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ABSTRACT

Using six surface gill nets, on October 17, 1976,

a sample of Kokanee {QOncorhynchus nerka) were itaken from

the Helana Valley Reservoir, near Helena, Montansa. The
age and growth characteristiics of these fish were studied
by the use of otoliths and scales. A comparison with the
sampled populations of 1969, 1974, and 1976 was made. An
investigation of oxygen content, temperature, turcidity,
and conductivity was made to see how much of the lake is

sultable Kokanee habitat. Carp (Cyprinus carpic) were

also cavtured, for the first time, during this glll

netting procedure,
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IKTRODUCTION

Kokanee population at the Helena Valley Reservoir has
been under scrutiny by the Montana Fish and Game since
1963, This fish was not originally planted in the reservoir
but had made its way there via the pumving network from
Canyon Ferry. Early Kokanee populations were of record
size, often reachimg_five pounds. However, we have noiticed
a2 decline in the size of the fish caught and the fishing in
terms of catech per hour, has fluctuated from excellent to
DOOr.

ur problem and the main objective of the thesis, will
be to develop & viable approach in +the maintenance of the
reservelir. Hopefully ome which will zgain favor the prodw
uction of a large game fish,.

We wlll approach the problems of decreased Kokanee
growth from three directions. PFirst, is their reduced size
the result of competition with the white sucker.{Clark-
Traynor Thesis). Second, is it the resuli of heavy planis
by the Montana Fish and Game, Thirdly, is it due to the
fact that the Helena Valley Reservoir has only marginal
Koxanee habltat. Included is an analysis of the condition
factors that could affect Kokanee szrowth.

Throughout our thesis we will be referring to 4. Clark
and J. Traynor's thesis and X. PFrazier's Independant Study.
Thelr research done in 1971 and 1974 respectively, is similar

to ours,
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DESCRIPTION OF 3TUDY ARBA

Helena Valley Reservolr (Figure 1}, = man made reser-
volr, is located approximately 9 miles northeast of Helena,
Montanz. The surfsce elevation varies between 3805 and
3820 feet having a meximum surface area of 518 acres and
minumum velume of 10,702 acre-feet, The maximum depth is
70 feet {(Qlark-Praynor, 1971). On may 7, 1976 we sounded
{Sonic Echo Scunder) the reservelir and found the maximum
depth to be 60 feet at an elevation of 3813.80 feet.

The Bursau of Reclamation operates a punping statlon
located at the bass of the Canyon Ferry Dam. The water
is pumped from a depth of 117 feet through the incurrent
canal, & 2.6 mile tunnel connected to a 7 nmile canal
system, intc the Helena Valley Reservoir. Water was pumped
into the reservolr from Avpril 12 to October 1 inm 1976. The
lowest water levels were observed in early Aprill (caused
by lack of incoming water and seepage} and eérly August
{caused by height of irrization withdrawal). A study of
water levels was conducted for the years 1972-1976, during
the months of April to Septembsr (Filgure 5},

The Helens Valley Reservolr consitruction was col-
pleted in 1959, The reserveolr was filled and 1ts water
is used for irrigzation and for municipal purposes by the
ity of Helena. The reservoir's leakage wzs Teco severe
between 1959 and 13963 for the Montana Fish and Game to

establish a fishery. The reservoir was drained in 1964 and
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the lesk was repalred,

In 1964, the Montana Fish and Game Depariment declded
to plant smallmouth bass in the reservolr because of the
suitavle conditiens. In 1967, 11,312 smallmouth bass
were planted in hope that they would re-establish their
population (Art Whitney}. AL Wipperman advised George
Holton that a friend of his éaught a Z-pound smallmouth
bass on March 23, 1976. Prior to this the last known
smallmouth bass were caught in mid-Jupe 1975 by Erv Kent
(14") and by Vince Yannone (56"}, The reservoelr did not
provide the necessary habltat for a smallrwouth bass
population to establish iitselfl.

Although the white sucker populatiorn ls the most
prevalent, the Kokanee have been the most lmportant fishery,
The Kokanee fishery develorped initally without management
from the Montana Fish and Game, Kokanee were established
in the reservoir through migration from Canyon Ferry during
water pumping procedures {Clark-Traynor, 1971)}. We observed
the following fish species during our study: Xokanee

{(Oncorhynchus nerka}, yellow perch (Perca flavescens),

white sucker ((atostomus commersonil), and carp {striaus

carniol. In addition to these species, Clark and Traynor
(1971} reported the following scpecies from Helena Valley

Ressrvoir (HVR): brown trout {Salmo %ruitiaz), longnoss

sucker {Catostomus catostomus), rainbow trout (Salmo

gairdneri), mountaln whitefish (Prosopium williamsoni],




smallmouth bass (Micropeterus dolomieuil, flathead chub

{Eybopsis gracilis), burbot {Lotaz lota), and mottled

sculpin (Cottus bairdid.

w1l



CONDITION FACTORS OF THE LAXKE

Purvese and Method of ¥Water Temperature Analysis

The main objlective in obtaining temperature calculations
is concerned with determining the water stratification in
regard to temperature values, or the limnology of the lake.,
Every spring Helens Valley Reservolr {FVR} experiences an
overturan of its water sirata (Welch 1935}, in whichk the ice
melts, folleowed by the sinking of the warm surface water,
which forces the colder subsurface water strata upwards.
Spring winds aid in this interactlon until the lake becomes
homothermis. In May the reservoir will begin to develop
2 pecullar vphenomenon, that should continue throughout the
summer months of June, July and August. An epilimnion, or
zone of summer cilrculation (Welch, 1932} will develop near
the surface, followesd by the thermocline, an ares which
experiences a sharp drop in temperature per unit depth.
Below the thermocline, the water bedy is nearly uniform in
temperature and is recognized as the hypolimnion. It is
apparent that seasonal and climatical factors participate
in the wvariety of reservoir situatlons. However, the
caleculations and relations of such phenomenon would reguire
more arduocus pariicipation and time then we could devote.

Two tyoes of thermomefers were used to obtain tempera-
ture data at EYR. On May 7 and June 20, the Mawimum-Minimum
was used, The instrument consist essentially of a U-shaped

tube, with a2 slender, elongated reservolr at the uppsr
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end of the left arm and a near-~shaped reservelr at the

upper end of the right arm. Part of the caplllary tublng

is filled with a liguid {creosote). An index {glass enclosed
iron wire} is in each limb of the tubing. After setting the
index's in each column, the thermometer is lowered into the
water. Creoscte in *the leftwhand bulb contracis as the
result of zolng into colder, desper water and the mercury
rises in the left hand 1imb pushing the index up the tube

to the minimum reading (Welch 19248). On July 29 and Qctober
18-19, we used the Model T-4 Marine Hydrographic Thermometer.
The merine thermometer proved to be a more convenient instru-
mert and one less susceptable to calculation discrepancies.
However, the information galned from both instruments

proved conducive to our theory concerning the Kokanee

habltat.

Internretation of Temnerature Anslysls Dats

On May 7, we recorded the maximum depth of the area
regearched to be 50 fest, Thls was the maximum depth and
would be subject to severe fluctuations due to the irrige-
tion reguirement of this area. As can be seen in reference
to Table 1, the lake underwsnt spring overturn, whereby
a homothermis water condition was reached and stratifiica-
Lion bezan.

On June 20, temperature conditicns wers nearly homo-

}

2 of year.

1.

thermic, which we found unusual for this tis
-3

Eowever, it must ve vpointed out that the weather was stormy



wldie

Table 1

Temperature Analysis of Helena Valley Reservolr

Time
Date Area Temperaturs of Day

May 7, 1976% Surface 550F 10340 a.m.
Bottom (40°) 4597 "
Midway 521’) 46°%7 "
127} 5097 .
Surface 569F 3100 Datie
June 20, 19762 Surface 098 1245 pem.,
Bottom (39°} 5897 )
(247) 59°F "
July 29, 1976% Surface( 63,908 6130 p.z.
9,87 C267F
(19.?2) 55,007 "
{29.5") 57.89F "
July 29, 19760 Surface 65,097 T7:25 p.m.
(19.7") 53,1%% ,
(29.5%) 57.297 )
(39.4%) 56,398 !
October 13, 19760 Surface 50,0°F 5¢30 p.m.
(59) EO,OOF &
Octer=r 13, 1976b Surface 47 508 G305 a.m,
(337} 47 5OF "

8Mg winun-Mininum Thermometer used

b, . )
Hydrolab T-=4 Marine Thermometer used
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at this time, with high winds and rain. We are now entering
temperature conditions which present a significant limiting
condition. BSurface temperatures have increased 5°PF, which
is nearly congruent with that of the subsurface waters,
Maximum depth recorded was 39 feet at a temperature of

589F, which will be pointed out to be the maximum range of
prime temperature conditions for Kokanee habitat (Refer to
Tabls 1)},

Mid-summer vposed the most severe hazards to a healthy
Kokanee fish population in the HVR., Thoush increasged
radiation raised the averapge temperature in each of the
gtrata, the reservelr was subject to severe water level
fluctuation (Refer to Pigure 5). 48 a result, the ares
that would be conduclve Kokanee habitat is greatly reduced.
Decreased Kokanee hablitat together with incressed water
temperatures would present a detrimental condition for this
specles.

The level of temperature most preferred by the Kokanee
specles lay in the 53,69 o 57,297 stratum (Brett, 1952),
Increase in the stratum temperature above the preferred
range resulis in lowered growih rate, increased suscepta-
bility to disease, and/or death. Fingerlings, fish measur-
ing 2~inches or less, Juveniles, and young =a2dults apoear
to be the most affected by the situation., Mature adults
may tolerate itemperatures up to SGQF, however mortality
greatly increases in this ranze.

Wlth reference to Table 1, the teumperature ai the



surface would most likely prevent infiltration by young
Kokanee salmon. The presence of an eplilimnion does not
seem vrevalent enough to show a noticeable temperature per
depth variance on this dete {(July 29}. I% appears as if
the thermocline ranges from just below the reservoir's
surface to a depth of 9.8 feet (58,9°-52.59F): +he
hypollimnion thus follows at 2 mean depth of 9.8 feet

w0 the reservoirs bottom, These resulis are consistant

in each of the two tests, though over the course of the
eritical summer months, the depth of these strata may vary.
Since the thermocline ares has a temperature range that
would not be favorable to the Xokanee, the main body of
Kokanee would be present at depths greater than 9.8 feet,
or below the thermocline,

Temperatures for the periocd in which the fish were
netted at HVR, on October 1B, are listed in Table 1. The
reservoir cooled significantly along with obtaining a2 more
homothermous condition. Pumping from Canyon Ferry termin-
ated, resulting in a permanent water supply that would not
be subjected to withdrawal until the following irrigation
season (Clark-Traynor,1971). Temperature consideration
as a primary limiting growth factor of the Kokanee popule

ation will be discussed later in this paper,
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Purpose and Method of Dissolved Oxvegen Analysis

Cxyzen 1s an lmportant element necessary in the survival
of the Kokanee species, and one which must be sunplied
continually in sufficient concentration. We wanted %o
determine 1f the cause of latent growih in the Xokanee
population was do to a deficlent oxygen concentration in
the EVR. Measurement was conducted by collecting a small
sample of reservoir water, and utilizing the Alsterberg
(Azide) Modification of the standard Winkler Methed., To
the water solution dry posder chemicals {in nlastic pillows),
such as alkaline lodid-azlde, manganous sulfate, and sulfuric
acid were added. This system used the "Drop Count" titration
principle, through five steps in Jjust several minutes {(The

American City, 1963},

Interpretation of Dissolved Oxygen Concentration

Notlce with referemce to Table 2, that the surface
oXyzen concentration and that of the botiom reservoir
strata on May 7 are nearly identical. This phenomenon is

ancother indication of the spring overturn which occcurs

Table 2 Dissolved Oxyzen concentration snalysis 2t HVR.

Date Aresa Titration™ Time of Day
May 7, 1976 Surface 12 Drops 11:00 a.m,
Surface 1 i : oM.
B Bottom {49ty 12 t ' 39 P
July 29, 197¢ Surface 12 M 6:30 p.m.
Bottom {401} 3 it ol

%
One drop = one part of oxygen ver million parts of water.

E
i



in most bodies of water. Surface water is turned under as the
winds drive the water azainst the shallow shore line areas.
This conditiorn would not pose a situation that would limit
preopagation and growth of the Kokanee species. FHowever,

we notliced a slznificant decline in the subsurface oxygen
concentration on July 29 (Refer to Table 2}, As we would
expect the surface waters showed no discrepancy from the
normal oXxygen concentration, but the hottom oxyzen concen-
tration diminished by 9 ppm. with resrvect to surface water,
dhether the lower oxygen concentration 2t this depth pre-
vaded to harm or 1limit the Kokanee distribution and aciivity,
we could not assinilate, In relstion to the minimum oxXyzen
requirements of the Kokanese, we could not find relevant
information concernling this, such as research conducted in
other areas of fish habitat.

The following concluslons concerning oxygzen requirements
were reached. First, since the food consumption rate is not
only a function of food avallablliity but alsc of feeding
activity, therefore activity as well as appeiite can be
depressed by a reduction of dissolved oxyzen {Doudoroff-
Shumway, 1966). Second, concentraztions below 2 mg/liter
together with average sunmer temperatures con pot be tolerated
for long periods by meost fish {Doudoroff, 1957). Third,
abnormally high concentrations of oxygen may also have
deleterious effects, in fact the literaiture cited indicates
that hirch oxygen concentration may be more of a limiting

factor of growth than a2 low oxygen concentration. ¥We can



be sure that the levels of dissolved oxyzen vary with resyect
to seasonal and environmsental factors. However under what
circumstances the growth rates of fish in their natural envir-

cnment depend on the oxygen sunnly, we do not know.

Furpcse and Methods of Susvpended Solids Analvgis

This approach was made in order to determine 1if the
accunulation and suspension of various elements could
Limit the growth of the Kokanee 1n the HEVR. Two methods
of analysis were used to collect the essential date. The
¥yron L "DS" Meter, Model EP (Myrom Co., 1972} was used
o measure the conductiviiy of the water with resnect ito
the amount of dissolved solids, This instrument is & self
contained unit which avntomaticzlly corrected to 259C for
changes in solutlon temperature from 32°F to 120%°F (Refer

to Table 3). It's reasonable to assume that the specific

Table 3 Suspended analysis (conductivity) at HVR.

Day Ares Conductivity” Time of Day
July 29, 1975 Surface 2.5 5145 pom.
Widway (227) 2.6 "
Dottom {(40%) 3.0 "
October 14, 1976 Surface 2.5 4230 pem,
3

Measured at 120 sensitivity, in miecromhow/cm>.

cenductance would vary from the surfzce through to the
reservolir bottom, due to subsurface water currents and the

precipitation of higher water particles,
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Secchl disk anelysls was alse gonducted to measure the
abllity of light penetration into the water. The Secchi disk
measured 20 cm. in dlameter and was divided into 4 alter-
nating black and white guadrants. A fixed line was attached
to the center of the disk (Welch 1948). By lowering the disk
inte the water and noting the depth of its disanpearance,
then raising 1t and agaln noting the depth of its reappear-
ance, the average of this measurement would be consldered to
be the 1limit of visability with respect to siznificant llght

penetration.

Interpretation of the Results

We were upable te relate the data collected with
previous research, which therefore inhibited our avility
to formulate a conclusive theory as to the lake's present
condition; one that would limit Xokanee growth, On July 29,
the 1imit of visanility {(Secchi Disk) was calculated at
6.4 feet. larse blue green alzae blooms, that of

Apanizomenon flosague and Polveystis aerugingsa (Wright,

19563, and floating weed beds dominated the surface littoral
region of the lake, Though %the algze expressed its char-
acteristic greenish features throughout the lake, Vast

alzae blooms, zlsc that of Avanizomenon (personal communica-

tion, George Holton), dominated the area on Qctober 18-19
whnich indicates that the EVR offers satlisfactory propogative
conditions for this species. Turblidity not only 1ls caused
by lerge sligee bloons, bdul 2lso from plankieon and other

zoological specles which prevall in the HVE. In additlon



to these ormanlc populatlions, inorganic susvpensolds such

as clay and soll particles could precipltate in these waters.
Though the effect of increased turbldity would be less
obvious, it has the votential to reduce the photosynthetic
zone in the lake and thereby lowering its overall produce
tivity (Lagler, 1952). To determine the extent of the
turbidity conditions in the HVR on the Kokanee populatlion,
would consume more time than we could devote. Perhaps this
situation is a vrimary factor in the residual growth of the
Kokanee, however a persistent approach with the avallablllty
of acute sclentific knowledge would coffer better Jjudgement

then elther of us could approximate.
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AGE AND GROWTH

RHelative Size History of Kokanee in HVR,

After inductiom of water, via the pumpinz and canal
systern from Canyon Perry, Kokanee were observed in the Helena
Valley Reservolr. It could therefore be presumed that the
Kokanee adopted the HVR as a fishery habitat by chance
rather than purvosely. PFisherman renorted to Filsh and Game
offlclals (Notes to File, Department of Fish and Game) of
Kokanee catches ranging from &-inch to 22-inch, or near
5 1/4 pounds (2382 grams)}. Records concerning this date
have been on file at the Department of Pilsh and Game in
Helena, from mid-July 1968 to the present day.

Because of the popularity of this sporting fish, HVR
has gained a rsputatlion of producing record size Xokanee,
and thus has attracted intra-state as well as inter-state
anglers, The record welght for Kokanee in the United
States and Canada was 1814 grams {4 pounds) until erased
by the 5 1/4 pound catch, at the HVR., Gill netting records
of the Montana Department of Pish and Game show on June
25, 1968 a Kokanee weighing 2087 grams was captured
(George Holton, personal communication}. 4 Xokanse
welghing 1865 grams was observed in 2 creel census i
October, 1969. Kokanee near or beyond record size have
not been tabvulated at HVR since, though this 1s not to say
that such do not exist.

Kokanee are angled with a variety of devices available
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to the average fisherman: Thomas Lures, Mepps Splnners
{red and white with silver bzck), Dare Devils {(pounded
brass, red, and white), maggots, nymph and muskrat wet
flies, copper "Kokanee King" with = fluorescent red or
orange head, worms, fresh water shrinp, corn, and gther

perscnal combinations.

Jollection at Helenz Valley Reservoir-Qclober, 1976

In order to ludgze the length-welght frequerncy and the
age-scale criteria, we endeavored to collect raw data
through netting procedures. Six {6) fleating gill netis
were placed on the HVR, October 18 at 5:00 p.m. (Clear-450%),
Nets were suspended by buoys along its length and secured
to the lake bhottom by lead anchors, attached to netting
by rulde ropes. Location of the netting varied from 35 to
8C yards, south by southeast off the reservolr dam. XNet
#1 was of the monofilament strand with a graduated mesh
size of l-inch to 2-inch, and an overall length of 30.5
meters {100 feet). Nets #2-% were composed of nylon material
with a graduzted mesh size ranging from 3/4-inmch to 2-inches,
and an overall length of 35.1 meters (125 feet)., Refer to
Table 4.

Al dipverman, Joe Nevela {assnciated with the Montana
Depertment of Fish and Game)., George Holton {assistant
Flsheries Division Administrator, Montana Department of Fish
and Game) alded us in the setting of these nets. AT 9 2.1,

October 19, {Clear-40°F) the nets were removed Ffron the
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lake to the shore where they were analyzed individually.

Table 4 HWet Characteristics, EVR, Ocitober 18-19, 1976

Ket Number I I3 LT v ¥ VI

Type Monofil, Nylon Nylon Hylon Nylon Kylen

Length of 30.5 n 38,5 .m - - - -~
net

Mesh 3ize  1"-2" 3/4%-11 374000 . - -

Denettine was done manually for all nets, which in-

cluded removal of Kokanee (QOncorhynchus nerka), white

sucker {(Caztostomus commersoni), and yellow perch {Perca

flavescens). Considering that the placement of the nets

on the reservolr was randem, the catch per net would like-
wise be so. Kokanee represented 72.70% of the total
catch, whlte sucker 31.29%, and carp .71%; the Kokanse
ratio is bhetter than 2:1. Also included in the catch
were the distinguishable msture Kokanee which represented
17.80% %o the total Xokanee catch {Refer to Table 5).

Azge analysis of the general Kokanee pooulation was
to be deducted from the Kokanse which were netied. For

the immature fish, or 82,279 of total Kokanee caught,

L]

scales were removed with a knife, from the side of the
body just above the lateral line and below the origin of
the dorsal fin., BScales were stored in scale envelopes,
with the length-welght measurement recorded. Scales,

1ike other bony structures, disclose seasonal changes in

rate of growth; particulerly true in waters which becone



Table &
Breakdown of Fish Caught in HVR, October 13, 1076
et ¥o. I 11 III Iv v VI
¥o. of Xok. 39 21 63 45 71 69
Caught
¥o. of Mature 8 4 2 3 5 4
Male Kok.
Caught
No. of Mature g 2 2 7 3 )
Female Kok.
Caught
No. of Total 17 6 4 10 3 10
Mature KXok,
Caught
No. of Sucker® 26 30 13 3% 19 12
Caught
No. of Other” o 0 ) 3 o 0
Species
Caught
Total per net
of Xok, Sucker, 65 51 76 82 50 a1
Carv

®wnite sucker is species tabulsited.

bﬁarp species tabulated.



cold enough to interrupt growth for part of the year
(lagler, 1952). Mature Xokanee, because of the regression
of thelr scales necessitaie bone anzalysis to determine
age, of which the otolyths (sar stones) ars most econom-
jeally reliable. We cut the skull, several nillimeters
dorsally and behind the eyes, and rsmoved the sacculus
which contained the otolyths. Storage and data recordsd
was identical to scale recording. Determining the age
by the otolyth method required distinguishing the vari-
ability of the translucent zones. A transluecent zone

is layed down every year and each zone is separated by
an opague zons. For example, yearling (I+) have two

transliucent zones with zp intervening opagus zone.

desulis of Oteolvih and Scale Analyvsis

Three-nundred and nine {309) Kokanse, one-hundred
and thirty-three {133) suckers, and three carp were
netted. Mature females {29} revpresented 6.832% of the
total count (£25), while mature males {28) reglstered at
6.11%, which indicates an even distribution among the sex's.
Ketting of the carp specles, though representing snly'

7% of the total fish count, presents a new force to
contend with in regards to the Kokanee population. Its
possible future effects will be delt wiih in the precesding
discussion,

The sucker catch averaging 11.78 inches {302mm) and

31.3% of the total catch did not show a related frequency
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with respect to percentage of total catceh in past years,.
Data collected in October 1974 {Georze Holtbton, ¥ontana
Fish and Game) showed white sucker averaging only .95% of
the total catch, while the white sucker count in July of
1974 averaged 91,37 of the total fish count. Varlability
with respect to time of year, locatlion of set, total
number of neits sets, and climatic factors contribute 1o
the diversity of the information. The white sucker

population and Lts role in the HVR fishery will be

interpretzted in full later in this discussion.
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Discussion

Kokanes Species {(Oncorhynchus nerka)

The dorsal surface of head and body range in color
from briliisnt steel-blue to greem-blue while sides
over all are bright silver with no distipcet markings;
ventral surface is white to silver (Scott-Crossman, 1973).
Mature males and females turn bright red to dirty red-zrey
along with deformities of head, sunout, mouth, teeth, =z
small hump vefore the dorssl fin, and embedded scales.
Mature males can be distinguished from females almost
imeediately by a prolonged, hooked, turned up snout and
gaping mouth. PFallure of adequate spawnling faclilities
at HVE prohiblit Kokanse spawning which would normally
geeur in the fall. Growith is rapid but also extremely
variable as noted in northern British Columblia, where
maturity is reached at 5-9 inches {(203-229mm), while at
HVRE mature fish varied from 15~ 17.9 inches {348-458mm)
in 1976, Generally, Kokanee mature, spawn, and die at
4 years of age, but fish age 2-4 years may mature and fish as
0ld as 8 years heve been seen. Kokanee, which in spring
and fall may inhabit all depths, usually inhabit the
upprer middle layers of the oven lake during the summer.
#ith inecressed summer temperatures and during winter condi-
tions, Kokanee move into deeper water {Scott-Croassman, 1973).
In the summer, they have extensive dally vertical and onshore-

offshore movementis, possibly assoclated wiih temperature
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and food {Scott-Crossman, 1973).

The Kokanee is mainly a pelaglce, plankton feeder
but it may derive a signlificant portion of its food
from bottom organisms. Zogoplankiton, terrestrial insscis,
and water mites comrose a significant part of the Xokanee
focd at HVR. Kokanee as a result of their plankion diet
and copen water habitat may compete 1lttle even with other
plankton feeding fishes (Becott-Crossman, 1973). Average
veolume of food in the stomachs appears to be hlghest in

June and Qotober.

Length~delight and Scale-Ape Anaiyslis

Scales from Kokanee captured in 1976 were examined
by these researchers, at the Blologlcal Laboratory
facilities at Carroll Colliege. Also, Laney Hanzel, of
the Montana Fish and Game Fishery Division at Kalispell
Montana, calculated data for 1974 and 1976. John Clark,
now with the Alaska Department of Fish and Game, Division
of Commercial Fisherlies, clarified and analysed data he
collected from HVE in July 1974. All data was amassed
and carefully, oblectively scrutenized.

Kokanee scales and otolyths were examined for
immature and mature fish respectively under a refleclting
microscove (10x) and light microscoose (45x)., Hangel
examined the scales under oil immersion at 67 times the
gcale enlargement. Otolyth interpretation ssemed more

reliable than the scale reading due to the presence of
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hge and length freguency for 1976
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many checks or groups of closely assoclated circull
rather than singular circull; the result of slow growth
as during winter,

By randomly calculating the age from the length
frequency graph {Refer to Pigure 2) we derived an overall
relationshly between fish age and its length and weight,
The main objlective of analysis was to correlate the average
length-weight data with that conducted in the past years,
and to determine the variability, 1f any, which has occurred.

As mentioned previously, Kokanee caught in 1369 ware
of record size as supported by the fact that the average
welght {0%, fish approaching =ge one, I+, fish approaching
age two, IIY, III*) was 800.07 grams, with a total average
length of 431.10mm, Samples obiained in July of 1974
show a marked decrease in total average welght (217.46 grams)
and length (286.20mm), This sampling marked the minimum,
statistical vosition of the Kokanee in HVR. However, loca-
tion of the nets in benthic and littoral areas of the lake
moderated the catch so as to put the viability of this data
in question. In other words, the locatlion may nolt have
been ldeal or averzge ¥Xokanee habitat.

Netting in Cctober 1974 (Refer to Table 6} yislded
Kokanee with & total average welght of 109.7 grams and
total average length of 259.05 mm., Though this data is
lower then the July data, information regarding II% year
class was not available. In reference to Table 6, the It

and II%- III+ {Mature) of the October 1974 caich are



Table 6

32~
Average weight and length analysis of Kokanes
for years 1969, 1974, and 1976.
Year
Classification Oct.~ Nov,196% July 1974 Oct.-Nov, October
{Clark-Traynor) {Clark) 1974 1974
Fish & Game
No. of fish 202 66 310 309
ave, wt, of O+ Li,6 50.95
class
Ave, wt, of I+ 111 156.53 260,16
class
Ave, wt., of 11+
clasgs 292 hpg, 17
*Ave. wt. of ) 279 .4 397.91 697,82
mature II+
and 111+
Total ave. wt. 800,07 217 .46 199.7 359.51
of O+, I+,
I+, II1+
Pive. 1n. of 0+ 172.05 167 .43
class
adve. In. of I+ 224 : 235,38 284,61
class
Ave, 1ln. of 318 339,48
11+ class
*Ave, 1n. of 316,.6 369.74 419,23
mature ilI+
and III+
Total ave. 1ln. 31,1 286,2 259,058 302,68
of G+, I+,
TI+, II1+

#4411 mature Kokanes were femzles.

aweight measured in grams.

Length measured in milimeters.
Note~ This sign, , indicates insufficent data available.
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larger on the average than those of July 1974, which we
could assume to be a more formidable indicator of the
vopulation health, October 1976 netting indicates that
the general length-welght situstlion of the Xokanee in the
HVE is on the upswing. With a total averagze weight (353,51
grams} and length {302.60mm} exceeding that of 1974, a
significant population length-welight increase 1s indicated.

Coordinating the counsistant data for July 1974,
October 1974, and Cctober of 1976 {Refer to Table 7).,
age I and mature II*- III" were combined, ylelding
a clearer view of the situation. Total averaze weight for
the July 1974 catch was 195.20 grams, October 1974 ai
277.22 grams, and Qctober 1976 at 478.9%9 gzrams. Both
the October 1974 and 1976 catches consisted of 2/3% of
the total Kokanee caught. A similer indication vprevalls
with the average lengihs; in July 1974 at 270.30 mm, Cctober
1974 at 302.56 mm, and October 1976 at 351.92 mm,

To further emphasize that the Kokanes populatlon at
the HVE 1s on the rebound, mature Kokanee analysis was
conducted for the years 1969, 1970, 1974, and 1976 {Refer

to Table 3}, HMature male and female Xoksnee are classi-

by

fied as to thelr numbers respectively, percentage o
total mature Xokanee count, and total average length-
welght relation, Males and females had nearly iLdenticsl
welzghi~lcength coordination among each year catalogued;
in 1976 males averaged 713.33 grams and females 710.30

grams, while in 1874, males averaged 410.21 srams and
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Table B

Length-weight analysis of mature male and female

Kokanee in the vears 1969, 1970,

1974, and 1976 at HVR.

”Eﬁm

Dats Hokanse Mo, of fish Pergent of Lve, Tot, va,
class, in class. total #Hlength Total
mature Kok Fwelight
#1969-1970 Total mature Lo 5i, 1% 5064 1037.35
male Kokanee
caught
Total mature 34 b5, 9% 508.9 1061.76
female Kok
caught
P17k Total mature 17 2. 2% 363.80  L12.21
mals Kokanse
caught
Total mature 19 g2 . 8% 34,21 357.53
female Kok
caught
©1976 Total mature 26 52.7% 42,11 713.38
male Kokanes
caught
Total mature 29 47 .3% 413,17 710,30
female Kok
caugnt
*eight measured in grams.,
##Length measured in millimeters.
aﬁtuﬁy conducted by Clark and Traynor.
bﬁtuﬁy conducted Game.

Co
Study conducted by

b]

y &

o

.
1
e1il

ang NMoen.

by Clark and the Mentana Department of Fish and
)
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females 357.53% grams, compared with 1969-1970, with males
at 10%7.35 grams and females at 1091.76 grams. Therefore,
it avnpears that the HVR offers a conduclive fishery, that 1s
not biased toward the sex of the species. Average dala
for mature Kokanee collected in 1974 represented a 274}
decline compared to 1960. Similar Kokanee data for 1976
represented a 57.5%% ilncrease over 1974 and only a 149.5%
reduction with respeet to 19269,

deight in fishes may be considered to bs 2 function
of the length., The length-weight or condition factor {(K)
was determined for HVR in 1974 and 1976. Values of K
have bsen used widely by fishery investirators to express
the condition, relative robustness, or "degree of well-
veins™ of fishes {Tagler, 1952). On this basis, K has
also becn used as an adiunct to age and growth studies
for indicating the suitability of an envircnazeni for a
specles, and 1o measure the effects of environmental
improvement, including stocking (Cooper-RBenmson, 1951).

The condition factor is determined using the general

=

L

gguation, X = (105)¥/L3, where ¥ = welght in grans and L =
length in centimetsrs,

For the 883 sampled Kokanee (October, 1974}, the
average condlition factor for 5-inch fish and over was
23,27 with a confidence factor (standard deviation = 1.282)
of 3167, Therefore, the degree of errcor exvanded the range

to 36.94 and 29.60 or approximately B0% reliability. For

the 300 Koksnee sampled in October of 1976, the average

S
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condition factor for S-inch fish and over was 39.%6 with

a confidence factor (standard deviation = 1.282) of 4.80,

at about 80% reliability. The degree of error sxvanded beiween
44,16 and 34.56, The minimum condition factor {34.58) for
1976, overlaps the minimum condition factor {35.94) for

1974, therefore no significant deviation betwesn each of

the two year classes can be resolved. Year class comparison
per year would not produce valid approximation because

group lengths under each study are not consistent. Ideally,
considering the situation which exist at HVR, overlaping

of average condition factor should not occour.

Population Density

Development of a viable fishery requires the inducse-
ment and maintenance of a2 fish population in relation to
the waters area potential, #hat is the maxzimum number of
fish which can be planted and which can atiain maxzinmunm
growth? After EVR was recognized as offering a viable
Kokanee habltiat, the Montana Pish and Game acssumed the
responsibility of stocking Kokanee in the reservoir {Refer
to Pigure #). Fish fry (2-inches) were planted in the
incurrent canal, ranging from 25,330 plants in 1971 to
135,540 in 1973. Since then, vplanits of Xokanse have
averaged 41,435 in 1974, 1975, and 1976,

Figh fry are considered to be 0%, and Janusry 1,
serves as the birthday for all fish. Therefore, fish

ry vlanted in May 1971 {07} would Le considersd o+ until

S

by
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January 1, 1972 when they would be I%, and so on. Fish
fry planted in May 1972 (0%) would therefore be I* in
1973 and IIY in 1974, the time of Clark's and the Montana
Pish and Games analysis of HVE. Alsc, fish fry planted In
1971 (0*) would be I* inm 1972, II%in 1973, and ITI* in
1974, XKokanee sampled in the 1974 catch are indlecators
of the fish which were planted in 1971, 1972, and 1973.
Though 1t would not be ratlional to assume that all the
fish (235,330} survived, the majority did.

Cause of the reduced Koksnce size was contended to
be the result of hizh density or over-population {Prazier,
1974). With reference to Tables 5, 6, and 7 we indeed note
a startling reduction in Kokanee in 1974, as compared
with other years., What has resulted is over-population
and forced intercompetition among the species., The
population demand for food has exceeded the reservoirs
supply, thereby as a result of the economics of the
situation we recognize reduced Kokanee size.

This size reduction, resulting from over-population
can alsc be correlated with the reduction in the water
table for the years of 1972, 1973, and 1974 {Refer to
Figure 3). Maximum drawdown of the reservolr water table
occurred betwecn the periods of June 1 - July 4L and July
15 « August 15. Irrigation demand has necessitated large
water table reduction which as = resuli, reduces the
productive fishery habitat of the reservoir {Refer to

L

Figure 4}, This reduction exposes a large guantity of

B
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Planting data of fingerling Kokanee in the HVR,
by the Montana Department of Fish and Game.
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shoreline, and reduces the reservoirs capacity to orovide
cool water in summer months. As menitloned previously,
warming of the water expands the depth of the epilemnion,
lowers and decreases the depth and volume of the thermo-
cline and overall, limiting the area of conducive Kokanee
habitat at the EVR., Therefore the mgority of Kokanee in
the reservolr will be congregated in the area of reservoilr
depth that can be tolerated.

Kokanee planted in May of 1975 (0%) were III*, 1974 {(oh)
were IIY, and 1975 (0%) were I* in the October 1976 sampling
(May 1976 (0%) were also caugkt)., Kokanee (III*) were
part of the 135,540 planted in 1973, II+ and I+ were part
of the reduced Kcokanee plants which averaged 40,440, Total
planting analysis for these three years (1973, 1974, 1975}
equalled 216,420 or 75.8% of the 1971, 1972, 1973% totals,
Planting in 1974, 1975, 1976 totzaled 124,300 or 43.5% of
the 1971, 1972, 1973 plantings; a2 significant decrease.

Notice that in 1975 and 1976 the water drawdown
Wwas very moderate as compared with the previous three
years; this correlated with reduced planting {decreased
population density) should result in increased fish sigze
in our 1976 sampling. Indeed %here has been an increase
in size for the 1975 age groups (Refer to Pigure %) of
the Kokanee species in the HVR,

Removal of z predatory fisk in Oultus Lake, B.C.
{Foerster-Ricker, 1941} presented as example of over-

populatlon, by a 3 fold increase in the survival of young

e
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sockeye salmon, Because of the increased survival, the
average welght of the individual fish was nearly reduced

to half. This indicates that the over vopulation of a

warm water specles such as Kokanee, would result in reduced

growth.

suecker

The white sucker (Catastomus commersoni) is found in

waters with cold and warn temperatures, high and low
turbidity, and reaches maximum abundance in man-made
impoundments {Brown, 1971). Spawning occurs in the spring,
usually from early May to June {Scott-Crossman, 1973),

and individuals may spawn from l1-4 times. Sucksrs are
usually fish of lakes or warm, shallow bays.

The fry at 12mm length begin feeding nsar the surface
on plankton and other small invertebrates., A4t 16-18mm,
the period when the mouth moves from terminal to ventral,
there 1s a shift to bottom feeding, where they feed on
aguatic invertebrates, diatoms, alzae, and debris (Brown,
1971). As bottom feeders they do not constitute serious
competlition for other browsing, shallow water fish {Scoti-

Crossman, 1973},

Suckxer Compeftition with Kokanee

Previous interpretation of the reduced size of Kokanee
in the HVR was relegated to its direct interactive compe-
tition with the reservoir white sucker population.

However, these studies may have been biased in thelr

e
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selectlon methods; placing nets in the shallow, littoral,
and benthic zones of the reservolr {Clark-Trayanor, 1971).
Also nets were »laced in these areas during the daytinme
{Clark, 1974} when temperatures would not stimulate Kokanee
migration inte these aress,

Sucker analysis was conducted vy Rauch (1974}, who
captured the majority of the 223 suckers in the hentihic
zone. Age, length-welght calculations of kis subsampled
group {79} produced weighted mean total lengzths at each
annulus, providing an index of past growith averages. His
results 4o not support any evidence of a high density
white sucker population, but indliecate a remarkably stable
population {Rauch, 1974). As compared to other studies
the growth rates were not high, in that it almost dupli-
cates that of the Missouri River, Montana (K& threin, 1950).
In fact, the overall coefficient of condition {XK-factor)
of 1,01 {range .34 to 1.19) for HVE white suckers is
consldered poor by Minnesota standards (Minnesota study
conducted by Eddy and Carlander, 1940) as reported by
Rauch (1974). Stability can be seen in the growth of
succeeding year classes (Refer to Pigureé }, indicating
that & constant environment of adequate food supvplies and
favorable conditions cccur {Rauch, 1974), Thiz seems to
indicate the idea of a large white sucker population as
inaccuraie.

Intensive netting of the longnose sucker {Catostomus

catostomus) at Pyramid Lake, Alberta was initisted in

order to improve the rainbow trout azungling. They succeeded



Total Length in millimeters

~hli
#Pigure 6

Yearly growth rates of white suckers from HVR July 1974.
*From Rauch, 1974.
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in reducing the average size of the sucker taken in gill
nets from 5.4 to 1.5 ocunces over a 5 year period (Rawson-
Elsey, 1950}, Although the number of large suckers was
reduced, the number of young suckers increased. The rainbow
did not show any increase during this time or 3 years

after. Because of the similar food habits of these species,
theoretically there should have been a size increase. Again
the phenomenon of a high density population seems exhibited
as a controlling factor.

Active fesding of the white sucker is usually
restricted fto near sunrise and sunset when they move to
shallow water. DJata concerning the sucker catch per gill
nets set, and the length-welght relationship has been

tabulated for the years of study at EVR {Refer to Table 8).

Conclusion

Qur research at the HVR indicates that many factors
may influence the growith of Kokanee. Water temperature,
oxyzen concentration, water conductlvity, c¢limatic factors,
reservolr water table fluctuations, inter-competition
with suckers, and intra-competition resulting from a
high density pooulation all interact to produce a uniqgue
goosystem. We have not committed ourselves to say any
one or two systems maintain control, but have relsyed the
degree which we feel each contribuie.

There exist in nature a narmony and balance among

the varizble svecles, When the welgzht falls toward one

-
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end or the other, a feedback response signals reccurse for
correction, In the case of the HVR, the ecosystem that 1s
peculiar for this reservolr could not balance the large
Kokanee population. As a result, the situatlion had been

modified to the extent of reduced Kokanee size.

Future Predictions

As indicated in the Qctober 1976 cateh, the carp

(Cyprinus carpic} species captured, presents a problem atl

the HVR, The carp 1s an omnivorous feeder and vegetatlon
and detritus make up the bulk of its diet, but almost all
available aguatic organisms of sultable size are esaten
{Brown, 1971}. They prefer moderately warm, shallow
water where aguatic vegetatlon 1s plentiful, and generally
live less than 10 years, though records indicate up to 50
vears of age. Whether carp wlll have more of an affect
on the sucker populaiion, because of its desired hablitai,
or on the XKokanee population can only be hypothesized.
Considering that there is s lerge porulation of I+
and II* Kokanes moving toward maturity and therefore
greater size (Refer to Figure 7), fisherman success
with respect to large Kokanee hooked and number hooked
should be excellent for 1977 and 19772. However, clima-~
tical factors may be significant force in determining
the freguency of future success. Weather forecasts
indleate that trhe summey of 1977 will be dry: thus

coupled with low spowpack in the higher elevations



Flgure 7
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October 1974 and 1976 Kokanee growth
comparison.
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and increased irrigation demand its effect on Kokanse
may be detrimental. Though predictions at {this time may
be inconsistant and inaccurate wilth what may occur, the
possibllity does exist,

In regards to the Kokanee ovlants at the HVR in May,
1977 we suggest that plants be further reduced %o 25,000~
30,000 fingerlings ito accomodate for the possible increased
irrigation requirements. This should insure continued
increased growih within the Kokanee vopulation. However,
the possibiiity of reacning the plateau of produclang again,
larze numbers of record size Kokanee does appear possible

though not probable.
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