29- 32 157 -50.6
32- 35 8 -53.1
1B . . 10-15 2 -62.6
15-20 4 -48.9

20- 25 22 -45 .5
1cC 5-10 2 -56.5
10-15 12 -56. 3
15-20 2 -58.1
20- 25 4 52.0
25- 30 180 -59.0
30- 35 [.5 -60.3
1D 15- 20 4 -46.5
25- 30 109 -59.6
30- 35 32 -52.5
35-40 4 -53.8
1E 5-10 3 -41.9
15-20 2 -63.3
25- 30 44 -48. 3




Tabl e B4. (contirued).

Depth Number of - Mean Target

Transect Interval (m) Targets Strength (dB)
2 B 5-~10 7 -54. 2
10-15 13 -56.0
15~20 10 -57.5
20~25 7 -59.3
25-30 24 -53.1
30~-35 93 -52.6
35-40 287 -52.5
40-45 758 -51. 4
45-50 1,154 "-50.9
50- 55 550 -50. 2
55-60 26 -53.8
60- 65 33 -52.2
2c¢C 10-15 7 -61. 4
15-20 16 -61.5
20- 25 31 -59.8
25-30 61 -57.1
30-35 34 -55.6
35-40 124 -54.3
40-45 326 -54.0
-45-50 278 -52.6
50-55 41 -55.1
55-60 50 -53.1
60-65 69 -52.4
65- 70 72 -55.0
70-75 155 -52.3
75-80 97 -54.5
3A 10~15 10 -58.5
15~20 25 -61.6
20~25 27 -52.6
25-30 33 -49.5
30-35 158 -48.7
35-40 860 -48.7
40- 45 820 -49.9
45-50 206 -51.3
4 A 5-10 6 -48. 2
10-15 12 -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
. 40-45 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




Table B4. (continued).
Depth Number of Mean Target
Transect Interval (m) Targets Strength (dB)
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
90-95 85 -54. 4
4B lo-1.5 2 ~56.3
15-20 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-1.5 2 -52.3
15-20 [.3 -61.4
20- 25 120 -58.9
25-30 203 -60.5
30- 35 91 -58.1
35-40 62 -52.1
40- 45 82 -52.9
45-50 147 -52.5
50-55 244 -54.2
55-60 159 -54.3
60- 65 187 -53.7
65-70 117 -54.2
70-75 119 -53.6
75-80 293 -54.7
80- 85 427 -54.3
85-90 552 -55.0
90-95 494 -54.2
95-100 46 -55.1
SAa lo-1.5 1 -60.9
15-20 30 -60.7
20- 25 17 -58.0
25-30 13 -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

B-7




Table B4. (continued).

Depth Number of . Mean Target

Transect Interval (m) Targets Strength (dB)
5A 65-70 21 -51. 0
70-75 16 -50.7
5B 10-15 20 ) -62. 3
15-20 114 3 -60. 9
20- 25 238 -59.4
25-30 52 -58.7
30-35 5 S '-61.8
35-40 17 ‘ -53.1
40- 45 i3 -49.9
45-50 46 -50.0
50-55 36 -52.9
55-60 114 -50.3
60- 65 156 -51.5
65-70 137 -51.7
70-75 23 -56. 2
5C 10-15 9 -57.7
15-20 47 -61.6
20- 25 45 -61.0
25-30 20 -58.1
30-35 33 -53.7
35-40 33 -55.9
4045 87 -54. 2
45-50 104 -53.3
50-55 142 -52.6
55-60 143 . -54.1
60- 65 130 -53.1
65-70 156 -54.0
70-75 35 -51.9
5D 10-15 9 -62.1
15-20 34 -60. 3
20- 25 62 -58.6
25-30 22 . -55.5
30-35 40 -50. 8
35-40 49 -46.9
40- 45 96 -48. 5
45-50 181 -52.7
50-55 45 -53.1
55-60 22 -50.4
6 A 5-10 5 -52.0
10-15 8 -49.9
20- 25 12 -54.0
25-30 28 -50.7
30-35 103 47.9
35-40 564 -48. 8
40- 45 472 -51.4




Tabl eB4. (contimied).

Depth Number of Mean Target

Transect Interval (m) Targets Strength (dB)
6 A 45-50 253 -51.5
50-55 .91 49. 6
55-60 4 -39.5
7 5-10 4 -57.7
10-15 8 -61.0
15-20 10 -58.6
20- 25 55 . -51.8
30- 35 40 _ 46. 3
35-40 103 47. 0
30-45 126 -52.4
45-50 74 -51.9
8 5-10 6 -49.6
10-15 41 46. 8
15-20 66 47. 2
20- 25 73 . -53.0
25-30 95 48. 9
30- 35 20 -48.7
9A 10-15 33 -56.5

. 15-20 83 - 6 0.

20- 25 166 -59.1
25-30 88 -57.1
30- 35 17 -53.4
9B 15-20 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 -53.1
45-50 281 -50.9
50-55 258 -52.0
55-60 227 -50.7
10 15-20 4 -62.9
20- 25 99 -59.2
25- 30 27 -60.6
30-35 22 -52.6
35-40 34 -48.0
4045 73 -50. 8
45-50 103 -50.8
50-55 103 -52.6
55-60 40 -54.8
60- 65 58 -55.4
65- 70 8 6 -52.8
70-75 99 -54.6
75- 80 70 -58.1
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Tabl eB4. (continued).
Depth Nurber of Mean Target
Transect Interval (m) Targets Strength (dB)
11 5-10 5 -52.0
10-15 3 -59.0
15-20 33 -61.3
20- 25 59 -56.5
25- 30 161 -57.9
30- 35 149 -55.9
35-40 137 -55.4
40- 45 167 -54.7
45-50 292 53.3
50-55 323 -53.0
55-60 207 -54.2
60-65 70 -52.8
12 5-10 6 -49.1
10-15 35 -57.3
15-20 97 -57.1
20- 25 144 -56.0
25- 30 478 -57.1
30- 35 157 -52.6
35-40 285 49. 8
40- 45 403 -59.7
45-50 396 -52.1
50-55 502 -53.1
55-60 577 -53.7
60-65 444 -54.6
65- 70 489 -53.2
70-75 548 -53.1
75- 80 222 -54.1
80- 85 299 -54.0
85-90 104 -54. 4
i3 A 5-10 2 -39.0
10-15 14 -50.5
15-20 60 -56.1
20- 25 168 -57.8
25- 30 160 -57.3
30- 35 97 -51.9
35-40 254 -50.5
40- 45 377 -50. 3
45-50 358 -52.3
50-55 225 -55.0
55- 60 299 -53.7
60- 65 190 -52.9
13 B 5-10 2 -44.8
10-15 9 -54.1
15-20 51 52.9
20- 25 182 54.9
25~30 265 -56.6

B- 10




Tabl e B4. (contimued).

Depth Number of Mean Target
Transect Interval (m) Targets Strength (dB)
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 =55.0
70-75 234 -56.5
75- 80 | . 98 -55.4
SO 85 131 -54.9
85-90 70 -57.2
90-95 17 -49. 4
14 10-15 8 -58.8
15-20 46 -56. 4
20- 25 68 -53.6
25-30 25 -58.4
30- 35 48 -53.4
35-40 125 -51.8
40- 45 131 -51.4
45-50 136 -52.2
50-55 319 -51.2
55-60 265 -52.0
60- 65 a1 -54.1
65-70 40 -53.3
15 10-15 2 -56. 2
15-20 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 10-15 6 -55.9
15-20 17 -55.1
20- 25 112 -57.4
25-30 27 -58.3
30- 35 28 -50.9
35-40 52 -50.9
40- 45 133 -49.9
45-50 237 -49.9
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Table B4. (continued).

Dept h Nunber of Mean Tar get
Transect Interval (m Targets Strength (dB)
16 50-55 414 -51.8
55- 60 434 -52.3
60- 65 364 -54.0
65-70 325 -54.2
70- 75 321 -55.7
75-80 294 -55.8
SO-85 372 -55.1
85-90 414 . -55.7
90-95 318 -56.0
95-100 161 -55.8
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APPENDI X c

| nf ormati on suppl ement for age determinations of kdkanee and | ake
whi t efi sh.




Table Cl. Agreement of ages determined by different scale readers.

Nunber of Percent of Number of Percent
Speci es ScalesExamined Total Sanple Same Ages Agreenent
Kokanee 30 52 25 83
Lake whitefish 30 45 21 70

Table C2. Comparison of empirically determined peant ot al | engt hsat
age with lengths predicted from the Wl f ordnodel for |ake
whi tefish captured in Flathead Lake in 1986, 1987, and
l1988.

Observed mean

Predicted mean Pexrcent
Age Total length (mm) Total length (mm) difference
ITI+ 329. 24 323.48 1.75
I+ 394 .91 381.43 3.41
v+ 426. 17 426. 35 0.04
VI + 435.96 465. 01 6. 25
VI + 478. 75 498. 28 3.92

Table C3. Results of least squares linear regressions of scale radius
on total fish Iength for kokanee and | ake whitefish
sampl es.

Kokanee collected i n1988:
scale radius = 0. 0070049 (total length) — 0. 32442
r = 0.94
n = 68

Iake whitefish collected in 1986, 1987, and 1988:

scale radius = 0.0124947 (total |ength) - 0.556478
r = 0.97
' n = 483 -
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APPENRDIX E

Journal article: =The effect of the establishnent of Mysis
relicta on the zoopl ankton comnnity of Flathead Lake, and
coi ncident decline in the survival of kokanee".
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EFFECTS OF THE ESTABLI SHVENT OF OPOSSUM SHRI VP (Mysis
relicta) ON THE ZOOPLANKTON COMMUNITY, AND CO NCI DENT
DECLINE IN THE SURVIVAL OF KOKANEE (Oncorhynchus nerka) IN
FIATHEAD IAKE, MONTANA.

. William D. Beattie and Patrick T. Clancey
Mont ana Department of Fish, WIldlife, and Parks
P.O Box 67, Kalispell, Montana, 59903

ABSTRACT

Opossum shrinp (Mysis relicta) were introduced into

Flathead Iake by dispersal from tributary lakes, and reached
average density of 130/1n2 by 1986. The abundance and
tenmporal distribution of crustacean zoopl ankt onchanged

markedly as a result of increased mysid predation. Daphnia

longiremis and leptodora ki ndtii were reduced to below
detect abl e- density. The spring' population i ncrease of

Daphnia thorata was delayed until July, and it’s maxi num

sumer abundance declined from over 4.0/1 to 1.2/1. The

abundance of the copepod Diaptomus ashlandi also declined

fromover 20/1 to less than 5/1. Already inpacted by
hydroelectric operations in the Flathead system, the kokanee
(Oncorhyncus nerka) population has also declined since 1985.
Though the growth rates of young-of-the-year kokanee did not
decline significantly between 1980-81 and 1986-87, fry-to~-
adult survival fell from 2.7% in 1985 to less than 0.05% i n

1987. Predationby lake trout (Salvelinus namaycush) and

competition with lake whitefish (Coregoms clupeaformis) may
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INTRODUCTION
Flathead Lake is a 510 kn,':oligomesotrophicl akein':
northwestern Montana. ' The North, Middle, and South Forks of

the Flathead River, t he Whitefish River, the Swan River, and ' :

the Stillwater River drain the 18,400 km? Flathead basin .-

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

maximum depth is 113.0.m.

The kokanee -(Oncorhynchus nerka) fi shery i n Flathead

Iake, which until recently supported a sport harvest.
exceedi ng 200,000 fishperyear (300,000 angler-hours), has
declined rapidly since 1985. The species was intrdduced into
the system in 1916, from coastal sockeye salmon-stock. The -
scant historical data that exists indicates that .the fishery
was well established, and that spawning runs had- developed .
al ong the Flathead Lake shore and into the Flathead River -
system by the 1930’s. Spawni ng runs have been primarily
conposed of age III+ fish, though age ||+ and IV¥ have-
comprised up to 50% of some runs (Hanzel 1985).

The recent downtrend in kokanee abundance follows an
earlier decline in reproductive success in the 1970% t hat
was due largely to the impacts of hydroelectric operations in
the system Hydroelectric operations in the system have
substantially reducedkokaneeegg-to-fry survival, Wnter
power generation at Kerr Dam, built in 1937 below the ocutlet
of Flathead lake, cause the lake level to fall 3.3 m bet ween
Sept ember and March. H gh egg nortality has resulted as
drawdown exposed redds built in shallow water in October and
November (Decker-Hess and McMullin 1983). Hungry Horse Dam
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was constructedby the Bureau of Recl anmation on the South
Fork of the Flathead River in 1952. |nitially, the increase
in fall and w nter water temperature associated with
dischar;;e from Hungry Horse reservoir attracted spawning
kokanee to sites in the upper main stem and in the Sout h
Fork’ below the dam. But peaki ngpower generati oni nt he
mid-1970’s caused Tlow in these areas to fluctuate widely,
andr eproducti vesuccess fell aseggswereexposedin
shallow redds along the river margin (Fraley and Decker-Hess
1987).

In spite of the decline in reproductive success, the
kokanee fishery persisted until 1985. But a large proportion
of the annual recruitment has, since 1980, been produced in
McDonald Creek, a tributary of the Middle Fork. From 1982 to
3. 986 the mmber of kokanee fry produced in McDonald Creek has
ranged from 6.5 to 13.1 million (d ancey and Fraley 1986).
Total fry production in the Flathead system is thought to
have ranged from 10 to 15 million (Fraley and McMullin 1983).
This level of recruitment was sufficient to maintain the
fishery until 21986.

The drop in sport harvest and spawning escapement in 1986
evidenced an increase in kokanee mortality. This development
was circumstantially linked to the establishment of opossum

shrinp (Mysis relicta) i n Flathead Lake. I n 1968 and 1975

shrimp were transplanted fr om Waterton Lake, Alberta into
Whitefish lake, Ashley lake, and Swan lake - all tributaries

of the Flathead system. Transplanted mysid populations were
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expected to provide a superior food source for benthic-
feeding fishes such as lake trout, and for pelagic
pl anktivores such as kokanee. Downstreandriftfronthe
tributary lakes introduced mysids into Flathead ILake, where
t hey were col |l ected first in 1981 (Leathe and Graham 1982).
Changes in the zooplankton and fish communities of other
oligotrophic | abs occurred as a result of the establishment
of mysid shrimp (Rieman and Bowler 1980, Morgan et al 1978).
We suspected that similar changes in the trophic ecology of
Flathead lake were influencing kokanee survival.

The present study was begun in 1986 to see if the
anticipated decline in the abundance of cladoceran
zoopl ankt on, resulting from increased grazing pressure by
mysid shrimp, would affect the growth and survival of kokanee
in Flathead Lake. Juvenile fish were thought to be
particularly susceptible to food limitation, because they
enter the lake from upstream spawning areas in April and May
- before pulses in secondary productivity occurred. This
scenario was supported by studies of other large lake systems
in which mysid shrimp had become established - in particular
lake Pend Oreille, Idaho and lake Tahoe, California (Rieman
and Falter 1981, Mrgan et al 1979). Simlar events had
occurred in many lakes throughout t he northwestern us. and
Canada (Northcote 1973, Rumsey 1985) . But differences in the
trophic status and the zooplankton and fish communities of
the lakes in question gave rise to uncertainty over the

outcome in Flathead Iake.
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METHODS

The abundance of crustacean zooplankton in Flathead Iake
was measured biweekly, from May 1 to Octcber 15 of 1986 and
1987, at six stations (Figure 1). Replicate vertical tows
were hauled froma depth of 30 musing a 0.5 m diameter
Wisconsin net made of 88 micron Nitex. The samples were.
preserved i n 95%ethyl alcohol. Cladocerans and copepods
were identified and counted in four 1 ml subsamples
di spensed into a Sedgwick-Rafter chanber,except for
Epischura and leptodora, which were counted in four 30 ml
subsamples. At each sampling site temperature profiles were
obtained with a calibrated thermistor (Hydrolab Model T4).

Mysid shrinp were censused i n Flathead Lake in early
September by sampling 6 stations in 1986 and 25 stations in
1987. V¢ sampled at night during the new noon. Staff from
the University of Mntana's Yel |l ow Bay Biol ogi cal Station
cooperated in this effort. Sanpling was stratified anong
three depthzones, 5to40 m 40 to 75 m andgreaterthan
75 m. Vertical hauls were pulled from the bottom with a 1.0
m W sconsin net nade of 500 micron Nitex. The average
densities in each depth stratum, expressed as the mumber of
mysids/mz, were wei ghted according to proportion of the
| ake' s surface area in each stratuntocal cul atel akew de
average density.

W sanpl ed cladccerans and copepods, because of their

i mportance i nthedietofplanktivorous fish. Sanpling in
Flathead lake has provided a record of the spring and summer
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abundance of these species since 1980, and a basis for
comparing the results of our study in 1986 and 1987. From
1983 t 0. 1985 zooplankton samples were only taken at Station
2, and were drawn from a depth of 15 m. Because the
vertical ‘distribution of &ladocerans and copepods extends
deeper thah 15 m, the 1983-85 density measurements were not
comparablé with earlier ‘and later work. But comparisons of {
temporal’ distritution between all years were possible.
Young-of-the-year kokanee were collected ’ prmanly in'the
northwest quadrant “of Flathead Iake with a mid-watet trawl.

The mouth'of the trawl was 3.5 m x 4.0 n. Trawling was

conducted at hight! sampling depths between 15 and 20 m.

Yearling and ‘clder kokanee were aléo collected by tfawlind

constructéd of 30 m X 3 m panels of 1.35 cm and 2.5 cm
monofilament nylon mesh. o o |

Stomach contents were di'séect‘féd, preserved in 95% 'etﬁfl '
alcohol, and :‘analy’ze& by the same techniques used to
esti mat e zooplankton abundance. Diet was characterized by
counti ng zooplankton and ot her organisms in individial
stomachs. The average numerical composition of samples’
collected within each month was calculated. Total length and .
weight of each fish were measured, and scale samples taken
to age the fish by standard techniques..

Spawning kokanee were counted by two snorkelers in
McDonald Creek at 2 week intervals in Octcber and November.
Redds were count ed during boat surveys of the princi pal
riverine and | akeshore spawning areas. A "fish per redd"
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ratio of 2.6 (Fraley and McMullin 1983) wasusedt 0 expand
redd counts. Fry production in McDonald Creek was estimated
by setting four 0.5 m? drift nets from a bridge at the creek
mouth. These nets were set once each week from April 1
through June 15 from 1982 to 1986. Net catches were expanded
from the volume sampled to total flow in the creek during
the 24 hour sample period, and extrapolated over the 7-day-
interval between samples. | .
Kokanee survival was estimated by conparing fry

production to age III+ adult abundance four years later.
Adult year class strength estimates are derived from sport
harvest (Fredenberg and Graham 1982, Hanzel 1986) and
escapement estimates, and include contributions of age II+
and IV+ fish from adjacent years. Based on spawning
escapement and egg-to-fry survival, McDonald Creek produced
approximately 90% of total ammmal recruitnent from 1982 to
1984. From 1981 to 1985 the spawning escapement to McDonald
Creck averaged 78% of the system total. Bgg-to-fry sarvival
in McDonald Creek exceeded that in other riverine and

lakeshore spawning areas (Clancey and Fraley 1986).

RESULTS
The maxi mum summer density of Daphnia thorata at
station2, whichvaried from 3.0 to 4.5 organisms/1 between
1980 and 1982, declined to less than 1.0/1 in 1987 (Figure
2). Until 1985 it attain4 measurable density as early as
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April and increases in standing crop were evident in late
May. In 1987 it was below detectable density until late May
at all stations, and the first pulse was delayed until early
July.

Previous studies (Leathe and Graham 1982, Potter 1978)
found Bosmina longirostris to be present throughout the year
in Flathead lake, and showing spring and' fall density
maxima. The samples we collected in 1983, 1984, and 1985 did
not indicate a decline in maximum density or a shift in
temporal distribution. But it was absent from Jamuary until
mid-May in 1987. The maximum summer abundance of
B.longirostris, which ranged from 1.3/1 to 4.2/1 in 1980-82,
fell to 0.4/1 to 0.6/1 in 1986-87 (Figure 2). No spring
pulse was evident in 1987. Fall density also declined from
about 1.0/1 in 1980-82 to less than 0.2/1 in 1986-87.

Daphnia longiremis was detectable for only a brief
period in August of 1986, and was not present in 1987
samples. It was consistently present from May through August
in previous years, though at density less than 0.1/1 in
1982. This cold stenothermic species was less abundant than
D. thorata in samples collected in the metalimnion and
epilimnion in previous years (leathe and Graham 1982).
leptodora kindtii was present in measurable density for

successively shorter summer periods from 1983 to 1986, and
was not fourd in 1987 samples. It’s maximum density declined
from 0.04 to 0.14/1 in 1980-82 to 0.01/1 in 1986. The diel

migration of L. kindtii, toward deeper water during daylight
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hours (potter 1978), nay have affected the accuracy of
daytime 30 m vertical tows in measuring abundance.
The abundance of the copepod Di apt onus ashl andi has
also declined since 1985.- In‘previous years this species was
the most abundant crustacean in Flathead Iake, with early-
to md-sumer peak density of 20 to 40/1. |t attained a
spring density of 15/1 in 1986’4t station 2, but fromthen
through ‘the fall of 1987 did not exceed §/1 (Figuwre 3). ©
Average cladoceran ‘densities at the six sampliBQ'
stations in 1986-87 were not significantly different (Mann=
Wi tney ‘pairs test,‘ p =".10) 'within years. Subtle
interstation differences in producticn timing were found. D.
thorata, for exanple; reached measureable density at the-
three northern stations two weeksS earlier than at the three
sout hern stations in 1986.-It"was‘pfésentfat station 1in'
late March of 1987, whereas it was'mot found at deeper
stations in the southern end of the lake until the end of
June. Maxi num density in 1987 was hi gher' atthe southern'
stations than at stations 1 and 3. “ The-maximum density of
D. thorata washi gher at southernstations in1987 (Figure =~
4). Consistent differences in maximum density or production
timing were not evident  for other species. - i -~
From 1981, when"Mysis relicta was first found in
Flathead Lake, until 1985 nysid abundance increased -
exponentially, reaching a lakewide 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. Average density declined, but not significantly, i n
1987 to 108/m2, though singl e sanpl es ranged up to 575/m2.
It appears that mysids have approached the.carrying capacity
of Flathead Lake withintenyears of introduction, as has
been found in many other large, oligotrophic lakes (Rieman
and Bowler 1980, Northcote 1973, Morgan et al 1981). G ven.
the increased incidence of mysid shrimp in. the diet of lake
whitefish and | ake trout, fish predation may also be a
limiting factor.

The Flathead nysi d popul ati on showed high spati al
variability. I ngeneral, density at stations in the deeper
(> 75 m), southern part of the |ake exceeded that at
northern stations. Density exceeded 100/m2 only at stations
deeper than 40 m, but no simple relationship between density
and station depth was evident. Density was less than 15/m?
atall stations shallower than 25 m Various factors are
thought to influence the distribution of nysid shrinp,
i ncl udi ng di ssol ved oxygen, |ight intensity, temperature,
turbidity, and prey availability (Beeton and Bowers 1982).

I n Flathead Lake their vertical mgration into the
epilimnion at night is inhibited when surface water
tenperature reaches 15°c, though sone juvenile Msis
continue to mgrate into the epilimion (Craig Spencer,
Uni v. of Montana Flathead Biological Station, pers. comm).
Kokanee Survival Rates

Fry-to—adult survival was approximately 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 (Table 1). I nl1985 adul tyearcl ass
strength and spawning escapement was the highest since
1979. Age ITI+ year class strength fell from over 350,000 in
1984 and 1985 to less than 8,000 in 1987. Though fishing
mortality had frequently exceeded 50% of the ITI+ year class
in the early 1980’s, comparatively few kokanee were caught
in 1986 and 1987. Fry recruitnent was relatively high in
1983 ard 1984, 13.7 ard 14.5 nil |l i on respectively (Table 1).
Changes in Juvenile Kokanee Diet

The diet of young-of-the-year (YOY) kokanee that we
collected in May was dom nated by the copepod Cyclops

bi cuspi dat us (69%), but included significant nunbers of

Diaptomus ashlandi (14% and aquatic i nsects (16%), nostly

chironom d pupae (Figure 5). O her zooplankton species,

i ncluding Daphnia thorata, Bosmina longirostris and

Epi schur anevadensis, were found infrequently in stonmach

sanpl es. June samples showed somewhat greater diversity in
diet, with E. nevadensis conprising an average of 42%, C.

bi cuspi datus 22%, D. thorata 19%, D. ashlandi 12%, and B.

longirostris 4% D. thorata made up almost half (46%) their

di et in July, B. longirostris 22%, and E. nevadensis 31%

For the remai nder of the sunmer period, August and
September, the diet of YOY kokanee was dominated strongly by

D.thorata, though E. nevadensis and B. longirostris

comprised 27% and 7% of the stomachs col | ect ed in Octcber.
St L;dy of YOY kokanee diet in 1980-81 (Leathe and Graham
1982) showed that D.thorata made up at |east 60% of their
food biomass from June through November. E. nevadensis was
E-12




the only other species contributingsignificantly to their

di et. Other studies have shown that kokanee and sockeye fry

shift their diet in the summer from small zoopl ankton
speci es, e.g. Cycl ops, Diaptomus, and Bosmina, to larger
prey such as Daphnia, Diaphanosoma, and Epischura (Doble and
Eggers 1978, Lindsay and Lewis 1978, Goodlad et al 1974).
This- shift, that had apparently occurred before the May
sanpl es were collected i n 1980 and 1981, was delayed until
August i n 1986-87. That YOY kokanee selected for D. thorata
was emphasized by the occurence of this species in stomachs
collected in May and June, when it’s availability was near
or below detectable | inmits. Juvenile kokanee also selected
for E. nevadensis in June, July, and Octcber.

The diet of yearling (age |+) kokanee did not differ
markedly from that of YOY fish, except yearlings shifted from
a diverse diet to one domnated by D_ thorata one nonth
earlier, inJuly. We didnotcoll ectanyyearlingkokanee

in May, but in June, 1986 B. longirostris (23%), E_

nevadensi s (35%), and D._ thorata (40% contributed to
yearling diet. But in June of 1987 cladoceran abundance was
| ow (< 0.1/1) and E._nevadensis made up 72% of their food.

In July, August, and Septenber diet was dom nated by D._
thorata. ne characteristic high preference for larger prey
species, principally D_ thorata and E. _nevadensis, was
apparent in yearling kokanee as well, Mysid shrimp did not
contribute to the diet of juvenile kokanee, at least during

the months encompassed by our sampling.
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Comparison of the lengths of YOY kokanee sampled in 1980
and 1981, with those collected in 1986 and 1987 did not show
significant differences in size. Because fry hatched in
McDonald Creek make up a large proportion of the annual
recruitnment, their size was taken as a baseline for
assessing the growth of YOY kokanee. Theneanl engt hof
outmigrant fry in 1986 was 25.3 mm. Trawl sampling in the
late summer and fall showed that mean length had increased
to 69.4 nmin late August, and 78.5 nmin m d-Cctober
(Figure 6). Juvenile kokanee apparently continue to grow in
thefal | in spite of declining food availability and falling
water temperature in the lake.

Yearling kokanee growth rates were low in June and July
of 1986 and 1987 (Figure 7). Their nmean |length did not
increase beyond 135 mm through that period in both years.
However, by the emd of August samples collected in 1986 were
significantly larger than those collected in 1987. In late
August, 1986 mean length approached 170 mm, whil e i n1987
mean length was about 155 mm. The summer growth trajectory
in 1986 was not significantly different fromthose of

yearling fish that were collected in 1980.

DISCUSSION
Zooplankton Commmity
The changes we have observed in the Flathead Lake
zoopl ankt on conmunity have probably been caused by

increasing predation by nysid shrinp. Declines in
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cl adoceran abundance in | akes where M _relicta has Been
introduced are well documented in the western U.S., Canada,
and Scandi navi a (Rieman and Falter 1981, Richards et al
1975, G ossnickle 1982, Langel and 1981, Zyblut 1970).
Studies of the foodhabitsof M_ relictahaveshown, in
particular, preference for cladocerans e.g. Daphnia spp.
(Grossnickle 1982).

In Flathead Lake D. thorata and B. longirostris occupy
the water colum from 30 m to the surface (Fotter1978).
Mysid shrimp are largely excluded from this surface layer in
the summer by their preference for water colder than 15°C,
ard so a refuge for these cladocerans exi sts The data from
Flathead Iake suggest that increase in cladoceran abundance
was del ayed until thermal stratification isolates a
substantial part of their population from nysid grazing
(Morgan et al 1981). Also, low mysid abundance in water less
than 40 m deep allows dapbnids to multiply early in the
spring in shallow parts of the lake. Inter-station
differences in the thermal structure of the lake are likely
insufficient to cause significantly higher productivity.

The decline of & longirenms in 1986-87 is also

circunstantially linked to increased nysid grazing. This
speci es occupies colder, deeper wat er (Potter 3. 978, leathe
and Graham 1982) ard is therefore available to mysid shrimp
throughout its life cycle.

Thedecl i ne intheabundance of Diaptonus ashlandi is
also prabably linked to mysid grazing. Feeding experiments
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have shown that M. relicta graze heavily on Diaptomus (Folt
etal 1982). Gavid female D. ashlandi may be particularly
vul nerabl e to predation because of their preference for
wat er deepr than 30 m (Potter 1978). As cl adoceran
abundance has declined, other predaceous species e.g.
Epischura nay al so have shifted to the nore available
copepods.

Other factors that might have contributed to the cbserved
changes in the zooplankton comunity have not been
identified. There have not been nmjor differences in the
spring and summer temperature regime in Flathead Iake. The
| ake froze conpletely in two consecutive winters, 1984-85
and 1985-86, but the |ake thawed in early April in both
years and spring warm ng proceeded nornmally. But since
primary productivity di d not change significantly in the two
succeeding spring/summer seasons, relative to the preceeding
five years (Stanford and Ellis 1988) it seems unlikely that
secondary productivity was depressed.

Rokanee growth and survival

Since fry recruitment was relatively high in the years
t hat produced the 1986 and 1987 adult year classes, we
concl ude that post-emergent nortality in Flathead Iake has
i ncreased. Juveni | e £ish experience higher mortality rates
than ol der age classes, especially when food is limting.
(Rieman and Bowler 1980, IeBrasseur et al 1978). Mortality
is thought to be size dependent, because |arger fish are

nore adept grazers and better able to avoid predation.

E- 16




Intra-specific competition and food availability are likely
the primary determnants of growh rate, giventhatthe
temperature regime is more or less constant between years.
Correlation of food availability and juvenile sockeye salmon
growt__h rate has not been consistently shown. But growth
rate has inprovedinl akes where fertilization increased
zoopl ankton availability (Hyatt and Stockner 1985). In
Flathead Iake, the growth rates of YOY and yearling kokanee
have not declined significantly, despite a large reduction
in the abundance of their preferred prey. If nortality
occurred primarily in the first year in the |ake, the
density dependence of growth rate may be exerting an
equalizing effect on size.

There is no clear link between decline in food
availability and the decreased survival rate of Flathead
Lake kokanee. W have not excluded possibility that food
availability in May and June, immediately after ocutmigrant
fry arrive in Flathead lake, may exert a strong control over
fish survival. Mortality rates exceeding 80% were shown for
O+ kokanee in their first summer In lIake Pend Oreille, Idaho
(Bowl es et al 1988), where zoopl ankt onabundancehasbeen
similarly diminished by mysid grazing.

The cbserved decline in adult kokanee aburdance in 1986
could not have been due to increased juvenile kokanee
nmortal ity associated with |ow food availability in 1983 and
1984. Mysid abundance was still low in those years, and
limited sampling irndicated that cladoceran abundance had not
decl i ned. Low food availability could have directly reduced
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the survival of the 1986 and1987 adult year classes only
after 1985. Simlar declines in kokanee survival at |ow
mysid abundance were cbserved in lLake Perd Oreille, Idaho in
the md-1970's. R eman and Bow er (1980) concluded that
reduced zoopl ankt on abundance |imited juvenile kokanee
survival in that system. We have not measured the survival
rate of specific year classes of kokanee in Flathead Lake.

Competition and predation may also be important factors.
Juvenile lake whitefish have similar diet (ILeathe and Graham
1982), grownorerapi dl yandmaybebett er abl et oexpl oi t
the diminished plankton resource. Iake trout are the primary
predat or on kokanee in Flathead Lake. The growth and
survival of juvenile lake trout may be enhanced by utilizing
mysid shrimp as food. (Rieman and Iukens 1979, Morgan et al
1978).

Kokanee populations have been impacted to varying degrees
in other |akes where nysid shrinp have been introduced.
Coexistence in some systems may be related to the composition
of the fish community. Abundant predat ors and/or competitive
pl anktivores are conspicuously absent in lakes where mysid
shrinp andkokaneepopul ati ons coexi st. Kokaneet hrivein
Swan Lake and Ashley Lake where they are the only
pl ankti vorous species in the limnetic zone (Rumsey 1985).
My/si dabundance i nbot ht hesel akesexceedst hat found in

Flathead Iake.

E-18




ACKNOWLEDGMENTS

W would like to thank Mark Gaub, Jon Cavigli, and
Patrick Malta (MDFWP staff) for lang hours of night sampling
on Flathead Iake, and for ocutstanding technical assistance on
this study. John Fraley, Jim Vashro, laney Hanzel, and Scott
Rumsey provided invaluable assistance in planning the study
and interpreting the results. Crai g Spencer, "of the
Flathead Iake Bi ol ogi cal Station, commented on the draft.
We thank Eric Bergerson ard Tom Nesler for their efforts in

conveni ng the Mysis/Fisheries Synposium

E-19




-

LITERATURE CITED

Beeton, A M and J. A. Bowers. 1982. Vertical migration of M/si s
relicta. Hydrobiologia93:53-61.

Bowles, E.C., V.L. Ellis, and D. Hatch. 1988. Kokanee stock
status and contribution of Cabinet Gorge hatchery, lake Perd
Oreille, | daho. Annual Progress Report to Bonneville Power
Admi ni stration. Idaho Departnent Fish and Game, Boi se,
Idaho.

Bukantis, R T. and J. G Bukantis. 1987. "Mandibles". Mont ana
Ooutdoors 18(4) :15-17.

Cancey, P.T. and J.J. Fraley. 1986. Effects of the operation of
Kerr and Hungry Horse Dams on the kokanee fishery in the
Flathead River System Final Report to Bonneville Power
Adm ni stration. Mntana Department of Fish, Wldlife, amd
Parks, Kalispell, Montana.

Decker-Hess, J. and S. McMullin. 1983. [|npacts of water |evel
fluctuations on kokanee reproduction in Flathead lake.
Annual Report to Bonneville Power Administration. Montana
Department of Fish, Wildlife, and Parks, Kalispell, Montana.

Doble, B.D. and D. M Eggers. 1978. Diel feedi ng chronol ogy, rate
of gastric evacuation, daily ration, ard prey selectivity in
Lake Washington juvenile sockeye salmon (O. nerka). Trans.
Am Fish. Soc. 107(1):36-45.

Folt, CL, J.T. Rybock, and C.R.Goldman. 1982. The effect of
prey conposition and abundance on the predation rate and
sel ectivity of Mysis relicta. Hydrabiologia 93:133-143.

Fraley, J.J. and J. Decker-Hess. 1987. Effects of streamand lake
regulation of reproductive success of kokanee salmon in the
Flathead system, Montana. Regulated Ri vers 1:257~265.

Fraley, J.J. and S. McMullin. 1983. Effects of operation of
Hungry Horse Dam on the kokanee fishery i n the Flathead
River. Anmual Report to Bomneville Administration. Montana
Dept. Fish, Wildlife, and Parks, Kalispell, Montana.

Goodlad, J.C., T.W ({ernes, and E. L. Brannon. 1974.Factors
affecting sockeye salmon (0. nerka) growth in four lakes of
the Fraser River system J. Fish. Res. Bd. Can. 31:871-892.

G aham P.J. and W Fredenberg. 1982. Flathead Lake fi sherman
census. Report to the U.S. Environmental Protection Agency.
Montana Dept. Fi sh, Wilg]life, and Parks, Kalispell, Montana.

G ossni ckl e, N.E. 1982. Feeding habits of M/sis relicta - an
overview. Hydr obi ol ogi a 93:101~107.

E- 20




Hansel, D.A 1986. Seasonal area and depth distribution of
cutthroat, bull trout andl aketrout in Flathead Lake.
Montana Department of Fish, Wildlife and Parks, Jcb Progress
Report, Proj ect No. F-33-R-20, Kalispell, Mont ana.

Hanzel, D.A. 1985. Anual trends in recruitment and migration of
kokanee. Dingell-Johnson Job Conpl eti on Report. NDFWP,
Ralispell, Montana.

Hyatt, K.D. and J.G.Stockner. 1985; Responses of sockeye sal non
(0. nerka) to fertilization of British Col unbia coastal
| akes. Can. J. Fish. Agquat. Sci. 42:320-331

langeland, A. 1981. Decreased zoopl ankton density in two
Norwegian lakes caused by predation by recently introduced
Mysis relicta. Verh. | nt. Verein. Limnol. 21:926-937.

leathe, S. A and P.J. Gaham 1982. Flathead Lake fish food
habits study - Final report. Mntana Departnent of Fish,
Wldlife, and Parks,Ralispell, Montana.

LeBrasseur, R J., C.D. MAllister, WE. Barraclough, OD.
Kennedy, J. Manzer, D. Robi nson, and K Stevens. 1978.
Enhancement of sockeye salmon by lake fertilization in Great
Central lake. J. Fish. Res. Bd. Can. 35:1580-1596.

Lindsay, R B. and S.L. Lewis. 1978 Lake and reservoir
i nvestigations: kokanee ecology in Odell Lake.' Oregon
Department Fish and Wl dlife. Project No. F-71-R

Morgan, MD., C.R.Goldman, and RC. Richards. 1981. Inpact of
i ntroducedpopul ati ons of Mysis relicta on zooplankton in
oligotrophic subal pi ne | akes. Verh. Int. Verein. Limnol.
21:339-345.

Mrgan, MD., S. T. Threlkeld, and C R Goldman. 1978. Inpact of
the introduction of kokanee and opossum shrinp on a
subal pine | ake. J. Fish. Res. Bd. Can. 35:1572-1579.

Northcote, T.G 1973. Sone inpacts of man on Kootenay Lake and
its salnonids. Geat Lakes Fishery Conm ssion, Technical
Report No. 25.

Potter, P.S. 1978. The zoopl ankton of Flathead Lake: An
hi storical review w th suggestions for continuing |ake
resource managenent. Ph.D. Dissertation. University of
Montana, Missoula.

Ri chards, R.C., C.R. Gol dman, T.C. Frantz, and R Wckwire. 1975.
Where have all the Daphnia gone? The decline of a mgjor
cladoceran in Lake Tahoe, California-Nevada. Verh. INt.
Verein. Limnol. 19:835-842.

E-21




R eman, B.E. and C.M.Falter. 1981. Effects of the establishnent
of _Mysis relictaonthenmacrozoopl ankt onof al ar gel ake.
Trans. Am. Fish., Soc. 110:613-620.

Ri eman, B.E. and B. Bowler. 1980. Trophic ecology of kokanee and
[imology in Pend Oreille Lake. ldaho Fish and Gane
Fisheries Bulletin 1. Boise, Idaho.

Rieman, B.E. and J.R Iuakens. 1979. Priest Lake creel census.
1ake and Reservoir Investigations, Job. Completion ReportF-
73- A- 1. Idaho Dept. Fish and Game, Boise, Idaho.

Rumsey, S. R 1985. Mysis relicta nonitoring in Montana | akes.
Anmual progress report. Dingell-Johnson Project XXX. Montana
Department of Fi sh, Wl dlife, and Parks, Kalispell.

Stanford, J. A, and B.K Ellis. 1988. Water quality: status and
trends. from Proc. 1988 Synposi um on Water Quality of the
Flathead River Basin, Montana. Flathead Basin Commission,
Kalispell, Montana.

Zyblut, E.R 1970. Long term changes in the |immology and
macrozooplankton of a large British Columbia ILake. J. Fish.
Res. Bd. Can. 27(7):1239-1250.

E-22




Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

LIST OF FIGURES AND TABLES

Map of the Flathead drainage and its principal
tributaries. Zooplankton sanpling stations are
shown on the enlarged map of Flathead lake.

The density of Daphni a thorata and Bosni ha
longirostris hauls at station 2 on Flathead Lake
in1986 and1987.

The density of Diaptomus ashlandi at station 2 on
Flathead Lake in 1986 and 1987.

Comparison of the mean density of Daphnia thorata
at three northern stations to that at three
southern stations on Flathead lake in 1987.

The diet of age 0+ kokanee in Flathead Lake in
1986- 87, expressedas mean monthly frequency of
organisms in stamach samples.

The growth trajectory of age 0+ kokanee in
Flathead ILake in 1980, 1981, 1986, and 1987.
Si gni ficant differences do not exist between the
mean lengths at each sampling date.

The growth trajectory of age 1+ kokanee in
Flathead Iake i n 1980, 1986, and 1987. Mean length
in September, 1987 is significantly lower than in
the preceeding years.

Tabl e 1. Fry production, adult year class strength,

spawning escapement, and survival rate for kokanee
i n Flathead lake, 1981-1987.

E-23




v

Table 1. Fry production, resulting adult year class

strength, spawning ascape:mem: and fry-to-adult surv:.val for
kokanee in Flathead lake, 1981 - 1987.

outmigrant Adult Spawning Fry-to-Adult
Fry* Year Class Escapement Survival
(millions) Strength

1981 16.6 461, 900 133,200 2.8%

. 982 - 257, 600 33, 300 -_—
1983 - 204, 800 | 54, 200 —
1984 — 358, 100 107, 400

1985 13.3 358, 100 165, 400 2. 7%
1986 13.7 99, 200 21, 400 0.7%
1987 14.5 7,800 1,950 0. 05%

*Outmigrant fry estimates are those that produced the listed
adult year class, i.e. four years previous.
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