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ABSTRACT

Using otolith and scale methods, age and growth characteristics

of kokanee {Oncorhynchus nerks) obtalned in 1949 and 1970 from the

Helena Valley Reservoir, near Helena, Monlana, were caleulated. Record

kokanee have
inte and outb
distribution

and 1970 was

been cbserved in these waters. An investigation of migration
of the reservolr was made., 4 brief analysis of kokanee
in the lake was included. Creel census data from 1969

incorporated inte the study.
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INTEHRICTLON

The kokanes fishery in the Helenz VYalley Reservolr began in
R g

1555 when the first kokanes wers observed. This population is

slisved to be dus to a plant of kokanse introduced in Canyon

rr

Ferry Reservoir in 1966. TIsolated reporis of kokanes in tne re-

servole prior Lo this bime can perhaps O

i

sxplained by previous
plants in the Missouri River drainage above Canyon Ferry Heservolir.

The Helena Valley Reservoir is currently producing the largest
kokanee in Montana. Kokanee of tharee pounds are not unusual and
fish of over five pounds have bsen caught in the reservoir. The
fishery has wide acolaim thra#gha&i the stzte. Fishermen from
distant parts of Montana are often found at the reservoir during
the snagging $8a500.

The primary objechtive of this study was o analyze the kokanes
population in the Helena Valley Reserveir. Included was an analysis
of assccizted species within the reservoir, analysis of incurrent
and sxcurvent ditches, and a eresl census. Fleld work was conducted

from Oetober 19569 to Januvary 1971,



M

Helena Valley Reservolr is locatsd aj proximately 10 miies

“K:}

northeast of Helena, Montana (B} of Section 8, W3 of Sectlon 9,
Township 108, Range 2W). Maximum surface area is 518 aeres and
maximum volume is 10,702 acre-f{eel. The surface elevabtlion varies

betwesn 3805 and 3820 feet. The maximum depth is 70 fest. {Physical

\z"\

descriptions provided by Robert Green. )
Tee sover nsually beging in November and conlinues through
The iee is uncommenly thick with measurements o the

authors of up to 2 feet. This is due in part to a lack of in-

The lake is at minimum surface elsevallon in March jusi previous

™

o the initiation of water mumping from Canyon Ferry Hessrvolr.

The lake is then filled to maximum capacity and hs gld a2t this point

entil irrication usage beglas in wmid May. 4 second minlmum surface
elevation is then reached at the height of the irrigation season

when more water is removed than is pumped in. In Oetober, Just previcus
to pump shut off, the reservoir is f11led to mid capacity. Through the
winter, the surface elevation slowly decreases due L0 & leak in the

dam and smnicipal use by the City of Helena. Figure i shows the 1570
average monthly surface elevatlions in the TEEBIVOLT.

&

water is delivered to the Helens Valley Heservolr via a canal

7 miles long which receives water from a tunnel which is 2.6 miles long.
Wwater is pumped into this tunnel oy a Bureau of Reclamatlon pumplng
station located at the base of the Canyon Ferry Dam {Figures 2 and 3).
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The pumping station draws water from a depth of 117 feet
helow maximum weber level at the Canvon Ferry Dem. The water is
1ifted by the pumns 196 fesl to where the Lunnel begins. Two
pumping units are involved in this eperation, each pumping 150
cubie feet per second {cfs). The pumps are thus capable of re-
leasing 300 cubic feet of water into the tunnel per second {Table 1).

The incurrent canal consists of the 2.6 mile tunnel and the 7
mile canal., The tunmel is a horseshos shaped concrete structure
seven fest in height. The unlined canal is semicircularly shaped
ard capable of conducting 300 efs of water at a veloecity of 2.46
feet per second. The maximum depih at the head end of the diteh
is 5.5 fest, The canal enters the reservoir via a steep ramp
which drops the water & te 10 feet Lo the swrface of Lhe reservoir.

The sxecurrent canal iz of a similar structure, It is capable of
sorducting 350 ofs at a veloecity of 2.27 Teel per sscomd, The
maximum depth of the canal at the head end is 5.6 fest. (Physical
characteristics of the Helena Valley Ditch Unit provided by

Robert Gresn.)

Construction of the Helens Valley Reservolr Dam was compleled
in 1959 and the ressrvoir was filled with water. Between 1959 and
1963 the dam leaked too severly to allow a fishery of any consequence
to dasvelop. Eé 198, the reservolir was drained and an atiempl uss
made to seal the leak. Subseguenitly, the reservoir was filled and
thers wes a substantial decrease in water less. In 1964, the Monitana

Fish and Game Department was contacted and requested to develop

figh mansgement plans for the reserveir. It was decided that small-




GF WATER PUMPED INTO THE

INCURRENT CANAL DURTNG

danuary 1 Lo April €

LS4

April £ to April 27

April 27 to September 15

September 15 to Jctshber 1

October 1 to Decemher 31

o

o

herview %mw

*Data obtained during & personal in
lon, March 4

Diteh Unit, Bureau of Heclamatio

h?aiam@ measured in cuble fest per second (ofs).

Mr, Hobert

971,

{iresan,

Helens Valley



mouth bass would oe well sulted to the reservoirls conditions. In

4

1967, 11,312 smallmouth bass were planted in the reserveir (Art Whitnasy,

personal communication). In 1968, 2 population of koksnee was found in

-

the reservoir and fishermen were allowsd io snag for spawning fish

that fall. The kokanee fishery within the reservoir has continued

i

from this time. A4 considerable fishery has alsc developed for

yellow perch. Extremely large perch are often caiizght in the ressrvoir,

1

A perch caught by the authors in a gill net was 13 inches long and
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welghted 1,44 pounds

developed for large brown trout {see Figure 5). Z3rown trout waighing

&3

up to 13.5 pounds have been caught in

1

pass [ishery has nol developed in the reserveir,

4]

A

Fish frequently observed by the authors in the yreservoir and
q ¥

canal system include kokanee {Oncorhynehus nerka), brown trout (Salmo

1 (Perca flavescens), white sucker (Catostomus

commersoni), and longnose sucker {Catostomus catostomis), Fish

observed less freguently included rainbow trout {Salmo zirdneri},
g ¥ g

mountain whitefish {Prosopium willi amsoni}, smallmon

dolomieni), carp (Cyprinus carpio), flathead chub (Hybopsis gracilis),

P

burbot (Lota lota), and mottled sculpin {Cottus bairdi). Theoreti-

cally any fish found in Canyon Ferry could be found in ths Helena

Valley Reservolir,
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INCURHENT CANAL sTUDY

Purpose

pose of the incurrent canal study was to

The initial pur;
determine the method of kokanee recruitment inte the lake, We

were interasted in when, in what size, and in what rnumbers the
kokanee enter the reservoir. As the study progressed we became in-
terested in the relaltionship between the pumping stetion and fish

mortality irduced by the pump. Information on species compogition

in the canal was obiainsd.

Methods

We fell that s study of the pumping station was neCessary
for a complete urderstarding of the incurrent cansl system. Through
the cooperation of Mr. Robert Green, an inspection of the punping station
was made by the authors. This excursion was made during the winter
months when the pumps were not in operation and thus an examination
of the internal workings of the pump was possible. We entered ihe
pipe gystem al Lhe pumping station through a hateh and traced the
route taken by the fish from the foot of Canyon Ferry Dam to the
enirance of the tunnsel. Of majer interest to us was the internsl
workings of the pump where damage to fish could cesur. Eseh wit
had & ecircular shaped visce of metal with seven speratures in ii

through which water was pulled (see Figurs ). During the pumping
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oparation thls devies rsvolives at 200 rpm and fish can actually
be chopped to plsces. Waler is pushsd up te the head end of the
tunnel by power generated within the pumpling statlion.

The first place where fish are accessible for trapping purposes
is lozated immediately after Lhe terminalion of the tunnel. 4
bridge is loceted approximsiely 100 wvards from the ftunnel mouth
and crogses the diteh sbout 3 feal above waltsr level. Thisz was the
area picked by us Lo do cur itrapping.

After consultation wilh persconnsl {rom the Montana Fish and
Gams Uepsriment, we decidsd to construct a modified fyke net
designed by Craddock (1961). The trap was completed in March,

1970 and placed into the cansl on April 10 of that ysar, immediatsly
after the pumping operations were initiated (Figure 7). The trap

was emptied arnd cleaned daily uwntil mid May. Trapping was not
attempted in the pericd from mid Mey to mid Juns. During the last two
weeks in June the trap was asgain placed in ithe canel. 4t this btine,
algae accumulation on the netting surfaces made operation of the

trap impraciicsl.

Graduated gill nets (3/%" te 2" mesh) were used from the bsginning
of July throughout the irrigation geason intermittedly in an attempt
to capture fish, Often, the gill nets were placed acrcss the canal
to act as & Dlocking device for dead fish. At timss, the gill nels wers
placed lengthwise (paralilel to the current) in an attempt to capture
fish which might bs living in the cansl.

In mid July we designed and constructsd a Iyke nst which we fell

would be more operabls in the algas-Tilled water than the medified
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fyke net used earlisr (Figure 8). It was used throughout the sumer
but few fish wers capbured.

On August 1, we obtained a2 block nelt from the Montans Fish and
Game Department. This nel was attachsd atl sach end of the bridge
in a manner which kept the top of the net out of the water,
it was then weighted down with approximately 10 sash weights., Thus
as much of the canal as practical was bloeked by the net {Figure 9),
This net primarily ccllscted dead fish which showed evidence of
damage from the pump (see Figure 10}.

The final method of capturs of fish in the incurrent canal oo-
curred when the pumping cperations were halted for the vear on
Uctober 1, 1970. Fish were captured with a dip net from small pools
of water which remained after The main Dody of water had moved down
the canal. The same day the majority of the fish residing in the

tunnel were caplursd Ly placing a net over {he funnel drain,

Hasults

Only two kokanse were trappsd by us in the incurrent cansl
gystem., On May &, 1970 a 133 mm kokanes was observed in the
modified fyke net. Identification of this kokanse was keyed by

the use of How Lo Know the Freshwater Fishes by Samuel Eddy [1957).

Ancther kokanse was fowd in the block net in the incurrsnt
canal on August 12, 1970. It was 73 mm in length. Positive identi-

fication was made by C. J. B. Brown, Montana State University.



Iy
¥

i ]

e




.
M
i
w
]
i

#lock Net in Inowurrsent Cansl

17



v
)
e
faw
b
Fx3
fpaad
i

-3

Example of figh cateh in block
net. Notice damage To fish by
punp. &

e —



The dats on specles other than kokanes were sntsred into a
computer program (see Appendix 1) and the mean lengths, standard
deviations of the lengths, and nmumbers of fish in each frequenay

clags wers determined {Table 23,

i3
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DMacusslon

Although no conclusive evidence was obtained zs to the origin of
the Helena Valley Reservolr kokanee, we believe that we have a plausiblie
explanation. It is our contention that the majority of the kokanse are
derived from the anmual Canyon Ferry Reserveir plants (see Tables 3 & 4.
Kokanse ars annually planted during the months of April and May in the

vicinity of ihe Beaver Creek Bay ares near Winston {see Figure 11).
Between 730,000 and 1,000,000 kokanee fry have been planted each VAT,
The Tlrst plant of kokanee cccurred in April of 1966 {sss Table 3.

It is plausible that fish travel from the area of this bay down the
lake spproximately 15 miles and upon reaching the vizinity of the
dam, enter the Helena Valley irrigation system via the pumping

tation which draws water from a depth of 117 feet below maximum

&1

water level in Canyon Ferry. It is also possible that some of the

initial kokanee which entersd the reservoir were derived from a

series of kokanes plants in Willow Creek Reservoir in 1965, 1966 and 1967.

Willow Creek Reservolr is located on the Missouri River drainage sbout
seventy miles above Canyon Ferry near Harrison, Montanz. These fish

would enter the Helena Valley Reservolr in a similiar manner after

first arriving in Canyon Ferrv.

Foerster (1968) indicates that young 9. nsrka start their migration
seon after loss of egg sac. The fish planted a Oanyon Ferry Reservoir
have lost their egg sac and are about 1 inch in lengih, One would
asgume that ithese fry would start their migration immediately upon

release. However, our data indicates that no large migration into
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A SUMMARY OF KCOKANE PLANTTHGS

"y

IN THE YICLNITY OF THE HELENA VALLEY EESE&?GERé

LCCATION DATE

Hauser Lake June 17, 1955

Hauser Lake June 11, 1954 Ti8e72

Hauser Lake May 14, 1953 L6800

Hauger Lake Jume 7, 1953 56800

Hauser Lalke June 1%, 1953 56800

Hauser Lake June 12, 1953 56800

41llow Creek Resevoir® April 4, 1967 BERAE

Willow Creek Ressrvoir May 3, 1966 127330 ‘
illow Crask Heservoilr May 6, 1965 114240 -
Canvon Ferry Heservolr May 5, 1969 284138

Canvon Ferry Reservolr Vay 22, 1969 ReEGTL

Canyon Ferry Reservoir May 23, 1960 22ELOL

Canyon Ferry Ressrvoir May 28, 1969 z2EL0r

Canyon Ferry Heservoir Epril B 1GER 27686k

Canyon Ferry Ressrvoir April 15, 1968 254350

Canyon Ferry Reservoir April 25, 1968 254340

Canyon Ferry Reservolr May 1%, 1967 268800

Canvon Ferry Reserveir May 22, 1967 537800

Canvon Ferry HReservoir Aoril 24, 1966 25G380

Canyon Ferrv Reserveir April 20, 1066 27alzh

Canyvon Ferry Reservoir April 30, 1964 272104

2411 fish were planted as fry.
“Hauser Lake kokanee were ohtained from the Polscn Hatehsry,
1’

-

& 5 PR . - 5 ” 1z 1T P
gbanyon Ferry and Willow Creek Reserveir kokanee wers obtained from Somers Hatchery.
Dala obtained from planting records of the Montana Fish % Came Deparitment.



. DData obtained f

Y,
had

B& PL&HLTNQS
RESERVOTIR

April 25, 1964 254,380
April 29, 1066 272,124
April 390, 1asf 272,125

May 19, 1967 268, ,u(
day 22, 1967 268
y 22, 1967 268,800

April B, 106H 276, Bol

Anril 15, 1LOAB 254, L0
-~ oy

April 24, 1048 25l 30

o S e . s ]
1967 TOTAL -~ - - 785,544

May 5, 1969 64,138
Mav 22§ i?ég Jsxg&
May 23, 1GAG 226, 40k
May 28, 1969 226,400

L969 TCTAL - - - 43,846

April 2, 1970 258, A60
April 3, 1970 261,270
April &, 1970 256,550
April 21, 1970 225,172

Air Dropped Beaver Creek Bay

Alr Dropped Beaver Creek Say

Air Dropped deaver Crsek Bay

Alr Dropped Jeaver Creek Ray

Alr Dropped Beaver Creek Bay

Air Dropped Townsend boat dooks

Truck - Shore plant Beaver Creek (Davis Ranch)
Truek - Shore Plant Beaver Cresk (Davis Hanch)
Truck - Bhore plant Beaver Creek {(Davis Hanch}

Truck - shore plant Mouth - Beaver Crsek

Truck - shore plant Above mouth of Beaver Creek
Truck - shore plant Beaver Cresk (Davis Ranch)
Truck - shore plant Access area below Beaver Crasi

Truck ~ shore
Truck - shora

Truck - shore pilant Beaver Creek (Davis Hanch}
Alr Dropped Beaver Creek Bay

t  Beaver Creesk {(Davis Ranch)
lant Beaver Creek (Davis Ranch )

8411 fish olanted as fry.

e o -

om planting records of the Montana Fish ¢ Game Department.



FIGURE 11 .

Aerial kokanee plant in Canvon
Ferry Reservoir near Tewnsend

boat docks., (FPhoto by Heetor
Lalasse, Montana Fish and Game)
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the irrigation system took place before mid May. The modified fyke

net blocked approximately 75% of the incurrent canal. It would seenm

v

that if any large migrztion of kokanee had occcurred we would have

LA

o

capturead some of them. This does nol precluds the possibility of
migration at another Lime.

The presence of kokanee in the Helenz Valley Reservoir was
noticed first by fishermen in 1968, MHumbers of immature kokanes
were taken in July. Kokanee on thelr spawning run were taken in
September (Gecrge Holton, personal communication). The first Canyon
Ferry plant in 1966 could zccount for this as kokanse often spawn at
an age of two years {Seeley and McCammon, 1966). Evidence that the
dillow Creek HReservoir planis contribubted somewhat Lo the Helana
Valley Reservoir pepulation is twofold. Gill netting records for 1968
obtained Ifrom the Montana Fish and Game show a kokanee which was 20.5
inches long and weighed 4.60 pounds. Our experiences with age
analysis of kokanee in the reserveir would indicsts that this is st
least 2 three year old fish, This would make the Fish older than

any Tish planted in Canyon Ferry. Willow (reek Reservoir is ithe

closest upstireanm area where kokanes wers previously planted (see
Table 3). Secondly, sightings of gpawning kokanee in the inearrent
canal have been reported prior to 1968 (Robert (reen, personal come-
munication.} This would indicate again that kokanse older than

the Canyon Ferry plants were in the reservoir at this time.

The effect of the pumping device on fist mertality was anslvzed.

As the live and dead perch caught in the modified fyke pnet in April,

Yt

May and June of 1970 showsd no significant statistical differsnces

in length, we assume that the pumping device is not selective as

3

to mertslily with regard to length of fish within this range. We



found that 38.8% of the perch caught in the modified fyke net were
slive while 61.2% were dead. We can thersfore assume that the

pump ig causing a high mortality. An additlional cause of mortality
was seen te De the changing pressurss encountsred by the fish as
they go from high pressure at the 117 foot depih to the relatively
low pressure found in the canal. Damapgs to the sir bladder was
frequently observed wilth the orgen protruding from the mouth, It

is our contention that larger fish would probably be more susceptible
to damage in the pump, however, our data is bilased in regard to this,
33 the larger fish which were alive, could aveid our traps.

In Aprll, May and Juns it was noitsd that practically 1004 of
the fish caught were yellow perch. From July to October frout and
suckers comprised a large portion of the Tish caught. We believe
that this is due fto the changing fish populations in Canyon Ferry
Reservelr near the pump outlet, In the period from July through
October we found that the [ish ceught by us in the incurrent canal
was composed of 19.8% trout, 22.2% yellow perch, 27.1% white suckers,

and 30,9% longnose suckers.
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NT CANAL 3TUDY

Furpose

The purposs of the sxourrent canal study wasz Lo delermine
the kokanes logs frem the reservelr via the canal. We werse only

partly successful in this effori. 4lsc, & study of the dvnamics of the

fish population in the canal ard adjoining ditches was underisken,

Mothods

Water enters the excurrent canal from the reserveir. It is
regulated by a hydraulic 1ifting devies which operates the water
gates. Fish are able Lo lraverse this gate and thus ars able to
enter the cenal system. It is also poszible for fiszh to enter the

itchas draining into Lakes Helena which is subseguently connsciled io
Hauser Lake (see Figure 2).

Lpproximately 300 yards below ihe dam, a bridge crosses the
diteh about three feelt above the water level. This location was
picked by us as a trapping ares (see Figure 12). We also trapped in
the first ditch which exits from the canal. This diteh travels
down a concrete spillway and enters a copcrete receptaclie which is
the beginning of an irrigation ditch. We set traps at the point
where the walter enters ithe reesptacie (see Figure 13,

All the methods for fish capburs cutlined in the incurrent
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Excurrent Canal Study Arvea




Modified Fyke Het in first
shoot of sxeurrsent canzl.

29
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canal study were also used in this canal system. In sddition we
used a Roberis Pied Piper Tish shocksr run with IC power from a
1 ovolt, 150 wati Homelite goneraitor, Lo zabther additional fish

in the canal alter the regulaiting gates had stopped the water flow

in ths excurrent canal Tor the winter.

Hegults

We trapped kokanes, perch, and longness suckers in the excurrent
canal system. FKach species was entered inte & freguency distrie-
bution to facilitate computations. The freguency distribution
data was then entered into a computer program and mean lengths,

e z

standard deviations of length, and mmbers of fish in each clazs-

5,
]

ification was determined {(sse Table 5.
A relativelv unbiased population analysis was accomplished by us
after the incoming water from the reservoir was shut off., The water
in the diteh at this time was collected in small pools ard the fish
within these pools were shocked or dip neited., We found that the
diteh contained 2.5% kokanes, 18.1% perch, and 79.4% white suckers

at this time, Large guantities of voung of the year white suckers and

vallow perch less than 76 mm in length were obssrved bubt not counted,

e

Handom analysis of these Iry indicated That they consistad sf 80,9

-F

white suckers ard 19.1% vellow perch.
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DM scusgion

There ars iwo possibilities which would explain the presence
ol kokanse in the excurrent canal system. 11 seems probsble that
the majority of the kokanse population in the canal enter from
the reservolir Lhroush the gates in the dam. Ancther explanation
is that soms kokanse might enter the canal from Lake Helsna, FPlants of
kokanse irn Hauser Lake were made in 1953, 1984 ard 1055 (gee Table 37,
Hauser Lake is connected io Lake Heslsna by a narrow neck which
containg watsr control strucitures. This arsa is Treguentiy referred
to as the causeway {(ses Figure 2). Reproduction {rom these plants
might snter the excurrent canal system by this route,

g 1

We feel that there i1z 2 loss of kokanes from the reservoir

%..Jq

into the excwrrent canzl. In the fall, svawning kokanse congregate
at the head end of the canal sysiem dirsctly below the Helens Vallsy
Heservolr Dam. This area is heavily fished during the snageging
season ard oresel data was collecied {(ses Table 5). 4 natural
instinst of the kokanss is to return te the area in which it 1lived
as a fry {Vernon, 1957}, {Seeley ard VolCammon, 1966). If the fish
travelled through ths reservelr sarlier in iits 1ife c¢yuls, ihis
instinot wouwld explain the observed congregation. ther evidence
of the existence of a kokanes population in the excurrsnt caznal
system was the kokanes obltainsd through the use of & {ish shoeker
and dip net in October of 1970 after the reservelr gates were

closed (zes Table 5.
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DISTRIBUTION OF FISH 1 HELENA VALLEY RESEEVCIR

. .
.;‘.,..:'frﬁl o SE

The purpose of this portion of our ressarch was to gel a
preliminary idea of the distribution of fish in the Helena Valley
Reservoir. Our primary interest was to determine where the majority
of the kokanse reside during the different parts of their life cyele.

We wers somewhal interssted in the vertical distribution of kokanes,
however, time did noi allow us to completely explore this subjsct. We

wers zlso interested in the digtribution and relative aburdance of other

figh in the reservolr.

Mathods

the primary method used to determine the digtribution of fish in
the reservoir was to analyze the mumbers of fish caughl with gill
nets set at variocus lotaltions and different depihs.

A limited amount of trapping in the lake was accomplished with
frame nets obbtained from Lhe Monlana Fish ard Game Department.
These nets consist of a live trap attached to a perpendicular lead
(# and %" mesh, seine materiazl} approximately 50 feetl in length.
The free end of the lead is attached to the shore with a stake and

the live trap is placed 1in about 5 feet of water. [ish travelling



aroung the lake are detoured by the lead Into the itrap. We found
the frame nets to be guile effective for trapping part of the

E)

agervoir’

"y

45!

large white sucker peopulation.
During August, 1970, we did some dip netiing for smaller fish

3 PRY B Iy 3

in the ressrvoirts shallow bays, The fish obltalneg by this nethoed

6]

ware not measured, nowever, we did keep track of relalive numbses of

the young [ish.

in snalysis of the distribuiion of kokanes is given in Tables
& & 7. This data 1s not meant to represent the zbsolute distribution
as it is relative only to the locality-where gill netting was dons.

An aerial photograph of study area is given in Figure 14.

£

The fisgh taken by frame nets (Table 8) were predominantely
white suckers. These collections were made in Juneé and most of
these fish over 12 inches wsare in the spawning condition. The
sizes of the suckers ranged from 2 inches to 2 feet,

The fish which we dip nefted in shallow water were spproximately

50% sucker and 10% perch fry.
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TABLE

8

CAPTURED IN FRAME NBTS IN

HELENA VALLEY RESERVOIR

37

DATE LOCATION FLSH TAKEN
TELLOW
PHERCH SUCKER
June 3, 1970 East shore of lake in
shallow bay 0 231
Juna 3, 1970 Scﬁt&east shore ol lske in
shallow bay o 31
June &, L1370 Fast shors of lake in
shallow bay ' O 85
Juns &, 13970 Fast shore of lake in
shallow bay 2 326
June 5, 1970 fast shors of lake in
shallow bay 7 432
Juns 5, 1970 Bast shors of lake in
shallow bay g 202
June 12, 1970 Wast shorse of laks
near island 13 505
June 12, 1970 Weat shorse of lake
nesr izland L 102
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Disgugsion

The bulk of the gill netting was done in October and November 1969,
Kokanee seem to be most abundant in the western portion of the reservoir
and in the ares where the incurrent canal enters the lake. Approximately
80% of the kokanee obtained in the nettings in the western portion of
the lake were immature. A1l the kokanse oblained in the netlings
which were located at the entrance of the incurrent canal were in
spawning condition. It seems thatl the immaturs fish prefer the
western area of Lhe lake whereas the mature fish seem 10 be congregating
near the incoming water.

Almost all of the kokanes obtained in our study were gill
netted in surface Lype settings. It would therefore appear that the
kokanee prefer the upper layers of water in the reservoir. Kokanee
nave a2 narrow Lolerance range with regard to temperature. (Seeley
and MetGammon, 1966). A large volume of cool water (approximately 142" ¥,
as gilven by Robert Green, Bureau of Heclazmation) enters the reservoir
from the depths of Canyon Ferry and does not allow for great temperature
fluckuations. This buffering effect on temperabure during the irrigation
season might provide a very suitable Lemperature range for kokanse,
which prefer water of about 50° F (Sesley and McCammon, 1966).

Normally plankiton populations show great fluctuations in 2 lake dus

to availability of nutrients (Smith, 1966). The constani input of
nutrients from Canvon Ferry could keep the plapkton at a relatlvely

nigh concentration. Thus the cool water and the gtable plankion popue-
lations (Personal Comminication, Terry Beaver, Helena Senlor High Sehool)

in the sutrophic zone of the lake would provide an optimal area for the
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iy eollschtions indicate thers s a laree population of wiite
suckers in the Helena VYalley Heservolr, They appeared Lo bs evenly

distributed along the lake shore. This could possibly be dus to ine

il
¢l

spawning activities of the fish a2t time 2f capiure.

s
[

Tt was noticed by us during our creel census that the smallmouth
B

iz
nass population resides predominantly in the vicinity of the dam.

This is a deep rocky area with an abundance of fresh.water shrimp.

Ho smallmoull o33 ur trapping mebhods.
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KOKANER AGE AND GROWTH STUDY

17

Seczuse of the extracrdinary size of the Helsna Valley Reservolr
wokanee, we decided to pubt our major effort into an age ard growth
study. A determination of age siructure was undertaken, using
stoliths ard scale samples. A comparison between the reliabllity
of data obtained from seale radius readings and scals diameler
readings was attempted., Body-scale and length-welght relationships

ware alzo calculated,

The majority of the kokanee obtained for this portion of our
study were gill netted in 1960 and 1970 (see Figure 14}, After
removal from gill nets (see Figure 15) the kokanee wers measured
to the nearest tenth of an inch and weighed to the nearest hundreth
of a pound. Sex and mabturiity were determined by visual and viscera
examination of each fish. Some lengths, weights, and otolith
samples of mature kokanee wWsre gathered from fishermen during

the 1969 snagging season.
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Gtelith method of sge doterminallion

fxaminstion of the otoliths {ear bonses) has been shown Lo be &

yalid method of age determination in 0. nerkas (dim ard Robsrison, 1968

N

H
io#

We eyl the skull argd removed The sacculus with snelosed otolilh

hones from each of the kokanee, OUnly the largest of the three

otﬁiﬁwg?ﬁaga@é%gﬁma%ﬁaifm*%w analveis.

ware stored in vials of waler

@

Most of the samples

Some were storsd dry in scals

envelopes, All were set aside for sxamination at a later date.

When the otoliths were analysed each palr was placed in a

watar-f11 14

with a magnification of 20 (see Figure 16}. Some were viewed

through a chase-contrast microscope with transmitted light (see

Figure 17). A strong refliected light source was used and annulil

were counted., Theorstically in the temperate

ZOD

e5, arnual

fluctuations in growth rates ars rellected in the otoliths (McEachran

4

and Davis, 1970). The otolith is composed ©

£
i

M

cal

cium carbornate and

protein (Hichling, 1931). Caleium carbonate is primarily deposited

]

migh., In the

]
i
fad
&
o
w
e
o
£
e
£
o
o
o]
o
i
o

laver wasg oDague.

hservations, the protein band appearsd

sur study was interpreted as being the number of completed annull

= st

an bhe ohelilth.







Figure 18

Otelith observed thru phase-
eontrast microscope. This
otolith was removed from &z
age 3 kokanee.




Scale method of ape analysis

e

Nifferent ssazonal temperatures in the Lemperale zona cause
different growth rates to occur in fishes. These differential growih
rates are reflected in the structure of the scale samples. Fish

develop several growth rings, or circuli, each year. In the summer

months, when growth is rapid, the circull are widely spaced. In the

et

e growth rabes are decressed, and the clreull are

winter months
more closely spaced {Rayner,1%65). The anmulus occurs at the
tpansition between the winter and summer growth {[Tesch, 1968},

The best position to obtain the scale sample is from LWo rows
ahove the lateral line and immediately below the postericr margin of
the dorsal fin {Mosher, 1969), (Clutter and Whitesel, 1936). All our
scale samples were obbained from this general area. ALl scale
samples were stored in scale envelopes and examined at 3 later date.

Collected snales were washed and mounted belwesen two glass
slides with no mounting medium. The scale samples wers read using
pioscope which projected the s calefs image onto white paper at a
magnification of 33 {see Figures 18, 19 and 20). Determination of age
was made using the following criteria for annulus enmimaratlion {Tesch,
1968

5, An areaz of closely spaced civeull followed by an

ares of widely spaced circull constitute a years growth,
with the annulus interpreted as the border belween.
. Cirecull become markedly discontinuous,

o, "Cutting over' occurs with two or more oir culi running
Logathar.

rale measurements used included radius and diameter readings.

£

Diameter readinzs were made on Lhe dorsaleventral axis {Clutiter and
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Soals of a kokanss less than
1 vear old,




bo

gure 20

Fi

year of

£ a kokanse L

Beals o
age.,
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Sesle of 2 kekanse Z vears old.,
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Whitesel, 19% ). BRadius measurements were taken from the 17.5 degree
radial line as suggested by Narver (1968). Radius and diameter lengths
were made on each magnified scale image. Scale lengihs were also

1

recordsd st each anrulus using both axis,
3

Are gnd growth caleoulsitions

411 of the caleulations used in this portion of our study were
computed using Fortran IV and IBM 360 gyvatem. Mozt of our information
was czlculated using a program written by Hogman, {1969). Ancther
program {see Appendix II) was used for the computation of frequency
distribution, coefficients of the body scale squatlon, and coefficients
of the hody scals data.

Information caleulated on groups of figh without scale readings
included the following:
average total length in millimeters and welght in granms,
. peresntags of Temales,

3. average age,

4, log of the constant in the lenglh-welght equation,

5. coefficients of the length-welghl equation,

6. frequency distribution of lsngth,

7., freguency distribution of weight.
In addition Lo the asbove we caleulated for ths fish with scale dala
the following information:

1. average caleulated lengths at each anmmulus,

2, average lenghth at time of capturs,

. rnumber of fish in sach age group,
ge g



4, weighted mean length of each annulus for gach group,
5, averags welght at time of sapture,

6, average calculated weights at each annulus,

P

7. weighted mean of weight at each anmulus for each group,

8, zoafficient

A
&y

£ body scale data,

9, ooafficisnt

norpelation of body scals data.

4]
[
[

Ynformation was then compubted for males only and fewales only.

Regullyg

raleulation not needing scale readings were made on the followling

groups of fish {see Tables 9, 10 and D

1. tobal kokanee caught in November and October 1969,
2, totzl kokanse caught in March 1970,

3, total kokanse czught in September 1970,

b, total immature kokanes caught in 1969 and 197G,

mature kokanee caught in 1959 and 1970,

&,

[
o
e
ot
i
[

920

. totzl kokanee obtained in creel census 1969 and 1970,

raleulations on males only and females only were then computed. Cal-

23

culations requiring scale readings were made on the following groups

iz

of fish {(see Tables 12, 13, 14 and 15):
F ¥ -

1. +total kokanse caught in Ogtober and Hovember 1969,

™2

. totzl kokanes paught in March 1970,

S

. total kokanee caught in September 1970,
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Fregquency distribution as to length of kokanee gill netted
in 196 and 1970 is given in two forms. Analysis as to length at
time of capture is giver on Table 16, Analysis as to length al time

of capture per age group 1is given on Figure Z1.
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Discussion

Carlander (196G), says the record weight for kokanee in the
United States and Canada is 1814 grams. On three occasions kokanee
larger than this have been obssrved from the Helena Valley Reservoir.
53111 netling records of the VMorntana Fish arnd Game show that, on Juns
25, 1968, a kokanee weighing 2087 grams was taken (George Holton,
personnel communication). We observed in a creel check 4in October
1969 a kokanee weighing 1865 grams. A kokanee weighed with a Deliar
scale in June of 1969 was fourd to be 2382 grams (George Holton,
personnsl communication)., According to these observations, the
Helens Valley Reservoir is producing record kokanes.

It appears thalt the kokarss of the Helsnas Valley Reserveir are
maturing at an sariier age than kokanes of other locations. Our
caleulstions show that the avsrage age of the maturs kokanee was
2.5 vears of age., Hanzel (1964), shows an average age of 4.9 in
1954 and an average age of 3.8 in 1961 of spawning kokanse in Flat-

head

t—-:

ake. Jeppson {1960) reports thal in Lake Perd Oreills, almost
the entire spawning run of kokanes in 1959 were in the four year olid
class. An early maturity might result from zn abundance of food
during the early stages of a populations growth, (Sseley and MeCammon
19663,

In general ws Tound that more malss were caught than femalss.
They had a mean age which was slightly liess than that of the females,
This agrees wilh reports from Califernia {Seeley and MeCammon, 1966)

where malss often spawn sarlier than females.



B

Growth on 2 vearly basis appears to be linear with regard to
length., Yearly increases in length betwsen anmull are very closs
(see Tables 12, 13, and 14). It appears from Table 16 that growih
from the Octeber-November te Mareh period is minimel and the growih
from March to September i1s substantial. Length frequency distribu-
tions of specific age classes changed 1little in the former pericd
whnereas thay changed considerably in the latter.

Table 14 indicatss, perhaps, that the plant of 1967 wae more
successful than that of 1968, 1If we compare the age 1 and age 2
kokanee capbured in the October-Hovember 1969 period we ses that
the 1967 {2 year olds) year class 1s much stronger in number. Although
some bias might have resulted from caplure method, we never the lass
will attempt to explain ithis observation. All Canyon Ferry kokanes
plants of 1967 were alr dropped whereas in 1948 the kokanee wers
planted by truck along the shore. Perhaps, Lhe cbssrved differences
in strength of year classes can be explained by differsnces in
suceess of resching the reservoir of fry planted by each method.

Our data indleates that the body-scale relationshins obiained
from scale diameter readings ars mors rellable than those obilalined
from seale radius readings. The coefficisnt of correlation for
diamster readings wers consistantly higher than those of radius

readings (see Table 15),




CREEL CENSUS s5TUDY

Purpsss

An attempt was made to determine the fishersen success in and
the use of the Helena Valley Heservolr. Weo were interested in the
creel composition, catch per nour, size of catch, and relative

shurdance of {ishernen.

Methods

We employed a "calteh as cateh can” creel census due to time
Timitations. Most of our creel data was obtained from weekend creel
checks, but some data was obtained on week days. HNo gttempt was
made to separate the cresl dats as te these considerations. Inter-
views conducted with fishermen ineluded the following informationm:

4. Wumber of fishermen in the party.

v, Total fishing hours.

o, Total Tish of each spsciss in creel.
Lengths and weights of game £igh were recorded whenever possible. The
majority of the creel census data was obtained during the snagging
season when large numbers of fishermen were sbserved at the reservolr.

The date was classifisd with regard to igeation and Time of year.
Dats was separated inlo exonrrent canal arsa, lake shore area, and
the immediate area where the incurrent canal enters the lake, Time of
vear ssparallons {neluded pre-snaggling SSaAs0n, snagging ssason pravious

o ice cover on the reservoelr, ard snagging season after ice cover,



An irdication of fisherman success is Lhe number of fish onse
person takes in one hour. We therefore entersd the data for the
tntal cateh and total hours of each party of fishermen into a
computer program (ses Appendix II11), using & formula given by

Cochran {1963), The formula is useC

o

o compube the variance of
2 ratic. The mean and variance of the cateh per hour for each creel
area was computed in this manner {gss Table {7}. Ws alsc computed ths
maan and standsrd dévia%isﬁ of the lengths of kokanse obtained from
each of our creel study arsas (Table 18).

During our creel census we also kepl track of the different
species of fish canght by fishermen in the census areas. We falt

uld help give an indication of species diversity in the

st

this w

o

lake and canal systenm.

Resulis

We computed an average {isherman use of the regervolr during

thres time periods. The averages and time periods ars given below,

Time Period Fighermen Obssrved Per Davy L
June 2 io August 29, 1970 57
September 2 to Ucteber 4, 1970 L.38
Jecember 11 to December 24, 1970 1.00

This dats does not represent abscluts fishermen densities, but a record

of observations and interviews with fishermen, Fish caught by

f4shermen during 196G and 1970 creel census incivded the following: Kokanes,
smallmouth bass, brown trout, yellew perch, carp, longnose sucker, and

whits sucker.

1

2, - ooa s - o + - e
This data represents approximately one hour ol ohservation by cresl
census taker per day.
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. Discussion

Obviously, the reservoir atiracts fishermen much more during the
kokanee snagging season that alt any other time of the year., During
the snagging season, whnich began on September 1 and ended on December 31
of 1070, an averags of 2.7 fishermen were ohserved per da,yg’s whersas Lths
summer months, June 2 to August 29, showsd an average of only .67 fishers
men per day. 069 fishermen were observed during the gummer months.
During the snagging season 148 [ishermen were obasrved.

£ishing success was seen to be al a maximum during the snagging
5Ea80n whéﬁ wokanee were caught through the lce at a rate of .79 fish
per hour. The average catch per hour Was .35 in the Leotal oreel census.
Although thisg harvest is low if compared with other kokanse Tigheries
(Robbins, 1966) (Jeppson, 1960), the average sizse of the kokanes in the
ragervoir is larger than tha kokanse of these other sreas. Our analysis
irdicated an average kokanee length of 513 mm. The average age of the
kokanee in our creel census study was 2.7 yesars. The length of thess
spawning kokanee compare to an average of 272 mm fTor spawning kokanee
in 1959 in Lake Pend Oreille in Idaho. The mean age of these fish was
somewhat less than five vears (Jesppson, 19603, Flathead lake showed a
spawning kokanee average of 343 mm in 1963, with the largest fish being
only 373 mm in length (Rebbins, 1966). In pur estimation, the Helena Valley

Reservolir lacks in quantity, but certainly compensates in quality.

| . . . )
This dats represents approximalely one hour of observalion by cresl

FESN

census taken per day.
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SUMMARY AND CONCLUSIONS

Mortality induced by the pumping device which provides waler
to the incurrent canal system is substantial. This route appears io
be the primary path by which kokanee enter the Helena Valley Reservolr.

Distribution of kokanes appears to be centered in the upper
portions of the reservoir. We feel this is dus 1o optimal plankton
concentrations and water tempsratures in this region during the
study period.

Record kokanse are found in the reserveir. The population of
kokanee mature at an sarly age and growth on a yearly basis appears
to be linear with regard Lo lengbh.

The reservoir is heavily fished. Although large nunbers of
kokanes are not caught by individuszl fishermen, the average size is
extraordinarily large.

ur data indicates that air planting methods allow mors successiul
recruiiment intc the réservsir than truck planting methods. We,
therefore, recommend that air planting methods be employed in future
Canyon Ferry plants. We feel that further investigation of this

fishery is necessary for proper managemsnt.
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APPENDTL T

Stardard Deviaticn Determination

12

14

200

35
36

by Jim Traynor

‘."‘q::j

TMENSION TITLE(Z0),F(16),4{18)
Y}
HEAD{1,15K

FPORMAT(12)

READ{1 11 )TITL

t FORMAT (204%)

READ({,12M,F
FORMAT(16,16F2,0)

READ{1,14)%

%ﬂ%%%? 26?5 2}

T

oo 1%@ J=1,M,1

LY mw?s??ggg}

CONTINUE

LTOT=0

DO 200 J=1,M,1
ATOT=XTOT+X{J1#¥{J}

CONFIRUE

KAVG=XTOT /FT

L5P=0

DO 300 J=1,M,1
L50=(X(J)=KAVE ) * (X(J-XAVG ) *(F(J))
ASUM=X8UM+L3Q

CONT THUR

STDEV=8QRT{X3WM/FTOT )
TF{30-FTCT)18,17,17
STDEV=SQRT{¥TOT/(FTOT~1) ) *STDEV
WRITE(3,33)TITLE

FORMAT (1X, 204l )

WHITR(3,37)

FORMAT{ 2¥ , BHYAVG, 54, 4KFTOT, 5%, 34STDEV)
WRITE( 3, 34)XAVG, PTOT, STDEV :
FORMAT (1L, F7.2,24,Fi.0, 20, F7.3)
lf-“v«é-'i .

TF{X-Y)35,35,10

WRITE(3,36)

PORMAT (1%, 1QHEND OF COMPUTATIONS)
CALL ELTT

BN
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APPENDTL I1

Calevlation of Fodv-Scala &9L&ﬁ1ﬁﬁ$h1§s Hih Thelr Coalfictent of
Correlation ard Freguency Distribution With Regard to Lensth and Weight

by Jim Traynor

MSTON WIDTHL(SG), WIDTHW{ 50, 8PEC{21 b, 8EX{210 i,
ETLE&{EEG,§ﬁz§2§G’§ (ECn (2107, g%&@ﬁ§§ﬁ3§@£ AT
B8 READ{L,90 N
GO FORMAT(T3)
READ(E,
11 FORMAT(
SUME =0
SME=0
SIMESG=0
Si) TESQﬂC
75 TFf%\éﬁ “39?6
?6 [?!3; £,16,17
Go15 ém* Sl
Q&%ﬁf* *@ SPEC(J),8RELT) ?LEE{J};%?{J}
L ?Owyﬁi{éqggl§xﬁ F3,0.74,
15 COHNTIHUE
GOOTO 3G
16 DO 20 Jw?iﬁ
13 READ(1,10)8PEC{J), SEX{J). TLEN(J ), 6T{J ; KELD{J)
10 FORMAT(AB,A1,1X,53,0,F4.0,73,604)
A=Ea0n(d)
T=TLEN(T)
SME=51 i‘ﬂﬁ"“‘ﬁ
§§Ji‘ﬁf Sv,um
SuﬁXSQWQQ%XSQ%§$X
SUMY 8Q=SUMY B0+Y %Y
Qﬂﬁing IMAPY -+ =Y
20 CONTINUE
?A&YM@
A={ {5 f*QgMXQQ;w{STfvﬁq§EX“?}}f{{f&LE*SUMXS@}&
E{SEMK$* 3
B={ {TALY*STELPY = { S *5 J&f}ﬁfifﬂﬁly*ﬁqﬁﬁbg}m
gfqrmzyﬁgﬁ}
H=({TAl ?*SVMEQZ;M%Dqﬁfﬁzﬁﬁyizgqﬁ U C{TALY #2150 -
LSﬁ“X*“? PRCTALY =M Y Eg 3 e SUMYRED LY
W &(4 g&if‘ﬁmﬁﬁf‘ 3
25 FORMAT{1X,58)
WHITE(3,3034,58,1
30 FORMAT{1E, 3HABR, 314,765 )

W
b)
o

)

Jﬁ

C'.:? e
I

N

e




040 tlggjf

%?ﬁiﬂwiii WIDTRL(I~1)+12.7

WIDTHW{ L) =WIDTHW{I~1 ) +.1
FHEQL{I =0
FREQW(T )=0
CONTIHIE
Do 506 1=1,50
Do 60 J=1,H
&wi o
TR{A*(12.7)=-TLEN(J))E4,
5*5 1

o, 62

TE{TLEN{J)~8%(12.7))64,63,63

FREQL(T )=FREQL(I )+t

TP (A*(0.1 - WE(I) 1000} :
Tr ((WE(J) /1000)-B+(0.1) )60, 66,6

FREQW( I y=FREQW{1 )+l
COHTINUE

CONTINUE

WRITE(3, 70 (WIDTHL{I),FR
FORMAT(1X,78.3,104,F3.0,
GO TO 88

3 CONTINUE

CALL EXIT
BHD

5

H
4
1

60,560,605
&

, WIDTHW(I),

QLI
0X,F8.3,10L,F3.0)

OL

FREQW(I), I=1,50)

75



Cobo b

writian in

ToENT
U’H’ \}{Jﬁ
“”Tﬁw

TP-RECORD 1403,

MODE IS F

FICTURE G99,
PIOTURE @9§¢
PICTURE 9VG99.
FICTURE i{’%}a
STCTURE X{80).
ORDS ARE OMITTED RECORDING MODE IS F
ORD T8 QUTCHEEL.
PICTURE {1217,
GEOSECTION.
o g(5)ve(s5) VALUE IS ZERO.
7 TURE 999 VALUE IS5 ZERO.
77 “TGE gl syvo{s)y VALUE IS5 ZBERO.
& FOTURE 9(5)Ve(5) VALUE [5 ZERO,
o1 L.
{ER PTCTURE X VALUE SPACE.
E~-QUT PICTURE X{B0).
iER E{40) VALUE SPACE.
1 .
LLER PICTURE Z(19) VALUE ' VARIANCE OF

PHOUE
Pl

e
Ess";ax

ADVANCING 2 LINES.

ﬂﬁi?mRECGRE THLZR,

GROUP-
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G0 TO P2,

CLOSE~UP.
CLOSE [WPUT-FILE VARIANCE.
STOP RUN,
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