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ABSTRACT

Age and length of spawners, creel composition, and growth
analysis of Flathead Lake kokanee have been monitored over 12 years.
The collection of these parameters over a period of three life-
cycles of the salmon provides a long-range overview of the popula-
tion. Acoustic density estimates for salmon 250 mm (10 inches) and
larger have provided an additional indice during the last five
years.

Although length of spawners does reflect size changes, age of
spawners was necessary to explain the interaction of age composition
with the entire salmon population. Flathead Lake salmon have ranged
in size from 277 mm (10.9 inches) in 1967 to 404 mm (15.9 inches) in
1938.

Length frequency of creel-caught kokanee provided the oppor—
tunity to measure the compensating effect of the interactions and
contributions of strong and weak year classes to the overall lake
population. Age 3+ salmon consistently provided the bulk of the
angler catch in both summer and spring fishing seasons. Spring
hand-line success rates were higher than experienced during the
summer troll fishery.

Annual age and growth analyses were prepared to establish a
base to evaluate future growth changes in the salmon population. A
log-log relationship utilizing the Monastyrsky technique of back-
calculating lengths was found to express fish length and body scale
measurements best. Juvenile salmon (age 0 and 1) had completed
formation of their annuli by January; annuli for older fish was not
completed until May. The baseline growth analyses will provide
information in the evaluation of future impacts caused by the recent
buildup of Mysis shrimp in Flathead Lake.

Among Flathead River system spawners, age 3+ salmon was the
dominant age comprising over 60% of spawners in all years. Although
both sexes showed this dominance, more older males occurred in both
river and lakeshore sites. The youngest aged spawners (age 2+)
never contributed more than 12% of the total system spawners.

Variations in the patterns of thermal warming of the lake
changed the availability of salmon to anglers and in turn influenced
catch rates.

Acoustic density estimates of kokanee, 250 mm (10 inches) and
larger, were made on the early fall mid-lake concentrations of
salmon. These estimates did not include that portion of early-run
kokanee which had already migrated into the river. Weighted average
densities, representing total lake estimates, were calculated from
11 transects totalling over 80 km (50 miles). Total lake densities
ranged from 38.7 fish/ha (16 fish/surface acre) in 1980 to 58.7
fish/ha (23 fish/sa) in 1982. The most notable change in the pop-
ulation was the fluctuation in numbers of large fish as they ranged

from 3.9 fish/ha (1.6 fish/sa) in 1983 to 18.6 fish/ha (7.5 fish/sa)
in 1980. ‘
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OBJECTIVES

Job Objective: Tt shall be the primary objective of the job to
establish relative abundance of the six major fish
species with the present segment emphasizing kokanee,
and to identify the environmental factors affecting
population changes.

BACKGROUND

Kokanee (Oncorhynchus nerka) salmon were originally introduced
to Flathead Lake in 1916 but did not become well established until
1933. Salmon have provided a popular summer troll fishery and
presently supports the second highest fishing pressure of any lake
or reservoir in Montana (Montana Department of Fish and Game 1976).
During the 1981-82 fishing season (May, 1981 to May, 1982), the lake
provided 168,792 man-days of fishing pressure (Graham and Fredenberg
1982) with salmon representing 92 percent of the estimated 536,870
fish caught.

A snag fisbery for the spawning kokanee was alsc available to
the public alcng the lakeshores and in the river system above the
lake. During the 1975 snagging season, an estimated 29,000 angler
trips harvested 177,000 kokanee in the Flathead River (Hanzel 1977).
Diminished numbers of river spawners in 1982 prompted the Montana
Fish and Game Commission to close the upper Flathead River drainage
to snagging. In 1983, the snagging season closure included Flathead
Lake.

Although kokanee fry have been planted periodically in the
past, it is believed that the lake fishery is dependent upon natural
reproduction. Spawning areas extend from the lakeshore sites to
gravel bar areas in the Flathead River system some 100 miles up-
stream from the lake. Water development projects in this system
have had impacts on the salmon populations, primarily by altering
lake elevations or river flows during spawning or egg incubation
periods.

Phelps (1980) found a low amount of genetic variation within
and between Flathead Lake and other regional lakes when he examined
salmon electrophoretically at 70 loci. Only the locus, Pgm-2, was
highly polymorphic. This variation present in the northwest kokanee
populations is considerably lower than reported for other kokanee
and sockeye stocks in the northwestern United States. Although
genetic varietion was small, subdivisions do exist in the kokanee of
Flathead Lake and they should be treated as separate distinct units
rather than be managed as one large population,

Size of mature salmon and gereral spawning location (Stephanich
1954 and Hanzel 1964) related the early status of the kokanee pop-
ulation in the lake and river. 1In 1966, the Flathead Lake fisheries
study was initjated to gather baseline information on the fishes of



Flathead Lake (Hanzel 1970 anc 1972). Since salmon is a pelagic
species and is not easily collected in gill nets, this study offered
only limited distribution patterns of the kokanee. With the devel op-
ment. of a purse-seine and a mid-water trawl coupled with the use of
an acoustical equippent (Hanzel 1974 and 1977), trend inforpation on
the seimon became aveilable, Since then the salmon has been the
target species of this study. Potter's (1978) description and com-
parison of the modern rooplankton population in the lake to that
described by Forbes (1893) offered a basis far determining food
availability to the planktor eoting kokcrec., Detailed food habite of
kokanee, cutthroat trout and bull trout along with other associated
gspecies in Plathead Lake were deccoribed by Leathe and Graham (1982).
Both investigations found the limpetic plankton to be dominated by
the copepods Diaptomus and Cyclops and that the planktivorous fish in
Flathead Lake prefer the large zooplankton, principally Daphnia
thorata.

In 1878, ar environmental impact study was initisted (Graham et
al. 1980) over concern of potential adverse envirornmental effects on
Flathead Loke and its upper river system by proposed coal mining in
the Canadian portion of the Morth Pork Flathead River. Subgequent 1y
in 1979, Bureau of Reclamation (MchMullir and Grabam 1982) and
Bonneville Power Administration (Fraley and Crabam 1982) funded
studies were undertoken to assess the effects of the operation of
funyry Horse Dam on the kokanee fishery of the Flathead River
systen. ese stucies in that portion of the Flathead River below
the mouth of the South Fork exemplified that the most impor tant
factor affecting year clasg strength in Flathead kokanee was heavy
incubating wortalities. These losses of salmon reproduction were
incurred as a result of fluctuating river flows Tound below this
peaking power {soility. These flows curing the cold winter
incubaticn pericd caused spawning gravels fo be dewatered and then
the eventual drying or freczing of eqgs. Stable spawning and
‘ncubation {lows are pert of the proposed recovery plan. A similar
investigation (Decker-fess and Graliam 1982) on effects of the
operation of Fery Dam on kokanee shoreline reproduction was
initiated ip 1981 and is still ir progress.

DESCRIPTICH OF STUDY AREA

Flathead Lake is one of the largest natural lakes in the
United Statec west of the Mississippi. Tt is located in north—
western Mortana cituated ol an elevation of 882.4 m (2,893 ft. msl)
in a glaciatod voiley 22 kn (20 mil) west of the Continental Divide
and 105 km (65 wii.) south of the United States and Canadian PRorder
(Figure 1). The lzke has 505.9 kps (126,000 surface acres) with a
maximum depth of 117.7 m (386 £t.). The 199.1 km (123.7 mi.) of
shoreline delimits ite maximum tength of 43.9 kw (27.3 mi.) and
breadth of 24.9 km (15.5 mi.). Main physical features include a
mid-lake river-celte depositional bhar (00 km in length); a deep
benthic treugh (1004 1 deep) which persists along its entire east
shoreline; extengive shallow (less than 20 m) aress with sandy
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bottomg at its ertremities (inlet and outlet); and a large island
8.9 km*® (2,200 acres) (Figure 2).

Flathead Lake ig an integral part of a lake-river system which
acts as a settling basin for most of southegstern British Columbia
and northwestern Montana, a total drainage area of 21,876 km“. The
largest tributery to the lake is the Flathead River, with an average
flow of 9,753 cubic feet per second (cfs) at Columbia Falls (U.S.
Geological Svrvey 1981). Three forks of the Flathead River (North,
Middle and South Forks) drain large areas of undisturbed lands
including all arces wosg of the Continental Divide of Glacier
Nagiona} Park (2,266 gn:) and Bob Marshall Wilderness Area (3,842
km“) and the 1,156 km* of the Great Bear Wilderness. The remotenecss
and relatively undisturbed rescurces of the upper Flathead River
drainage arca coupled with underlying nutrient-poor sedimentary rock
enables Flathead Lake to remain in a pristine or oligotrophic state.
The mean annual primary productivity of 123 grems carbon/m#/year
(Stanford et al. 1981) is somewhat higher than what would be con-
sidered for a oligotrophic lake and thus reclassification has been
advanced to oligo-mesctrophic.,

A paved higbway surrounds the lake providing access to the
permanent and summer homes found along its entire shore. Population
centers cn the lake are located at Polscen, Somers, Lakeside and
Bigfork. Kalispell, the largest city in the valley (22,860 inhabit-
ants, 1983 census), lies 11 km (7 mi.) to the north of the lake.
Moderating air temwperatures, created by the heat capacitance of this
large lake, have allowed successful orchard (cherry and apple)
production along areas of the east and west shorelines.

Kerr Dam, a privete power facility located 7 km (4 mi.) down—
stream from the lake on the Flathcad River, was completed in 1938
This structure controls the upper 3.05 m (10 ft.) of the lake.
Prior to Kerr Dam, loke elevationg responded to natural runoff and
precipitation. Ievels remained relatively constant at low pool
elevation {878.4 m or 2,882 ft.) from September to mid-April (Hanzel
1974).  Spring runoff raised lake levels to the annual maximum (1.8
to 3.7 mor 6 to 12 ft. above low pool) during May or June and then
levels receded clowly back to the sustaining low pool. Since
impoundment, naximum operaticnal lake elevation of 881.8 m (2,893
ft.) is reached by mid-June and is maintained until September when
drafting for winter power begins. Be an agreement between power,
agricultural and recreational interests, this facility's operation
requires that the minimum operational peol of 878.7 m (2,883 ft.) be
reached by mid-April. Filling occurs theresfter, with considera-
tions given for flood control during this period. Ap elevation of
881.1 m (2,890 ft.) is to be reached by Memoricl Day and then to
full operational pool by mid-June and maintained through Labor Day
(Montana Power Company, pers. comm.).

.

Of the 25 fish species listed for Flathead Lake by Gaufin et
al. (1976), 19 persist in the lake today. Ten of these fish are
native to these waters. Four of the seven common game fish species
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are native and include the westslope cutthroat trout (Salmo clarki
lewisi), bull trout (Salvelinus confluentus), mountain whiteflish
(Prosopium williamsoni) and pygmy whitefish (Prosopium coulteri).
Other common game fish include the kokance, lake trout (Salvelinus
namaycush) and leke whitefish (Coregonus clupeaformis). The remain-
ing occagsional game fich species are the rainbow trout (Salmo
galrdneri), brook trout (Salvelinus fontinalis), largemoutb bass
(Micropterus salmoides) and black bullhead (Ictalurus melas). The
first occurrence, in 1972, of one additional came fish species, the
northern pike (Esox lucius) was the result of an illegal introduc-
tion of these species into the Flathead Lake system. Their present
cccurrence in the lake is rare. Common nongame fish include the
yellow perch (Perca flavescens), pumpkinseed (Lepomis gibbosus),
northerr squawlich (Ptychocheilus oregonensis), peamouth (Mylo—
cheilus cauarinus), longncse sucker (Catostomus catostomus), large-
scale sucker (Catostomus macrocheilus), redside shiner (Richard-
sonius balteatus) and slimy sculpin (Cottus cognatus). With the
exception of the perch and pumpkinseed, all are pative.




WATER TEMPERATURE

Water temperature profiles were made usirg a resistance ther-
moncter coupled to @ depth sensor (Hydro Products - Bathythermoni-
tor). Temperatures were measured in degree Fahrenheit from the
surface to the bettom with water depths recorded at each degree
change of temperature.

KOKANEE AGE AND GROWTH
Fish Sampling Methods

Over half (65.6%) of the 5,563 scale samples used in this age
and growth analysis were extracted from kckanee caught by anglers.
A purse seine (31.8%) and a mid-water trawl (2.5%) were also used
to provide additional samples; particularly from younger salmon.
Gill pnets (floaters, sinkers, suspernded-monofilament, nylon strand)
were all used but failed to provicde appreciable numbers of salmorn.

Creel checks were made during the summer (June-August) from
1972 to 1983 and during the winter period from 1981 through 1983,
The summer censuses were conducted in all of the major salmon fish-
ing areas, while winter censuses were confined to area 7 (Figure 3).

All of the young-of-the-year and most of the yearling kokanee
were collected in the 3.05 m x 3.05 m (10 x 10 ft.) mid-water trawl
towed behind the research boat, the Dolly Varden. This fixed frame
single-line traw! (Hanzel 1977) had a cod end mesh of 1.6 mm (bar
neasure) capable of retaining fish as small as 13 mm. Trawling was
conducted at night in areas where concentrations of kokanee were
detected by acoustic equipment. Summer concentrations of nature-—
sized salmon occurred in pelagic areas while juvenile salmon were
found in tbe fall just off the bottom (1 m) at depths from 20-30 m.
The trawl was employed from 1975 through 1983. Tts use was limited
te the months of June-Movember; the normal period when the use of
the Dolly Varden was not restricted because of inadeguate cdocking
facilities during low pool elevations or winter icing., The majority
of trawling occurred in kokance areas 1, 2, and 3.

A purse seise developed by Hanzel (1972) was used in 1972,
1973, 1974 and 198} and provicded specinens of salmon age 2+ and
older. The seine, 18.3 m x 171 m (60 x 560 ft.), was fished during
daylight hours and fished to depths of 15 m (49 ft.). Sampling was
accomrplished during June and July, the period prior to the time when
warming svrfece water temperatures forced the salmon to utilize
depths greater than the fishable depth of the seine. The majority
of sampling witb the seine was accomplished in kokanee area 1, with
additional samples from areas 3, 5, and 6.
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Sampling of mature kckenee taken on their spawning sites
included five oreas aleng the lakeshore and three areas in the river
gystem above the lake. Sewpling at the spawning sites generally aid
not occur until o majority of the fish on that site had already
spawned. Methods used in capturing these fish included cvernight
sets of gill nets, a beach seine and electrofishing. On shallow
spawning sites, less than 2 m deep along the lake and in the river,
a sanple was often obtained by setting a gill net shaped like a "U"
and the fish driven into the net by the action of a boat or even
throwing of rocks into the water.

Scales and Otoliths

Kekanee were first measured to the nearest millimeter to total
length (T.I.) and weighed to the nearest gram. A scale sanple was
extracted from the fish in an area above the lateral line and just
postericr to the dorsal fin. Scales were taken from the fourth row
of scales above the lateral line and stored in individual envelopes.
A representative sample of otolith bones (sagittae) were also
collected from the same fish from each of the age groups represent-
ed. They were used as a method of age validation and assisted in
reading age of otoliths collected from mature salmon taken during
the spawning scaoon.

ALl otolith bones were extracted from their cavities beneath
the brain with the aid of forceps made accessible through an opening
made with a knife 6 mm (1/4 inch) behiné the eye and through the
cranial bones. They were preserved in the dry state in individual
scale envelopes.  The bones were later submersed in water in a
blacken-watch gless and examined under reflected light at 15X magni-
fication usirg a dissecting microscope. The aging technique on
otoliths was the seme as described by Kim and Roberson (1968). The
winter growth (hyaline zone) consisting of mainly organic matter
appeared dark or black under reflected light, while the faster
summer growth period (opaque zone) with a relative abundance of
inorganic material appeared white. 211 hyaline zones, with the
exception of byaline in the nucleus, were counted as annuli.

Cellulcse acetate impressions were made from the gcales in a
hydraulic press with heated plates and examined at magnifications of
43X an 71X vsing a microfiche reader or microbeam projector,
Distances from the focus to annuli (anterior radii) were measured
(to the nearest mm) along a ventral 20° radial Jine (Clutter and
Whitesel 1956, Mosher 1969, Narver 1968).

Age and growth measurements were entered and stored in computer
memory an analyzed using the FIRE 1 program (Hesse 1977). The
Monastyrsky method, a log~log fish length-scale racdius relationship
(Ricker 1971), was selected as the technique to calculate lengths at
previous annuli. This method expressed the fish lenoth and scale
radivs better than the linear methods used in the program or the
straight line recression deta calculated by Hanzel (1974, 1974a,
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1975).  The back-calculated lenoths of this log-]log method agreed
more closely to the actual lenath of ficl: collected in ecarly Spring
or late fall. A validation of age was checked by reccing otoliths
of the sawme fish; ages assigned by scales agreed closely to those of
the otcliths.

ACOUSTIC SURVEYS AND FISH DERSITY TRCHNIQUES

A recording echo-ccunder bhas been utilized to collect and
record seasonal and depth distribution patterns of the salmon Since
1967. In 1978, the unit was modified to a hydroacoustic unit by a
group of engineers at the Applied Physics Lab located in Seattle,
Washington. The modifications provided the capabilities of record-
ing calibrated acovstic signals on magnetic tape. FRecorced tapes
can then be preserved and aralyzed at a later date by computer or
ranual enumeration. This hydrcacoustic acquisition system and tbe
techniques used to estimate fish densities are more fully described
by Nunnallee (1973), Nunnallee and Mathisen (1972), Thorne et al.
(1972), and Lemberg (1975).

September, a time of the year when sampling variability is minima)
due to kokance ¢istributions (Nunnallee 1973, Hanzel 1977, Rowler
and Reimar 1981). During this time, the salmon move into the mid-
Jake areas prior to their movements to spawning areas. Acoustic
signals were recorded on magnetic tape while fraveling 3.1 m/second
(6.9 miles per hour). Speeds were regulated using an on~board
cdirect read-out fiow meter. Transect speed was the fastest speed
that would enable accurate recording of fish tarcets, Annual
acoustic surveys were conducted on nire lake transects totalling
approximately 50 miles per year. The mid-water trawl was used to
vetity both species and sizes of acoustic fish targets, A standard
cone volume was developed by averaging the length of time (number of
insopifications in time converted to distance) fish targets remained
in the signal core. The beam angle of the standard cone was 16
degrees. Fish numbers were enumerated using the "direct count"
method by playing back eccustic signals viewed on a delayed-sweep
oscilloscope. Size of fish (small 10-12 inches and large 12-16
inches) could be separated by signal strergth differences. Counting
thresbolds for these sizes were established and used during tarcet
enumeration. Densities were calculated from number of fish targets,
by 12-foot intervals, from depths between 24 ancd 144 feet below the
surface,

Acoustic transects were made in the evening hours during early
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RESULTS

Kokanee length data, creel census information, age and growth
summaries from both scale and otoliths, acoustic information and
temperature profiles have been collected annually (1972-1983) from
Flathead Lake to monitor the salmon population. A presentation of
these annual summaries provides several populations indices and
allows comparison of each. Long-term information of this type
establishes a basis from which interpretation of c¢hanges in salwon
population can be discerned. This presentation of data collected
over a span of 12 years, three life cycles of the salmon, presents
an overview and reflects interaction of age classes not readily
available in shorter term studies. The review also provides a
background that will aid in interpreting informatior from the past
when only scat ssmples or when a single population indice is avail-
able.

LENGIH OF MALE CPAWNERS

The size (average length of male spawner — T.L.) of kokanee
from Flathead Lake was first available in 1938 (Brunson et al.) and
has been monitored since 1955 (Hanzel 1964). Continuous river
information was not started until 1972; however some measurements
are avallable during the early 1960's. Measurements from both sexes
were taken; hewever only data from male spawners will be used to
represent size of the Flathead kokanee (Figure 4 and Table 1). The
size of the smaller spawning female salmon can be estimated by
stbtracting 15 mm (average difference between sexes, 1972-1983) from
the length of the males.

The largest size kokanee, 404 mm (15.9 inches) occurred in 1938
during the early years when salmon were becoming established in the
Jake. Sirce that time, the size of szlmon hag fluctuated within the
range of 127 mm that has twice experienced sharp decreases, each
followed by abrupt increases (Figure 4). Moderate changes occurred
between the lows but with no apparent cyclic pattern, time periods
of three and five years. The most recent increase in size started
in 1977 and reached its peak of 394 mm (15.5 inches) in 1982. The
decrease shownr in the size of the 1983 salmon would suggest an
increase in numbers,

The recent period of ircreased gize (1976-1982) has been
attributed to decreases in numbers of kokanee caused by losses of
salmon reproduction in the mainstem of the Flathead River due to
cperational patterns of Hungry Horse Dam (Graham et al. 1980,
McMullip and Graham 1981, Fraley and Graham 1982). Causes of
previous changes in numbers and/or size of salmon have not been
cocurented; however they are believed to be reflecting changes in
the salmon population caused by a combinatior of conditions result—
ing from operational petterns of both Hungry Horse Dam an Kerr Dam
upon kokanee spawning grounds. The recent impacts of these hydro-

13



[wiuw)

ToNMEeT pronlvel] uo hMIOMICﬁ%H ATanIY Salp»oN vl IO ( H.WL SuaT ST T ADNT = uhZWHM
JUBWSINSBAW JO 1Bd,A

08 Sl 0L g9 09 SS 0s b 8E6t

i i 2 i i 1 " " " i i " i i i A i s 2 A 1 L i i 1 i I 1
6.2+ - |}
G0E~ -C1l
0gE -1
96 ¢ - PL
18C- ~ Gl
o6} Ay —~91

[S@youl)
usa-] abeisoany

yib

14



Table 1. Average length of male kokanee (PU.L.) in millimeters and
inches from Flathead Lake, 1938-1983.

_ Average Tength in

Year ’ , mn 4 7 B inches
19738 404 15.9
1947 340 13.4
1948 368 14.5
1949 358 14.1
1950 343 13.5
1951 333 13.1
1952 348 13.7
1953 340 13.4
1954 328 12.9
1955
1956 312 12.3
1957 300 11.8
1958
1959 320 12.6
1960 353 13.9
1961 351 13.8
1962 338 15.3
1967 351 13.8
1964 361 14.2
1965 335 13.2
1966 300 11.8
1967 277 10.9
1968 290 11.4
1969 310 12.2
1970 333 13.1
1971 343 13.5
1972 333 13.1
1973 315 ~ 12.4
1974 330 13.0
1975 328 12.9
1976 323 12.7
1977 333 13.1
1978 350 13.7
1979 358 14.1
1980 378 14.9
1981 391 15.4
1982 394 15.5
2

19873 387 15.

¢
[
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ciructures vpon salmer reproduction are presently being evaluated
(Fraiey and McMullir 1983, Decker-Hess and Graham 1982).

Although size bas been used as a general salmon population
index (Foerster 1968, Johnson 1965, lLewis 1971, Coodlad 1974, Stober
et al. 1978) when vsed alone; caution should be advised, since age
of maturity and age composition can both affect the size of salmon
(Hanzel 1973, Rowler and Reiman 1981). Reiman and Bowler (1980)
also described a density response curve (sine-wave form) that con—
tairs a flat portion in the area of the cross-over where consider-
able changes in density can occur and not be reflected in growth.

TNGTH AND AGE OF CREEL CAUGHT SALMON

Length frequencies of kokanee from angler creels were prepared
from a total of 4,934 fish lengths collected from 1968 through 1983
(Figure 5). Lenaths used in these frequencies represent a combina—
tion of sexes, since no differences were noted. All creel sampling
was scheduled prior to early September when sexual dimorphism first
becomes apparent. Length frequencies of creeled¢ salmon from Flat—
bead lake have demonstrated himodal areas, each mode represent ing
Gifferent age groups (Hanzel 1973). Thus any combinred average
~length figure from these data would reflect age composition rather
than the size-density relationship.

Creelec fish frequencies do represert the contributions and
importance of strong and weak year classes. In eight of the 16
years of record, the contribution of younger fish is depicted in the
bimodal frequencies. These years include 19706, 1972, 1976, 1978,
1980, 1981, 1982, and 1983, Average gize of the angler—caught
salmon has ranged from 250 mm (9.8 inches) to 316 mm (12.4 inches)
in 1976 and 1983, respectively.

A total of 3,567 scale sanples were collected from a majority
(96.9%) of the creeled salmon during the period 1972 through 1983,
This additional data provides the opportunity to establish annual
age composition of the catch (Table 2). While ages 2+ to 5+ were
found in fishermen creels, age 3+ salmon (fish in its fourth growth
season) dominated the catch. This age group represented 50% or more
(maximum of 76.8% in 1979) of the catch in eight of the 12 years
measured. Their age group contribution to the catch averaged 56.0%.

Age 2+ salmon showed strong year class contributions in the
1976, 1982 and 1983 creels. During these years, these young salmon
were the dominate age group and represented 46.8%, 46.5%, and 71.5%,
respectively. The age 2+ salmon contribution averaged 25.5% of the
angler-—caught fish during the years of record.

Age 4+ salmen showed strong year class representation cduring
1972, 1974 and 1980. Their strongest showing, and only dominate year,
occurred in 1972 when they represented 59.2% of the catch. These
five-summer salmons' contribution averaged 18.5% of the total catch.
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Table 2. Age composition (percent of total) and average length (sexes
combined) of angler-caught kokanee during the summer, June~Tuly,
1972-1983, from Flathead Lake.

Percent Number Average
of of length
Year Age age group fish (rom)
1972 2 6.1 12 209
3 34,2 67 270
4 59.2 116 310
5 0.5 1 336
196
1973 2 20.5 83 225
3 60.9 246 260
4 18.6 75 297
404
1974 2 15.5 98 230
3 52.1 330 272
4 32.4 205 286
633
1975 2 13.0 26 228
3 69.0 138 274
4 18.0 _36 297
200
1976 2 46.8 162 221
3 38.7 134 269
4 14.5 _50 294
346
1977 2 16.5 79 232
3 75.8 363 285
4 7.7 37 308
479
1978 2 24.4 95 245
3 70.4 274 293
4 5.1 _20 298
389
1979 2 7.4 22 243
3 76.8 228 299
4 15.8 47 322
297
1980 2 20.6 27 249
3 50.4 66 314
4 29.0 38 339
131
1981 2 17.2 33 268
3 71.4 137 313
4 11.5 22 341
192
1982 2 46.5 66 277
3 44.4 63 333
4 9.2 13 357
1472
1983 2 71.5 113 298
3 27.2 43 352
4 1.3 2 353




The oldest age group, age 5+ salmon, were only noted during the
reading of scales from 1972, an then only one fish was placed in the
age group. It is believed that more 5+ salmon are caught and/or
live in the lake, but never does this age group comprise a signifi-
cant portion of its kokanee.

The average length of kokanee, by age group, caught by anglers
for the 12 years of record are presented in Table 2. The average
size of older fish was consistently larger than the preceding age
group even though length frequencies of age groups were found to
overlap. There has been a gradual increase in the average length of
each age group (Figure 6 — upper line in each age droup). Age 2+
salmon ranged between 209 mm in 1972 to 298 mm in 1983, a difference
of 89 mm (3.5 inches). The low ranges of ages 3+ and 4+ occurred in
1973 and 1974, respectively; showing that the small size of the age
2+ in 1972 (salmon hatched in 1970) was carried on through the life
of the age class. Similar length and growth progressions were
present for other years but not as vivid as in 1972. The high
ranges of the older salmon were similar at 352 and 353 mm in 1983;
for a span in ranges of 92 mm (3.6 mm) and 67 mm (2.6 inches),
respectively.

Angler Catch Rates

Angler success, expressed as catch per hour, was compiled
during the censusing of the major salmon fishing area during summer
troll-fishing season of 1978 to 1983. This season starts in mid-May
and extends to mid-September. Catch rates usually were considered
good, one to two fish/hour, during the early summer fishing season
(late May and early June). As surface waters warmed forcing the
salmon to utilize the cool deeper waters, catch rates would drop
usually to half of the earlier season success rates. Rates again
improve during the latter part of the season and drop off rapidly in
early September as the maturing salmon initiate their spawning
movements. More details on fishing patterns and harvest of salmon
from Flathead Lake is described by Graham and Fredenberg (1983). an
averade annual catch rate calculated throughout the season does
provide an indice of population change in the salmon numbers. The
average catch rates for the summer trolling seasons were as follows:

Year Fish/Hour
1978 2.12
1979 2.10
1980 0.61
1981 0.56
1982 0.70
1983 0.51

A hand-line or still-boat fishery for salmon during the winter
and spring months has gained popularity since 1980. This fishery is
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Figure 6. Average sumer growth (shaded area) of age 2+, 3+ and

4+ kokanee determined fram annulus formation to time of harvest,
1972-1983, on Flathead Lake. Each age group - upper line
represents average length of angler-caught salmon; lower line
represents average length at annulus formation.
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concentrated within a small area (4 hectare — 10 acres) in Skidoo
Bay, a large southern bay of the lake within salmon fishing area 7.
Fishing usually begins in December and continues through mid-Aprail.
Fishing occurs in dense schools, depicted by echograms (Figure 7) at
depths from 20 to 80 feet. Catch rates experienced during this
spring fishery are higher than those of the summer troll fishery.
Rates can range to highs of 10+ fish/hour when ice is on the bay.
The average catch rate during the 1982 spring season was 3.7 fish/-
hour. The maturing age classes, ages 3+ and 4+, of salmon made up
the bulk of this spring harvest (Figure 5).

AGE AND GROWTH ANALYSIS

Scale Interpretations

Date of annulus formation in Flathead Iake for young salmon
{age 1 and 2) generally occurs by February; however, formation in
older fish is not completed until June. This differential of period
of five months is partially explained by Leathe and Graham (1982)
when they described the food habits of the kokanee in this lake.
Salmon, during the winter period, experience a shift of major food
items from large sized cladocerans to small copepods (primarily
Daphnia thorata to Cyclops spp.). All the salmon experience a
decrease in growth as the shift first takes place. As the younger
salmon continue to feed on these smaller organisms, they show
growth, proportionate to their length, and it is read as an annular
mark on their scales. Proportionate growth of the larger salmon,
while utilizing these smaller organisms, is less and is not shown on
their scales. Therefore, they must depend upon the reoccurrence of
the large zooplankton in their diet to shown enough growth to form
an annulus mark. With this differential time to annulus formation,
scale readers should consider growth between the first and second
annuli to be approximately 12 months, while the time between the
second and third annuli to be 16 months. Time span between the
third and fourth annuli was 12 months.

When salmon scales are going to be used to develop a body-scale
relationship, time of collection of scales is most important.
Scales should not be included from fish that are sexually mature and
have started to change dimorphically. Seasonal sampling has shown
that mature fish continue to increase in total length; however, this
growth was not considered "true growth" since it was not transferred
as circuli on the scales or growth on otolith bones. This increase
in length, dimorphic growth, was the result of the changes that
occurs to the mature salmon prior to spawning. In Flathead Lake,
scales on mature salmon should be taken prior to September to avoid
dimorphic growth. ’
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Spring 1983, Flathead Lake. Echograms illustrate cross-sectional
depths and size of the school.
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Body-Scale Relationship-Backcalculated Lengths

Scale collections, from 1972 through 1980, were first procesuved
through the FIRE 1 computer program (Hesse 1977). Scale data from
age groups 0 through 5 were included in the relationship. The
percent of each age group of the total 4,836 scales were 0.8, 7.3,
26.5, 48.8, 16.5 and 0.1, respectively. The Monastyrsky method,
which utilizes a logarithmic scale radius-body length relationship,
was selected since it expressed fish length and body scale best.
The backcalculated lengths of this log-log technique agreed more
closely to the actual lengths of fish collected the time of annulus
formation. This method calculates fish lengths at annuli by the
following formula:

slope of the line

Annulus radius X fish 1ength)

Scale radius

Fish length at annulus = (

A summation program was developed to better express changes in
growth patterns between years. In the original program each time a
set or year of data is processed a new body-scale relationship was
calculated. If each year sample of fish did not represent a wide
variety of age groups, the slope would likely change. Backcalc-
ulated lengths would then inturn express the changes in both slope
and/or changes in fish growth. The new summation technique calc-
ulates fish lengths using a single slope developed from a mass of
data from all age groups. It assumes the slope will not change over
time. A correlation coefficient of 0.9481% was developed. The
slope of this regression is 0.86373 with the Y-intercept of 5.596 or
100-74504 e lengths at annuli were calculated using a separate
program utilizing the standard Monastyrsky formula. A summation
routine was then used to sum the age data by age, sex, etc.

A length-weight log relationship was calculated during the
processing in the FIRE 1 program of 4,836 fish. A correlation
coefficient of 0.97235 was developed with a slope of 2.97077 and a
Y-intercept of 10>-00388 Weight can be predicted using the
following formula:

Weight = 102.00388 g Length2:97077
or

Log Weight = 1072-00388 1 5 97077 X Log Length

Age Analysis Summaries

Annual summaries of the age and growth analysis (a total of
5,561 scales) and age group length frequencies for the years 1972
through 1983 are presented in Appendix A. Summary data by age group
for each sex and an unidentified classification is also presented.
Although backcalculated lengths compiled for males were usually
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larger than those for females, rarely did these figures differ more
than 3-10 mm. This evidence support a hypothesis that similar
growth patterns are exhibited by male and female salmon in Flathead
Lake. This also suggests that summaries of growth by sexes were not
necessary.

Number of circuli to the first annulus has been used to distin-
quish different spawning groups of both trout and salmon (Narver
1968, Mosher 1969). This statistic was measured and was included in
the scale summaries, Appendix A. The average number of circuli to
the first annulus on Flathead Lake salmon ranged between 12 and 18
circuli. The statistic failed to differentiate spawning groups;
however, it was used to aid in the placement of the first annulus.

A age class length frequency, utilizing fish lengths at
capture, are presented below each of the annual age and growth
summaries to provide a quick reference to discern the degree of
overlap existing between ages. Difference in lengths of mature and
not-mature fish of the same age would explain the bimodal distribu-
tion within the older age groups. Progressive increases and de-
creases of growth by the age groups can be noted while scanning
through yearly data.

In the age analyses of the 1972-1974 Flathead Lake kokanee
study by Hanzel (1974, 1974a, 1975), summaries for each sex were
further broken down into groups that would or would not spawn that
year. Backcalculated lengths of age groups 2+ through 4+ fish that
were to spawn that year were significantly larger than for fish that
would not mature that year. The percentage of mature fish in these
age groups were as follows:

Percent Mature

Age Group 1972 1973 1974
2+ 27.5 3.6 0.0
3+ 41.1 71.7 83.4
4+ 85.5 91.7 95.8

The degree of variation in the composition of maturing fish within
these age groups should be considered when evaluating annual growth
calculations.

Fish lengths, including only those measurements calculated to
the last annulus, are depicted as annual incremental growths for
each age group in Figure 8. This figure provides a quick resume of
the 12 years of growth summaries. Average increment growth for age
group 1, in the years when this age group was not present (1975,
1976, 1977, 1978, and 1982), are Ffirst year drowths calculated from
age 2+ fish collected the following year.

A plot of fish lengths at annulus formation (lower line) linked

to the average length of that age group from creel caught salmon
(upper line) of age groups 2, 3 and 4 are presented in visual form
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‘in Figure 6 to express the amount of summer growth (shaded area)
exhibited by these year classes. The greater growth shown for the
2+ salmon can partially be explained by the longer time span for
this age group since annulus formation. Seasonal growth for age 2+,
3+ and 4+ salmon shown during 1972, 1975, and 1976 were all signifi-
cantly below (one standard deviation of the mean) the average growth
for each age. The average summer growth for age 2, 3, and 4 was
3L.0 mm, 185 mm and 15.4 mm, respectively. Growth was significantly
higher than the norm during 1979 and 1980 for the 4+ salmon, indi-
cating a good growth year for that year class. The 1983 growth
period was considered good for all age classes when their average
increment growths were higher than the calculated means.

Opossum shrimp (Mysis relicta) were first collected in Flathead
Lake in mid-water trawl hauls during the fall of 1982 (Leathe and
Graham 1982). It is believed that Mysis will become established
during the next five to ten years. Their direct impact on zooplank—
ton and on growth of kokanee will depend upon Mysis numbers achieved
in the lake. This kokanee age analysis will provide baseline infor-
mation in the evaluation of future impacts of the shrimp in Flathead
Lake. Progress of the Mysis population is being monitored by a
graduate level study (Personal communication, University of Montana,
Yellow Bay Biological Station).

AGE AND LENGTH OF SPAWNING KOKANEE

The expression of fish lengths on spawning salmon is not
standard, i.e. total, fork, standard, and mid-eye to fork. To aid
data comparison and exchange of information, conversion formulas
were derived from 356 male and 200 female spawning salmon (Hanzel
1978). These fish ranged in size from 218 mm to 358 mm (8.7 to 14.7
inches) T.L. The following equations are provided to convert
neasurements of mature salmon after dimorphic changes had occurred.

Fork Length From Total Length

. = 6 mm

Male - L. L
L. Lo — 9 mm

Female - F.

ol

Standard Length From Total Length

i

Male - S.L.
Female - S.L.

Mid-eye Fork From Total Length

Male - ME.F.
Female - ME.F,.

o
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Spawning Age Domjnance

The age composition of spawning kokanee were determined by
analysis of 7,426 otolith bones collected from five lakeshore and
three upper river spawning sites during 1972 through 1983 (Table 3).
This table includes average lengths of these spawning kokanee by
sex, age and area of collection.

Age 3+ salmon was the dominate age group from the Flathead
River system (both lake and river areas combined) spawners in 8 of
the 12 years of comparison. This dominance represented 60% or more
of the spawning fish from each year. The strength of this age group
was represented even stronger with river spawning fish, exhibiting a
10-year dominance. Males within this age group did show less of a
dominance than females. This tendency was exhibited every year
among lakeshore spawners in all but two years in the river, 1973 and
1976. Comparisons of the annual percentages of males and females,
in this dominate age group, showed only slight differences (less

~than 10%) during most years. Notable differences did occur in 1975
and 1980 among river spawners and in 1977 among lakeshcre spawners.

Age 4+ spawners showed system dominance only once during 1980
when they represented 55% or more of the spawners. This older age
group in 1974 showed an additional year of dominance among lakeshore
spawners. Near equal nunbers of adge 3+ and 4+ salmon were found in
the river spawning areas during 1972. Likewise, similar percentages
of these two ages were shown in 1981 along lakeshore sites.

Age 2+ fish never represented more than 12% of the system
Spawners in any one year. The strongest showing occurred in 1972.
None of these young fish were found among system spawners during
1975, 1980, and 1981. Only during three other years (1973, 1976 and
1983) did their system contribution exceed 1%. During these years
they comprised 4.8%, 3.2% and 7.7%, respectively.

The percentage of age 3+ salmon in the system spawners did not
always reflect similar amounts of contribution to the angler creels
(Table 4). This variation did not allow future predictions of
either indices by regression analysis.

TEMPERATURE, PROFILES

Water temperature preferences of salmon have been described by
Brett (1952); noting further that tolerances of the younder salmon
were even more restrictive than for adults. The prescribed optimum
temperature zone for kokanee occurs within the range between 53.,7CF
and 57.69F. Salmon distribution patterns in Flathead Iake have been
shown to be influenced by existing thermal condition (Hanzel 1970,
1971). The importance of knowledge on the thermal structure of
lakes was also stressed by Goodlad et al. (1974) when he classified
it as one of the two major factors influencing growth of juvenile
salmon in four Canadian lakes.
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Table 3. Age composition (from otoliths) and average length of mature
kokanee, by sex, collected from Flathead Lake and River spawning
sites, 1972-1983.

- Total Average length by age Combined
/ Percent of fish by ape number group (mm) average
Year Arca Sexd IT 111 v v of fish I1 I1I v v length
1572 Lake M 10.4 70,4 19.1 — 115 332 332 341 ——— 334
F 21.6 71.0 7.4 -—- 162 314 320 327 ——— 319
1972 River M - 46.3 53.7 ——— 67 —— 313 340 ——- 328
F ~ 55.1 44,9 —— 49 —— 301 325 ——— 312
1973 Lake M 2.1 68.1 29.8 -——— 191 315 310 326 - 315
F 7.4 72.8 19.8 -— 162 296 300 314 ——— 302
1973 River M 2.3 79.5 18.2 — 44 290 jal 321 -— 304
F 13.6 72.7 13.6 —-— 22 278 292 305 - 292
1974 Lake M 1.7 35.9 62.4 — 415 300 320 331 — 327
F - 39.9 60.1 —-—— 421 - 312 321 —— 317
1974 River M - 62.1 37.9 - 116 — 310 319 —-— 313
¥ - 72.2 27.8 —— 79 -— 300 305 —— 301
1975 Lake M - 63.7 347 1.5 262 - 328 333 343 330
F - 76.7 23.0 .3 305 ——— 315 322 333 317
1975 River M - 55.1 44.9 -— 136 — 311 325 —— 317
i - 70.7 29.3 - 140 —— 303 311 —— 305
1976 Lake M 2.4 61.6 36.0 - 164 293 321 335 -—— 325
F 1.0 71.9 27.1 7 eme 203 282 308 322 — 312
1976 River H 5.8 80.6 13.6 ——— 103 285 310 324 ——= 310
F 6.3 69.8 24,0 — 96 281 296 317 —— 300
1977 Lake M 0.6 79.2 20.2 —— 168 308 330 343 ——— 333
F - 92.7 7.3 - 193 —— 318 332 —— 319
1977 River M 3.5 89.4 7.1 —— 85 269 321 341 -—— 321
; F 1.2 92.9 6.0 —— 84 274 307 327 —— 308
1978 Lake M 1.3 78.1 20.5 ——— 302 325 344 352 ——— 345
3 0.4 84.3 15.3 e 248 320 331 336 —— 332
1978 River M - 85.1 4.9 ——— 148 —— 332 342 — 333
F . 4.6 3.4 -—- i1z —— il6 325 — 316
1979 Lake M - 60.7 39,3 —mm 272 o 357 365 — 360
F — 92,4 7.6 —— 249 ——— 345 348 — 345
1979 River M = 85,0 14,9  eme 87 —— 345 53 — 346
F 1.0 7.1 2.0 — 102 328 328 336 -~ 328
1980 Lake q - 31.5 67.3 1.2 251 —— 370 382 391 378
¥ -~ 44.8 55.2 — 163 ——— 356 365 —— 361
1980 River M - 36.4 63.6 —— 44 ——— 366 376 -—- 372
r - 65.1 34,9 aee 63 — 342 346 —— 343
1981 Lake M - 42.9 57,1 eem 177 - 378 401 - 391
F - 48.6 50.9 0.6 173 ——— 361 380 378 371
1981 River M - 80.8  19.2 - 78 === 370 394 - 375
F - 94.0 6.0 —m- 83 - 356 354 ——— 356
1982 Lake b - 60.3 39,7 ae- 156 — 387 403 — 393
‘ ¥ - 75.5 24,5 e 94 —- 374 386 . 377
1982 River M 2.0 78.8 1.2 —-— 99 340 382 394 - 383
F 1.0 88.7 10.3 —— 87 317 366 375 -— 366
1983 Lake M 8.5 72.5 18.5 0.5 189 350 387 401 429 387
F 16.1 72.9 11.0 —— 155 336 371 379 ——— 366
1383 River M 4.2 88.9 6 3
4.2 . 9 144 337 380 400 - 380
F 1.9 94.9 3.2 ——— 158 318 362 368 —— 36l

a/ M = male; F ~ female,
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Table 4. Proportion, percent of total, of age 3+ salmon in Flathead
Lake creels and among system spawners, 1972-1983.

Percent of 3+ Salmon

Year Creels Spawners
1972 34.2 64.6
1973 60.9 71.4
1974 52.1 43.3
1975 69.0 68.2
1976 38.7 70.1
1977 75.8 87.9
1978 70.4 83.6
1979 76.8 80.0
1980 50.6 40.1
1981 71.4 58.9
1982 44 .4 73.8
1983 27.2 81.7
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Warm surface water temperatures tend to force salmon to the
deep—cooler waters of the lake during summer. The width and depth
of the preferred temperature zone of salmon is then governed by the
thermal warming of the lake. The width and depth of this zone can
influence angler success, another indice of salmon population (the
one most often used by the fishermen). An example of this influence
will aid in understanding this phenomenon. Assuming a similar
density of fish, the more area (wider zone) that a fish can dis-
perse, the less opportunity the angler has to fine them. The deeper
the zone, the harder it is for the angler to reach the fish. Thermal
warming patterns on the lake have been described by Hanzel (1970,
1971), Potter (1981), and lLeathe and Graham (1982).

Kokanee distribution patterns, recorded by an acoustic sounder—
"echograms", and corresponding water temperature profile data have
been monitored from 1968 through 1983, Although temperature condi-
tions in this large lake vary considerably over the lake surface
(Hanzel 1971), conditions at a mid-lake station can express the
general thermal warming of the lake. To illustrate the annual
thermal warming of the lake and to follow the preferred temperature
zone of salmon, temperature isotherms were prepared at a mid-lake
station and are presented in Figure 9. The darkest shaded zone in
the figures represents a 10-degree temperature zone, between 50°F
and 60°F; considered to be the preferred temperature zone for
salmon. The lighter shaded area near the surface is the temperature
zone 70°F and warmer. In addition to depicting the salmon zone, the
profiles also can be used as a relative indicator of heat storage.
The deeper the warmer isotherms appear, the more heat the lake
stores. This heat capacitance can be a major factor influencing the
years when the lake freezes completely.

ACOUSTIC DENSITY ESTIMATES

Kokanee population density data was collected using the modi-
fied hydroacoustic unit whose design was developed by specialists at
the University of Washington. Acoustic information was collected
and recorded on magnetic tape on transects (Figure 10) covering the
major salmon areas of the lake, Salmon densities were derived from
data collected during nine transects in early September of 1979~
1982. These transects (Nos. 1, 2, 3, 6,7, 8,9, 10, and 11)
provided fish density data on over 45 miles of the lake annually.

In 1983, two additional transects were added (Nos. 4 and 5) to
include information when a change in fall distribution patterns of
the salmon was noted. These transects added an additional 10 miles
of fish density information. It should be noted at this time that
the density figures derived from the early September transects
represent salmon numbers that have remained in the lake after the
early run has already left the lake and entered the river system,
These fish leave the lake and enter the river system sometime during
August. Estimates of numbers of salmon utilizing the river have
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Figure 10. Locations of 11 acoustical transects used to determine
fall kokanee density estimates on Flathead Lake.
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ranged from 100,000 in 1983 to 400,000 in 1975 (Fraley and McMullin
1983).

Density es..rnates were derived for fish 10 inches and larger.
Size of salmon in the mid-lake concentrations during 1980-83, as
determined by collections with the mid-water trawl, allow a size
differentiation and densities were made for both small and large
fish, Small fish represented age 2+ salmon and large fish repre—
sented a combination of 3+ and 4+ fish., Sample densities were made
by the "direct count" method utilizing an oscilloscope. The densi-
ties were made on five-minute distances along transects that showed
similar fish densities on the echograms. An example of a typical
echogram containing two sample density areas on transect number 8 is
presented in Figure 11, Densities for an entire transect were
weighted averages of the sample densities and inturn the average
density of fish for the entire lake was a weighted average of the
transect data.

Fish densities were calculated by 12-foot intervals starting at
24 feet below the surface. Salmon during the evening hours drop to
depths ranging from 40 to 120 feet below the surface. During moon-
lite nights, salmon distributions can be found 20-30 feet shallower
than on cloudy dark nights. The most reliable estimates can be
derived when salmon concentrations are the deepest; for some fish
targets can be missed if the fish are too shallow. Several tran-—
sects had to be repeated when rough weather was encountered.
Generally, all transects on Flathead Lake can be covered on five
survey nights.

Fish densities were first calculated bg interval into a volu-
metric unit of expression, fish per 1,000 m?, then converted to a
surface area measurement of fish per 100 m? by the following
equation:

b.. - D._.
Pish/100 m? = & b X £ish/1,000 w3
i=1
Where: Dy; = lower depth limit of the interval i;
; = upper depth limit of interval i; and
n = total number of depth strata.

After conversion, the interval densities can be added together to
derive a total or summary density in a surface area value. The
following equations allow for conversion of density data into
familiar surface area units.

Fish/hectare = Fish/100 m¢ X 100
Fish/surface area = Fish/100 m2 X 40.5
Fish/hectare = Fish/surface area X 2.4691
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A computer program was developed to calculate surface area fish
densities directly from an input of number of fish targets per
interval. Program output printed fish numbers and densities by
depth intervals and densities in bar—graph form (Figure 11).

A annual summary of kokanee density data by lake transect
number is presented in Table 5. Although classification of the size
of fish targets by signal strength can result in considerable over-
lap, particvlarly when there is not as much difference in the size
of the 2+ and older salmon, total numbers of fish remains the same.
It is only the proportion of small to large fish that would change.

During the time period, 1979 through 1983, the highest lake
dwelling salmon density estimates occurred in 1982 with 56,7 fish/ha
(22,9688 fish/surface acre-sa) and the lowest in 1980 with 38.7
fish/ha (15.7027 fish/sa). The most significant changes in densi-
ties occurred in the proportion of small to large fish. Large fish,
most of which would spawn that fall, ranged from a high in 1980 with
18.6 fish/ha (7.5374 fish/sa) to a low of 3.9 fish/ha (1.5799 fish/
sa) in 1983, The percentage of large fish of the total was 31.8%,
41.2%, 32.0%, 29.2%, and 8.6% for the years 1979 to 1983, respect—
ively. The small fish ranged from 41.4 fish/ha (16,7741 fish/sa) in
1983 to 26.4 fish/ha (10.6748 fish/sa) in 1981.

It is estimated that during September there are approximately
100,000 surface acres in the lake that contain salmon. An approxi-
mate estimate of total number of fish in the lake can be calculated
by expanding the density figures, i.e. 1.5799 fish/sa X 100,000 =
157,990 large or maturing salmon in the lake. The estimates of
neither large fish or total fish densities show any direct correla-
tion when compared to the average size of the 3+ or 4+ from lake-
shore spawning kokanee. Undoubtedly the absence of an estimate of
early-run fish contributes, in a negative manner, to any correlation
of numbers and size of salmon in Flathead lake. Most importantly,
acoustic estimates do provide an index to numbers of late-run fish
that will spawn that same year and an index of juvenile fish avail-
able for spawning in future years.

Salmon densities in two northern Idaho lakes, Pend Oreille and
Coeur d'Alene Lakes, have experienced changes during the last 10
years (Bowler and Reiman 1981). Average size of salmon in these
lakes have ranged between 250 to 270 mm during the period. Salmon
numbers decreased from 6.78 million to 4.68 million in Lake Pend
Oreille from 1977 to 1983, while in Coeur d'Alene Lake they
increased from 6.04 to 6.55 million from 1979 to 1980. Salmon
dengities in Idaho lakes represent an estimate of the total numbers
of salmon, all age groups, by expanding fish counts from echograms
and estimates of age composition determined by the use of a mid-
water trawl (Bowler 1979). For comparison, the number of older or
- mature sized fish in the Idaho lakes were calculated using the
average percentage (12-16%) of the older to total number of salmon.
Densities of the large or mature sized salmon in Lake Pend Oreille
would then represent 13.2 to 19.8 fish/sa and densities in Coeur
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Figure 1l. Typical echogram, during fall acoustic survey, showing kokanee
distribution within two sample count areas, 8-14 and 8~2, lake transect
no. 8. Lower portion - computer printout of fish target counts and
calculated densities by depth intervals of the two sample areas in
the above echogram, August 1981, Filathead Lake.
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d'Alene Lake would range from 18.1 to 21.1 fish/sa. In comparison,
Flathead Lake kokanee densities of 15.7 to 18.6 fish/sa were
slightly lower than Idaho densities of mature or large sized salmon.
Juvenile salmon, ages 0, 1+ nd 2+, in Flathead Lake during the fall
were not found along with the older fish and did not provide the
opportunity to estimate total numbers of salmon.

RECOMMENDATTONS

Collectively, age and length of spawners, creel composition,
growth analysis and acoustic density estimates provided an index of
Flathead Lake kokanee. These parameters were monitored from 1972 to
1983 to establish a baseline data from which changes can be deter-
mined. Each parameter described specific conditions about the
kokanee and assisted in aiding in interpreting population changes.

Present trends in the kokanee populations are unstable as they
respond to increases in reproduction resulting from stabilized flows
in the Flathead River. A continuation of the monitoring of salmon
population parameters in the lake would aid in interpreting and
evaluating the salmon status during the recovery period. Continued
monitoring would also aid in evaluating salmon density responses to
impacts resulting from fluctuating lake levels upon lakeshore
spawning areas or possibly to the rapidly increasing numbers of
Mysis shrimp in the lake.

It is recommended to continue to monitor the following kokanee
population parameters:

1. Age composition of lake and river spawners;
2, Lake creel age composition;
3. Fall acoustic density estimates.

It is recommended to continue monitoring of indices until the
collective salmon studies in the basin arrive at a kokanee manage—
ment plan to control numbers that will maintain the kokanee fishery
and other recreational aspects of the Flathead River Basin.

It is further recommended to develop acoustic techniques to
measure densities of early-run river salmon while still in the lake.
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APPENDIX A

Average calculated total length (wm) , average length at
capture, number of circuli to first annulus by sex and age
growp, and length frequency histogram by length

and age of kokanee for 1972 through 1983 in Flathead Lake.






FERCENT OF AGE GROUP

-1972-

Number of
a/ Average circuli to Length at Annulus
Age Sex=' No. length 1st annulus i [} 111 v v
M - ——- .
T r 2 125 14 92
TR} 133 14 89
{83)  (133) (14) (89)
Mo 28 207 15 89 190
2 F 23 204 15 87 184
U 48 203 15 88 188
(99) (204) (15) (88) (188)
M50 271 15 88 197 264
3 ¢ a1 266 15 89 195 261
U 16 259 14 8 186 250
(107)  (267) (15) (88) (195) (261)
Mo 84 312 13 80 205 284 307
4 5 4 305 12 79 202 280 302
U 7 311 13 78 208 286 309
(136) (310) {13) (80) (204) (282) (306)
M 1 336 12 78 206 271 317 (333)
5 ¢ -
U .-
(1)  (336) (12) (78) (206) (271) (317)
TOTAL  (425) (86) (197) (273) (306) (333)

a/ M =male; F = female; U = undetermined.
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PERCENT OF AGE GROUP

-1973-

LENGTH lmml

Number of
a/ Average circuli to Length at Annulus
Age Sex™ No. lemgth  1st anmulus i I1 [11 1V y
1w 5 128 12 79
F 3 138 14 88
u 14 136 13 83
(22} (134) {13) (83)
2 M 62 223 15 89 193
F 66 222 15 87 192
u 273 213 14 87 189
(401)  (215) (14) (87) (189)
3 M 159 263 15 92 1% 251
Foo124 257 15 92 194 245
U230 253 14 88 182 247
(513)  (256) {15) (90) (193) (247)
4 57 299 15 %0 200 211 292
F 25 291 14 83 190 260 284
u 28 290 14 88 150 266 286
(110)  (294) {14) (88) (195) (267) (288)
TOTAL (1046) (88) (192) (251) (288)
AVERAGE
a/ M =umale; F = female; U = undetermined.
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PERCENT OF AGE GROUP

-1974-

Number of
aj Average circuli to
Age Sex=' No. length 1st annulus I 11 111 IV v
1 M 24 111 15 83
F 25 109 14 82
] 135 133 16 90
(184)  (127) (16) (88)
2 M 83 228 15 85 204
F 62 229 15 86 206
i 224 215 14 81 195
(369) (220) (14) (83) (198)
3 M 244 272 16 96 199 255
F 130 269 16 96 198 251
U 220 264 15 94 196 251
(594) (268) (16) (95) (197) (252)
4 M 158 288 15 91 196 250 273
F 74 285 15 91 191 245 270
y 137 279 15 89 189 246 269
(369)  (284) (15) (90) (192) (247) (271)
5 M -
F -
u 1 328 15 92 217 277 297 318
TOTAL (1517) (90) (195) (250) (271) (318)
AVERAGE

a/ M =male; F = female; U = undetermined.
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PERCENT OF AGE GROUP

-1975-

T Number of
Average circuli to Length at Annulus
Age Sex  No. length  Ist annulus 1 II 111 1V v
2 M 12 231 14 85 217
F 17 228 15 85 213
U -
(29)  (229) (15) (85) (215)
3 M 90 274 15 91 223 264
F 47 276 15 92 223 267
U 1 280 15 99 230 268
(138) (274) {15) (92) (223) (265)
4 M 25 299 15 97 201 261 289
F 11 290 15 97 203 255 279
] ——n
(36)  (296) (15) (97) (202) {259)  (286)
TOTAL (204) (92) (218) (264) {286)
AVERAGE
a/ M =male; F = female; U = undetermined.
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PERCENT OF AGE GROUP

-1976-

Number of
a/ Average circuli to Length at Annulus
Age Sex=' No. length  1st annulus I 11 111 1V v
2 M 87 222 15 88 212
F 75 220 15 89 208
U .
(162}  (221) (15) (89) (210)
3 H 81 271 15 92 227 262
F 53 265 16 93 223 256
1] -
(134)  (269) (14) (92) (225) (260)
4 M 32 296 15 87 217 265 288
F 18 291 14 87 219 264 283
U -
(50)  (294) (13) (87) (218) (264) (286)
TOTAL (346) (90) (217) (261)  (286)
AVERAGE

a3/ M =male;.F = female; U = undetermined.
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PERCENT OF AGE GROUP

-1977-

Number of
a/ Average circuli to Length at Annulus
Age Sex™ No. length 1st annulus i 11 I1I 1v Vv
2 M 41 232 15 99 204
F 28 234 15 96 202
U 10 227 15 90 203
(79)  (232) (15) (97) (203)
3 M 175 287 15 101 231 267
F 145 283 15 99 226 261
U 43 280 15 95 226 262
(363)  (285) (15) (99} ({229) (264)
4 M 18 311 16 147 228 269 295
F 10 306 14 103 227 268 292
U 9 307 17 114 231 271 290
(37)  (308) (16) (107) (229) (269) {293)
TOTAL (479) (100) (224) (264)  (293)
AVERAGE

4/ M =male; F = female; U = undetermined.
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PERCENT OF AGE GROUP

-1978-

Age  sex? No.

Number of
Average circuli to

Length at Annulus

length  1st annulus I I 111 v v
0O M 0
F ]
u 25 75 8
(25) (78) (8)
2 M 54 246 14 97 220
F 40 246 15 98 220
U 1 214 11 77 197
(95)  (245) (14) (97) (220)
3 M 126 295 15 105 221 273
F 124 294 15 103 221 270
u 24 282 15 99 218 259
(274)  (293) (15) (104) (221) (270)
4 M 12 301 14 98 216 257 286
F 8 292 14 100 209 244 276
u 0
(20)  (298) (14) (99) (213) (252) (282)
TOTAL {414) (102) (220) (269) (282)
AVERAGE
3/ M =male; F = female; U = undetermined.
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PERCENT OF AGE GROUP

-1979-

Number of
Average circuli to

Length at Annulus

Age Sex? No. lemgth Ist annulus 1 11 111 v V
1 M 0
F 0
U 12 140 12 80
(12)  (140) (12) (80)
2 M 13 244 17 11 22
F 9 241 15 95 228
U 0
(22)  (243) (16) (104) (227)
3 M 118 299 15 103 232 279
F o106 300 14 104 234 280
U 0
(228)  (299) (14) (103) (233)  (280)
4 M 27 323 14 103 217 276 294
Foo20 319 14 106 218 275 303
U 0
(47)  (322) (14) (104) (217) (276)  (298)
TOTAL  (309) (103) (230) (279)  (298)
AVERAGE

a/ M=male; F =

female; U = undetermined.
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PERCENT OF AGE GROUP

-1980-

Number of
Average circuli to

Length at Annulus

LENGTH [mm)

Age Sex® No. lenath ist annulus T T 111 ] v
0 M § 70 10
F g 71 8
U 0
(14)
1 M 3 134 14 84
F 19 140 13 86
U 0
(54) {136) (14) (85)
2 M 20 251 16 9% 208
F 8 246 16 100 204
U 0
(28) (249) (16) (97) (207)
3 M 34 316 16 111 246 294
F 33 312 16 107 243 290
u 0
(67) (314) (16) (109) (244) (292)
4 w 26 340 16 117 255 298 310
F 13 338 15 109 246 290 31
U 0
(39) (339) (16) (114) (252) (295) (312)
TOTAL (202) (101) (238) (293) (312)
AVERAGE
&/ M =male; F = female; U = yndetermined.
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PERCENT OF AGE GROUP

-1981-

Number of

Average circuli to

Length at Annulus

Age sexd/ No. length 1st annulus 1 11 111 v v
o M 0
F 0
U (14) 69 8
(14)  (69) (8)
1 M 8 143 16 91
F 4 145 16 99
U 2 149 16 105
(14) (144) (16) (95)
2 M 35 252 15 88 222
F 32 262 15 91 237
U 10 257 14 87 219
(77)  (256) (15) (89) (228)
3 M 67 319 15 97 219 298
F 81 312 15 97 218 293
U 29 307 14 91 213 284
(177} (316) (15) (96) (217) (294)
4 M 12 349 14 101 250 304 334
F 8 335 16 102 242 289 321
U 5 342 13 95 232 288 324
(25) (344) (15) {101) (244) (295) (328)
TOTAL (307) (98) (222) (294) (328)
AVERAGE
a/ M =nmale; F = female; U = undetermined.
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PERCENT OF AGE GROUP

-1982-

Number of
Average circuli to

Length at Annulus

Age Sexé—/ No. length  1st annulus 1 11 111 1V v
2 M 24- 263 18 101 22%
F 18 256 16 96 220
] 24 307 17 102 254
(66)  (260) (17) (100) (234)
3 M 19 344 15 97 247 324
F 24 331 16 100 237 310
] 20 325 17 98 216 296
(63) (337) (16) (99) (233) (310)
4 M 8 356 16 98 211 310 342
F 5 359 17 98 209 293 336
u 0
(13)  (357) (16) (98) (210) (303) (340)
TOTAL (142) (99) (231) (309) (340)
AVERAGE
a/ M =male; F = female; U = undetermined.
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PERCENT OF AGE GROUP

-1983-

Number of
a/ Average circuli to Length at Annulus
Age Sex=' No. 1length 1st annulus 1 11 I 1V v
0 M 0
F 0
U o1 72 8
(13)  (72) (8)
i M 1 200 15 96
F 1]
U 0
(1) (200) (15) (96)
2 M 52 308 16 103 240
F 37 294 16 101 230
u 24 284 18 103 228
(113)  (298) (17) (102) (234)
3 M 8 349 15 94 239 317
F 7 326 16 96 229 295
u 27 359 18 110 250 327
(42)  (352) (16) (105) (244) (320)
4 M 1 327 14 88 142 254 327
F 0
U 0
(1y (327} (14) (88) (142) (284) (327)
TOTAL (170) (95) (236) (318) (327)
AVERAGE

a/ M =male; F = female; U = undetermined.

* hd
P4 »
= x
- »
- -
= -
E 3 L ]
- -
* -
# g PERCENT_OF AGE GROUP * x
- LESS THAN "2~ PERCENT b =
¢ MORE THAN 40 PERCENT OF AGE GROUR - :
» *
» x
= x
- -
- -
- -
- ®
e i e s+ 2 m e e
3
bk
‘ L Ed
- “x w
oM WM mEREK
* X EEEEEER
X 8 sEREEER
: - XM X MARKSEENAEAE  WE
o x
=
-
- x
- b 2
- x
= - -
= - =
b4 = - =m
- » xxmx
= » » L2 L EE ]
- = - * K mEEEEMW
-« = - K
- x * i A LTI ‘
- - -
x  x *
. = *
*  x x
* % -
-
xxw
L
.
T T T Y

T T T T Y T ¥ T T Y
100 125 150 175 200 225 250 275 300 325 350 315 400

LENGTH (mm}

-~
w



