THE FCOD HABITS AND DISTRIBUTION OF RAINBOW
AND CUTTHROAT TRCUT 1IN
LAKE KCOCANUSA, MONTANA

A Master's Thesis by Bteve L. McMallin
Fishery Resources
University of Idaho

December, 1979



THE POOD HABITH AND DISTRIBUTION
OF
RATNEOW AND CUTTHROAT TROUT
iy

LAYE EKOOCANUEA, NONTARA

BY

STEVE L, MOMULLIN

In partisl fulfillment of the degres of
Master of Science, Fighery Resources
University of Idaho
College of Forestry, Wildlife and Hange Sciences

December, 1979



LI38T

OF FIGURES . . . .

GF TABLES. . . . .

ABETRACT. & « ¢ o s « =

INTRCDUCTION. - .« « & -

TABLE OF CONTENT

DESCRIPTICN OF STUDY AREA . o - ¢ « « o = &

Figh Distribution.
Zooplankton. . . .
Benthog, = o ¢ + =
Food Habitsg. - « .
Energy Analysis. .

s & & =& ¥ = = B = B

Female Gonad Moturstion., - ¢ « ¢ + o

Phyaical ldimnology

RESULTE & « o & o = o

Figh Digtribution,
Zooplanktorn. . . .
BenthoS: =« = = s o
Food Hablis., « « -«
Rainbow Trout
Bainbow Trout

& & & ® = ® & B & &
& @ ® & ® # & L
s 7 2 = % @ % 8 & @

I # 0§ 2 & 3

Longer than 230 mm,
Shorteyr than 330 mm

g

@

Cutthroat Trout Longer than 330 mm.
Cutihroat Trout Shorter than 330 mm . .
Hungry Horse Reservoir Cutthroat Trout.

Energy Analysis. .
Small Bainhow

s & =& s £ # @ & & @&

Troul o+ 2 s o 8 e

Smell Cubtthroat Trout . &+ « « = =
Large Balubow Trout . . « &+ o « »
Large Cutthroat Teoul o ¢« + 5 & »
Feomale Conad Maturadlion. . + « = » = =
Privgical LAimnoloZy « « + ¢ ¢ 2 s = o+ s

DISBCUSEION. & « < = » &

LITE

Figh Distribuiion.
Pood Habifts. . » -

9 & & 8 & ¥ % @& & ¥

% % L L

@ = % @ 0® % @ = 8 2

Benthos and Zooplankion. . + ¢ « = = =

i1l Hets sz & Pood Habits

RATURE CITED, . . .

@ = & & § & &% LI )

£y

@

=

Bampling Tool

&

=

a

®

ol
o

Page

iid

ik

Py

&

L P
Es &

=
Bl OO0

I
=



]

bl

[
“

oo

i
-

%]

e tr s T 5
The Kootenal River dralnage. . ceecess s totacstnossersananaransdss

The Montana portion of lake Koocanusa and its nmajor tributaries.
Shaded arsas indicate sampling Site8. . .seceisressnvsssrcrssaanss

A schematic diagram of the vertical gill nets used during the
Food nabibs 8LU0Y. ccsscroncacorssraossessarcosesrsrossssssssonss
Vertical distribution of rainbow and cultthroat trout captured
in vertical gill nets in limretic aveas of lake Koocanusa, 1975~
Ty s s ssesasesasesnos s et e st ias At AN e a e s oy aea e

Temperature profile and vertical distributions of gainbow and
sutihroat trout captured in vertical gill nets in the forebay
ares of Ioke Koocanmusa, August, 1977 .o esrcrciosansonsnsnens

Monthly ter vertlcal tows in the

Rexford area of lake Koow

,..\

4

Jankton densiitils
""?

g in 20 me
nmasa, 19

1977
s.,g;iztﬁ#a&a-!saisegsaanam%%ﬁs§slﬂ
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left indicates a sample without Dipterans or Oligochaetles
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Tne fond hablts and distxri

v, volumetrically and by frequency of occurrence, All three methods

were combined into an index of relative food item Imporiance,

Eoth species wers congcentrated in the upstreanm hall of ilhe veservolr
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cut the length of the reservolr the rest of the year. Cuithrost trout wers

limnetic areas sxcept during mid-summsr. In aid-summer, rainbow troul were

most abundant at depths with temperatures in the 17-19 © range and cutthroat
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trout in temperatures of 15-18 €. Cutihroat troutl weres found

surface and rainbow trout at all depthe in nearshore

m
)
b
45}
&
2]
ot
o
i
3
[
g
¥
&
s
o
oy
[

vear, No clear pattern in the horisontal distribution of either specles

seross the width of the reservoir was svident., The selective walter withdrawsl

system in Libby Dam, if operatsd nroperly, can minimize the number of fish

the resemvoir,

Davhnizs was the most imporiant food item in the diets of both species

Roth speciles Ted almost entlyvely con Daphnis in winter. Tervestrial ingects,
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food habits

In this report L present the findinge of a study of

134 et gy d IETN SO O P, N o Dl d b e preed sl e ey [
and distribution of rainbow {Balmo galirdneri) and wesislope culihrom

collections of westslope cubithreat in Hunry Horse Hessrvolr, Montanz. The
results of seasonal soocplankicn and benthic zampling are pressnied. Hgg
develomment was monitored in both species throughout the study. I also

evaluate the use of gill nets 1n feod hablis studies,
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impoundment. Woods (1979 evaluated primary productiviiy. Falter and

i

R

plished) ayre studying the population

Trving (University of Idaho, unpu

dynamics of phyboplankton and mooplaniton. Bonde and Bush {1975} and the
a = 3 . o i z - . ¥ b 1

British Columbia Department of the Envircnment {1976} have pub

on the water guality of the ¥ootenal Hiver and lake Hootanussa.

the Montana Depariment of Fish, Wildlife and Parks, OSome of the objsciives
of Montana studies incliuded determining fish populstion trends, growth and

condition of major fish species, dlstribution of fish species in the forsbay

1
wf

ares, angler use and success, and develcpment of tribularies for trout

research program.
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F the gaps in the existing knowledge of the 1ife histories of rainbow and

[

as well), rainbow trout have flourished in the reservoir since
impoundment.,

Most rainbow irout enter the reservolr by the start of their second
summer, with some lesaving the tributaries as fyy [Bruce May, psrsonal
communication). A few enter the reservoir at age I1. Growth is rapid after
fish enter the reservolr. Hainbow troul that have spent cne year io a
tributary stream average approximately 60 mm (2,3 in.) total length at age I,

290 v, oat age IT, 390 mm (15.5 in.) at age 11T and 430 mm

o
[
fros

AL
)»« 4
o)

5 T ] £y £ + - 4 . B ~ o ] T £
in.} at age IV (May et al. 1979). Most rainbow mature at age III or IV. The

The systematics of rainbow trout in the Kootenal drainage is an
unsettled question, MacCrimmon (1971} included the Kootenal River upstrean

-Montana border in the natlive rangs of rainbow, at Allsndoxr?

rainbow trout may be native in the Montana porition of the Kooltenzai River

found in the reservolir ares,
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Hestslope cutthreat trout are native to ths Kootenzl drasinage both

above and below Kootanail Fa
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hatchery Tish came from the Hungry Horse Reservolr

hroat are thoughl to be adfiuvial

Flathead lake trapped when Hungry Horse Dam impounded the South Fork Flathead

icstion).

Juvenile westslope cutthroat spend one ito three years in tributaries
hefore entering lake Koccanusa. The largest numbsr en

Cutthroat aversge 50-75

srowth in the ressrvoir.

P

~ o - - : 5. vy S { e T
stream average 325 mm (12.8 in.) after one year in the reservoir lage TII;

ter two vears in the reservolr (age ). Cutthroat
L s e 3 3 i . " o P . fa4 £ 2 Yo
that spend three vears in a tributary stream average 295 mn (11.6 3in.) at

(May =t al. 1979).
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Average length of spawning cutthreat in Young Ureek has incraazed as

adfluvial Tish have replaced fluvial fish. Spawners ithat enitered Young Ureek

4]

. y . 3 1 £ Y
B0 mm (15,7 in.) in 1977 (Mey and Huston 1976, 1577).
2 4 o 2 = =8 s
iinlike coastal cutthroat trout (Salme ciaxki clarkil, which success-

h

fully coexist with rainbow trout, and westslope cut tthroat in the Salimon and

Olearwater river drainazes of Idaho, which have evolved with anadromous

ion of hatchery rainbow
trout {Behnke 1979), The wesislope cutthroat has held up better than many

subspecies of interior sutthrost bul sure porulations ars rare and regulre
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in lake Koocanusa. The main thrust of cubthrost management has consisted of

Tutaries, Some streams were chemically treated prior to stecking to

consisted only of bayrier removal. An adeguate cutihroat fishery has been

o

17, &
[

ungry Horse Reservolr withoul hatchexy supplementatlon.

~
o

maintalined 1L

v

'

IS
X

a1 in tributariss. Development usually included identifi-

the success of the managemsnt program. Montana Department of Fish, Wildlife

and Parks personnel are lnvestigating the spawning and sarly 1ife history

of rainbow and cutithroat trout. The study reporied hersln was sst up tod

{1) assess the food habits of rainbew and cutthroail trout with
respect to season, arvea of reservoir and size of fish, and

(2] assess the seasonal differences in distribution of rainbow
and cutthreat trout within the reserveir.

DESCRIPTICH OF STUDY AREL

Take Koocanusa was created in 1972 with the completion of Libby Danm,
o
The dam impounded the Kootenai River at BK 350.4 (HM 219), 27 &m (17 mi.

upstream from Libby, Montana (Figure 1

ightly over

1 S =
characteristio

of +the reservolr are 1isted in Table 1.

oo

Tife nistory studies ars being continued in Iaske Hoocanusa to svaluats
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Heservoir Volume Mean Shoreline
- Loz 3 £ % - Y - :
elevation {(m (km” deptn (m) developnent
749,05 {(full pool) 7.16 188.2 38,1 7ohd
697.1 {min. vegulated 1,08 59,1 18.73 e
pool )
Plood contrel and hydroeleciric enexrgy gensration wers the primary

reazsons for construction of Libby Dam. Hecresilion was also listed as a

Libby Dam was bullt with a sslective water withdrewal system so that
waler released from the dam would match as clesely as possibls the tempera-

ture regine of the Kooteral Rlver pricr o impoundment. The system fheorst-

capacity to draw water into the turbine intakes from any

-
o
o
el
[

Lt
juy
fas]
A
e
e
1
3

depth betwsen the surface and the penstocks (72 m below full pool elevation)
= Y 3 ~y > - =
Maximum annual drawdown of 52 m {172 ft.) reduces pool volume by 85

ercent. Average annual drawdown is expected to be about 37 m (120 £i.).
Fi

Actual drawdowns during *the period 1974-77 wers 46.6 m (153 f1.), 52 m

s o o i - s ~ % 3

(i7z ££,), 45.7 m (150 £1,) and 30.6 m (100 £%.), respectively. Discharge
from the dam can fluciuate ithe level of the Koo 3 River up to £.8 m

{6 £+.) per day when maximum electrical power production is required.
Preimpoundment siudies (Bonde and Bush 1975, British Columbis
repartment of Enviromment 1970; indicated a potenitial for eutrophioc condi-
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tions in Iake Koccanusa., Hig

expecting annual blue-green algse blooms.



Although an axtensive bloom ocourred in 1974, a combination of

i

has prevented eutrophic conditions from developing since then. Foremost

e 4 E e 3 F ey . > T F a3 4 oy . - s |
among thoss factors was the clean up of pollution sources in Ganada,

Productivity has been limited by short water retention time, high turbid
in the upper half of ths reservolr in spring, and the almost continuous mixing
of +the water column. The reseyvoll rarely

does cccur, it is of short du

-1
¥Mean primary 2 40 1975 was 28.80 glnm Tyear =
7 3 -~ kY % B F 3 7 - ol
{(Woods 19799}, a value i nottom end of Weizel's {39/3}
R o e g0 = 5 1
oligotrophic range. Goldman (1977) classifled Iake Tahoe as ultracligotrophic

. . Ck s - <
with primary productivity values of 55 g Om year

=

Surface temperatures rangs from

[l

) ¢ (32 F) in winter to 18-22 ¢ (64-71 F)

in summer. Winter ice cover is common as far south as Finkham Cresk (Figure 2).

i

The reservelr south of FPinkhan Ureek rarely Treezes,

Common ganme Tish in Iake Koocanusa, in zddition bo rvainbow and

f“J“

cutthroat trout, include mountain whitelish (FProsopium williamsopi), burbot

ot

£ e
Lo

ota), and Dolly Varden {Salvelinus malma). Behnke (1979) differentiates

3

hetwesn cosstal and interior forms of the Dolly Vaxden. He calls the interior

——

largemouth bass (Micropterus salimoidss

LTanSmONLAIUS ) .

Non-game species include largescale suckers (Catestomus macrocheilus),

iongnose suckers (Catostomus catostomus

valteatus), northern squawflsh (Piychochellus gregonensis), peamouth

Y B 2 e E e Y e . = 3
{Myiocheilus caurinus) and pumpkinsseed
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s 55 km (34 mi.) long with a surface area of 9,600 ha (23,750 ac. ),
Maximum depth is 152 m {500 £1.). Fish species in Hungry Howr

incliude westslope and Yellowstione

vartical

angling.

distribution,

i

the Torebay

of

Ezch type of gear

ares to assess the year arcund |

PR 2 I o - H 3
cutthroat (Sgime clarkl bouvieri), Dolly
; whitefish {Prosopiunm coulteri), Arciic
cus ), northern squawfish, longnose suckers and
METHODS
Fish Distrimution
rainbow and outthroat troul was assessed by using

nets, Floating and sinking experimental gill nsts, and by
was used o assess a particular aspect of fish
{FPigure 3) were set monthly at permanent buoys in

study in July, 1975 and it coniinued inrough December, 1977. All dats were
incorporated into dhe Tood habits study.

A bank of four nets were set as described by Horak and Tanner (1064).
Each net was 3.7 m (12 f+.) wide by 45.7 m (150 £%,) desp. Bar mesh sizes
were 19 mm (.75 in.), 25 mm (1 in.}, 32 mm (1.25 in.) and 38 mm {1.5 ia.).
Fish capiured in each 3 m {10 fi.) interval were recorded.

A1l experimental gill nels were set perpendicular to the shoreline
shortly before dark and reirvieved the followlng morning. EBxperimental nets
were 38,1 m {125 £t.) long by 1.8 m (6 f1.) deep. Five panels, sach 7.0 m
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t.) long consisted of 19 mm, 25 mm, 32 mm, 38 mm and 5

Angling was uged only in collecting the Auzust, 1977 sanple at we

We hoped to use angling Lo assess the daytime distribution of trout durin

& Zh-hour diel study., The technigue was abandonsd becazuss of diff
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zatches. The Kruskal-Wallis test used by the Montare Dspariment of Fish,
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Zooplankion samples were collected each monih. in the Warland and

Rexford areas using a small Wisconsin net (12 om mouth diameter). February

les were taken In mid-sfierncon., 411 other samples wers taken
one to three hours after sunsst,

4

Low were made in a Limnstic and a near-shore area a

s

Samples were prassrved immediately in a mixture of methyl alochel, formalin
gy i 4 %



Fach sanple was diluted to a point where Tive | ml subsamples contained

12

wployed in analyzing zooplankion samplies,

200-400 total organisms. Contents of the five 1 ml subsamples were counted.

Subtotals were multiplisd by the dilution factor to give sample totals,

Sample totals were divided by the volume ol water sampled. Densitles of
zooplankion were expressed in numbers per liter.

Zoopiankiers were classifisd fo suborder {Calanoida, Cyclopoida) or

genus {(Daphnia, Lepbodora, Bosmina ). All juvenile copepods were identified
as nauplii.
Benthos
Benthos samples were fakern with either an Eckman dredgs {(February-

April) or a Petersen dredge (May-December), Four depths in the Warland and
Rexford aress were sampled each month, except when wind conditions made
sampling impossible. Samples were stralned through a standard sieve series

consisting of the following meshes: 25.4 mm, 3.36 mm and 841 mm. Samples

were picked and preserved in the field. Sorting and counting were done in

Food Hablis

Warland and Bsxford areas during the period March-December, 1977. The

ares of the reservolr was lee-covered in February.

= T

collected in the Bilg Cresk ars:

bl
n

in May, August and November, 1977 and in

ihe Rexford sves and Hungry Horse Hessrvolr in July and August, 1978

(Tables 2-5).



Table 2, Fish collecied, mean lengths, msan welghts, nunber and percentage
of empty stomachs taken from rainbow itroul longer than 220 am total lengih
collected Trom lake Koovanusa.

[y

Fish Hmpty stomachs Size of fish
coLiecthed mumbsr percepntage length (mm)
1977
March
Warlond 44 7 17.4 Loy 733
Rexford i i 5.3 G0 75
April
e s 4 . i
Warland 35 3 a.8 110 7
Rexford i3 3 23.1 396 616
May
Warland G i 2.9 37 575
Big Creek 19 3 i5.8 L0t 617
Rexford 21 1 .8 382 A5
June
Wariand 74 2 .3 L0l 675
PR g
Rexford 20 Z 10.0 363 508
July
Warland 37 12 35.1 399 651
Rexford 29 & 13,8 pts 606
Lugust
Warland 15 4 21.1 3848 Glid)
Big Creek 5 i 20,0 384 575
Rexford i G a 387 551
September
Warland 17 i 5.9 400 720
Rexford 13 i i s 604
{Ootober
21 5 4.3 360 £25
g O §] 392 a2h
November
Yarland 23 3 13,0 392 &40
Big Cresk 14 2 14.3 4G5 669
Rexford 20 1 5.0 411 7R3



Tanie 2. Gontinued.

Fish Frmoty stomachs
collected rumber  parcentage

Becember

Warland 15 3 20,0 b2z 820

Rexford 14 1 7.1 hos5 £8%
1678
July

Rexford 3% i 3.0 381 573
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mean lengths, mean weights, number
of empty stomach rom rainbow trout 330 mm or less in
collected from lake Roocanussa.

Tahle 3. Fish collecte
s n

et
3
53
4]
by o

o

fmoty stomachs 53
number ercentage langit

1977
March
Warland 21 0 o 304
Rexford 26 Z 7.7 238
April
Warland iz i 3.3 301
Rexford B ) 17.4 276
May
Warland 16 0 0 314
Big Ureek o+ Z 50,0 310
9 Rexford 17 0 o 204
June
dariand 10 2 2.0 302
Rexford 1 3 1ob 284
July
Warland i2 1 5.3 266
Rexford 11 i 9.1 251
August
Warland iz z 16,7 24
Big Cresk 1 0 G
Rexford i 0] 0
beptember _
Warland 2% & 8.7 2
Haxford 25 H 0 2
Ootober
Warland 16 ! 6.3 277
Bexford 34 z 5.9 267
Hovember
Yariand i% z 1G.5 286
Big Cresk 5 0 0 292
Rexiord 20 i 5.0 288
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Fish Trpty stomachs Size of fish
collected numbey percentaze lenzth (pm) weight {g)
Decamber
Wariand 17 o 0 308 269
Fexford 15 i 7.7 82 ZL0
1970
Jizdly
Rexiord 3 0 0 307 3060
Angust
Rexford 18 4 22.2 2LB 1




Table &b, Fish collected, mean len
of empty stomachs iaken from cutthro
in Ilake Xoocanuss and Hungry Horse Heservelr,

Fish Impty stomachs Sime of fi=h
collochted number  percentage length {mm; weight (&)

1977
March

Yarland 10 i iG 395 6573

Rexford 21 2 9.5 392 &1
April

Warland 30 b 13.3 416 764

Rexford 21 9 4. G AG7 70k
May )

Warland 39 4 10.3 354 E45

Big Creel 21 4 19.0 401 6836

Rexford 21 11 52,4 a8g &4
June

Warlsnd i3 0 O 371 516

Rexford 4 0 0 35 Lig
July

Warland 12 O ¢ 161 L&g

Rext'ord 3 & & 363 542
August

Warland 21 9 hz.9 355 L7

Big Cresk 1 0 o

Rextord i 5 O
September

Warland > 0 0 361 500

Rexford 9 o 0 361 528
Octoher

Warland i0 G 0 369 566

Rexford g o 0 375 566
Novembar

Warland iz & 33.3 360 570

Big Creek 8 ! 12.5 370 536

Rexford # 1 12.5 391 629



ol
[ev

Tish Tmoty stomachs Size of fish
=5 " - ra B «
aollaected nunber  perceniags lenzth (mm) welight iz}
December
Warland 5 O Q 367 4973
Rexford 10 0 { 375 555
9]
1974
July )
Rexford > i ié .7 }5?
Hungry Horss z g ¥, 282
August
Rexford 17 1z 70,6 351 LEE
Hungry Horse 3 0 O 367 470




vable 5, Fish collected, mean lengtihs, mean welghts, number and percen
of empty st t less than 330 mm colliecied

omaehs @gen ?xa? cutthroat trout 1
o d Hungry Horse Heservolr.

Fish Hra
colliected numi
1977
March
Warland 11 0 G 291 249
Rextord 25 1 40 291 Al
April ) )
Warland 15 5 6.7 D87 ol
Bexford Z23 & 174 278 221
HMay
Warland iz 0 G 307 310
Big Creek 25 0 0 284 270
Rexford 35 0 0 304 317
Jdune ‘ )
Warland 14 ) 14.3 306 316
Rexford 7 ¢y 0 304 313
July }
0 3 & £y 3
Warland 13 2 154 306
Rexford 6 G G 234 183
Lugust
Warland 20 o 10.0 256 _ 199
Big Cresek 0 o 0 O 0
Rexioxd O 0 G 0 o
Sepltember
Warland 3 o O 295 31z
Rexford 17 o 0 271 235
October : )
Wariand 16 s 0 294 286
Rexford 18 0 0 279 257
ﬁevemb@r )
Warland ig z 10.5 292 276
Big Cresk 3 3 3705 2806 2540
) BT
Rexford b i 7.1 288 262



Table 5. Continusd.

Bish Baoty stomachs
collected number percentage Jengt

Dlecembar

Warland G O 0
Rexford 17 " G
1978
July

0N
LI
i e}

August
Hexford i
Hungzvy Horse
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Because ihe time regulred for 50

chaetes by rainbow trout dropped from 11.3 hr at 10 C (50 F) to 7.1 hr at
o sy .- 5 £ . " , _ ) B o
15 ¢ (59 ) (Windell et al, 1976}, all flosting neis and the gang set wers

the warmer months of the vear (May-September), A1l trout were removed and

immediately killed. An identificati
each trout. AlL trout were placed on ice Lo slow the digestive process.

During the cooler months, all nels were set at

o]

e
o
i
i3]
e
f
s
[
)
g,..ﬁ
n
5
-
@
B
“
&
gmh
ot
o
s

morning.

[
uw
(:..éw
ol
f:'":j
&
<
iy
o
g:n
i

?Lﬁ
},_...I
W
0
o
s
Q
0
w
@
0
it
o
I

The following morning eac
with its identification number and yolled in the cheese cloih
‘sausage” The sausages wers Tiled ai the ends and belwesn stomachs and

then preserved. Data cellected on each fish at the time ol stomach removal

. length, welght, time of caplure, sex and stais of

]

£

included specie
maturity.

After = sampiing trip, sach stomach was cut obpen and its contents
placed in a plastic vial with the identification number and pressrvative.

Contents of each stomach wers anglyzed numerically and volumetricaily.

Stomach contents wers then pooled by species and size class before calculatin

Each analytical technique contains an inherent blas (Windell 197

ased in faver of small food itens.

fule

Tagler 1956}, Numerical analysis is b

Volumetric analvsis favors the large Tood items. Frequency of occurrence

=
j

Q
o]

analveis vields no information concerning the number or bulk of food itens.
o 2

Some investigators have combinsd analytical techniguss in an sifort
\ ez ; : ra Lo £ * ESNR. B A T e o - -
to eliminate blas. Tester {(1932) combined volume and fregquency of occurrsnce
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temperatures ranged from 15.0-18.9 C (59.0-66.CG F). Only 22.0 percent of

13 where temperstures were less than

«"v

; - i s ;
the railnbow troul weve caught at deptll

Outthroat troult appeasred to freguent watsy of hilghsr
rainbow trout. Sixieen psrcent of the cutihroat caught when surface

tures sxcesded 17 C were caught at depins whers temperatures axceedsd 19 C

b

T cutthroat trout, however, I suspect ithey prefer

o

=
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o

o
e

o

o
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b

IoH

o1

temperatures less than 18 &, similar to rainbow. Sixty-five percent of all
cutthroat were caught at depths whers temperatures ranged from 15 to 17.9 C

Only 11.2 percent of all cuithroal were caught at depths whers

(59.0-64.2 F

W-m,f

7

temparatures were less than

i

Other aspects of the distributions of rainbow and cutthroat trout wers

it

svaluated on o seasonal basis during 1977. Seasons were delineated on the
hasis of water temperature rather than monih io minimize dilfferences in

annual weather patierns. The criteria delineatling the seasons were as follows:
Winter - reservolr homothermous, temperature less than 7.5 ¢ (45,5 F)

Spring - surfacﬁ tempersture 7.6-17 C (45.7-62.6 ¥}, surface tempera-
ture rising

Summer - suriate Lemperature above 17 O

Fall - surface temperature 7.6-17 C, surface temperature falling.
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in fleoating nets than sinking nets in both the Warland and Hexford areas at

Significantly move rainbow were caught in
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net catches of ralinbow were nonsignificant.
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in the gang set of experimental floaters. The fall, 1975 catch of cui-

i
}...s

SROY

threat trout was evenly distributed in the four neis closest to shore {up io

ri

150 m from shore), bul one-third more fish were taken in the outermest two
nete {Table ). The catch of rainbow trout decreased in the cubter nets.
In subseguent samples, no consistent pattern in the distribution of either

speclies was evident.

The

trout were caught in the oulter nets than the inshors nets

trout were more evenliy disperssd,
Cutthroat ftrout were significantly more abundant in the Hexford ares
than at Warilasnd in winter and mors abundant in the Warland ares than at

3= ! £ 23 ol / ~ = . N
Hexford in summer, based on experimental gill net caiches {Table 11}. Although

more rainbow trout were caught in the Hexford ares than ot ¥Warland in spring

ang a izons was signifliecant at 1 B level.
i fall, ncne of the comparisons s significan t the 5 ovel
Zoopiankicon

Zooplankton populations in lake Xoocanusa had & sprin

ity

ot
o
w
.
é i
o
o]
o
o
o]
Ty
[
b}
e
1]

stantially reduced densities the rest of the year (Figure 6).

i

Immature copepods werse The most abundant zeooplankiers during the sprin

eak., Densities of 13.7 and 32.1 pexr liter in May were found in the Warland

darland with 5.9 per liter arnd June ai Hexford with 13.73 ner liter in 20 n
vertical tows, Cyclopoid copepods pesked at 4.6 and 20.8 per Liter in May

o9

relatively constant densities of less than 3.0 per litery, BHosmina an



Tabhle 9, The ssasonal catch of rainbow and cutthroat trout in the gang set
of experimental floatll g nets, ﬁar¢&n& area of lake Koocanusa, 1975-197
Distance
G-76 m 76-152 m
Season Tear BB or REB oT
Fall 1975 30 6 20 49 11 &7
1976 15 iz B 25 5 15
1977 z5 10 22 7 i6 2
L 5y = 1 £ 12 14 9
Yinter 25 i5 12 16 .
Spring 1075 10 21 7 i1 10 8
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Leptodora were the only other zmooplankters in our samples,

Current research by Mike Falter and John Trving, from the Universiiy

high-spesd sampler in their collections and found more calanold copepods

in their samples. Densitles of other crganisms were simllar to what T Tound,
Benthos

Benthic organisms wers not abundant in sampleées col ted above the
= 3 *n %y o o~ e o '
maxinum drawdown depth {Fﬁg res 7 and 8). An average of 13.5 oligochastes

ard 15.3 Dipters larvae per sguars meter were found in samples from substrate

L

above the maxinmum drawdown level in the Warland ares. Below the naximunm dravw-

down denih, an average of 57.4 oligochaetes and 34,5 Dipters larvas were
¥

Lii

found per square meter, In the Rexford area, an average of 4.4 oligochaete

f’f]

and 29.8 Dipters larvae were found per square meter above the maximum draw-
down level. An average of 5,726.6 cligochastiss and 14.4 Dipters larvae per
square meter were found in substrate below the meximum drawdown depth.

Two samples taken from the old river channel in the Eexferé ares

1

contained larsge numbers of cligochaetss. The old river channel in the Warland

}
m

area was never sampled because the waler was loc desp.

tem

fto

The mooplankier, Daphnlis schodisrd, was the most imporiant focd

the diets of hoth rainbow and cubtihroat Trout. Daphnis comprised nearly
the entive diet of both species during winter., Terrestyisl lnsects, aguatiic

insacts and fish contributed subsiantially o the dieis the remainder of the
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FEninbow Trout longer Than 330 mm

The most imnortant food items in the diet of lsrge rainbow trout wers

Daphnia, fish, terresirial insecis and aguatic Insecis. Index of relative
importance values (IRI} in 1977 were 66.1, 24,5, 15.6 and 10.8, respectively

o

for the above mentioned items (Figure ©). Other food items included

e

leptodora kindtii, calsnoid copepods and oligochaetss. Debris, including

wood and siones, accounted for 5.3 percent of the total volumes of larsgs
rainbow trout stomach contents in 1977.
The IRI for Daphnlis was always higher than that of any other food

in the diet of large rainbows, with the excepiion of the Ju

Jodn

iten

samples at Warland, when ithe IBI for fish was equal lto that of Laphnis

—

Figure 9). Daphnia accounted for 97.8 percent of the total number and 24,0

percent of the total volume of food organisms saten by large rainbow Irout

c“%
&y
§

-

H
(0]
=
4]
b
<
i
o

Fish were taken throughout the year by rainbow Trou
important in June and July. HNearly all of the Iish found in the stomachs of
large rainbows were redside shiners. One largescale sucker was ldentiiied,
& Tew voung-of-the-year fish of undetermined specles wers fou

The IRI for fish ranged Trom O in May and Cotober fo 52.9 in June at

Warland and from O in April and October to 38.3 in June at Rexford {(Figure 9).

The IRI for fish were consistenily higher at ¥Warland than at Hexford during

Terrestrial insecis contributed fo the diet of large walnbows through-
cut ail but the winter months. IRY values were highest in August at Big
Creek and Rexford with values of 60.7 and 57.0, respectively (Figure 9). The
IRT for terresirizls ware never shove 25 at ¥Yarisnd in summer but rezched

53,7 in October (Figure 9.
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Hymenopberas was the nost important orxder of iterresitrial insects in ths
diet of large walnbow. OUther taxa represented in the stomachs of large
rainbow, listed in decressing order of imporiance, inciuded Colsopiers,
rachnida, Hemiptera, Orthopters, Homopters, Lepidopters and Neurcplera.
Hymenoptera and Coleopters were taken regulariy th
Arachnids, Hemiphtera and Lepidopters were laken sporadically throughout the
vear. Orthoptera and Homoplera ocourred mainly in stomachs tsken during Jate
sumner ard fall. Neurophteras was found only in stomachs faken in Ootober,
Nearly all of the acuatic insecits Tound in the stomachs of both
rainbow and cutthroat trout wers Dipteranz. Diplers comprised a small but
relatively constant proportion of the diel of large xainbows.
The IRT for Hpters had two peaks, one in spring made up chislly of
pupae and ons in laie summer or Tfall that included mowre adulis, Spring
peaks occurred in May with index values of 22.5 at Warland, 28.5 at Hexford
ijgure 9) and 35.5 at Big Creek., The second pesk occurred in August

Wariand with a value of 20.8. The IRT for Diptera reached 19,6 in September
and October at Hexford.

Debris was generally more prevelent in stopac coliected in winter
than in those collected at other times, The amount of debris ranged from
none in the stomachs of large rainbows collected in July at Warland 4o 66.5
percent of the total volume in the May sampls from the Blg Cresk ares.

Sixty of the 474 stomachs collected from large rainbows in 1977 wexre
empty. The psrcentage of empty stomachs ranged from O on two occasions to
35,1 marcent of the July sample ai Wariand.

Contents of large ralinbow siomachs collected in summer, 1578 wers
similar to those collected in swumer, 1977 (Table 12). The IRI for Daphnia
were higher in 1978 than 1977 and ferresirial inssct indloss ware lower in
1678, Fish and Dipters index veluss were about the sanme in both yvears.



Rainbow Trout Shorter Than 330 mm
Daphnia was more important and f'ish less important in the diet of small
. Ine most imporiant food

! . £ e P TEE o
rainbow trout versus large rainbows (Figurs 10
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1tems in the diet of small rainbows during 1977 we
and agquatic insscis with IRI values of 90.9, 13.7 and 12.Z2 respeciively.
Other food items included Tish, calancid copepods, lepiodora, Uiplopoda and

debris. Debris accounted for 2.4 percent of the total volums.
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Bxcept for small numbers of fish colle
¥May and August, Daphnis was the most important food item in svery sample of

stomachs Trom small rainbow irout, The IRI Tor Davhnis ranged from 53.6 in

nd from 62.7 in July to 100 in December at

o

tugust to 99.4 in Maych at ¥Warland

Rexiord {Figure ?Q}s Daphnia made up $%9.2 percent of the total mmbsr and

o

84,5 percent of the total volume of stomach contents in 1977 (Table 13}.

of the small rainbew atomachs conialned Tlish,

Terrestrial insects were an imporitant part of the suwamer dist of small
voinbows but wers taken in small amounts the yest of the year. The IRBT
terrestrials peaked at 46.8 in August abt Warland and 33.9 in July at Rexioxd
Figure 10), Only one small rainbow was collected in August at the Big Creek
area and had fed exclusively on lerrestrials,

Hymencoptera and Joleopters were the most important corders of terrest-
33

[

)

n the diet of small reinbows. UOther fervestrial faxa, listed in

(=5
b

rial insecis

decreasing order of imporiance, werse Hemipters, Howoptera, lLepldopiera, Arxachnlda,

Grithoptera and Neuroptera.

iptera were slightly more Imporiant in the diel of small

o8
)
j
i
s
o
o}

rainbows than large rainbows. Fesks in the IRI Tor Dipters cccurrsd in

o £ A R Ty am ER A S £ i EINN - = E
at Rexford (35.0) and June at Warland {52.4). Indices for Diptera remained
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Lé
near 20 through CUctober at Warland, except for a valus of 9.3 in Geptember.

s

Trhe second peak in Dipters IRT in August at Hexford was based on the conlents
™ “ Fr o 5 5
of Just one stomach {(Figure 10).

Debris was encountered lass freguently in the stopmachs of smal

rairbows than lavge rainbows. The amount of debris in spell ralinbow silomachs

ranced from none in several samples to 27.8 percent of the September sample

50 percent.
Cantents of siomachs collscied from small rainbows in sumnmer, 1978
were similar to those collected in summer, 1977 (Table 13}. Daphnla was

-

slightly more important in the 1978 samples while terrestrials were less

ol

imporiant.

Cutthroat Trout longer Than 330 mn
Daphnis was also the most imporiant food item in the diet of large

tthroat trout {(IRI 59.5), but to a2 lesser exitent than in the dists of small

cutthroat or either size class of walinbow trout, Other imporitant food iisms

-

in the diet of large cuithroat wers terresirial insscis and aguatic insscis

with TRI of 40,8 and 16.5, respectively {(Figurs 11). Other food items

Daphnis was the domizmant food item in the sltomachs of large cutthroa
collected in winter with indices of 4.1 in Hovember at Warland and 100 in
December at Rexford (Figure 11). Daphnis was least important in July at
Warland {index of 9.4) and August at Hexford {index of 0}. The August sample
2t Rexford contalned only one largs cutthrezt. Dlavhnis accounted for 94.0

percent of the total number and 24,1 percent of the itetsl volume of the
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stomach contents of large cutthroat in 1977 (

Only 4 (1.4 percent) of the large cutthroat we collected had fish in
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Terreatrial insecis were the most imporiant food item in the dist of
large cutthroat in the Werland area Trom May through Oclobern, except fox

June, when aquatic Diptera were the most important food iten {(Figure ii}@
Small summer samples of cutthreal in
determinations difficult, Hymenopters and Colecptera were the most importan
taxa of terrestrial organisms ip the diet of large cutthroat, followed by
Avachnida, Hemiptera, Homopiexrs, lLepidoptera, Orthoplers and Hsurcpters.
large cultthroat fed on aguatic Diplera more than sither size class
of rainbow trout, but less then small cutthroat. The IKI for Diptera peaked
in May at Warland with a value of 66,5 {Figure 11). Diptera, mostly pupee,

were the most important food item in the diet of larze cutihrost in Juns st

.a

Wariand then the index valus dropped steadlily the rest of the vear.

Two pesks in the IRI for Diptera occurred at Rexford (Figure 11).
The May-June peak with & value of 25.3 and 26.0, respectively, consisted
mainly of pupae. The October peak, with an IHI of 35.2, consisted mainly

of adultis.
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The incidence of debris in the stomach

from sample to sample.

debris accounted for 91.2 percent of in the Septenber samrle

in 1977 were enmpty. The percentage of empiy stomachs ranged from none in

marny sampies to 52.4 pexcent of the May sampls at Hexiord,
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50
Daphnis was more Important in the dist of large cultihroal in summer,

than in summer, 1977 {Table 14, Terresitrizl insects were less important

i
ol

in summer, 1978 than in summer, 1977.

The food habits of small cultthrost were intermediste between those of
large cutthroat and small rainvows. Daphnis was more Imporiant in the diset of

=mall cutthroat than in lavge cutithrost, bul less lmportant than in small

. Terresirisl insects were less iamport

amall cubtthroat than large cutthreat, bulb more important than in the dist of

small rainbows, Relative importance indices for Dephnla, fterrestrial insscis

and aguatic insecis were 850.4, 28.8 and 17.9, respectively in 1977. Other

food items eaten by small cutthrost included calancid copepods and Tish.
Daphnlas was the mest important food item in the d of small culthroat

. 4 - sz 3 FE - S g 5
Trom March through June and in November and December at Warliand (Filgure 12).
Daphnis was the dominant focd item in all months except July and Augus

2

Rexford. The IRI for Daphnia ranged from 13.8 in September to 99,

at Warland arnd from 10.1 in July to 99.7 in Decembsry at Hexford. Dophnia

accounted Tor 97.3 percent of the mumber and 62,8 percent of the volume of food
iteme eaten by small cutthroat in 1977 (Table 15).

Small cutthrost rarely Ffed on fish, Only one {0.7 percent) small
cutthreat had fish in its siomach,

Terrestrial insecis gppsared in the disi of small cutihroat almost
every month. Terrestrials were the mosit lmporiant food item in the dist of

terrestrial insecis ranged Trom O in November to 72.7 in Cotober 2t ¥Warland
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were the most important taxa of fervestrial organisms in the stomachs of zmall

¢

cutthroas, Tollowed by Homopleras, Hemipiersn, leplidoplera, Aracnnida, Neuroptera

were high in spring and fall in both the Wariand and Rexford aress, The

4

spring value at Warland, consisting mostly of pupas, was 52,0 and the fall
P P 3 . L
index, made up of pupae and adulis, was 32.0

were similar at Rexford, with 36.1 in spring and 36.3 in fall.
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Debris made up 1.5 percent
of small cutthroat in 1977, with ranges from 0 to 37.5 percent, Bighteen

(5.8 percent) of all stomachs collected from small cutthroat in 19

3

empty. The percentage of enDty stomachs was 0 in many samples bul as high asz

i 4

37,5 percent of those In the November sample from the Blg Ureek area.

i

Food habits of small cubtthroat in summer, 1978 were similar to those
of large cutthroat (Table 15). Daphnia were a more important food item for

-

t in summer, 1978 than summer, 1977, Terrestrial insscis were

Cutthroat caught in Hungry Horse Heservolr in July and August, 1978

differed substantially in thelir food hablils from cutthroat caught in lake
. - 4 ; 5 -y - . : N
Koocanusa during the same time period (Tables 14 and 15). Terresiviasl insecis

““l

and aguatic Diptera adulils made up most of the diet, Daphnis was & minor
constituent found In the stomachs of Hungry

constituent in Ilake Eoccanussa fish. The average size of cutithrost in Hungry
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result, few large cutthroat were caught from Hungry Horse Heservolr.

Terrestrial insecis ware the most important food item in the dist of
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Aguatic Dipteza were the only other food item (index value 45, 9 i
the stomachs of large cutthroat in the July sample. Hearly all Diptera

consumed were adults., The index valus for Diptera was 27.8 in Augusi,

Daphnia were slightly more imporiant than Diplera In August, with an index
value of 38.7
Terrestrial insecis madse up more of the dist of small cutthroat than

large cutthroat collected from Hungry Horse Heservoir, Index values for

LS

terrestrials were 93.6 and 90.4 in July and August, respectively. Hymencptera
was the most important taxcen in both samples, Other faxa in the July sample,
1isted in decreasing order of imporiance, were Colsoptera, Homoplteraz, Hemipters,
Arachnida, Neuropters, lepidcoptera and O optera. Other taxa in the August

sample, in dscreasing order of imporitance, wers Homoptera, Hemiptera,

*r:}

3

Colegptera, Arachnida, Neuropiers, lepidoptera and Orthoplers.
i i e H e

After terrestrisls, aguatic Dipiera were the next most Important food

by

. . _ 2 P o~ o 4 I T ! 7 PR
item in July and August {index values of 38.9 and 38.%, respectively). Fearly




Smzll Bainbow Troutb
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Rainbow trout weighing an average of 338 g 1

average of 630 g by mid-December, 1977 (Figure 13).

Qftm;$mwmfmﬁgywﬁ;&@ﬁi&iﬁr&@mﬁa{%ﬁ%

.

fish and aquatic Diptera supplie

L

tivel

T

growth energy.

D

Cutbthroat trout weighing an averags of 260 g in
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an average of 5206 g by mid-December {Figure 13). An sstimated 45

of the growth energy was supplied by Daphnia {Table 17
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. Miscellanecus food items accounted for only one percent of the
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large Rainbow Troutb
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An estimated 67
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Maximam recorded surface temperature was 21.1 ¢ (70 F) in both the
forebay and Rexford arsas ln 1977. Maximum temperatures in 1975 were

at Hexford.

-

4 ot oy s it P T Fs ]
16.7 C (62 P} in the forebay and 18.9 C (66 F

4

Jaccht disc veedings ranged from 3.5 to 9.0 m in the forebay and

Bainbow and cutthroat 4rout captursd in the limnetlc ares of the

reserveolr were found near the surface most of ths year. OUnly during the
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summer, when surfazce temperatures exceeded 17 C {622'

!/ ot Y = k3
numbers of trout move deeper into the water column, May (1973) and Horak

and Tanner (1664) noted similar seascnal depth distributlons for rainbow
rout.
Cutthroat trout appeaxed to prefer slightly cocler water fthan ralnbow

3

trout., Summer catches of cutthrest trout in the vertical nets were concen-

:

{ 75 ) « -~ s
§ ¢ range {59-64.4 F). Although no information on the

e

trated in the 15~

referred temperature of cutthroat trout was found in the literature,

-

Dwyer and Kramer (1975) found scope for activity of cutthroat froui to be

i

largest at 15 G,

Rainbow trout appearsd to prefer temperaturss in the 17-19 C (62,6~

66,2 F) range. A larger sample size may have resulied in an expanded rangs
of temperature preference. Horak and Tanner {1964} and McCauley and Pond

(1971) obtained similar temperature preferences for rainbow trout. Garside

3

and Tait {1958) found a lower tempersture preference. Both rainbow and

iytypic speciss, Temperature prefersnces could vary

hetwesen subspecies,



Both rainbow and cubtthroal troul zaveided water warmer than 19 (.

slightly larger proporticn of cutthreat versus ralnbow trout were

.
2

. Cutthroat fed mors on terrestrial
insects in summer than did rainbow troul and this may explain catches in
warmer waters. Since gill net caiches are a function of fish sciiviiy as

bundance, surface caiches in the verticsl nets are probably bias

L
9]
ot
—
by
o
N

Ty

periods) than they are in desper water. In near-shore areas rainbow trout

tended to be evenly distyibuted fyom top to bottom. Cutthroat trout were
found mostly near the surface.

Hainbow trout were moye abtundant than cutthroat in both floating
ainking nets throughout the year {(Table 29}5 Changes in the abundance of
both species since 1975 may account fox the lack of a consistent patiern
in gang set cabtches, The relative abundance of rainbow has Increased

throughout the reservolir. Cuithroat abundancs has decreased in the Warla

h

i

srea (May et al. 1979). Increased rainbow and decreased cutthroat catches

iistances from shors in the gang sst may mask thelr preferred

frd
fuda

A "1
L al

i

distributions.
The concentration of trout at Rexford in winter (Table 20) may

rature, Tood avallability and spawning nigrations. The

Rexford area of the reservoir werms eavlier than the Warland area (Figure

&

and Goxd Creek {British Columbia) support the largest known cutthroat
spawning runs in laks Koocamusa itributariss
reservoir fron the west nsar the Intermetlonal boundary. Pinkhan Cresk
and the Tobacco Hiver also support cutthroat spawning runs. The Tobaco

Hiver also supporis z spawning run of ssveral thousand rainbow frout
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in tributaries

Aren Tributary STAadners
Wariand Canyon Creek 7
Grippie Horse Creek a4
Five Mile Ureek 227
Bristow Gresk 4l
416
Rexford Pinkhan Creek 508

Young Creek

H

o

old Oreek

{9
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(Bruce May, personal communication),

the reservoir has smaller itributariss

Rainbow trout wers falirly evenly distribuled between th

Rexford areas throughout the year. CLulthrosl tzoutl, however, apparently
¥

move upressrvolir in winiter and downveservoelr in summer. Thirty-eight

ercent of the 1974 tag returns and %5 percent of the 1975 tag returns from

cutthroat tagged during their spawning migration in Young Ureek came from

g

- = ot o L2 T Sor : 2 kY
+he Kootenai River downstrean from Libby Dam (May el al, 1%7Y9). Hore

i

cutthreat were caught in the Warland area in summer, 1977 than the Hexford
ares, another indicatoy of downressrvoly movement in summer. The compara-

s F3

tively shallow Hexford ares contains less water of sultable temperaturs in

&

summer than the Warland arsa but dewnresservoly movements of

peen noted in ysars when water temperaturses in the Hexford and Warland
arsas wWwere nearly ideal.
Using the rainbow and cutthroat trout distributlon data, the selective

withdrawal system could be operated To minimize downstream losses of fish.

ol

A modification of the original opereting plan for the selective withdrawal

system has already been put into effect. Under fthe modl

and water warmer than 14 £ i1s not withdrawn.

le nore for thelr similaritiss than for their differences. Hoth

species dependad on Dephnia for fTood in winter. [Davhnls was the most

important food itea in fthe diets of smeller Tish of both speciss. Food
hahits of the two species divergsd as size incrsassd. Iavge rainbow trout



were more piscivorous than cutthreat. Guithroat ftroul wers more Insectl-
vorous than rainbow,

On a calorle basis, fish provid

(TJ’

4 more energy than any cther food

item in the diets of beih larges rainbow ang cutithroat. Dapnnia

tervestrial insecits contributed approximately
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the balance of the snergy intake of largs ralnbow.

The importance of fish in

overenphasized by the caloric ir

4
i

voir attain the size necessary o u

ilizme forage figh regularily as a food
i) i

scurce, Less than two percent of the cutthroat trout longesr than 330 mm

ampled during this study had fish in thelr stomachs, ALl of
that ate fish were among the largest cutthroat captured.
= A F in Ay o -
Tarere rainbow trout {larger than 1000 gl wers nol uncommon in laks
i
Yoocanusa in L1977 and 1978 and is probably a reflectlon of thelr piscivorous
fopding habits. Rainbows in their third or fourth yvear of life fed nmore
&
on redside shiners., Seventy-six percent of the rainbow trout stomachs

R . 3 PR 5 .
containing fish were from rainbows longer than 390 mm (15.% in.) tola

e

o

length. Cutthroat trout heavier than 1000 g were rare. The largest

betwesn westsio

Dolly Varden {

predacious than moss other subspeclies of cutihroal Troult (Behngs unpublished
i £ 5 2 i H

Roscoe 1974). Cutthroat in Iske Hoocanusa do not eat Tish
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the possible exceptlon of the Iargest cubthreat in the population. BEcho
(1954) investigated the food habits of cutthroat trout and yellow perch

{”evca flavescens ) in Thompson lakes, Montans and found that 40 percent of
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Rainbow trout commonly uiilise forage Iish for foeod in lacustrine
habitats {(Alexandsr and Cowing 1976, Brynildson and Kempinger 1973, Hess
1974, Jeppson and Flatis 1958, leonard and leonard 1946, Percival and
Burnet 1963, Rawstron 1973). Redside shiners made up nearly all of the
fish fed upon by rainbow trout in Paul leke, British Columbia {Cressm&n
and Iarkin 1958, Iarkin and Smith 1953). The period of heavisst utilization
of redside shiners by yainbow in Iske Xoocanusa colneided with the shiner
spawning pericd when shiners were concentrated in shoreline areas.

The importance of terrestriasl insecis in the dists of both specles,

n cubtthroat, is similar to the FTindings of Norlin {1967

;.;.

but especially
Terrestrial insscts made up 48 percent of the drifting fauna in several
Swedish lakes. Fish selsctively Ted on fterrestriais. HNoriin belisved the

contribution of drifiing ovgsnisms to the lakes® energy budgeis was

abiiity to fish predators and because

QWJ

important because of the easy aval

the snergy was introduced at & high trophic level, l.e., directly %o the

consumers, derrestrial crganisms were most Imporiant as food iiems in

rose from a winter low to a3 pre-spawning peak in spring, declined as spant

fish reentered the reservelr and then increassed to 2 maximun in the fal1l



3 : *n = N ST

(Figure 18). Cuithroat conditior tors ranged from a low of 0.91

(C = 32.8) in February to 1.12 {C = 40.4%} in October. Bainbow condition

factors ranged from 0.9% (C = 35.7) in February fo a post-spawning low of
0.97 (C = 35,0} in July o a high of 1.09 (C = 39.3) in September. Surpris-
ingly, smaller, mostly lmmaiure Tish had the same esarly summer drop in
condition as larger fish.

The spring peak in condition factor colineided with the period of

maximum Daphnis abundance. Flyix nts and Diptera pupae were also abundant
Daph undan “lying ants and Dipiera pupae were alsc abundani

in late spring and early summey. High condition factors iun Tall were

ot

probably a result of the summer-long ingestion of large guantities of

insscts and forsge fish.

Benthos and Zooplankion

Diversity of benthic organisms ls severely limited by winter drawdown
éﬁ lake Xoocarnusa. ©Oligochasites and Dipleras larvae were the only crganlsms
Found in benthic samples. Snails, alithough abundant in the Hoolenal Hiver,
were absent in the veserveolir. A complete lack of aguatic mesoropnytes In

the reserveoir limited benthic production,

Oligochastes were Tound only near or below the maximum drawdown level.

~

.,

Freezing of exposed subsiraie above the maximum drawdown level probabl
N = - s . = g ¢ o
prevents colonizaticn by oligochaetes. Faterson and Fernando {1969} found

no oligechaetes survived more than approximately two months of freezing

exposure in an Ontaric reservelir. Chironomidae were more tolerani,

5t

The limited arss of clizochaete production is of little significarce

¥

= -
H

to trout in Iake Xoocamusa. No aquatic ol

atomachs of rainbow or cubthreoat trout. Incressed productlion of agua

Diptera would benefit trout, as both specises used Dipterans as a food source
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Zoonlankton densities are sulfficient al the pressnt time Lo suppoert

a large irout population. I, as kappsns in most Impoundments, productivitly

of the reserveliy declines with age, a corresponding decl
he detrimental to trout production.

Reduced zooplankion densiities would probably
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The critical period may be in the winter when bobh ralnbow and cubthroal
trout {and presumably other species) feed almost entirely on Daphnia.
Overiap in the food habits of two species is gZenerally resarded as
z healthy situaticn, i.e., the rescurces are sulfficliently abundant that both
species can utilize them {(Jarkin 1956). Overlap in the winter dieis of

rainhow and cubthrost itrout in lake Keocanuss, however, is a result of the

Timited variety of foods available at that time of year. The nearly complete

overlap in winter food habits of rainbow and cutthroat frout might lead to
serious competition if Daphnia declined in abundance.
Salective feeding on Davhnis by both trout species could hasten the

)
]«J@
(o]
5
(]
jon

two Michigan lakes., He attributed the changes to selective predat

i
o'
o)
-
e
Ky
o
.
r
o3
(9

vege Dapbnia by rain! trout and yvellow pevch,

of gill net-caught fish to regurgltate thelr stomach contenis.



e
In this study, tempted to minimize the first problem by tending
the nets as often as manpower would allow. Digestive rates were sufficie

ently
slow in winter so that we could leave the fish in the nsts overnight. During
warmer pericds, we checked the neis and removed the iro

trout once during the
night., A second check would have been desirable in summey.

Regurgitation of stomach conlents was

In Hovewbper, 1977, 10

\}a

rainbow trout and 68 cutdl

for evidence of regurgitalion

]
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o
o]
o
ot
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4
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i
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cutthreat troubt had food in thelir buccal cavity

evidence of having regurgitated some of their stomach contents. Another
sgmple

of 36 rainbow and 15 cutthroat, inspscied in July, 1978, contained
o i #

12

L
Sad
ke

33 percent) ralnbow and 2

Y
H

o

13 percent

o

regurgitated some food.

The proportions of food items remaining in the stomachs of fish that
regurgitated a portion of thelr stomach contents were virtuslly identical

to the proporiions in fish that had no evidence of

)

regurgitation. In ail

+

8]
e
g

species were feeding almost entirely on Dgphnizs. When & greatsr varisety

f food ite

<

ms is being eaten, selective regurgitation could affect the

conclusions drawn from a food hablis study.

When properly used, advantages of using gill

disadvantages. Gill nets are relatively inexpensive, easy e uss and &
targe sample can be secursd in a short iime paricd. Ons shortcoming, in

addition to those alrsady limited to sanpling

at night, Few trout were caught in daylight s

gill nets. Monofilament nets mi
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