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Abstract:

Observations were made on the spawning, growth,, distribution, harvest and movement of trout in
Willow Creek Reservoir from March through November, 1960. Successful reproduction was observed
only in Willow Creek. Rainbow trout taken in 1960 showed a decline in average size and slower
growth rate than the same species taken in previous years. Distribution of trout in the reservoir
appeared to be correlated with water temperatures, Rainbow trout were most evenly distributed in the
reservoir when water temperatures were warmest, but were concentrated near the surface when water
temperatures were cool, Brown trout were always more abundant near the bottom, and at maximum
temperatures were restricted to deeper areas. Game fish caught by gill nets included 69.05 percent
rainbow trout, 30.04 percent brown trout, 0.68 percent brook trout and 0.23 percent mountain
whitefish. Anglers harvested an estimated 14,868 trout during the 1960 (six week) fishing season. The
catch was composed of 97.27 percent rainbow trout, 2.47 percent brown trout and 0.26 percent brook
trout. Recoveries of marked fish indicated a wide dispersal of fish marked in the tributaries during
spawning, and of those planted in 1960.
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Absfrabf

Observatlohs were made o the spawning, growth, dlstrlbutlon9 harvest
and movement of trout in Willow Creek Reservoir from March through Nov~ '
ember, 1960. Successful reproductloh was observed only in Wlllow Creek
Rainbow trout taken in 1960 showed a decliné in ‘average 51ze and slower
growth rate than the same species taken in prévious years, Dlstrlbutldh
of trout in the reservoir appeared to be correlated with water tempera~
tures. Ralnbow trout were most evenly distributed in the reservoir when
water temperatures were warmest, but were concentrated near ‘the surface
when water temperatures were coolo Brown trout were always more abundant
near the bottom, and at maximum temperatures were restricted to deeper
areas, Game fish caught by gill nets included 69,05 percent rainbow
trout, 30.04 percent brown trout, O. 68 percent brook trout and Q.23 per
cent mountain whitefish; Anglers harvested an estimated 14,868 trout
during the 1960 (srx week) fishing season, The catch was composed of
97.27 percent rainbow trout, 2.47 peréent brown trout and 0.26 percent
brook trout. Recoveries of marked fish indicated a wide dispersal of
fish marked in the tributaries during spawmng9 and of those planted in
-1960. :
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Introduction
. A large number of investigations have been made on fish populatiohs
of reseryoirs but few concern cold water fish. Studies on cold water fish
populations in Colorado were made by Nelson (1955) and Sharpe (.1958)° The
present investigation was conducted from March through N'bvemb,er_9 1960. It
" included observations on the life history, distribution and harvest of

rainbow trout (Salmo gairdneri) and brown trout (Salme trutta) in a cold

water impounamentq

Acknowledgements: Grateful acknowledgement is due to Dr. €: J. D.
Brown who directed the project and aided in the preparation of the manu-
script, Thanks are due to several members of the Montana Fish apd Game
Department for help in the field. John R. Heaton assisted with the age and.
growth apalysis and Tom Leik gave advice regarding the collection and
analysis of creel datas Thanks are also aue to Charles Quesenbury who
suggested and outliped the design for the harvest estimates The Montana
Fish and Game Department provided financ¢ial suppprt under thé Federal Aid
to Fish Restoration Act (Project number F-9-R=9). ‘

Description of Areas Willow Creek Reservoir is formed by an earth
filled dam athwart Willow CIEekg a tributary of the Jefferson River which
in turn is one of three primary headwater tributaries of fhe Missouri
River. This impoundment is located 4 miles east of Harrié,oﬁ9 Madiéoh
Countyy Moritana: It was filled for the first time in 1938. When full, it
has a surface area of 868 acres, a storage éapacity‘of 17,760 acre feet,

and a maximun depth of 74 feet: The spillway elevation is 4,736 feet above
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sea level. During summer'gpd early autumn of the study period, water 1@V§l§
in the impoindment decréased abouf 15 feef d@e to irrigatioﬁ drawadowﬁo The
reservoir is situated in an-open rolling grassland and has a di;i@age aTea
of approximately 160 square miies located on the‘east slopes of the To-
bacco Root Mountainss ,Iheztributaries which enter the resér§oir ares
Willow Creek with a draipage area of B8.4 square miles ana an average fipw
of 43.1 cifssdy Norwégian Creek with a drainage area o6f 34.6 square. miles
and an average flew of 7.5 c.fss¢3 and Dry Hollow Creek which is a very
small intermitteht stréam. \ .

- The water in thé reservoir is relatively clear, even during run-off;
Ty thé study period, water temperatures ranged from 78° (July 22) to 32° F:
(ice cover; December through March)s The greatest daily variation'ﬁbcuired'
dn July 22 with a maximum of 780 and a miﬁimum of 6§b F. No marked thefmal
stratification was obsérved.

Chemical analyses 6f water from the impoundment showed the following:

phenolphthalein alkalinity 13 psp.m.§ methyl orange alkélipity 127 popomss

pH 7.3, Chemical analyées of water from the two major tributary streams .
(Table 1) were made by the Montana State Board of Health:
Rooted aquatié vegetation was present in areas of the #ésgrﬁﬁir with
depths less than 10 feet but much of this area was exposed by drgW%d§wq;
Fish observed in the reservoir were rainbow trout; brown trout, breok

t:put,(SgigglinUs fontinalis), mountain whiteéfish (Progogium Willia@sqgi);

white sucker (Catostomus commersoni), longnose sucker (Catostomus gatos-

tomus), longnose ddce (Rhinichthys cataractse), and mbttléd sculpin-(ﬁpttug-




Nitrates (NO3)

_6—

Table I, Chemical data for Willow and Norwegian Creeks, 1960.
Willow Creek  Norwegian Creek

Chemical analyses p Op OMO p Opain0
Iron (Fe) 1.0 0.9
Calcium (Ca) 56.0 52.0
Magnesium 27.0 37.0
Sodium and Potassium Calc. (Na-K) 25.0 21.0
Carbonate radical (COg) 0.0 0.0
Bicarbonate radical (HCOg) 293.0 317.0
Sulphate radical (SO4) 49.0 27.0
Chloride (Cl) 8.0 28.0
Fluorine (F) 0.4 0.5
0.1 0.0
0.0 0.0

Hydroxide (OH)

Total hardness (as CaCOg)
Total dissolved solids

bairdi). With the exceotion of the first three,

drainage. No records were found regarding the original

are native to the

introduction of

trout into the reservoir but stocking records since 1953 are available

(Table 2).

Table 2. Willow Creek Reservoir rainbow trout stocking records.

Size in
Y ear inches
1953 6-9
1954 I
1954 6-9
1955 3
1957 3
1958 3
1959 6-9
1959 6-9
1960 6-9
1960 6-9

Number

2,700
113,175
2,599
85,966
46,124
58,144
29,988
25,083
29,976
25,000

Total weight
in pounds

360
85
769
490
708
705
9,630
4,810
7,847
5,000
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Rainbow trout have produced spawning runs in the tributary streams and
a trap in Willow Creek has been operated since 1950 for the purpose of ob-

taining eggs of this species (Table 3).

Table 3. Data from the Willow Creek egg taking operation.

Year Number of females stripped Number of eggs taken
1950 Himiae 1,289,680
1951 —— 2,267,136
1952 - 1,746,810
1953 - 3,585,600
1954 - - 2,642,164
1955 1830 2,432,960
1956 1139 3,615,744
1957 1771 2,493,102
1958 988 1,773,552
1959* 335 629,748
1960 239 279,800

* In 1959 an additional 443 females and 935,088 eggs were taken from
Norwegian Creek.

Observations on Spawning and
Fry Production in Tributaries

The tributary streams provide spawning areas for most fishes in the
reservoir. Spawning fish in Norwegian and Dry Hollow Creeks ware collected
by electrofishing, using a 220 volt D.C. generator. A section of 300 feet
was established in each stream and practically all adult fish were captured
in these areas on each collection date. The spawning fish in Willow Creek
were taken in a trap which blocked the entire stream. This trap was in-
stalled previous to this study, by the Montana Fish and Game Department for
the purpose of obtaining rainbow trout eggs.

The tributaries were first visited on March 27 and at that time adult
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rainbow trout, presumably from the reservoir, were observed in Norwegian
and Dry Hollow Creeks, no fish were seen in Willow CreekO Seven samples
were taken on Norwegian Creek as follows* two on March 30, and one each on
April I, 4, 8, 11, and May 7, A total of 207 male and 124 female rainbow
trout was collected (Table 4)0 Four samples were taken on Dry Hollow
Creek; one each on April I, 8, 11, and May 7. A total of 71 male and 31
female rainbow trout was collected (Table 4).

Table 4. Number, average length, and average weight of rainbow trout
taken electrofishing in Norwegian and Dry Hollow Creeks, 1960,

Norwegian Creek Dry Hollow Creek
Date Males Females Males Females
March 30 22 10 -
March 30 25 21 — “
April 1 33 13 15 4
April 4 37 45 —_— —
April 8 29 7 26 13
April 11 16 11 17 7
May 7 45 17 13 7
Total number 207 124 71 31
Average length 13,48 16,80 13,18 14,84
Average weight 0,98 1,62 0,81 1,10

The trap on Willow Creek was put into operation on March 29, and the
first rainbow trout was captured along with seven suckers on April I, The
first eggs were taken on April 13, and spawn-taking continued at irregular
intervals through May 8, During this period a total of 474 rainbow trout,
including 235 males and 239 females, was trapped, A total of 270,800 eggs
was taken in this spawn-taking operation (Table 5),

Lengths and weights were taken on rainbow trout in the 1960 spawning

run in Willow Creek, Lengths and weights were also available for spawning
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Table 5» Rainbow trout captured and eggs obtained during the spawns
taking operation in Willow Creek, 1960.

Date Males taken Females taken Eggs obtained
April 13 90 48 64,960
April 19 92 45 46,400
April 20 14 14 113,920
May 3 22 113 26,680
May 8 17 19 27,840
May 17 Station closed

In addition to the rainbow trout, 82 adult brown trout were also taken
in the trap; 72 on April 13, 3 on April 20, and 7 on May 11» One adult
brook trout was taken on April 20»
fish taken in 1953 through 1958, except for 1956» The tabulation of this
material shows a decline in the size of fish taken over this period (Table
6).

Table 6» Lengths and weights of rainbow trout from the spawning runs in
Willow Creek, 1953 - 1960.

Average length Average weight
Year Sex Number in inches in pounds
1953 Male 50 3.90
Female 50 —_— 3.40
1954 Male 14 20.6 3.00
Female 87 20.4 3.10
1955 Male 157 17.6 —
Female 368 19.4 —
1955 Male 6 18.1 1.61
Female 62 19.0 2.21
1957 Male 53 18.7 2.21
Female 54 19.1 2.62
1958 Male 18 18.3 1.99
Female 57 18.8 2.16
1960 Male 61 13.6 0.93
Female 105 17.7 1.67

A length-frequency distribution was plotted for fish captured in the

tributaries in 1960» The 12- and 13-inch groups were dominant with 130 and
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'154 speciﬁens respebtivelyg' The 18- and léﬁigch grbu§s weie1qext with 69
and 72 individuals respectlvelyu

At least some of the rainbow trout planted in 1959 and 1960 could be’
idéntlfled by Certaln fin deformities, A total of 192 flsﬁ or 32 gercegt
of those handléd by the writer during the spawning-run weré idegtified’es
hatchery fish., The majority of these were in she 12~ and iS-inch groups
and none were found to exceed 15.0 inches. Of the 130 fish in the 12-inch.
group, 725 or 55 percent possessed deformed finsy and of the 154 spebimehs
. in the 13-inch group, 81 or 52 percent showed similar deformitieés. The
18~ and 19<inch grpups were either from fish planted (mostly fingerlings)
brior te 1959, or from wild fish. '
A few observations were made on the spawning movement of suckers inté
the‘tributary stréams, On April 13, 206 (143 white suckers and 63 longnose
suckers) wére removed from the Wlllow Creek trapy and on subsequent days
large undetérmined numbers werd removed. A sample of 52 suckers frpm:
Willow Creek was weighed and measureds These had an average total length
of 14,25 ihches and an averagé weight of 1.24 pounds. Eight suckers wére
taken from Norwegian Creek oh May 7y but ﬁope were found in Dry Hollow
Creek. On June 25 a cpncenﬁratiph of suckgrs and trout was observed on
the first riffle abbve the reservoir in Willow Creeks A 150~foot section
of this riffle was shockeds The fish taken imcludeds 80 raigbew trout,
13 brown trout and abﬁut 150 suckers. Examination of four rainbow trout
and three brovin trout stomachs revéaled that they had been feeding almost

exclusively on sucker eggs.
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Sbawning $qcc¢$sa The tributary streams were kept under pbservatiqn
for- trout fry and fingerlings from May 27 to Septembér 8. Dry Hollow
Creek wds dewatered on May 28, except for a few scattered ppols. These
pools were inspected for fry but none were found: A fry trap, which had
been uséd successfully in other Moptana streamsy. was placed in Norwegian
Creek in an attempt to capture fry. It was installed on Jurie 3 and rémain-
ed in.thé stream until August 17. Duripg this periéd not ong fry or fingers
1ing trout was takén although several dace ard sculpins were caughts hé»
peated seining ("common senseé™, 1/8~inch mesh) captured no trout and enly
a few sucker fry in Norwegian Creek, but a large number of fry apnd finger-
ling trout (brook, browh'and rainbow) as well as suckers wére taken in
Willow Creeks |

Autumn Spawhihg Activitys The tributaries @ere kept under observatiohy
through Octeber and November for spawning brown trout, or their redds.
Only Willow Greek revealed any spawning fishy; altheugh there was é&éqUate
water in all the tributaries: The first redd was found on October 45 and
10 redds were obsérved in approximately two miles of stream between October
4, and Novembger 2,

A section of Willow Creek (approximately 300 feet) was sampled four
times by electrofishing (October 6, 21y 24, and 28). Twenty mdlée and
three female browh @rbut'were takeriy along with 13 male apd 11 femalg brook
trouty énd 6 male and 3 femala whitefish. ALl of thesg fish were mature
ennugﬁ to épawné

Two experimental gill nets were set near the mouth of Willow Creek on

’
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November 2 and two ®n November 3. Ieﬂ femalg and fghi gaie bﬁgﬁp'@;ﬁﬁ%:
. over 15 inchés in total length, and 11 smallér individuals of this species
were taken. None of fhem showed evidence of havinig spawhed o being mature
enjough to spawn; with the éxceptich of one femaieq All the remainipg .
females had ;emnahis of eggs in the body cavity,; presumably from ;h? pre-

yious sgason. . T

Agde and Growth

Age-and growth detérminatibhs were made for rainbow trout and brown
trouts Fish wete collected from Willow Greek Resgrvoir by gill nettingy
and apglingy and from the ‘tributaries by élettrofishing, seining, and the
trap on Willdw'Creekq Fish were measured to thé nearest 0.1 inch (total
léngth)s Scale samples were taken anterior to the dorsal fin abpve the
lateral 1ine; arid apnuli were détermiped from plagtic impressions with the
aid of a microprojectors Scale measurements were made from the centgr o%
the focus to the outer edge along the mid-anterior radiuss Assuming a
St;aight 1ine relationship of scdle length to-body length, the length of
.the fish at-the completion of éaéh apnulus was determined by use of a
nomograph. | |

A considerable numbér of scale samples revealed patterns that were so
irregular apd diversg that they could not be interpreted. Most of these
scale sémpies were from fish between 7 amd 16 inches ipn ‘total length that
had deformed fins. . Practically all of the fish taken betwéen 9 and 55
inches total léngth had irregular patterns 6n'their scalesy these fish

also had deféried fins:
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The average calculated total lengths for rainbow trout at annuli I-VI
were 3,29, 7,86, 12.93, 16,53, 18,82, and 18,1, The largest individual in
the collection was 21.0 inches in total length, weighed 3.02 pounds and had
five annuli. No rainbow trout were found to have more than six annuli.
The smallest rainbow trout taken was 3.6 inches in total length and was
without annuli. Calculations from scales of previous collections in
Willow Creek Reservoir (1949, 1954, and 1955) generally showed greater
total lengths than those of the 1960 collection (Table 7). The largest
rainbow trout was taken in 1954. It was 24.3 inches in total length,
weighed 4.62 pounds and had five annuli.

Table 7. Comparison of rainbow trout age and growth determinations for
Montana (number of specimens in parenthesis).

Location Year | I 11 v V VI

Willow Creek Res. 1960 3.29 7.86 12.93 16.53 18.82 18.10
(258) (246) (233) (152) (68) (2)
1955 3.2 8.4 13.7 17.8 20.5
(55)  (55)  (53) (28) (1)
1954 4.0 10.2 15.6 19.4 216 21.0
(96)  (96)  (95) (87) (30)  (3)
1949 3.3 8.6 14.9 17.7 18.3
(18)  (18)  (18) (13) (3)
Canyon Ferry Res. 1959 3.4 7,2 13.8 17.1 19,0
(13) (12) (10) I I
9.4 " 1&%

Prickley Pear Cr. 1955 3.5 6.6 . 11.8
) o (747) (270) (63) (10) (1)
Missouri River 1950 3.2 7.9 11.1 13.5 15.9 16.6
(478) (371) (168) (40) (4) (2)

Several age and growth studies have been made on rainbow trout in
Montana. Growth was similar for ages | and Il except for Prickley Pear
Creek (Bishop, 1955) which was less than that of Willow Creek Reservoir at

age Il. In fish older than two years, growth was greatest in Canyon Ferry
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Reservoir (Graham, 1959), next in Willow Creek Reservoir, next in the
Missouri River (Kathrein9 1951), and least in Prickley Pear Creek-

The average calculated total lengths for brown trout at annuli I-VI1II
were 3.38, 8.29, 12.99, 15.69, 17.29, 19.13, 22.90, and 24.40. The largest
and oldest specimen in the collection was 25.0 inches in total length,
weighed 7.50 pounds and had eight annuli. The smallest brown trout in the
collection was 3.2 inches in total length and was without annuli. The
brown trout growth rate for Willow Creek Reservoir was greater than that
reported by Bishop (1955) for ages I11-V II, comparable to that found by
Kathrein (1951), but not as great as that given by Graham (1959) (Table 8).

Table 8. Comparison of brown trout age and growth determinations for
Mohtana (number of specimens in parenthesis).

Location Year I I 11 v \% VI VIl VI

Willow Creek Res. 1960 3.38 8.29 12.99 15.69 17.29 19.13 22.90 24.40
(140) (125) (113) (91) (35) (9) (3) (n
Canyon Ferry Res. 1959 4.2 104 14.3 172 20.7 23.6
_ (67) (67) (35)  (34) (9) (3)
Prickley Pear Cr. 1955 3.8 7.7 11.1 13.7 16.5 20.2 22.2
_ o (908) (375) (229) (80) (19) (5) (n
Missouri River 1950 3.9 8.1 12.0 15.3 18.2 20.0 21.7 22.2
(127)  (103) (71) (47) (19) (5) 3) (2)

Gill Netting Results
Three gill net series, consisting of 20 overnight sets each, were made
in Willow Creek Reservoir in 1960. One series was conducted in June (7-12),
one in July (19-22), and one in September (13-14). Nets used were 125 feet
long and 6 feet deep with graded mesh sizes ranging from 3/4- to 2-inch
(bar measure). Twenty netting stations were established (Figure 1).

June Series. The water in the reservoir was at maximum level and all
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nets were set on the bottom at depths varying from 10 tci 50 feet. The
following fish were takens 118 brown trout, 48 rainbow trout, 2 brook

trout, 2 mountain whitefish and 1595 white and longnose suckers (Table 9).

Table 9, Fish taken in the June gill net series, Willow Creek Reservoir,
1960.
Rainbow  Brown  Brook  White- Maximum depth

Set number trout trout trout fish Suckers in feet

I I 3 - - 89 15

2 4 7 - 96 15

3 4 7 - 76 20

4 4 3 - - 96 20

5 I 6 - - 71 20

6 7 I - - 185 20

7 - 3 I - 86 20

8 2 I - - 84 25

9 2 I - - 132 15

10 | - - - 128 25

11 - 3 - - 48 20

12 - 4 - - 98 15

13 - 10 - - 50 50

14 | 9 | - 50 50

15 | - - - 21 45

16 3 24 - - 41 30

17 3 19 - I 44 30

18 3 6 - I 31 20

19 7 8 - - 86 15

20 4 3 - - 83 10
Totals 48 118 2 2 1595

Brown trout were taken in all areas of the reservoir, but were more abundant
at depths below 30 feet, where 25 percent of the nets captured 52 percent
of this species. Rainbow trout were taken in most areals of the reservoir
and showed no marked concentrations. Suckers outnumbered all other fish in
all sets regardless of location,

July Series, The water level in the reservoir was six feet below the

spillway. Nets at 10 stations were set on the bottom while the other 10
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were set at the surface. The following fish were taken: 227 rainbow trout,

46 brown trout, 4 brook trout, and 1237 suckers (Table 10). The 10 bottom

Table 10. Fish taken in the July gill net series, Willow Creek Reservoir,

1960.
Rainbow Brown  Brook Station depth
Set number  Set type trout trout  trout  Suckers in feet
3 SurI;ace 13 - - 84 15
4 4 : : 10 15
6 9 23 : : 70 20
8 9 4 : : 8 20
10 9 4 : : 3 20
11 9 24 - : 2 15
13 9 4 : : 4 40
15 9 38 7 - 7 40
18 9 I - : 2 15
19 9 1 - - 42 10
Total Surface 126 7 - 232
| Bottom 4 - . 116 7
2 9 2 - : 86 7
5 9 19 2 : 82 15
7 9 1 : : 114 10
9 9 24 2 I 104 10
12 ) 7 : : 89 10
14 " 6 16 : 27 50
16 ® 4 4 : 75 25
17 ® 10 11 : o1 25
20 ® 14 4 3 221 8
Total Bottom 101 39 4 1005
Grand Total 227 46 4 1237

sets captured 101 rainbow trout, 39 brown trout, 4 brook trout, and 1005
suckers, while the surface sets took 126 rainbow trout, 7 brown trout, and
232 suckers. Rainbow trout were taken throughout the reservoir with the
surface sets capturing 56 percent. Only 15 percent of the brown trout were
taken in surface sets, and all of these were in the same net (set 15) which

floated over 40 feet of water. In the bottom sets, 30 percent of the nets
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took 79 percent of the brown trout. These nets were set at depths below
24 feet. The 10 bottom sets captured 81 percent of the suckers taken in
this series.

September Series. The water was at minimum level; 15 feet below the
spillway. Only 10 of the original stations were suitable for gill netting
and one net was set at the surface and one &n the bottom at each of these.
The following fish were takens 334 rainbow trout, 101 brown trout, and
1742 suckers (table 11). The bottom sets captured 70 rainbow trout, 69

Table 11. Fish taken in the September gill net series, Willow Creek
Reservoir, 1960.

Rainbow Brown Station depth
Set number  Set type trout trout Suckers in feet
4 Surface 35 - 88 15
8 ‘! 33 3 168 15
10 * 50 2 65 15
11 ” 29 : 72 24
13 ” 26 I 31 42
14 ® : I 14 42
15 . 16 I 25 40
16 * 8 13 94 25
17 * 33 5 52 25
19 ” 34 6 68 20
Total Surface 264 32 677
4 Bottom 13 I 133 15
8 ” 14 I 189 15
10 ” 4 5 154 15
11 ” 8 9 107 24
13 * 5 14 60 42
14 * - 5 18 42
15 * I 7 45 40
16 * 3 12 176 25
17 » 15 2 94 25
19 ” 7 13 89 20
Total Bottom 70 69 1065

Grand Total 334 101 1742
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browﬁ'trout; and 1065 suckers, while the surface sets took 264 raigbgw
trouts; 32 brown trout, and 677 suckers. Although raipbéw trout were taken
in all depths and afeaé of the reservbir 79 percent of them were bé?ig?éd'
in surface sets. Brown trout were also taken throughout the reservoir,
buﬁ 68 percent of them weré captured in bottom sets. The‘bpttpm sgté t@bk
61 percent of the suckers in this series.

Eish Distributioh in Relation to Temperature and.Water'Levgléé Some

observations were made on temperature fluctuations and water levels.
Temperatures were secured with a reésistance thermometer at 10 stétipns in
the reservoir (Figure l1). Readings were taken at three»fopt intervais f;o@
surface to bottom (Table 12). Water level data were schred-fréﬁ the Mgpf
tana State Water Board. |

-During the June gill net series, water levels were maximum. Su;faéé
temperatures ranged from 63.00 to 64.0° F.s with an average of 63,79

Bottom temperatures ranged from 54,00 at 60 feet to 60,59 F; at 15 feet;

" with an average of 56.49, Browﬁ trout were distributed over the entire

bottom of the reservoir, appearing in 90 percent of tﬁe neté° This spe¢i¢$
was more abundant at depths below 30 feety however there was RO apparent
relationship betweép brown trout distribution and water teﬁpératures;
Rainbow trout were not abuﬁdant but were widely distributed, appedring in
80 percént pf thé nets,

During the July gill net series water levels were down six feét. Sur=

face temperatures ranged from 7540° to 78.0° F., with an average, of 76.3°.

Bottem temperatures ranged from 6300°Aat 54 feet to 74.5° F. at 3 feet,
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Table 12. Water temperatures in Willow Creek Reservoir, 1960.

Average temperatures in degrees Fahrenheit
for all stations

Depth in feet Date
June 14 July 22 September 12

Surface 63.7 76.3 63.7
3 63.5 74.1 61.1
6 62.3 72.9 60.1
9 61.7 71.7 59.4
12 62.0 70.6 59.3
15 61.3 69.6 59.0
18 59.9 69.9 58.9
21 59.4 68.3 59.0
24 58.2 67.4 59.0
27 57.1 66.9 59.0
30 56.5 65.7 59.0
33 55.5 65.0 59.0
36 55.0 65.0 59.0
39 55.0 64.7 58.3
42 55.0 64.3 58.3
45 54.6 64.2 58.3
48 54.3 63.8
51 54.3 63.7
54 54.3 63.3
57 54.3
60 54.3

with an average of 68.100 Brown trout were taken in only 35 percent of the *

nets. Bottom sets captured 85 percent of the brown trout taken in this

series. They were particularly abundant in nets set at depths below 24

feet, where water temperatures averaged less than 68° F. Rainbow trout

appeared in all nets with surface sets capturing 56 percent of the total.
During the September gill net series water levels were at a minimum

(-15 feet). Surface temperatures ranged from 62.5° to 65.5° F., with an

average of 64.0°. Bottom temperatures ranged from 58.0° at 45 feet to

60.0° F. at 3 feet, with an average of 58.9°. Brown trout appeared in 90

percent of the nets. They were taken most frequently in bottom sets where
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68 percent was captured. There were no concentrations that could be
attributed to temperatures. .Rainbow trout also appea;ed in 90 percent of
the nets, 79 percent being taken in surface sets, Suckers showed widér
dispersion in September thap in July.

Whiie water levels dropped progressively from June through Septeémber,
no relationship was observed between declining water levels and fish dis-

tribution, other than a geheral overall restriction.

Species Compositien. The gill nets took a total of 5,456 fish. The -
most abundant fishes were the suckersy which constituted 4,574 individuals
comprising 83.83 percent of the totals Of the reméﬁning 882 fish: rainbow
trout made up 69.05 percent (609 individuals), browh trout 30.04 percent

(265 individuals), brook trout 0.68 percent (6 individuals) and mountain

whitefish 0.23 percent (2 individuals)s Of all the rainbow trout taken,

488 or 80.1 percent had deformed fins and were présumed to be hatchery fish
of the 1959 and 1960 plants.

Length-Frequencies of Rainbow and Brown Irduts. A length-frequepcy
distribution was plotted for rainbow trout taken in the three-gill net
series (Figure 2). The ll-inch group was dominant, having 132 individuals.
This group was followed by the 13-inch group with 117 individuals; and the
14-inch group with 113 individuals. Rainbow trout taken by anglers showed

the 13-inch group to be the most numerous with 619 individuals. The 14~

inch group was next with 454 specimens; followed by the 10~inch group with

206 individuals.

‘A length-frequency distribution was plotted for brown trout taken in

the three gill nét series (Figure 3). The 16-inch group was domipant,
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having 56 individuals. This group was followed by the 15-inch group with
34 individuals, and 17-inch group with 32 individuals. Brown trout taken
by anglers showed the 17-inch group to be dominant with 15 specimens. This
was followed by the 16-inch group with 12 individuals and 15-inch group

with 6 individuals.

Harvest
Willow Creek Reservoir was open to angling from May 22 through July
15, 1960. Angling was permitted only in that portion of Willow Creek

Reservoir known as Norwegian Arm (Figure 2). An attempt was made to con-
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tdct one~half of the anglers, and inventory their catch., Anglers were
interviewed at a checking station lécated on thefqnly access roads Thé
following irnformation was taken from each fishing party; number of fishéf;
men, number of hoﬁré fished, number of fish taken, and method of fishing
(from a boat or from shore).

The sampling period was divided into three stratas stratum I opeping
days stratum II, weekend days and holidays; ard stratum ITI, weekdaysy @n
actual count w3 s thained for the first stratum. In stratUm'II one~half of
the éaturdays; one~hglf of the Sundaysy and one pf the twe holidays were
censused. In stratum III ope-half of the Mondays, Tuesddys, Wednesdays;
Thursdayssy and Fridays were censused. .

Eiéhigg $q¢¢e§.; An estimate of total catch was made ffbm the census
datas Estimated total catch with 90 percent confidence limits for strata
IT and III were deterininéd to supplemént the actual courit of stratﬁm To
The method outlined by Cochran (1953, pp. 72—73) was used to make this
estimate and thain pénfidenbe limits. The above estimate was combined
with the total number pf figh inventoried.in stratum I for the estimated
total catch (Table 13). |

Tablé 13. Estimated rumber of fish taken by ariglers from Willéw Creek
Reservbir, 1960a

Lower confldence - Upper confldence

- Strata.... . - limit. .. . .Estimate . C limit
N 1,854 15854 - ig854
IT and III : 94377 13,014 164651

Total 11,231 14,868 18,505
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A total of 2,076 anglers was interviewed, and 15725 of these fished
from boats while 351 fished from shore. The boat fishermen caught 7,436
fish for ah average of 4.3l fish per fisherman, at the rate of 0.850 fish
per hou:§ while fhe shore fishermen took 937 fish for an average of 2.67
fish per fisherman at the'raie of 0,455 fish per hour. Boat and shore
fishermen combined took an average of 4.03 fish per fisherman, at thenrate
of 0,775 fish per hour. |

Composition of the Catchi Of the total fish taken by anglers frbm
Willow Creek Reservoiry 1,941 were examined. Fish were identified,

measured and fin condition noted. There were 1,888 rainbew trout (97.27

percent), 48 brown trout (2.47 percent), and 5 brook trout (0.26 percent)

in the catch. Rainbow trout averaged 12.96 inches in total lengthy brown
trout 16.73 inchesy and brook trout 9.88 inches, Fish with deformed fins

made up 71.4 percent of the rainbow trout examined in the creel CENSUS s

Matrked Fish Recovery

A total of 3,210 fish was marked either by fin clipping or jaw tag-
ging to obtain information on distribution‘and movement of fish in the
spawhning runs, and on those.planted in 1960° Of these, 24500 were from
d hatchery and 710 were captured in the tributariegs. Marked fish were re~
covered by angling, gill netting and electrofishingal Recovery of fin-
clipped fish from angler catches was practic%lly nily as all fish were
cleaned and fins were often lest prior to examination.

Recovery of Fish Marked in Norwegian Creek. A total of 339 fish was

captured, marked and released in Norwegian Creek between March 30 and May 7.
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IIhQSE'incIuded 331 rainbow trout (71 with jaw tags)s; 5 brook trduﬁ,'agg 3
biOWn trout. Oaly 11 rainbow trout were recovereds Seven of these were
tagged fish taken by anglers; six in the reservoir and one about two ﬁiies

above the reseryoir in Norwegiah Creek. Four of the 11 were fin-clip re-

coveries. - Two of these fin*clipped fish were taken by anglérs andﬂéne by

a gill ﬁet (station 1) in the reservoir. The other Wwas captured in

-Willow Creek on June 2, by electrofishing.

Recovery of Eish Marked im Willow Creek. A total of 249 fish was
capturéd, matked and released in Willow CiEek‘between_April 13 and May 11.

These included 166 rainbow frou@ (17 with jaw tags)s 82 brown trout (11

"with jaw tags) and 1 brook trout. Fourteen of these were recévereds five

were tagged and nine were clipped. FQUrlnf the tdgged fish were rainbow
trout taken by anglers in the reserveir and one was‘a briown tfbut'tékeh by
an angleér approximately li miles above the reservoir in North Willew Greeks
Eighf fin-clipped rainhoﬁ'tIOut and pre browh trout were recpvéredo Of the
rainbew trouty one waé‘taken by anglingy; and six were caught in gill nets
(stations 5, 75 14, 15, 165 and 20) in the reéer&@irf Ohe was Captdrgd
(June 2) by glectrb¥fishing in Willow Creeks The single brbﬁg trout was
taken by electrofishing (October 21) in the sam¢ creek.

Recovery of Fish Marked in Dry Hollow Greek. A total of 122 fish
was captured, marked, and reélsased in Dry Hollow Creek between April 1 and
May’?an,Ihese included 102 rainbow trout (38 with jaw tags)s‘lo brown trout
and 10 brook trout. Only six rEGOVEriés were made épd all were takep in-

the resérvoir. Thred tagged rainbew trout were taken by anglers. One fin=
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clipped fish was recovered by an angler and two weré takeg"gili nettind"
(statien 9)y | |

Recovery of Mg_;@ Hatchery Fish. On May 16, 2,500 fin-;clip_ged (6~9
inch) rainbbw trout were planted in Willow Arm of Wi;lqw Qfeek Beéérv@iio'
Oniy'2é of these were recovered. Two were takén by electrcfisﬁipg'ip
Willow Creek; one on October 21 and one on October 24. The remaining 21
‘fish were takén by gill nétting in the reseérvoir. The number taken at
each station were as followss 1 fish at étatibn 45 2 at 85 1 at. 9y 2 at
10, 4 at 11, 1 at 13, 1 at 14, 1 at 15, 4 at 175 1 at 18, and 3 at 19: -

Only 31 of the 710 fish that were marked in the tribgtgries'durigg
the spawning season weré recovered. These were widely distributed in the
reservoir. Oné indi&idual finﬁqlippéd in Nbrwééian Creek sometime beﬁw§gg‘
March 30 and May 7y was taken by elect:bfishiﬁg in Willow G;éék on June 24
This fish traveled approximately 4% miles which'wés the.greatesf distance
recorded for any fish.

All marked hatchery fish were planted in Willow Arm of the reservgir
near the inlets Two of the recoveriés were made ih Willew Creek, 10 in

Willow Arfi, and 1] in Nerwegiap Arms

Summary
1. ébservations were made on the spawning, grthh9 distributiony movement;
and harvest of trout im Willew Creek Resérvoir fipm'March 27; through
November 5;. 1960:
2; The only successful reproduction was observed in Nillpw Creeks Av-

erage size of rainbow trout taken in the spawning trap on‘Willdw[Qregk
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has declined from 20.42 inches~total length ard 3.08 pounds in 1954, to
16.19 inches total léﬁgth and 1.38 pounds in 1960,

Of rainbéw trout observed in spawning runs, 32 percent were identified'
as fish planted in 1959 or 1960.

Growth rate of rainbﬁw trout was less in 1960 than in previous years
(1949, 1954, and 1955). |

Distribution of trout in the reservoir appeared to be corrélated with
water temperatures. Rainbow trout were most evenly distributeé in the
reservoir when water temperatures were warmést, but were cohcentrated
near the surface when water temperatures were cool.

Brown trout were most restricted at maximum water temperatures, and
were.most abundant near the bottom in all gill net series.

The game fish caught by gill ﬁets included; 69.05 percént rainbow trout,
30.04 perceﬁt brown trout, 0,68 percent brock trout, and 0.23 percent
mountain whitefish;

A total of 80.1 percent of rainbow trout taken iﬁ gill nets was be-
lieved to be fish planted in 1959 and 1960.

Anglers took an estimated 14, 868 fish from Willow Creék Reservoir durse
ing the six week fishing seasori in 1960, with an average of 4.03 fish
per.fisherman at a rate of 0,775 fish per hour.

The anglers® catch was composed of 97.27 percent rainbow trout, 2.47
percent brown trout and 0:26 percent brdok trout.

Of rainbow trout taken by anglers; 71:4 percent were identified as fish

planted in. 1959 and 1960.
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12, Thirty-one of 710 -fish marked in the tributaries.were rebeerga and
found to be widely distributed in the reservoir and tributaries.
| ig; Marked hatchery fish planted in Willow Arm wéfe also widely distributed

being recovered in both arms of thé reseivoir and in Willew Creek.
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