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INTRODUCTION

In 1872, the United States Congress established Yellowstone 
National Park ”... for the benefit and enjoyment of the people 
and for the preservation, from injury and spoliation of all 
timber, mineral deposits, natural curiosities or wonders..., and 
their retention in their natural condition.” From this 
beginning, federal legislation and policies have evolved to 
prohibit hunting of all oirds and mammals and to regulate 
fishing. The Park is currently managed as a natural area to 
perpetuate the native fauna, flora, geology, and scenic 
landscape as a natural ecosystem.

Fishing has always been a major visitor activity in Yellowstone 
Park. Although initial regulations were extremely liberal and 
associated with frontier subsistence, present restrictions have 
been developed over the past fifty years to more closely reflect 
the Park's management mandate. The basic objectives of the 
fishing program are:

1. To manage the fishery as an integral part of the 
Park's ecosystem.

2. To preserve and restore native species and aquatic 
habitats.

3. To provide anglers with a high quality angling 
experience with wild trout in a natural setting.

Attainment of these objectives requires that angler harvests do 
not alter natural replenishment rates, or significantly reduce 
numbers, biomass, sizes, and age structure from those occurring 
in the absence of fishing. This management policy necessitates 
both a philosophical and literal distinction between 
recreational angling and removing fish for consumption. This 
distinction is especially important since maintenance stocking 
was eliminated in the early 1950's and wild stocks alone must 
support rising interest in sport angling. Because Park policies 
have prevented substantial degradation of aquatic habitats often 
associated with human utilization and development, habitat 
manipulation has been unnecessary in Yellowstone. Restrictive 
angling regulations, therefore, have been the primary means by 
which the Park has met the challenge of increasing Parkwide 
angler use and Dack-country visitation.

Regulations used to protect fishes and maintain angling quality 
have included manipulating season dates, bait and terminal gear 
restrictions, and the use of creel and size limits (including 
catch and rel ease-only). Additionally, some waters have been 
closed to angling in order to protect threatened species, 
nesting birds, or to provide scenic vistas with undisturbed 
wildlife (including fishes).

Yellowstone has one fish species (Montana grayling) and over a 
dozen waters restricted to catch and release-only fishing. 
Several other waters, including Yellowstone Lake, require the 
release of some fish as a result of maximum or minimum size 
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limits. The implementation of these regulations has improved 
angling quality despite substantial increases in fishing 
pressure, and population structure has shifted to a state more 
closely resembling historic levels.

In 1982, approximately 205,000 non-fee permits were issued to 
potential Park anglers. Although anglers from all 50 states, 
all Canadian provinces and several other foreign countries 
fished in Yellowstone Park, the largest single group resided in 
the local states of of Montana, Wyoming, Idaho and Utah 
(Table 1). Residents of California and Colorado dominated the 
individual states (15.9% and 8.9%, respectively), but the four 
local states were all in the top ten.

Of 120 lakes and streams which are annually utilized by Park 
anglers, 30 support most of the fishing pressure. The quality 
of at least six of these fisheries has gained national 
recognition, and several articles, usually complimentary, are 
published about Yellowstone fishing each year.

The 1980 National Survey of Hunting, Fishing and Wildlife 
Associated Recreation (USDI 1982) indicates that Yellowstone 
Park supports approximately 1.3% of the nations total trout 
anglers. According to recent figures .eight states have fewer 
licensed anglers than the Park, and in 1981, the number of Park 
license-holders was greater than 63% of the total licenses 
issued by Wyoming, over 51% of the total issued by Montana and 
39% of the total issued by Idaho (USFWS 1982). The economic 
impact of Park anglers is evidenced by the estimated 4 million 
dollars they spend annually in and around Yellowstone Park.

These facts help to elucidate both the importance of the Park 
fishery resource and the problems encountered in attempting to 
meet the Park’s fishery management objectives. Angler use 
remained high in 1982, at a level only exceeded twice since 
these estimates began. Since angler use appears to be directly 
related to total Park recreational visitation, angler use is 
expected to rise concomitant with future increases in 
visitation.

Despite the recommendation of several important regulation 
changes (Jones et al 1982), the statutes remained unchanged 
during 1982. We believe these changes are necessary to both 
protect native fishes and to maintain quality angling, and we 
urge that these regulations be initiated as soon as possible.
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Taolel . Residency of anglers^ Interviewed when leaving Yellowstone Park, 1976 and 1978-1932

Number interviewed Percentage of
at Entrance Station total interviewed

States by....................................................................................... .................... ... - ■ , -------------------------------
geographical groups_______ 1976 1973 1979 1980 1981 1982 1976 1978 1979 1980 1981 1982

"Local states*
Idaho 37 47 61 23
Hontana 68 46 62 49
Utah 71 97 112 50
Wyoming 67 58 58 23

Total 2*13 248 293 145

West coast states
California 225 158 222 102
Uregon 24 34 24 23
Washington 56 49 48 21

Total 305 241 294 146

Southwest states
Arizona 18 28 26 22
Colorado 65 65 80 47
Nevada 7 4 10 4
New Mexico 9 8 9 6

Total 99 105 125 79

Central plains states
Iowa 15 25 17 13
Kansas 14 12 8 7
Nebraska 18 15 21 10
Nortn Dakota 10 12 2 8
Oklahoma 14 7 10 11
South Dakota 9 14 8 5
Texas 42 52 *3 30

Total 122 137 109 84

North central states
Illinois 70 48 40 26
Indiana 20 23 11 3
Michigan 58 61 47 13
Minnesota 64 44 31 17
Ohio 49 40 22 19
Wisconsin 40 37 31 23

Total 301 253 182 101

Southern states
Alabama 3 3 1 2
Arkansas 1 4 6 3
Florida 22 14 20 12
Georgia 7 10 7 5
Kentucky 7 2 4 3
Louisiana 5 4 5 1
Mississippi 5 8 3 3
Missouri 19 19 23 12
North Carolina 9 9 6 2
South Carolina 5 4 3 1
Tennessee 7 1 4 0
Virginia 11 4 7 6
Washington, D.C. 1 0 0 0
West Virginia 4 4 1 2

Total 106 86 90 52

Continued on next page.

71 55 2.79 3.91 4.96 3.38 4.64 4.42
79 79 5.14 3-83 5.04 7.20 5.17 6.35

141 103 5.36 8.07 9.16 7-34 9.23 8.28
89 62 5.06 4.82 4.71 3-38 5.82 4.98

380 299 18.35 25.48 23.ao 21.29 24.87 24.04

228 198 16.99 13.15 18.03 14.98 14.92 15.92
40 36 1.81 2.83 1.95 3-38 2.62 2.89
54 64 4.23 4.07 3.90 3.08 3.53 5.14

322 298 23-03 20.05 23.88 21.44 21.07 23.95

41 23 1.36 2.33 2.11 3.23 2.68 1.85
118 111 4.91 5.41 6.50 6.90 7.72 8.92

12 7 0.53 0.33 0.81 0.59 0.79 0.56
16 18 0.68 0.67 0.73 0.88 1.05 1.45

187 159 7.48 8.74 10.15 11.60 12.23 12.78

28 21 1.13 2.08 1.38 1.90 1.83 1.69
26 14 1.06 1.00 0.65 1.03 1.70 1.13
22 19 1.36 1.24 1.71 1.47 1.44 1.53
10 8 0.76 1.00 0.16 1.17 O.oS 0.64
28 18 1.06 0.58 0.81 1.62 1.83 1.45

5 11 0.68 1.16 0.65 0.73 0.32 0.88
57 46 3.17 4.32 3.49 4.41 3.73 3.70

176 137 9.22 11.38 8.89 12.33 11.52 11.01

56 32 5.29 4.00 3-25 3-82 3.66 2.57
10 7 1.51 1.91 0.89 0.44 0.65 0.56
42 27 4.38 5-07 3.82 1.91 2.75 2.17
44 39 4.83 3.66 2.52 2.50 2.88 3.14
32 32 3.70 3.33 1.79 2.79 2.09 2.57
44 25 3.02 3-08 2.52 3.38 2.88 2.00

228 162 22.73 21.05 14.78 14.83 14.92 13.02

2 6 0.23 0.24 0.08 0.29 0.13 0.48
5 4 0.08 0.33 0.49 0.44 0.33 0.32

23 13 1.66 1.16 1.62 1.76 1.50 1.05
7 7 0.53 0.83 0.57 0.73 0.46 0.56
7 4 0.53 0.16 0.32 0.44 0.46 0.32
6 4 0.38 0.33 0.41 0.15 0.39 0.32
5 7 0.38 0.66 0.24 0.44 0.33 0.56

11 13 1.44 1.58 1.87 1.76 0.72 1.05
3 9 0.68 0.79 0.49 0.29 0.20 0.72
3 2 0.38 0.33 0.24 0.15 0.20 0.16
4 4 0.53 0.08 0.32 0.00 0.26 0.32

10 9 0.83 0.33 0.57 0.88 0.65 0.72
0 0 0.08 0.00 0.00 0.00 0.00 0.00
3 3 0.30 .0-33 0.08 0.29 0.20 0.24

89 85 8.03 7.15 7.31 7.64 5.82 6.83
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Table 1 . Continued

States by 
geographical groups

Number interviewed 
at Entrance Station

Percentage of 
total interviewed

1976 1978 1979 1980 1981 1982 1976 1978 1979 1980 1981 1982

Northeast states
Connecticut 10 11 13 7 3 7 0.76 0.95 1.06 1.03 0.20 0.56
Deleware 1 0 0 1 1 3 0.08 0.00 0.00 0.15 0.07 0.24
Maine 2 1 0 1 4 2 0.15 0.08 0.00 0.15 0.26 0.16
Maryland 14 9 9 7 8 7 1.06 0.74 0.73 1.03 0.52 0.56
Massacnusetts 10 6 9 7 8 4 0.76 0.49 0.73 1.03 0.52 0.32
New Hampshire 3 2 2 2 2 2 0.23 0.16 0.16 ' 0.29 0.13 0.16
New Jersey 14 12 17 10 17 12 1.06 1.00 1.38 1.47 1.11 0.96
Nev; fork 28 27 31 12 27 11 2.11 2.24 2.51 1.76 1.77 0.88
Pennsylvania 26 41 25 10 34 29 1.96 . 3-41 2.03 1.47 2.23 2.33
Rhode Island 1 0 1 0 3 1 0.08 0.00 0.08 0.00 0.20 0.08
Vermont 1 1 3 0 1 2 0.08 0.08 0.24 0.00 0.07 0.16

Total 110 110 110 57 108 80 8.33 9-15 8.94 8.37 7,07 6.43

Isolated states
Alaska 3 1 1 1 2 1 0.23 0.08 0.08 0.15 0,13 0.08
Hawaii 2 1 1 2 0 2 0.15 0.08 0.08 0.29 0.@Q 0.16

Total 5 2 2 3 2 3 0.38 0.16 0.16 0.44 0.13 0.24

Canada 33 19 12 11 31 16 2.49 1.58 0.97 1.62 2.03 1.28

Foreign countries 0 0 14 3 5 5 0.00 0.00 1.14 0.44 0.33 0.40

GRAND TOTAL 1291 1182 1205 667 1492 1223
w/o Canada

GRAND TOTAL 1324 1201 1217 678 1523 1239
w/ Canada

GRAND TOTAL 1324 1201 1231 681 1528 1244
w/ Canada and 
foreign countries

1) Persons who obtained fishing permits



PARKWIDE FISHING
Although recreational visitation decreased 5.92 from 1981 
estimates, the 1982 figure (2.3 million) has only Deen exceeded 
four times in Park history. Approximately 205,000 non-fee 
permits were issued; however, exit gate interviews suggest that 
almost 29% of the permittees did not fish. After adjustments 
were made for nonanglers, che number of Park anglers was 
estimated to be 152,000 in 1982 (Table 2). Despite a 5.0% 
decrease from 1981 (a Park record of 160,000 anglers), the 
number of anglers remained among the highest yet encountered in 
Yellowstone Parx (Table 2).

The exit gate survey indicated that anglers spent an average of 
1.9 days fishing in the Park and fished approximately 1.16 
different waters per day. Computations utilizing these data 
(Jones et al 1977) yielded estimates of total use (332,500 
angler days) and effort (777,600 angler hours). Both figures 
are among the highest estimates since 1973 (Table 2).

An estimated 740,200 fish were landed and 107,500 creeled at a 
rate of 0.95 and 0.14 fish per hour, respectively
(Table 3). Of the fish landed, 85% were released and 15% 
creeled .

The number of fish landed per average angler trip (2.34 hours) 
was 2.3, and the number creeled was 0.32 (Table 4). Anglers 
indicating satisfaction with their fishing trip landed 2.8 fish, 
whereas those that were unsatisfied landed only 1.2 fish. The 
average length of fish landed was also higher for satisfied 
anglers (348 mm or 13.7 inches) than unsatisfied fishermen (308 
mm or 12.1 inches).

Species composition was indicated by anglers for 59,923 landed 
fish; 70.6% were reported as cutthroat trout, followed by 
rainbow trout (10.8%), brown trout (8.0%), brook trout (6.6%) 
and lake trout (1.2%). Small numbers of grayling, mountain 
whitefish, cutthroat x rainbow hybrid and nongame species were 
also caught .

The average size of landed fish (343 mm or 13-5 in) increased 
slightly from 1981. Of 59,263 fish, about 68% were greater tnan 
305 mm (12 in) and 50% exceeded 356 mm (14 in). The average 
length of creeled fish was 314 mm (12.3 in). Lake trout were 
the largest fish landed (418 mm or 16.4 in) followed by 
cutthroat trout (362 mm or 14.3 in), whitefish (328 mm or 12.9 
in), cutthroat x rainbow nybrids (326 mm or 12.8 in), brown 
trout (318 mm or 12.5 in) and brook trout (246 mm or 9.7 in).

The percentage of fishermen that reported satisfaction with 
their overall fishing experienced were 74% in 1982.
Satisfaction rates with numbers and sizes of fish landed were 
67% and 68%, respectively (Table 4).
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Taoie 2 . Estlx^tes of park recreational visitation* fishing permits issued, total parkwido anglers and total parkwide angler days.
Yelloustone National Park. 1972-1932 ......

D Actual n-s>er ur.xnown, figure given Is an estimate.

1972 1973

Total Par/ -etreatlonal Visitation: 2,246,827 2.061.537
rercer.t cr.a:.6e 1'roa previous year: — -3.2%

Par< fis.-.l H Permits Issued: 169.103
rerccr.t froa previous year; ■ — —

Tutsi Pe'rxwiee Anplers: _ 121,868
Pe.-ce.'.t c.;«r.fce :ru;i previous year; —

T'.til Angler Di/s: - . - 230,100
?erci“t cr.«r.»e frus previous year:

95% Confidence Liraits: 225.500-
234.700

1974 1975 1976 1977 1978

1,928,915 2.239.483 2,519,224 2.481.933 2,618,380
-6.4% *13.9* ♦12.5* -1.5* +5.5%

164,600 191.550 213,200 217.000 213,000
-2.75 ♦ 16.4% ♦11.3* + 1.8% *0.5*

116,518 136,322 151.730 154,581 155.700
-4.4% ♦ 17.0s ♦9.7* *1.9* ♦0.7*

220,000 257,300 284,200 311,300 333.000
-4.4% »17.04 +10.5% *9.5* ♦7.2*

215.500- 248,400- 278,500- 304.000- 326,200-
224,300 2u6,300 289,900 318.500 341,300

1> Revised from that reported in Jones et al 1980.

2) dosed on: 1.0 • inexperienced angler. 2.0 ■ experienced. 3.0 • expert. 95% confidence Interval In parenthesis.

1v79 1980 1981 ... .1^22

1,892.908 2,000.273 2.521.831 2.35S.J97
-27.7* *5.7* ♦25.1% -5.9%

195,100 184.200” 172.300 205.000
-10.5* -5.6* -6.5* ♦ B.0%

139.100 130.800 160.000 152.000
-10.7% -6.0% ♦22.3* —"J . 6. •

291.300 311,300 383,400 332.J.-3
-12.7% ♦ 6.9% *23.2* -13.3%

274,500- 287.00C- 363.400- 3i4.ro:-
308,200 334,600 403.300 350.300

Title . Fishergan use, effort, success and narveat for Yellowstone National Park. 1973-1982

O\. Ye+r
Ar.gler 
ca/3

Y length 
angler 

cay
Total hours 

flsned
Landing 

rate

Total 
run 

landed
Creel 
rate

1/73 230.ICO 2.45 564,400 0.86 485.400 0.16

U7» 220.300 2.42 531.300 0.86 456,900 0.19

1975 297.300 2.31 594.400 1.09 647,900 0.23

1?'6 2S + .2U0 . 2.36 670,700 1.02 684.100 0.20

1/77 31’-. 200 2.33 725.300 0.98 710.800 0.20

IvTd 333.800 2.23 744,400 0.99 736.900 0.17

1979” 2> 1,300 2.49 725.300 1.01 731.100 0.15

;;3o 311.300 2.44 758.000 0.96 725,300 0.13

i>o 1 533.400 2.41 923.000 0.93 844,700 0.12

19:2 332.500 2.34 777.558 0.95 740,200 0.14

Total - % of anglers satisfied with Average total Mean expertise
fish Overall Numbers Sixes Length of fish level

creeled experle/tce caught caught landed (in.) (95*  C.I.)* 2>

90.300 • __ __ __ —

101.000 - — - - —

146,700 77 74 75 *3-3 —

134,100 74 69 69 13-2 1.90

145.100 75 68 70 13.4 1.83

126,JiOO 73 66 68 13.4 1.86

107,300 73 67 68 13-6 1 .88 (1.87-1.90)

101,000 73 66 68 1J.4 1 .87 (1.86-1.88)

110,800 73 65 66 13.4 1 .88 (1.87-1.89)

107,500 74 67 68 13.5 1 .88 (1.86-1.89)

t
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Table 4 . Characteristics of satisfied and unsatisfied anglers, and the influence of the relative expertise of anglers to sportfisliing 
___________ success in Yellowstone National Park, 1982  

Kean number Average length
Mean number hours Landing rate Creel rate Fish landed/ Fish creeled/ fish landed Average Sample

days fishing fished/day (fish/hour) (fish/hour) angler day angler day (in.) expertise^ anglers (n)

Satisfied anglers 2.47 1.13 0.16 2.8 0.40 13.7 1.01 5,026
Unsatisfied anglers 2.19 0.54 0.08 1.2 0.18 12.1 1.86 2,153

sum or x 1.74 2.34 0.95 0.14 2.2 0.33 13.5 1.88 8,3&71 2)

Inexperienced anglers 1.55 1.99 0.66 0.17 1.3 0.34 13.3 1.00 1,920
Experienced anglers 1.81 2.40 0.96 0.14 2.3 0.34 13.4 2.00 5.450
Expert anglers 1.79 2.63 1.47 0.12 3-9 0.32 14.0 3.00 893

sum cr x 1.74 2.34 0.95 0.14 2.2 0.33 13.5 1.88 8,3672)

1) Based on 1.0 = inexperienced angler; 2,0 experienced; 3-0 expert.

2) The averages are based on all anglers In the sample. Not all anglers marked satisfaction or expertise boxes therefore tne sums of tne 
columns do not add up to the total given.

Satisfaction Matrix

Satisfied Anglers Unsatisfied Anglers

Overall I
Satisfaction

Satisfaction with 
numbers landed

Satisfaction with 
sizes landed

Overall 
satisfaction

Satisfaction with 
numbers landed

Satisfaction with 
sizes landed

Landing Rate (Fish/hr)
'Inexperienced anglers 0.8 0.8 0.8 0.3 / 0.3 0.4
Experienced anglers 1.1 1.2 1.0 0.4 0.4 0.8
expert anglers 1.7 1.7 1.6 0.7 0.6 1.1

Creel Rate (Fish/hr)
Inexperienced anglers 0.21 0.22 0.20 0.05 0.07 0.U9
Experienced anglers 0.16 0.16 0.15 0.07 0.08 0.11
Expert anglers 0.14 0.13 0.14 0.07 0.09 0.08

Fish Size (Indies)
Inexperienced anglers 13.4 13.3 13.5 12.2 13.2 12.1
Experienced anglers 13.5 13.3 13.9 12.2 12.8 11.6
Expert anglers 14.1 14.1 14.3 12.4 13.0 12.2



On the VFR card, fishermen are asked to judge their own 
technical expertise level, and expertise is then estimated for 
each water by a mean index value whereby 1.0 is an inexperienced 
angler, 2.0 is experienced and 3.0 is an expert. In 1982, the 
mean expertise for 8,367 Parx anglers was 1.88, indicating that 
most fishermen fall into the inexperienced to experienced 
category (Table 4).

In depth analysis of several fisheries including Yellowstone 
Lake, the catch and release section of the Yellowstone River, 
Lewis and Shoshone Lakes, Cascade Laxe, McBride Lake, uake #1310 
and Sedge Creek were completed in 1982. Although it was not 
possible to expand these analyses to additional waters, data for 
over 30 lakes and streams that make up over 94% of the total 
Park angler use are give in tabular form (Tables 5 and 6).
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Table 5 * Fishery statistics from
parkwide angler day use

Yellowstone 
in 1932

Park waters with over 40 angler days in the sample: and wulch comprise over 941 of the

S of total 
parkwide 

angler days

Total 
reported 

angler days 
(VFR)

X length 
angler day 

Anglers (hours)

Estimates for the season 
Angler Angler

days hours Landing
(trips) (effort) rate

1

Creel 
rate

Total 
fish 

landed

X length
Total fish
fish landed

creeled (inches)

X length 
fish 

oreeled 
(inches)

J anglers 
landing

1 or more 
fish

Average 
expertise

1 anglers satisfied with;

Overall 
experience

Numbers 
caught

Fish 
sizes 
caught

Parxwide fishery 100.00 14,590 152,027 2.34 332,500 777,558 0.95 0.14 740,200 107.500 13.5 12.4 68 1.88 7* 67 68

Yellowstone Lake 46.72 6,817 62,759 2.44 155,349 378,574 0.89 0.20 336.232 74,000 14.4 12.2 71 1.77 78 69 7*

Yellowstone River 13.17 1,922 20,732 2.41 *3,794 105.388 1.12 0.05 117.882 5,629 15.0 12.6 71 1.98 85 80 87

Firenole River 7.11 1,038 11.938 2.35 23.648 55.489 0.76 0.02 42,068 1,342 11.2 12.4 58 2.00 66 60 47

Mac Ison River 5.74 838 8.667 2.16 19,090 41.336 0.58 0.05 23,765 1.980 13-2 16.0 44 1.99 57 45* 52

Gibbon River 4.32 631 8,376 1.84 14.372 26.376 0.94 0.10 24,827 2,552 10.0 10.8 59 1.94 62 53 39

Slough Creek 2.64 415 4,706 2.60 9,450 24.5*9 1.28 0.02 31,387 475 13.8 12.7 83 2.08 89 86 94

Lewis Laxe 2.53 369 3.307 3.00 8.402 25.213 0.43 0.14 .10,774 3.597 14.6 15.1 44 1.89 65 50 59

Snoshone Laxe 2.47 360 2.417 2.44 8.196 19.965 0.41 0.15 8.270 3.022 17.8 18.2 57 1.84 67 53 82

Gardner River 1.34 196 2,544 1.92 4,459 8.547 1.5> 0.29 12.9U 2,453 9.8 10.0 80 1.92 64 64 44

Lewis River 0.98 143 2,090 1.88 3,251 6,120 0.96 0.05 5.864 328 10.7 9.5 70 1.86 59 59 45

Soda Butte Creek 0.92 135 1,472 2.05 3.069 6,287 1.98 0.20 12.439 1,252 10.3 14.2 71 1.87 55 59 43

. Nez Ferce Creek 0.88 129 2,090 1.79 2,932 5.251 0.62 0.06 3.273 346 10.2 11.7 69 1.94 77 72 58

La oar River 0.82 120 1.145 2.50 2,727 6.614 0.64 0.05 5.7*2 365 11.6 11.1 49 1.91 47 37 30

Pelican Creek 0.T2 105 1,490 2.60 2,385 6,196 1.68 0.02 10,415 98 14.7 11.0 70 1.92 . 70 70 60

Falls River 0.54 79 1,072 . 2.19 1,793 3.919 1.35 0.14 5.287 535 9.5 13.0 92 2.01 89 76 91

Greoc Laxe 0.52 76 1,217 2.19 1.724 3,781 1.18 0.09 4,455 333 11.3 10.0 81 1.88 53 55 24

Indian Creek 0.49 72 927 1.56 1,633 2,550 1.51 0.38 3.847 977 9.0 9.4 76 1.90 71 66 31

decider River 0.49 72 872 1.93 1.633 3,150 0.92 0.19 2,914 585 11.3 11.2 75 “ 1.94 63 60 58

Snake River 0.49 71 908 2.02 1,610 3.260 0.78 0.11 2,552 367 12.3 14.2 66 1.82 67 64 53

Gallatin River 0.49 71 818 2.02 1,610 3,260 0.88 0.36 2,879 1.190 12.0 13.5 48 1.98 60 43 49

Sylvan Laxe 0.44 64 1.090 1.40 . 1.451 2.030 1.84 0.02 3,729 51 10.1 12.0 71 1.87 69 69 49

Heart Laxe 0.36 53 400 1.99 1,200 2,393 0.84 0.12 2.015 307 15.7 17.7 75 1.52 85 75 75

Pebole Creek 0.32 47 600 1.91 1,063 2,028 1.26 0.31 2.556 622 9.6 9.8 91 1.97 78 81 59

TaSlefi . Fishery statistics frou Yelluwstone Park waters with less than HQ angler days per year represented in the sample*, 1982

} of total 
parkwide - 

angler days

Total 
reported 

angler days 
(VFR) Anglers

Estimates for tne season
Total 
fisn 

creeled

X length 
fish 

landed 
(incne3)

X lengtn 
fish 

creeled 
(Inches)

> anglers 
landing

1 or more 
fish

Average 
expertise

$ anglers satisfied witn:
X length 

angler day 
(nours)

Angler 
days 

(trips)

Angler 
nours 

(effort)
Lanning 
rate

Creel 
rate

Total 
f lsn 

landed
Overall 

experience
Numbers 
caught

Fish 
sizes 
caught '

Little Firenole River 0.23 33 454 1.69 744 1,256 1.79 0.12 2,252 144 9.4 11.6 75 2.00 70 70 26
Lew.s-Sn xshone Channel 0.21 30 327 2.76 676 1,869 0.86 0.18 1.613 338 17.2 16.8 70 1.94 93 64 86
Uosidkaa Creek 0.20 29 454 1.45 653 945 1.86 0.47 1.763 448 9.1 9-2 77 1.72 75 75 15
Tower Creex 0.18 27 345 1.73 608 1.052 1.83 0.56 1.930 590 9.1 9.3 85 1.79 82 82 59
Cacne Creex 0.18 26 236 2.99 585 1,750 1.30 0.25 2,277 442 10.8 11.7 88 2.08 65 92 77
Clear Creek* — 135 342 2.18 512 1,116 2.96 0.18 3,300 195 15.0 12.6 97 1.91 93 94 82
Hellroaring Creek* — 117 230 2.10 443 931 1.58 0.29 1.473 274 9.8 10.6 91 1.99 . 80 79 64
Cascade Creek* 39 100 1.63 147 239 1.07 0.28 256 68 10.6 14.9 71 1.85 73 65 50

Figures represented for these fisheries are an average value for 1977-1982 except for reported uje whiah is tne sum of those years.



YELLOWSTONE LAKE

Through the past century Yellowstone Lake has remained the most 
popular fishery in the Park. Despite its great size (35,400 ha 
or 87,450 acres) and once seemingly inexhaustable trout 
population, man continues to have a significant influence on the 
Yellowstone Lake cutthroat trout fishery. Large scale spawn 
taking operations, commercial fishing, and a 100 year history of 
almost unabated increases in sport fishery harvests have, both 
singly and in combination, altered historical trout stocks 
radically from the original state. Managers attempted to 
enhance and protect this, the largest inland cutthroat 
population in the world, and regulations restricting anglers 
date back to the 1880’s. Between that time and 1968, periodic 
reductions in the creel limit failed to have lasting positive 
effects, however, and angling success and the condition of the 
trout stocks declined (Gresswell 1981) •

A 356 mm (14 inch) minimum size restriction imposed in 1970 
helped to curb the intense overfishing which occurred during the 
1950’s and 196O’s. Despite initial benefits, it soon became 
evident that rising effort and harvests and a rapid decrease of 
older and larger trout negated positive changes.

In 1975, a 330 mm (13 inch) maximum size restriction was imposed 
in order to take advantage of compensatory survival in younger 
age groups and improve the population age structure. With an 
increase of older and larger trout, the stability and 
productivity of multiple age spawning stocks would theoretically 
resemble historic levels. This regulation has remianed 
unchanged since 1975, and allows a daily limit of two cutthroat 
trout under 330 mm total length. It was not until 1978 that the 
regulation was applied to lake tributaries.

For over thirty years, fishery biologists have been 
investigating various aspects of the Yellowstone Lake ecosystem 
in order to assess human impacts. Since 1969, research has Deen 
aimed at evaluating the various regulations and the effect on 
both angling quality and the cutthroat trout population. In 
1982, studies included a creel survey utilizing the VFR system 
(Jones et al 1977), the operation of two spawning traps, a 
monthly sampling of limnological parameters, purse seining and 
two experimental gillnetting programs.

CREEL SURVEY

During 1982, angler use on Yellowstone Lake comprised 47% of the 
total parkwide fisherman use. An estimated 62,759 anglers spent 
155,349 angler days and 378,574 angler hours fishing the lake 
(Table 7). Angler use and effort declined slightly in 1982 
(2% and 1%, respectively), but both levels remain high.
Although these values do not approach records set in the 1960’s 
(256,000 angler days and 543,100 hours), the current effort 
figure has only been surpassed three times since 1970 
(Figure 1 ).
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Taele • , Fishing statistics from Yellowstone Lake, 1982

Yellowstone 
Laxe 
area:

% of 
lake 
total

Total 
VFR use 
reported

Predicted totals for season £ Anglers satisfied with:

Anglers

X length 
angler day 

(hours)

Angler 
days 

(trips)
Angler 
hours

Banding 
rate

Creel 
rate

Total 
fish 
landed

Total 
fisn 

creeled
Overall 

experience
Fish

numoers
Fish 
sizes

Mean 
expertise

Shore 4.44 303 3.252 1.96 6.897 13,490 0.74 0.19 9.952 2,621 78 68 72 1.87

Boat 1.55 106 872 2.74 2,408 6,610 1.53 0.34 10,106 2.273 98 96 87 1.89

o
Snore 31.67 2.159 19.678 2.01 49.195 98,679 0.65 0.15 64.632 14,783 69 59 67 1.77

c
Boat 21.71 1.480 14,736 2.96 33.721 99.638 0.96 0.26 95,873 25,894 86 79 81 1.71

j Shore 2.83 193 1726 2.06 4.391 9.032 0.90 0.19 8.119 1.703 66 64 72 1.91

boat 0.32 22 218 3.87 482 1,867 0.86 0.16 1.609 295 67 67 92 1.63

Snore 11.74 800 8,376 1.86 18.224 33,842 0.58 0.15 19,612 5,157 74 61 72 1.78

Boat 6.32 031 2,798 2.93 9.815 28,726 0.84 0.22 24,221 6.316 79 72 74 1.83

t; Snore 0.13 9 127 2.31 197 455 1.38 0.04 628 17 100 too 100 1.86
j

Boat 2.79 19 0 1.762 3.79 4,311 16.338 1.47 0.22 24,070 3,654 95 96 88 1.72

Snore 0.10 7 91 1.44 152 218 1.72 0.30 376 66 67 ' 100 67 1.60
0

Boat 1.56 107 745 3.84 2,431 9.343 2.47 0.19 23.099 1,735 92 89 82 2.00

Snore 0.01 1 18 0.88 15 13 4.67 0.01 62 0 100 100 100 2.00
4

boat 2.02 138 836 3.57 3.137 11.196 1.35 0.17 15.119 1,896 93 93 96 1.89

vnx.iuown 12.79 872 7.522 2.46 19.865 48,845 1.02 0.20 49,823 9.780 75 69 73 1.70

All snore 57.65 3.930 37.230 1.98 89.555 177,532 . 0.67 0.15 118.735 27.145 71 61 69 1.78

All coat 42.35 2,887 25.529 3.06 65,786 201.021 1.15 0.25 231.495 49,665 86 80 81 1.74

Entire la*e 100.00 6.817 62.759 2.44 155.349 378.574 0.89 0.20 336,232 74,000 78 69 74 1.77
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Figure 1 . Recreation visitation, catch per hour, total effort, total trout 
landed and total trout removed from Yellowstone Lake, 1969-1982.
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Angler use continues to be most heavily concentrated in the 
accessible areas including the northwest portion of the laze, 
the West Thumb segment, western shoreline and eastern shore. 
The central and southern areas continue to sustain the lowest 
proportion of use (Table 7). From 1969 through 1974, an average 
of 86% (range: 84% - 88%) of the use occurred in areas with easy 
access, but since 1975, annual percentages have ranged from 89% 
to 94%, with a mean of 91%. The effect of the current 
regulation on this apparent shift in pressure is not clear. 
Although the accessible areas have smaller trout and thereby 
provide a greater chance of creeling a limit, rising energy 
prices may also affect this apparent shift in use patterns. 
Differences in survey techniques since 1975 may also confound 
such a comparison; however, regardless of the reason, it has 
been the more accessible areas which have been historically 
over fished .

Yellowstone Lake fishermen landed an estimated 336,200 trout and 
released 262,200. The total angler-caused mortality was 
estimated at 100,300 (74,100 creeled plus an estimated 26,200 
which may have died of hooking wounds following release).
Overall landing and creel rates were 0.89 and 0.20 trout per 
hour, respectively. Landing and creel rates from the boat 
segment (1.15 and 0.25 trout per hour, respectively) were 
substantially above those from the shoreline segment (0.67 and 
0.15 trout/hour, respectively)(Table 7). Success by area 
continues to be inversely related to angling pressure; the more 
remote areas continue to sustain higher rates than the more 
heavily fished accessible areas. Seventy-one percent of the 
lake’s one-day anglers landed one or more trout, and 37% creeled 
one or more.

Based on length measurements of 24,495 trout reported from 
Yellowstone Lake, it is apparent that the age-size structure of 
the cutthroat population continues to improve (Table 8). The 
average size of trout landed in 1982 was 366 mm. Length 
frequencies continue to show general improvement indicating 
survival of proportionately more fish to older and larger size 
groups (Table 8). The percentage of trout landed exceeding 
406 mm in total length (21.0%) continues to be substantially 
higher than before the regulation change. The percentage of 
landed trout measuring over 475 mm and 508 mm are among the 
highest yet reported.

The illegal harvest of trout over 330 mm is a continuing 
problem. An estimated 20,800 trout over 330 mm and 3.200 over 
356 mm were creeled. Although the number of illegal trout in 
the creel has declined since the first year of the maximum size 
limit, the violation rate remains a concern. Not only does the 
public voice its concern over the level of violations, but tne 
20,800 illegal trout creeled remains far above an acceptable level.

During 1982, the percentage of fishermen which reported 
satisfaction with their overall fishing experience was 78%;
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Table 8 . Average length and length frequencies of cuttnroat trout landed 
and creeled from Yellowstone Lake, 1973-1982

Number and percentage of trout in length groups (inches):

<10 10-12 12-14 14-16 16-18 18-20 >20 N

Number of trout reported landed:

14" 1973 131 364 1,204 1,521 268 9 0 3,497
min. 
size

1974 823 1,861 6,276 8,296 1,097 90 4 18,447

13" 1975 686 2,634 8,654 8,366 1,571 155 44 22,110
max. 1976 816 3,415 10,160 10,123 2,295 349 94 27,252
size 1977 645 3.029 10,068 11,778 3,619 613 228 29,980

1978 1,174 3,878 10,322 14,794 4,523 728 188 35,607
1979 781 2,463 7,042 13,193 5,308 912 237 29,936
1980 295 1,500 5,418 8,855 3,268 699 212 20,217
1981 356 1,646 5,112 8,670 3.570 569 131 20,054
1982 771 2,702 9,909 9,965 4,186 736 226 24,495

Percentage of trout reported landed:

14" 1973 3.7 10.4 34.4 43.5 7.7 0.3 0.0 3,497
min. 1974 4.5 10.1 34.0 45.0 5.9 0.5 0.02 18,447
size

13" 1975 3.1 11.9 39.1 37.8 7.1 0.7 0.2 22,133
max. 1976 3.0 12.5 37.3 37.1 8.4 1.3 0.3 27,252
size 1977 2.2 10.1 33-6 39.3 12.1 2.0 0.8 29,980

1978 3-3 10.9 29.0 41.5 12.7 2.0 0.5 35,607
1979 2.6 8.2 23.5 44.1 17.7 3-0 0.8 29,936
1980 1.5 7.4 26.8 43.8 16.2 3-3 1.0 20,217
1981 1.8 8.2 25.5 43.2 17.8 2.8 0.7 20,054
1982 3.1 11.0 24.1 40.7 17.1 3.0 0.9 24,495

Percentage of trout landed measuring over: Mean Mean
length landed
landed creeled

>12 in >14 in >16 in >18 in >20 in in mm in mm

14" 1973 85.8 51.4 7.9 0.3 0.0 13.8 350
min. 1974 85.5 51.4 6.5 0.5 0.02 13.8 350 — —
size

13" 1975 84.9 45.8 8.0 0.9 0.2 13.7 349 12.4 316
max. 1976 84.8 47.5 14.1 2.0 0.3 13.8 350 12.4 314
size 1977 87.8 54.2 14.9 2.8 0.8 14.2 360 12.6 319

1978 85.8 56.8 15.3 2.6 0.5 14.2 360 12.4 314
1979 89.2 65.6 21.6 3.8 .0.8 14.6 370 12.4 316
1980 91.9 64.3 20.5 4.4 1.0 14.6 371 12.6 320
1981 90.0 64.5 21.3 3.5 0.7 14.6 370 12.5 316
1982 85.8 61.7 21 .0 3-9 0.9 14.4 366 12.2 311

14



satisfaction witn numbers and sizes landed was 69% and 74%, 
respectively (Table 5). The average expertise in 1982 was 
measured at 1.76 on the lake.

CLEAR CREEK CUTTHROAT SPAWNING RUN

From its source (2585 m above MSL) in the Absaroka Mountains, 
Clear Creek flows westward approximately 20.3 km before entering 
Yellowstone Lake along the east shore (Figure 2). The stream 
was utilized for spawn-taking activities almost annually from 
1913 to 1950. Since that time, a fish trap, located 
approximately 400 m above the stream mouth, has been used to 
monitor the dynamics of the cutthroat trout spawning run in 
Clear Creek.

The information currently collected at the trap is diverse. 
Spawner counts and length measurements, some of which date back 
to 1945, provide an excellent data base for analyzing long-term 
changes in the cutthroat trout population. Additional 
information has been collected concerning run duration, instream 
mortality, and age composition of the run. Investigation of the 
effects of density independent factors, such as water 
temperature and stream flow, also continues.

Methods

The upstream trap was installed on May 25, but extremely high 
stream runoff forced the removal of the entire weir on June 15. 
Continued high stream and lake levels prevented the 
reinstallation of the trap in 1982. During the 22 days of trap 
operation, trap gates were open from 0800 to 2000 hours daily. 
All ascending trout were passed upstream using dipnets.

A downstream trap was constructed below the weir on May 26 and 
was removed when trapping operations ceased on June 15. During 
periods of high water, downstream migrants were captured as they 
congregated above the weir. The downstream run was monitored 
from 0800 to 2400 hours daily throughout the trapping period.

Fish sampling was limited to the upstream run in 1982. Weekly 
samples of 100 spawners were collected for length and weignt 
measurements. Scales from a subsample of 20 trout from each of 
these collections were used for age determination. Additional 
scale samples were taken as needed to provide data for the 
population extremes. Length frequency data (5 mm intervals) 
were collected from 75 trout daily. All sample trout were 
inspected for fin clips.

Daily water temperatures were obtained with a hand tnermometer. 
A staff gauge located approximately 400 m above the weir was 
used to monitor the pattern of stream discharge. Because of the 
potential attraction of bears to the area during weir operation, 
cleanliness procedures (Jones et al 1978) were strictly 
followed, and bear activities were monitored daily at the trap.

15



Figure 2 . Creel survey, gillnetting, plankton sampling (*) and spawning 
trap sites, Yellowstone Lake, 1982.
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Results

Upstream Migration

The early removal of the Clear Creek weir prevented any 
realistic estimation of the upstream spawning migration in 1982. 
Only 4195 cutthroat trout were counted in the upstream run 
during the 22 days of trap operation. Daily counts varied from 
1 (June 14) to 581 (May 30). A general trend of increasing 
numbers coincided with increasing water temperature was noted, 
althougn high water flow toward the end of the trapping period 
appeared to reduce numbers.

During the downstream migration in 1979, the adipose fin was 
removed from 42,229 cutthroat trout at Clear Creek (Jones et al 
1980). In 1982, 1541 trout were inspected for clips, and only 9 
marks were recorded. These figures suggest that 0.58% of the 
cutthroat trout entering Clear Creek were clipped; however, the 
small sample size and limitation of samples to the earliest 
portion of the run may have underestimated clipped trout in 
1982.

Mean daily temperature varied from 1.7 C (May 28) to 6.4 C 
(June 12) and generally increased throughout the sample period. 
Flow decreased from May 26 through June 11, but then rose 
rapidly forcing weir removal. Increases in the number of 
upstream migrants coincided with increasing temperature and 
decreasing flow.

Mean total length and weight of upstream cutthroat trout were 
409 mm (n=1541) and 664 g (n=300), respectively, and the average 
condition factor (K) was 0.93. The maleifemale ratio was 
0.63:1. Average total length and weight for males (421 mm and 
721 g, respectively) were significantly greater than females 
(401 mm ang 622 g, respectively). The weekly average of length, 
weight and K decreased significantly as the spawning migration 
progressed (Table 9).

Average total length of 1532 unclipped cutthroat trout was not 
significantly greater than the length of 9 clipped trout (409 mm 
and 402 mm, respectively). Lack of statistical difference is 
probably due to severe imbalance in sample size. During 1981, 
length of unclipped trout was significantly greater than clipped 
trout, but weekly comparisons indicated that these differences 
were limited to the first two weeks of the run (Jones et al 
1982) .

Neither immature trout or spawning suckers were noted in Clear 
Creek during the current study. Since sightings of tnese fishes 
has been common in the past, it is assumed the lack of reports 
in 1982 was linked to the abbreviated sampling period.
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Table 9 . Weekly mean lengtn, weight and condition factor of cutthroat trout spawners in the upstream trap in Clear Creek, 
May 26-June 1,1982^

Date

Males Females Totals

H:F 
ratioNumber

Average 
length

(mm)

Average 
weight

(g)
Average 
K factor Number

Average 
length

(inm)

Average 
weight

(g)
Average 
K factor Number

Average 
length

(mm)

Average 
weight

(g)
Average 
K factor

May 26 - June 1 64 436 779 0.92 36 413 715 0.99 100. 420 756 0.95 1.78:1

June 2 - June 8 40 424 689 0.89 60 402 610 0.93 100 411 642 0.92 0.67:1

June 9 - June 15 22 410 609 0.87 78 399 589 0.92 100 399 593 0.91 0.28:1

Composite 126 427 720 0.90 174 403 622 0.94 300 409 664 0.92 0.72:1

Based on daily samples of cutthroat trout which were both measured and weighed.

*



Downstream Migration

The premature cessation of trap operation prevented enumeration 
of the total downstream run in 1982, and only 585 cutthroat 
trout were counted downstream prior to weir removal. Over 90% 
of the trout were captured as flows increased during the last 
five days of the sample period. This is quite typical of 
downstream migrants during high water periods in the early 
portion of the run.

Since very few downstream fish had begun to move, weekly samples 
of length and weight for downstream migrants had not begun by 
the time the weir was removed; however, length frequency was 
obtained for 292 trout. Average total length for downstream 
migrants was 406 mm, and the maleifemale ratio was 0.35:1.
Males had a significantly greater mean total length (416 mm) 
than females (402 mm). Mean total length for unclipped trout 
did not differ significantly from clipped trout (406 mm and 
396 mm, respectively); however, great differences in sample size 
(n=289 and n = 3, respectively) probably influenced this 
coinpari son.

Mean length of downstream migrants (406 mm) was significantly 
less than upstream trout (409 mm). This result is opposite of 
what has been reported at Clear Creek in past years (Jones et al 
1982) and is probably associated with the reduced sampling in 
1982.

Although some bear tracks were observed along the main trail 
during the first several days of trap operation, evidence of 
bear activity was not noted in the vicinity of the weir in 1982. 
One unidentified bear was reported on the north side of Clear 
Creek several days after the weir was removed. Other wildlife 
which are commonly associated with the spawning run at Clear 
Creek include family groups of mink, common loons, common 
mergansers, California gulls, as well as several osprey, golden 
and bald eagles, great blue heron and white pelicans.

Di scussion

Alghough there has been variation in the numbers of spawners 
entering Clear Creek since 1977, the dynamics of the run appear 
to be quite stable. Larger trout enter the stream first; mean 
length, weight and K factor gradually decrease during the 
season. Most males are ripe when they enter the stream, but 
females apparently ripen during the upstream migration.

The seasonal pattern is strongly influenced by stream flows and 
water temperatures. Since these factors are interrelated, it is 
difficult to separate their effects; however, numbers increase 
in June as flow decreases from its peak and water temperature 
rises above 10 C.

The daily pattern of upstream migration at Clear Creek also 
appears to be related to flow and water temperature. The number
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of trout increases from 1300-1700 hours as water temperature 
rises and flow decreases. As flow rises and temperature drops 
(1700-2100 hours), the number of spawners declines. Relatively 
few upstream migrants are seen after dark. This pattern 
resembles observations at Cub Creek and Pelican Creek in recent 
years. Although Bulkley (pers. comm. 1978) reported nocturnal 
upstream migrations in these streams during the 1950’s, all 
upstream movement has been during daylight hours in the past 
decade .

Downstream migration during the early weeks of the spawning run 
is mostly nocturnal and appears to follow increases in stream 
flow between 1900-2400 hours. This observation suggests that 
many postspawners move downstream during periods of heavy 
runoff. As stream discharge decreases later in the spawning 
run, the majority of downstream migration occurred between 1300 
and 2000 hours.

Since all spawners leave Clear Creek after spawning, and there 
are no residents other than a small number of yearling and a6e 
11+ cutthroat, the difference between accurate upstream and 
downstream counts provide an unbiased estimate of instream 
spawning mortality. Incomplete counts of downstream migrants 
since 1980 have prevented continued estimates of mortality; 
however, from 1977-1979. instream mortality ranged from 6.7% in 
1977 to 18.5% in 1978. The mean estimate of 11.5% is much lower 
than the instream mortality estimate of 48.1% for five 
tributaries from 1949 to 1953 (Ball and Cope 1961). Only one 
estimate of 41.2% was made for Clear Creek during that period.

Figures were primarily calculated from tag return data, but in 
1953, one estimate of 45.6% was based on total upstream and 
downstream counts in Arnica Creek. Although these earlier 
findings may be biased by tagging mortality and the use of 
artificially spawned trout in the estimates, significant changes 
in the population structure may have occurred due to intensive 
exploitation in the 1950’s.

Ball and Cope ( 1961 ) estimated that only 1.22% of spawning trout 
were repeat spawners. Their estimates were based on the return 
of Petersen disc tags and logically supported by their instream 
mortality estimate (48.1%) for cutthroat spawners. Although 
they found a tagging mortality of 4-12% in Arnica Creek in 1952 
and 1953, they were unable to determine whether this mortality 
continued after spawning. This extremely low estimate of repeat 
spawning was probably biased by high tagging mortality and/or a 
higher than expected fishing mortality.

Assuming that few trout required five years to attain sexual 
maturity, Bulkley (1961) speculated that tne proportion of age 
V+ and VI+ trout (38.4 and 3.8%, respectively) in the Arnica 
Creek spawning run did not agree with the 1.22% return estimate 
of Ball and Cope (1961). The 3-8% of age VI+ trout is alone 
almost three times the 1.22% return of spawners. When Bulkley 
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(1961) examined 58 trout of age V+ from the 1957 Arnica Creek 
spawning run for spawning checks (scars from resorption of 
scales during spawning which may later be distinguished from 
annuli), he found 25 trout (43%) had definitely spawned 
previously. Bulkley concluded that although some trout may 
spawn without scale deterioration (causing an underestimate of 
repeat spawners), the percentage of repeat spawners was much 
higher than previous tagging data suggested. Forty-three 
percent of the age V+ cuttnroat trout would amount to 12.4% of 
the spawning run.

. Clip returns from Clear Creek since 1980, indicate that under
current harvest levels, at least 23% of the cutthroat spawners 
clipped in 1979 survived to spawn again. Sample size of recent 
experiments far exceeds that of Ball and Cope (1961) and adds 
credibility to present estimates. Current instream mortality

* estimates are also indicative of a higher rate of repeat 
spawning.

Results from clip returns at Clear Creek in the past two years 
strongly support the hypothesis of alternate-year spawning for 
the majority of repeat spawners (Ball and Cope 1961). Although 
sample size was small, Bulkley (1961) found that among 25 repeat 
spawners from Arnica Creek (identified by the spawning checks), 
five times as many cutthroat trout spawned in consecutive years 
as alternate. It is possible, however, that the percentage of 
alternate and consecutive spawners may vary significantly 
between different tributaries. If Ball and Cope (1961) were 
correct in their hypothesis that al ternate-year spawning was a

* physiological manifestation of the low productivity of 
Yellowstone Lake, it is also possible that the number of 
consecutive and al ternate-year spawners may vary slightly with 
changes in annual growth conditions.

*
The number of trout which were clipped at Clear Creek and later 
captured at Pelican Creek averaged approximately 1.15% for 
1980-81. Ball (1955) found that approximately 2% of tagged fisn 
which spawned repeatedly had strayed from the stream where they 
were originally captured. Since Clear Creek spawners may also 
stray into other streams tributary to Yellowstone Lake, 
especially those in the northern portion of the lake, current 
results suggest the estimate of 2% total straying may be 
reasonably accurate.

Comparison of 11 years of length frequency data collected since 
1961 (Figure 3) has provided a means of monitoring the influence 
of angling during this period (Jones et al 1978). The continued 
shift towards larger trout in recent years has been interpreted

• as a positive response to increasingly restrictive regulations
since 1969.

Although the current structure of the cutthroat trout population 
may still be far removed from historic levels, spawning
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Length frequency of cutthroat trout in the upstream 
spanning migration in Clear Creek in recent years.
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migrations at Clear Creek in recent years indicate the potential 
of a native cutthroat trout population under protective 
regulations (Figure 4). Recent data from Clear Creek emphasize 
the disasterous effects of low spawner escapement, due both to 
egg-taking operations and overharvest, during the 1940's, 50's 
and 60's. The large variety of piscivorous birds and mammals 
currently associated with the spawning migration illustrates the 
importance of the cutthroat trout to the Yellowstone Lake 
ecosystem.

PELICAN CREEK SPAWNING RUN

Entering Yellowstone Lake along the north shore about 2.4 km 
east of Fishing Bridge (Figure 2), Pelican Creek is the largest 
tributary to the northern portion of the lake. Total stream 
length is about 160 km, and the drainage area has been estimated 
at 15,540 ha. Although late summer flows are low (1 m3/sec) 
peak flow may exceed 28 m^/sec (Ball and Cope 1961).

A fish trap (approximately 1.6 km above the mouth) was utilized 
for spawn-taking activities in Pelican Creek from the early 
1900's until 1953- Because of its potential value for 
monitoring the spawning population, the trap was not removed 
when hatchery operations ceased. The present trap, built in 
1963. is located several hundred meters upstream of the old 
trap. Continued erosion problems at the trap have resulted in 
frequent alterations including the addition of a 12 m wide 
bypass weir (1978), a total reconstruction of the main weir 
apron (1979) and modification of the bypass weir (1980).

Fishery information for the Pelican Creek spawning run, 
including spawner counts and length measurements, date back to 
1945. The trap was operated annually from 1976-1979 for the 
continued collection of population data and the experimental 
destruction of the longnose sucker run (an exotic to the lake 
drainage). Since the discontinuation of the sucker removal 
program in 1980, emphasis of the trap operation has shifted to 
the description of the dynamics of the cutthroat trout spawning 
migration. In addition to spawner enumeration and trout size 
data, current investigations include determination of run 
duration, age composition and effects of density independent 
factors, such as water temperature and stream flow.

Methods

The upstream trap was installed on May 4, but high water forced 
the early removal of the entire weir on June 13- Additionally, 
portions of the weir were removed from May 23 through June 2 to 
prevent major erosion. Continued nigh water levels prevented 
the reinstallation of the weir after June 13-

During periods of trap operation, the upstream gates were open 
from 0800 to 1900-2000 hours daily, and ascending fish were 
passed upstream using dipnets as they accumulated in the trap
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box. Because the downstream migration had not become 
substantial by June 12, a downstream trap was unnecessary during 
1982. Downstream migrants were passed below the weir as they 
congregated upstream.

Fish sampling was limited to upstream migrants. Up to 100 
cutthroat spawners were collected for length and weight 
measurements each week. Scales from a subsample of 20 trout 
were used for age determination, and additional scale samples 
were taken as needed to provide data for population extremes. 
Lengtn frequency data (5 rnra intervals) were collected from 75 
trout daily. Since the weir was removed prior to significant 
upstream sucker movement, samples were not obtained for this 
species. Prior to May 23, only sampled trout were inspected for 
fin clips; however, beginning June 3. all trout captured were 
checked. Both length and weight data were collected from all 
previously tagged trout and suckers.

Daily water temperature extremes were obtained from frequent 
observations with a hand thermometer. No attempt was made to 
measure water level in 1982. Bear activities were monitored 
daily, and cleanliness procedures were strictly followed (Jones 
et al 1978).

Results

Cutthroat Trout

Upstream migration. A total estimate of the upstream migration 
was not possible for Pelican Creek in 1982. When the weir was 
removed on June 13, 5782 cutthroat trout had been counted 
upstream. Very few trout moved during May, and by the first 
period of high water (May 23-June 2) only 155 trout had been 
passed upstream. Numbers increased steadily in June and 84J 
(4835) of the total were captured during the final five days of 
the operation.

Water temperature generally increased during the sample period 
and daily means varied from 2.2 C (May 6-9) to 9.2 C (June 10). 
A large peak of water flow occurred between May 23 and June 3, 
and the number of upstream migrants began to increase as water 
level dropped. Numbers steadiliy increased until a sudden rise 
in flow caused the cessation of trapping activities on June 13.

Mean total length and weight of upstream cutthroat trout were 
385 mm (n=1697) and 529 g (n=258), respectively, and the average 
condition factor (K) was 0.88. The malezfemale ratio was 
0.64:1. Average total length and weight of males (395 mm and 
569 g, respectively) were significantly greater than females 
(378 mm and 496 g, respectively) The weekly average of length, 
weight and K factor decreased as the spawning migration 
progressed (Table 10).
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Table 10 . Weekly mean length, weight and condition factor of cutthroat trout spawners in the upstream trap m Mexican Creek.
May 6 - June 15, 1982

Males FetUiles ____  _____ Totals

Date Number

Average 
length
(mm)

Average 
weight

(3>
Average 
K factor Number

Average 
length

(m.n)

Average 
weight

(g)
Average 
K factor Number

Average 
length 
ta)

Average 
weight

(a)
Average 
K factor

H:F 
ratio

May 6 - May 11 6 400 569 0.88 4 414 664 0.92 10 40b 607 0.89 1.50:1

Hay 12 - Hay 13 40 406 596 0.87 60 388 529 0.90 100 396 556 0.83 0.67:1

Hay 19 - May 25 24 402 566 0.87 24 383 491 0.87 48 393 529 0.87 1.00:1

June 9 - June 15 45 401 547 0.84 55 370 452 0.89 100 384 494 0.87 0.82:1

Composite 115 403 569 0.86 143 381 4y6 0.89 258 391 529 0.88 0.80:1

Eased on daily samples of cutthroat trout which were both measured and weighed; from May 19 to 
June 8, no upstream trout were observed in the trap.

Table 11. Fecundity estimates for various time periods, Clear Creek, iy45-ijdi •

fears
Number of
Spawr.ers

Sex Katio 
(Males:Femules)

i»a»awer of
Fcralc Spawners 

( lx?)
Kean Length

Feiijales

Estimated Absolute
Fecundity 

(Number of eggs)
Population Fecundity 

(Millions of eggs)

1945-1961 12.59211 0.73:12) 7.256 __ 1,0138) 7.4

12.592 O.731125 7,256 3794) 1.1985' 8.7

1565-1466 36,1646) 1.73:12) 20,904 372’) 1.I335) 23.7

1973 55.818 0.73:1 88,266 372 1.133 36.6

1977 56.641 0.61:1 32.696 374 1.153 37.9

1978 70.105 0.69:1 41,482 378 1, bd 49.7

1979 58,244 0.52:1 38,318 388 1,337 51.2

1930 47,115 0.52:1- 30,997 368 1.337 41.4,

1951 37.439 0.53:1 24,47C 390 1,381 33.8

1977-19816) 53.W8 - 33,592 383 - 42.8

'' Estimated from data (1945-1961) preset.ten by Benson and Bulkley ( Vj5j).
2' Estimated from data (19*5-1953)  presented by Ball and Cope 1961.
3) Cope ( 1957). \

Mean length of rules and females combined and therefore considered a maximum.
5' Estimated from fecur.dity-1 engtn equation using mean length of males and females and therefore considered a maximum. 
6) Values based on arithmetic means.
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In 1980, all upstream cutthroat migrants (22,293) were marked by 
the removal of both tne adipose and left pelvic fins (Jones et 
al 1981). A total of 336 (5.9%) of the 5705 trout inspected for 
clips in 1982 displayed these marks. Only two of 296 trout 
tagged in 1979 were recaptured during 1982.

Mean length of 94 clipped trout (390 mm) was approximately 10 mm 
greater than the sample of 3759 trout clipped in 1980, and 
represents a 7 mm increase from 1981 (n=351). In 1982, mean 
length of clipped trout was significantly greater than unclipped 
trout (390 mm and 384 mm, respectively).

In 1980, 38 tagged trout displayed a mean increase of 11 mm in 
total length since time of tagging (375 mm and 386 mm, for 1979 
and 1980, respectively). Although males were larger than 
females, both sexes displayed a similar difference in length 
(380 mm and 392 mm, respectively, for males and 371 mm and 
381 mm, respectively for females).

Mean length for seven tagged trout recaptured in 1981 increased 
from 378 min at time of tagging ( 1979) to 404 mm two years later. 
Three males displayed a much greater difference (388 mm and 
420 mm for 1979 and 1981, respectively) than did females (371 mm 
and 392 mm, respectively). One male which had been recaptured 
in both years increased in length from 398 mm (1979) to 403 mm 
in 1980, and to 412 mm in 1981.

Two tagged trout sampled in 1981 displayed a mean increase of 48 
mm since 1979 (408 mm and 360 mm, respectively). The increase 
in length between time of tagging and recapture was greater for 
the male (355 and 426 mm, respectively) than the female (366 mm 
and 389 mm, reespectively) . Total length of the male was also 
measured in 1980 (377 mm), one year after tagging.

Downstream migration. Only 70 cutthroat trout had moved 
downstream when the weir was removed on June 13- Numbers were 
extremely low prior to the first water peak but had begun 
increasing slightly after June 5. None of the downstream trout 
were sampled for length and weight in 1982.

Although bear tracks were noted in the vicinity of the weir 
later in June, neither bears nor their tracks were reported 
during trap operation. Other wildlife forms were numerous. 
Piscivorous animals included otters, ospreys, belted 
kingfishers, bald eagles and great blue herons. Moose were 
abundant throughout the season in the large meadow area of 
Pelican Creek flood plain, but bison were observed mainly in the 
earlier portion of the season. Other animals associated with 
the aquatic system included muskrats, widgeons, scaup and 
beaver .
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Longnose Sucker

The weir was removed before the spawning migration of the 
longnose sucker had begun, and only 60 suckers were counted 
upstream in 1982. Length and weight measurements were not 
obtained for any of these early upstream migrants.

A total of 12 longnose suckers were passed downstream, and an 
additional 46 moribund suckers were removed from the weir. Most 
of these individuals were immature with an estimated mean length x
of approximately 200 mm. None of the suckers moving in either 
direction had been previously tagged or clipped.

Discussion
s

Although above average snowpack and cool spring temperatures 
greatly retarded the cutthraot trout spawning migration in 1982, 
upstream movement again began much earlier than at Clear Creex. 
Larger trout entered the stream first; mean length weight and K 
factors decreased during the season. Most males were ripe when 
they entered the stream, but females apparently ripened during 
their continued upstream migration.

Daily migration patterns were similar to Clear Creek. Very few 
fish moved upstream in the morning, but by 1200-1300 hours, 
large numbers were entering the trap. Most upstream movement 
ceased at about 1700-1800 hours daily. It would appear that 
temperature was a significant factor for triggering daily 
upstream movement, and combined with increasing flows in the *
late afternoon, probably influences the daily decline in 
numbers.

The early removal of the Pelican Creek weir greatly influenced e
the data collected in 1982, and results must be scrutinized 
carefully to avoid erroneous conclusions. Besides the obvious 
influence on the estimate of total numbers, estimates of size, 
percentage return of repeat spawners, and estimates of growth 
for repeat spawners may all be affected.

Since length and weight generally decreased throughout the run, 
the mean values calculated in the current study are probably 
somewhat higher than the true mean for the 1982 cutthroat 
spawning migration in Pelican Creek. Although these data 
suggest that mean length was essentially unchanged from 1981, it «
is quite probable the mean decreased by several millimeters.
Such a change would probably be caused by the influence of year 
class strength since angler harvest has been quite steady during 
the past eight years. Comparison of seven years of length 
frequency data since 1960 (Figure 5) provides a means of *
monitoring the influence of angling during this period (Jones et 
al 1978). The shift towards larger size in recent years 
suggests a positive response to increasingly restrictive 
regulations since 1969.
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Data from previous studies indicate that the percentage of 
clipped and tagged trout (repeat spawners) may have been much 
greater than the abbreviated sample indicated. Despite an 11.7% 
consecutive-year return of clipped trout in 1981, only 2.3% of .
the first 5444 upstream migrating trout had been clipped.
Similar results were noted at Clear Creek in 1981. Although a 
23.3% alternate-year return of clipped trout was reported (Jones 
et al 1982), only 8.9% of the 4737 trout ascending prior to peak 
runoff were clipped.

Growth comparisons of clipped are also confounded by the »
decrease in mean length observed throughout spawning season.
Prior studies at Pelican Creek indicated an increase of 3 mm in 
the mean length of repeat spawners between 1980 and 1981.
Although these data may be influenced by size-selective 
mortality and/or the inability to identify individual fish, the 9
results are cased on trout collected throughout the entire 
spawning season. Mean length of the 1982 sample is probably 
higher than the true mean for clipped trout ascending Pelican
Creek and therefore, the estimate of an increase of 7 mm in mean 
length of clipped trout may be exaggerated.

Tag return data is more meaningful for growth comparisons 
because individual identity is retained. The consecutive-year 
sample (1979-1980) displayed an average of 11 mm average growth 
and the smaller alternate-year sample (1979-1981) indicated a 
25 mm increase or 12.5 mm annually. Males in this sample 
revealed a greater increase than females. The one individual 
captured in both 1980 and 1981 displayed a 5 mm increase the *
first year and a 9 mm increase the second. Although only two 
tagged trout were captured in 1982, the male again 
displayedfaster growth. A mean increase of 48 mm since tagging
(16 mm annually) was noted for these trout. This value is s
heavily influenced by the male, however, and this individual 
increased 22 mm from 1979 to 1980 and 49 mm from 1980 to 1982. 
It is currently difficult to form conclusions from these small 
samples, but the current results give some preliminary estimates 
for adult spawners and emphasize the need to expand this program 
in the future.

FECUNDITY ESTIMATES

Evaluation of the 330 mm maximum size limit on Yellowstone Lake 
has suggested several important changes in population structure 
of the cutthroat trout. The proportion of older and larger 
trout has increased in the angler catch, gillnet samples of 
prespawners, and the Clear Creek and Pelican Creek spawning 
runs. Additionally, the number of spawners entering these two 
important spawning streams has increased since the cessation of 
spawn taxing activities (1953). During 1982, a pilot study was 
initiated to determine the effects of these shifts in population 
structure on the population fecundity or the potential number of 
eggs which can be laid by all females in one season (Bagenal 
1978) .
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Methods

On July 14, a total of 25 female cutthroat trout were collected 
by electrofishing in a 200 m section above the Clear Creek weir. 
Trout were divided into 10 mm length intervals, and five trout 
were sought for each size category.

Total length and weight measurements were obtained from eacn 
trout prior to ovary removal. Weight and volumetric 
displacement of the intact ovary were also recorded. The total 

w number of eggs was estimated Dy counting the number of eggs in a
10 ml subsample and expanding this number for the total volume.

Length and fecundity estimates were transformed to logarithms 
(Bagenal 1978) and fitted to a functional (GM) regression 

e (Ricker 1973, 1975). The number of eggs calculated by this
regression for females of various lengths was used to compare 
population fecundity through time.

Results

Mean length of trout from the Clear Creek sample was 373 mm and 
mean weight was 442 g. Fecundity was highly variable with a 
mean of 1164 eggs per female. The average weight for the 
ovaries was 79.8 grams and the gonadal-somatic index (GSI) 
(LeCren) was 18.10. The length-fecundity equation was:
Log F = 2.0573 (Log L) - 7.7174 (R2 = 0.24).

The mean number of eggs estimated by the length-fecundity
• equation for females in the Clear Creek spawning run was

1568 eggs/female. Since mean length of trout normally decreases 
during the duration of the run, average size was probably 
overestimated due to the early cessation of sampling at Clear 
Creek in 1982. An estimate based on mean length of female trout

* from Clear Creek in 1981 (1381 eggs/female) may be more 
indicative of current fecundity levels.

Discussion

Although a large amount of data on the cutthroat trout have been 
collected from Yellowstone Lake, few studies have evaluated 
fecundity. Cope (1957a) utilized data obtained during spawn 
taking operations to estimate mean absolute fecundity at Clear 
Creek. His estimate of 1018 eggs/female represented a mean 
covering 12 years (1941-1952). It appears that absolute 
fecundity has increased by almost 36% since the early 1950's.

Unfortunately, length data were not available for evaluation 
with egg estimates developed by Cope (1957a). By combining 

« spawner counts from Clear Creek for 1953-1955 (Benson and
Bulkley 1963) and mean length of spawners for the same years 
(Bulkley 1961), a weighted mean of 368 mm was estimated for this 
period. This length represents all spawners, and because males 
are larger than females, the mean for females was probably 
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lower. Therefore, a mean of 362 ram for female spawners for the 
1941-1952 period estimated by the current length-fecundity 
equation appears to be realistic. Although there is definitely 
room for error in this estimate, the current (1977-1981) mean 
length of 383 ram *or female spawners in Clear Creek suggests 
that the rise in absolute fecundity is directly related to 
increases in mean length.

This conclusion may appear intuitive and is supported by many 
other studies (Bagenal 1978, Nikolskii 1969); however, a 
decrease in the average size of eggs could also increase the 
absolute fecundity if the total weight of the ovary remained 
unchanged. Since within any species, larger eggs generally have *
greater survival (Nikolskii 1969), a decrease in average egg 
size could affect the population significantly. Comparison with 
hatchery data presented by Cope (1957a) does suggest there has
been a decline in egg size and total ovary weight, but this data s
was refuted in the same paper. Utilizing a separate data source
Cope (1957a) developed regressions with number of eggs and ovary 
weight for Pelican Creek, Chipmunk Creek, and Grouse Creek.
Despite differences between streams, all three equations 
predicated values very close to those observed in the current 
study and indicate there has been little change in egg size in 
the past 30 years.

Bagenal (1978) and Nikolskii (1969) report that fecundity 
generally increases in repeat spawners, but Ball and Cope (1961) 
estimated that only 1.22% of spawning trout from Yellowstone 
LaKe tributaries returned to spawn again. Although there may be 
several reasons for discrepancies (See Clear Creek this report), »
recent studies with fin clipped trout at Clear Creek indicate a 
5.8% first year return and a 23% second year return of 1979 
spawners. If there has been an actual increase in repeat 
spawners due to current angling regulations, the increase in 
repeat spawners could definitely contribute to increase absolute 
fecundity.

Historic data for comparisons of population fecundity of Clear 
Creek spawners is limited. By combining data from various 
studies, however, estimates of population fecundity were 
developed for three different periods (Table 11). Although the 
historic estimates may not be precise, differences between 
periods are large enough to yield valid comparisons. Current 
population fecundity at Clear Creek, 42.8 million eggs annually, 
appears to be almost twice the calculated value for the *
mid-1960’s (23.6 million eggs) and between five and six times 
that estimated for the period between 1 945-1 961 (7.4-8.7 million
eggs) .

It is apparent that in addition to important changes in the 
population structure observed since the implemenation of the 
330 mm maximum size limit, there has also been a significant 
increase in the number of eggs annually produced. Although 
these estimates are closely linked to changes in spawner numbers 
and average size (Table 11), they help to elucidate the
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importance of these structural shifts. These estimates 
underscore the ability of the current angling regulations to 
provide a high degree of protection to this fragile system, 
while allowing an annual harvest approaching 100,000 trout.

SUMMER GILLNETTING

A fall largemesh gillnetting program was initiated in 1969, to 
monitor relative abundance and population structure of the 
cutthroat trout and longnose sucker in Yellowstone Lake. In 
addition, gonad weights of cutthroat trout were recorded during 
the 1979-1981 operations to provide insight into the annual 
cycle of sexual maturation. Results from these studies 
suggested the need to expand the gillnetting program to 
investigate seasonal distribution and gain additional knowledge 
concerning the maturation cycle.

In 1981, largemesh gillnets were set throughout the summer in 
order to obtain data necessary to supplement the fall surveys 
(Jones et al 1982). Information collected from this study was 
also used to test comparability between new experimental 
gillnets (purchased in 1981) and older Swedish gillnets which 
had been used since fall operations began. Because catch per 
net and mean length of trout captured differed significantly 
between net types, it was determined that continued use of the 
new nets would jeopardize comparability with past information, 
and all future operations would use the Swedish type of 
experimental gillnets.

It was necessary, therefore, to repeat the summer program 
initiated in 1981, using only Swedish nets. The specific 
objectives of the program in 1982 were to investigate changes in 
distribution and sexual maturation throughout the summer and to 
compare these results with the fall gillnetting program.

Methods

From June 1 to August 24, a total of 35 gillnets were set 
overnight (5 nets per night) near the old boathouse at Lake 
Village (site 2B)(Figure 2). Sampling dates were June 1, June 
15, June 29. July 13. July 27, August 10 and August 24. All 
sets were made with Swedish experimental gillnets at the 
1.5-4.6 m depth interval. Measurement of length and weight, 
scale collection, and determination of sex and stage of maturity 
followed established procedures (Dean et al 1975 and Jones et al 
1978) .

Gonad samples were limited to trout with total length over 
300 mm. Trout were graded from largest to smallest, and the 
entire gonad was removed from every third individual. Since 
there were only six trout over 300 mm on August 24, gonads from 
all of these fish were removed. Excised gonads were weighed (to 
the nearest 0.5 g) on a balanced beam scale, and the gonadzbody 
weight ratio (Le Cren 1951) or gonadal-somatic index (GSI) was 
calculated for each trout.
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Results

A total of 307 cutthroat trout (14.8 per net) were captured 
during the summer gillnetting (Table 12). Only two clipped 
trout were identified, both of which were originally marked at 
Pelican Creek. Number of cutthroat trout captured per net 
varied significantly, ranging from 23.4 per net on July 27 to 
7.2 per net on August 24. Numbers dropped slighty after June 1, 
and then rose to a peak in late July (Figure 6). Trout eaten 
decreased precipitously after July 27. although a substantial 
increase was noted by fall gillnetting (September 14). •

The number of longnose suckers varied from one sucker per net 
(June 15) to 25.8 suckers per net (August 10) with a season 
total of 370 (Table 13). The trend of suckers captured followed 
a pattern similar to the cutthroat trout, although the sucker "*
peak followed the rapid decline in trout (Figure 6). Two tagged 
and three clipped suckers originally marked at Pelican Creek 
were reported during this study, and all of the marked suckers 
were obtained on August 24.

Mean length of cutthroat trout did not vary significanty until 
July 13, when size began to decrease rapidly (Figure 7). Mean 
length continued to drop throughout the summer; however, 
substantial increases occurred during the fall survey. Samples 
from the first three periods are dominated by trout over 300 mm 
(Figures 8 and 9). suggesting that most of these trout were part 
of the cutthroat spawning migration. As the season continued, 
mean length was affected by a shift in length frequency to trout *
less than 300 mm.

The percentage of trout in various maturity categories reveals a 
substantial decrease in spawning males and females with ?
concomitant increase in immature trout through time (Figure 10).
Decreases in the percentage of postspawning trout during latter 
samples is probably associated with the decreased ability to 
detect previous spawning as gonads mature throughout the season.

Despite great variation in sample means, there were no 
significant differences in the mean length of longnose suckers. 
Lengths increased to a maximum of 427 mm on June 15. but then 
declined for several periods before increasing to a second peak 
on July 27 (Figure 6). After this date, mean length continued 
to decline through the fall samples. Although there was a 
general decline in suckers over 304 mm and an increase in 
suckers under 210 ram throughout the season, mean length appeared 
to be most affected by percentage of larger suckers (over 
406 mm)(Figure 11). *

Gonadal-somatic indices (GSI) were calculated for 135 cutthroat 
trout including 12 from the fall largemesh gillnetting. Ripe 
trout, prespawners, and postspawners were grouped by sex, but 
trout which lacked gonadal developoment and had apparently never 
spawned were considered immature. GSI values for females were
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Table 12. Mean total lengtn of cutthroat trout captured in largemesh 
gillnets, site 2B, Yellowstone Lake, June - August, 1982

Week
Mean 

Length Number
Mean 

Weight
Mean Condition 

Factor (K) Number

6/1 358.3 73 473-3 0.99 73

6/15 349.1 62 415.6 0.93 62

6/29 360.6 69 456.5 0.95 69

7/13 311.3 91 325.4 0.97 91

7/27 285.7 117 252.3 0.90 117

8/10 246.9 69 159.7 0.85 69

8/24 252.9 36 163.2 0.91 36

Table 13. Mean total length of longnose suckers captured in 
gillnets, site 2B, Yellowstone Lake, June - August

largemesh 
, 1982

Week
Mean 

Length Number
Mean l

Weight
Mean Condition 

Factor (K) Number

6/1 386.9 15 821.5 1.29 15

6/15 426.8 5 992.2 1.18 5

6/29 367.1 17 661.2 1.24 17

7/13 351.0 46 617.5 1.30 46

7/27 397.8 52 770.8 1.12 52

8/10 379.7 129 693-3 1.13 129

8/24 366.5 106 650.9 1.19 106
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Figure 6 • Mean number of cutthroat trout and longnose suckers captured per net, site 2B, Yellowstone Lake, (Summer sets: 
June 1 - August 24; Fall set: September 14), 1982.
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Figure 7 . Mean length of cutthroat trout and longnose suckers captured in gillnets, site 2B, Yellowstone Lake, 
(Summer sets June 1-August 24, Fall set September 14), 1982.



Figure 8 . Length frequency analysis of cutthroat trout captured in largemesh 
gillnets, site 2B, Yellowstone Lake, (Summer sets June 1-August 24, 
Fall set September 14), 1982.
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Figure 9 . Percentage of cutthroat trout over 210 and 406 mm, and under 304 mm total length, captured in
largemesh gillnets, site 2B, Yellowstone Lake, (Summer sets June 1-August 24, Fall set September 14), 1982.
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Figure 10. Percentage of trout in various maturity categories, captured 
in largemesh gillnets, site 2B, Yellowstone Lake, June-August, 
1982.

40



J V,

Pe
rc

en
ta

ge
 Oc

cu
rr

en
ce
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Yellowstone Lake, (Summer sets June 1-August 24, Fall set September 14), 1982.



high during the early periods but dropped drastically after the 
end of June (Figure 12). After reaching a low on July 27, 
values increased gradually throughout the remainder of the 
study. Inital values for males were much smaller than females 
(below 2.0) and dropped to a low of 0.19 by July 13. A gradual 
increase in male GSI values after this date culminated in a 
rating higher than the females by the fall sample; however, 
females had a significantly higher GSI when samples were 
combined over time (5.73 and 1.83, for females and males, 
respectively). Despite a slight increase in mean values during 
July and August, immatures remained below 0.45.

Discussion

Although the total number of cutthroat trout captured during 
this study was greater than longnose suckers, trout were most 
common only during June and July. As trout numbers declined in 
August, suckers increased rapidly. By the fall gillnetting 
sample (September 14), it appeared that trout numbers were again 
increasing with associated decreases in suckers. Number per net 
was highly variable for both species but was within the range of 
numbers captured in fall surveys at site 2B since 1969.

Reasons for the apparent inverse relationship between trout and 
sucker numbers are unknown; however, this pattern has been 
frequently observed in largemesh gillnets in Yellowstone Lake. 
Physical changes in water temperature and depth, as well as 
biological changes in food supply and reproductive condition 
undoubtedly influence distribution of the two species.

Although gillnet selectivity might also influence the ooserved 
pattern, estimates of number per net combined for both species 
indicate that total catch increased until August 10 and then 
decreased slightly. If selectivity was an important factor, the 
combined total would be expected to be constant with variation 
only in species composition of the total. Changes in mean 
length throughout the study appear to occur independently for 
both species suggesting that size selectivity of the gillnets 
does not influence the observed differences in catch per species 
either .

Decreases in mean length of cutthroat trout indicate a shift 
distribution at site 2B during the sampling period. The rapid 
decline in the percentage of ripe adults and the increase in the 
proportion of immatures appears to explain the size decrease. 
Length frequency analysis supports this hypothesis. The 
presence of larger trout during June is probably associated with 
cutthroat spawning activities at that time. Although adults 
apparently move out of the area during July and August, larger 
trout apparently move back into the area in September.

Longnose sucker numbers increased until late August when numbers 
began to decrease, but changes in mean length are difficult to 
interpret. A definative relationship between numbers and size
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of suckers is not apparent. Although early scarcity of suckers 
is presently unexplained, it may be linked to cooler water 
temperatures early in the study.

Analysis of the GSI data for cutthroat trout indicates that many 
adult females were still spawning during early July, most males 
nad completed spawning by that time. Increases in GSI values 
for both sexes during August and September illustrate continued 
postspawning sexual development. It appears that females 
recover more gradually than males, and males have exceeded June 
levels by September. *

LARGEMESH GILLNETTING

The objective of the largemesh gillnetting program is to monitor *
relative abundance and population structure of cutthroat trout 
and longnose suckers in Yellowstone Lake. In order to reduce 
variability and enhance the interpretation of data, the 
experimental design has been altered since the program was 
initiated in 1969. Despite changes, data has remained 
comparable for eleven of the years in which studies have been 
conducted. Jones et al (1977- 1982) provide summaries of 
previous results.

Methods

In 1982, Swedish experimental gillnets were set September 13-17, 
at eleven sites in Yellowstone Lake (Figure 2). These «
monofilament nets (38 m long) were comprised of 7.6 m graduated 
mesh panels of 19. 25, 32, 38 and 51 mm (bar measure). With the 
exception of several sets in 1969 and all 1981 sets, the same 
nets have been utilized annually during the fall survey (Jones a
et al 1977). Because nets used in 1981 confounded comparisons 
with other years (Jones et al 1982), data from 1981 was deleted 
from the current evaluation.

Gonad samples were collected from 42 of the cutthroat trout 
captured. All other sampling procedures, including terms used 
to describe stage of maturity, have remained unchanged since 
1978.

Results

Cutthroat Trout 1982

A total of 582 cutthroat trout (10.6 trout per net) were 
captured. Average length and weight were 322 mm and 359 g, ■*
respectively (Table 14). Average condition factor (K) was 0.99.

Only three clipped trout and no tagged trout were captured 
during the survey. Two of the clipped trout were originally 
marked at Clear Creek (1979) and one was clipped at Pelican 
Creek (1980). The Pelican Creek trout was captured at site 1C, 
and the Clear Creek trout were found at sites 2B and 3B.
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Table 14 Length frequency distribution, average lengths and weights and condition factors of nonspawning and prespawning
cutthroat trout and longnose suckers captured in largemesh gillnets, 1.5-4.6 m depth interval, Yellowstone Lake, 1982

Species
Maturity 
category

Size-group (lower length of interval - mm) Total 
number

total 
length 

(msi)

Average 
weight 

(&>

Average 
condition 
factor (K)>52 178 203 229 254 279 305 330 356 381 406 432 457 A8j 508 533

355 282 242 . 0.89
Cutthroat Nonspawners 18 44 38 60 33 24 24 29 46 24 8 7

Trout 119 389 571 0.94
Prespawning males 1 1 2 1 9 27 A3 23 9 3

108 380 510 0.91
Prespawning feuales 2 22 36 27 16 A 1

582 322 359 0.91
TOTALS AND AVERAGES 19 AU 39 60 35 29 27 60 109 94 47 20 A

Longnose Nonspawners 3 7 76 53 22 32 30 24 5 1 253 262 237 1.21
Sucker

Prespawning males 2 5 19 29 42 20 3« A6 30 3 1 231 373 681 1.24

Prespawning feuales 1 3 7 21 22 38 6A A9 30 5 2 2A2 A 38 993 1.18

TOTALS AND AVERAGES 3 7 77 55 27 51 62 73 46 56 85 9A 52 31 5 2 726 356 631 1.21

D Prespawning fish defined as those judged to have sufficient gonadal development to spawn in 1982; nonspawners includes
ioaature. and mature fish which were judged to lack sufficient gonadal development to spawn in 1983.



Comparison of length and stage of maturity suggests that trout 
which do not have sufficient gonadal development to spawn the 
following year (nonspawners) are common in most 25.4 mm (1 inch) 
size groups; however, prespawning trout increased substantially 
in groups over 330 mm (Table 14). Male prespawners were larger 
than female prespawners, and dominate all size-groups auove 
381 mm.

The number of trout captured did not differ significantly among 
the 11 netting sites. Sites 7C, 4B and 1A had the greatest 
catch per net (12.2, 12.0 and 11.8, respectively) and sites 4A, w
2A and 1C had the lowest (8.4, 8.4 and 9.4, respectively)
(Table 15).

When net catches were compared between four lake zones (North:
1A, 1B, 1C, 2A, 2B; Central: 3A, 3B; West Thumb: 4A, 4B; South: *
6C, 7C), differences between zones were not statistically 
significant. Central had the greatest mean number per net, 
while North and West Thumb had the lowest (11.3 and
10•2,respectively)(Table 16).

Average total length of trout differed significantly among the 
11 net sites. Sites 6C, 4B and 2A had the largest trout, and 
sites 3A, 1A, 1B and 2B had the smallest trout (Table 15).

Differences between sites in the length of prespawners were also 
significant. The relationship between site and the average 
length of prespawners and the average length of all trout 
differed; however, site 7C was the largest in both cases. «

Length comparisons by zone revealed that fest Thumb and South 
were significantly larger than the other two zones (Table 15). 
Prespawners were also compared by zone and results were quite 
different. Cutthroat trout prespawners from Central and South 
were similar (400 and 393 mm, respectively) but both were 
significantly larger than the North and West Thumb (379 and 
374 mm, respectively).

A gonadal index (GSI) (Le Cren 1951) was calculated for 42 
cutthroat trout. Immature trout (0.18) had significantly lower 
values than adult males and females (2.79 and 1.99, 
respectively). Since the GSI for prespawning females is usually 
higher than males (Jones et al 1982), the lower value in the 
current study suggests a large number of nonspawning females in *
the sample.

Longnose Suckers 1982

The average length and weight were 356 mm and 631 g, 
respectively, for the 726 longnose suckers captured (Table 14). 
The average K factor was 1.21.

Approximately 93% of suckers over 305 mm were categorized as 
prespawners (Table 14). Males were judged prespawners at a
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Table 16. Glllnet catches of cutthroat trout by general area, Yellowstone Lake, 1969, 1970, 1971, 1972, 197**. 1976, 1977, 1978, 
 1979. 1980 and 19821)

Year
Number/net Average total length (mm) Percentage under 210 mm

North Central W. Thumb South North Central W. Thumb South North Central W. Thumb Soutn Total

1969 10 — 16 15 316 -- 296 319 12.2 — 9.7 10.0 10.9

1970 13 14 17 4 311 352 285 346 7.8 0.0 17.6 0.0 8.1

1971 14 — — — 321 -- — — 1.4 — . — — 1.4

1972 15 10 14 12 297 307 342 336 11.7 0.0 0.0 4.0 6.7

1974 19 9 16 13 289 302 294 329 14.7 >16.7 25.8 0.0 14.7

1976 16 17 13 13 310 311 328 333 11.0 5.9 4.3 7.7 8.5

1977 17 15 11 17 284 293 273 309 28.2 23.1 30.3 13.3 24.6

1978 13 15 17 13 298 305 294 353 13.2 8.6 5.4 0.8 8.5

1979 12 15 17 11 297 290 291 356 18.1 21.0 14.5 6.1 16.0

1980 13 12 15 12 307 325 278 341 14.0 11.0 16.0 11.0 13.4

1982 10 11 10 11 307 316 341 342 15.7 15.0 6.9 4.5 11.9

Totals 1983 757 829 726

Averages 13 14 14 13 300 307 297 338 16.3 14.3 13-3 7.6 14.0

D Net locations as follows: North - 1A, 1B, 1C, 2A, 2B; Central - 3A, 3B; W. Tnumb - 4A, 4B; South - 6C, 7C.

u 4 0



smaller size, and females dominated size classses over 432 mm. 
These results are consistant with previous studies (Jones et al 
1978-1982).

Discussion

Cutthroat trout 1969 - 1982

Average number per net. Although initial increases in the 
number per net between 1970 and 1978 (Table 17) may be 
confounded by variation of independent variables, it appears to 
have been a response to increasingly restrictive regulations 
beginning in 1969. After these preliminary increases in 
numbers, density has decreased since 1978 (Table 17). This 
decrease is assumed to be associated with a shift in oiomass 
toward larger trout under the influence of the 330 mm maximum 
si ze limit.

The high degree of variation associated with gillnetting data 
has hampered statistical analysis; however, the mean number per 
net in 1982 (10.6 trout per net) was significantly lower than 
the 1977 estimate (15.6 trout per net). Although the lower 
density suggested by the 1982 data may be the result of density 
dependent mechanisms, the sudden decrease may also be explained 
by poor year class strength. Density independent factors which 
influence gillnetting efficiency (Jones et al 1981) may also 
partially explain the 1982 estimates since the current survey 
was conducted a week earlier than usual, and lake water level 
was at an almost record high in 1982.

When data from the 11 years of gillnetting were combined, 
differences in the number of trout between sites were 
significant. The relationship between site and number of trout 
captured has changed since 1977; however sites 1A, 2A, 3B and 4A 
continued to be among the lowest, and site 4B has remained the 
hi ghe st .

Although the relationships between lake zone and the number of 
trout has varied annually, there was little difference between 
zones when data from 11 years were combined (Table 16). 
Biological interpretation of these results is confounded by the 
high degree of variation and absence of observable trends.

Average size. The mean total length of cutthroat trout captured 
in gillnets has varied significantly since 1969. Similar 
results were observed when data were combined over years and 
compared by site and zone (Tables 15 and 16 and Figure 13)- 
Biological interpretation of these results is confounded by the 
high degree of variation and absence of observable trends.

It has been suggested that differences in the length of trout 
captured since 1969 are due mostly to fluctuations in the 
proportion of smaller fish in the sample (Jones et al 1978). 
The yearly fluctuations in the proportion of smaller trout, and



Table 17. Comparative largemesh gillnetting results, cutthroat trout, 1.52-4.57 m depth interval, Yellowstone Lake, 1969* 1970,
1971, 1972, 1974, 1976, 1977, 1978, 1979. 1980 and 1982

tn 
O

Category 1969 1970 1971 1972 1974 1976 1977 1978 1979 1980 1982

Number of gillnet sets^ 9 11 5 11 11 11 44 55 55 55 55

Average number of trout caught per net 12.22 12.27 14.40 13.63 15.45 15.00 15.55 13-93 13.60 13.00 10.60

951 confidence interval of number of trout 
caught per net

+6.71 +5.90 +9-76 +3.57 +4.75 ♦ 3.06 ♦ 1.98 ♦ 1.06 + 1.27 + 1.53 ♦ 1.05

Percentage of trout over 356 mm (TL) 29.1 26.7 37.5 32.7 34.7 37.6 33.0 37.5 32.3 40.6 47.1

Percentage of trout over 406 mm (TL) 1.8 3.0 1.4 3.3 0.6 2.4 4.7 5.4 7.4 7.1 12.7

Percentage of trout over 457 mm (TL) 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.3 ' 0.1 0.3 0.7

Percentage of prespawning trout^) 53.6 46.6 54.3 39-8 56.4 4g.6 75.6 65.7 59-0 50.1 61.7

Ratio of prespawning males to females 1.06 1.73 1.50 0.52 1.00 1.43 0.98 1.06 0.91 1.05 1.10

Average length (mm) of prespawning males 353 359 360 358 349 370 376 383 387 389 389

Average length (mm) of prespawning females 346 351 368 369 359 365 362 372- 374' 376 379

Condition factor K 0.924 0.917 0.853 0.937 0.859 0.877 0.892 0.923 0.915 0.884 0.909

D Number of sets has been limited to the 1.52-4.57 m deptn Interval to ensure comparability.

& Percentage of cutthroat trout over 304 mm (TL) which were Judged to have sufficient gonadal development to spawn tne 
following spring.
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thus the mean length of the entire sample, may be caused by 
differences in population distribution or may reflect year-class 
fluctuations of the smaller trout prior to entry into the 
fishery. Since the mean length of prespawners is not affected 
by changes in the proportion of smaller trout, comparisons of 
prespawners may provide an effective means of detecting changes 
in mature trout.

Differences in the mean length of prespawners between sample 
years were significant. The previously reported trend of 
increasing length (Jones et al 1981) continued in 1982, and the 
length of prespawners (384 mm) was the largest reported since 
the survey began in 1969- This increase is interpreted as a 
positive response to the 330 mm maximum size limit imposed in 
1975.

When prespawners were separated by sex, both males and females 
displayed significant differences in mean length between years. 
The response of prespawners to structure changes has been most 
pronounced in the males; however, it appears that the mean 
length of prespawning males has begun to approach a limit 
imposed by current harvest levels and environmental conditions 
in Yellowstone Lake (Figure 14). It is more difficult to 
interpret changes in female prespawners because of an apparent 
slower rate 
approaching

of 
an

response, but females 
equilibrium size.

also appear to be

Differences in length of prespawning trout from the four lake
zones were also significant. Prespawners from the South 
(389 mm) were the largest and West Thumb prespawners (364 mm) 
were the smallest. Although prespawners from the North and 
Central zones (372 mm and 376 mm, respectively) differed from 
the other two zones, there was little difference between them.

Length frequency. A comparison of length frequency data from 
ten of the survey years illustrates several interesting trends 
(Figure 15). Since the 330 mm maximum size limit was imposed in 
1975, there has been a shift towards larger fish in both the 
330-400 mm and 400-500 mm groups. This is best illustrated by 
dividing the data into pre- and post-regulation groups 
(Figure 16). Aside from the general shift toward larger trout, 
another important change has been an apparent depression in the 
length frequency curve between 260 mm and 330 mm since 1975. In 
1982, the percentage of larger trout (over 354, 405 and 457 mm) 
was the highest yet recorded to date (Table 17).

Although previous attempts at interpreting annual changes in 
length frequency distributions have provided insight into trends 
(Jones et al 1981), it appears that assignment of year-class has 
been erroneous. Current data indicate that the majority of 
trout less than 210 mm total length are 1+ instead of 11+ as 
previously indicated, and therefore, year-classes mentioned in 
prior reports (Jones et al 1981) have been increased by one 
year .
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Year

Figure 14. Mean total length of prespawning cutthroat trout captured in largemesh 
gillnets, Yellowstone Lake, 1969-1982.
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In 1977, a large pulse of trout less than 210 mm suggested that 
the 1976 year-class was very strong. In 1978, the increased 
frequency of trout in the 200-270 mm group was interpreted as 
growth of the year-class (Figure 15). When the majority of this 
year-class entered the fishery during 1979, the previously 
reported depression between 270-340 mm (Jones et al 1979) was 
dampened considerably. In 1980, the 1976 year-class progressed 
to the right, making a substantial addition to the proportion of 
trout over 330 mm. Continued growth of the 1976 year-class may 
partially explain the large percentage of trout between 406 mm

* and 456 mm in 1982.

The extreme paucity of trout less than 210 mm in 1978 (the 1977 
year-class) may partially explain a decrease in numbers in 1980. 

r The weak 1977 year-class was definitely evident in the 1981
Clear Creek spawning run as predicted by Jones et al (1981), and 
undoubtedly contributed to poor catch rate in 1981 fishery.
This extremely weak year-class is assumed to be the result of 
abnormally low runoff in 1977. Lake level data reveal that 1977 
was the poorest water year since 1940.

Average or slightly above average year-classes were indicated by 
length frequency in 1978 and 1979 and may have contributed to 
the increase in landing rate on Yellowstone Lake in 1982. The 
use of the new nets in 1981 precluded the inclusion of that data 
in the current analysis, but it appears from the 1982 lengtn 
frequency, that the 1980 year-class may have been somewhat below 

9 average. If this is true, angler success on the lake may
decline again in 1983.

GSI estimates prior to 1982 were utilized to determine 
differences in values between trout of varying maturity levels.

* Since these samples were not obtained randomly, interpretation 
of comparisons between samples is difficult. The current 
estimate was obtained in a stratified fashion and provides 
values for the adult population at the time of sampling. These 
data can be used to compare with future samples to determine 
changes through time.

Longnose Suckers 1969-1982

Average number per net. Although differences between years in
* the number of suckers captured are significant, reasons for 

these changes remain unidentified. It is doubtful these 
differences are due to population fluctuations since the 
longnose sucker is believed to be longlived in Yellowstone Lake

„ (Jones et al 1977). These fluctuations may be partially due to
schooling behavior; such behavior would intensify variation in 
gillnet catch. Although it was speculated that the sucker 
eradication project at Pelican Creek (1976-1979) had contributed 
to the lower sucker catches in 1977 and 1978, the sharp increase 
in the number per net in 1979 suggests that variability 
continues to confound comparisons (Table 18).
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1971. 1972, 1974, 1976. 1977, 1978. 1979, 1980 and 1982
Table 18- Comparative largemesh gillnetting results, longnose suckers, 1.5—4.6 ui depth interval, Yellowstone Lane, 1909, 1970,

Category 1969 1970 1971 1972 1974 1970 1977 1978 1979 1980 1982

Number of gillnets set^ 9 11 5 11 11 11 49 55 55 55 55

Average number of suckers caught per net 16.33 6.45 37.0 2.54 15.91 14.55 7.25 7.25 12.69 9.98 8.64

951 confidence interval of number of suckers +10.65 +5.01 ♦42.17 + 1.29 +5.92 ♦5.36 + 1.83 + 1.99 +2.07 + 1.82 +2.13
caught per net

Percentage of suckers over 356 mm (TL) 66.0 83.1 34.0 42.9 69.7 80.6 80.9 58.3 62.6 59-3 51.1

Percentage of suckers over 406 mm (TL) 29.2 59.2 17.8 28.6 29.1 49.4 55.5 38.9 95.2 39.4 37.2

Percentage of suckers over 457 mm (TL) 6.1 12.7 2.7 7.1 5.7 7.5 14.7 11.1 13.0 12.6 12.5

Percentage of prespawning suckers^) 92.1 100.0 100.0 88.2 100.0 95.2 100.0 92.5 87.8 78.1 65.2

Ratio of prespawning males to females 1.28 0.08 2.00 2.00 1.28 1.07 1.48 1.13 0.99 1.12 0.95

Average length (mm) of prespawning males 382 386 357 378 372 387 390 385 399 370 373

Average length (mm) of prespawning females 419 440 417 428 415 425 991 435 490 432 438

Condition factor K 1.207 1.235 1.207 1.205 1.215 1.227 1.229 1.187 1.197 1.171 1.209

D Number of sets has been limited to the 1.5-4.6 m depth interval to ensure comparability.

2) Percentage of longnose suckers over 310 mm (TL) which were judged to have sufficient gonadal development to spawn the 
following spring.
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Table 20. Numoer and
September

size of cutthroat
21-24. 1982

trout captured in purse seine hauls, Yellowstone Lake.

Area Depth

North South West Thumb Frank Island 18-24 m 33-37 m >60 m

Numper of hauls 7 4 4 2 9 5 3

Number/haul 21.7 69.5 9.5 6.0 42.1 9-2 18.3

Mean length (mm) 335 29 b 346 388 307 359 340

Mean weight (g) 351 480 573 ' 474 365 480 -

Condition I'actor K 0.88 0.89 0.93 0.83 0.88 0.89



Average size. Comparisons between years (Table 19) yields 
significant differences in mean length. Mean length of suckers 
has been inversely correlated to the male:female ratio (r=0.78) 
and directly correlated to the percentage of suckers over 310 mm 
(TL)(r = 0.94)(Jones et al 1981) . Since the latter two factors 
are probably related to distribution, annual variations 
affecting numbers captured may also affect variation in mean 
length.

The largemesh gillnetting program has provided only minimal 
information concerning the longnose sucker. Although a more 
suitable method of monitoring the sucker population might be 
developed, an increasing amount of evidence suggests that the 
longnose sucker and cutthroat trout are probably not competing 
either temporally or spacially in Yellowstone Lake. It would be 
more beneficial, therefore, to channel future effort to further 
describing the relationship between the two species.

FALL PURSE SEINE OPERATION

The vast size of Yellowstone Lake (35,630 ha) has historically 
hindered efforts to sample the pelagic areas. Vertical gillnets 
were set in 1974 (Dean et al 1975) and 1975 (Varley et al 1976), 
but low catch/effort limited the effectiveness of this program. 
In 1979» a purse seining operation by personnel from Wyoming 
Game and Fish suggested that further evaluation of this method 
of pelagic sampling would be beneficial (Jones et al 1980). To 
this end, the operation was essentially repeated when the 
Wyoming Game and Fish Crew returned in 1982.

Methods

The purse seine utilized in the current study was identical to 
the previous net and measured 236 m long and 18.3 m deep with 
15.2 m tapered leads. The seine was comprised of 10 mm bar mesh 
nylon except for the bottom 0.9 m, which was 32 mm bar mesh. An 
area of approximately 0.4 ha (18.3 m deep) was sampled with each 
haul .

A total of 17 hauls were made at various sites around 
Yellowstone Lake from September 21-24, 1982 (Figure 2). These
hauls were divided by area of the lake as follows: seven from 
the vicinity of Bridge Bay (North) including Sand Point (1) and 
Stevenson Island (1); four from West Thumb; four from the South 
Arm; and two hauls in the vicinity of Frank Island.

Results

In 1982, 480 cutthroat trout were captured during the study 
(Table 20), and no other fish species were collected. The mean 
catch was 28.2 trout per haul, but variation was extremely high 
with catches ranging from 1-154. South Arm and North had the 
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greatest number per naul (69.5 and 21.7, respectively) while 
West Thumb and Frank Island had the lowest (9.5 and 6.0, 
respectively); however, due to the large variation, differences 
were not statistically significant.

Mean length for 476 trout was 316 mm and mean weight (n=130) was 
383 g (Table 20). Trout from South (298 mm) were significantly 
smaller than those from Frank Island, West Thumb and North (388, 
346, and 335 mm, respectively). When depth of water was 
considered, trout from 18-24 in ( 307 mm) were significantly 
smaller than those from depths of 33-37 m (359 mm) and over 60 m 
(340 mm).

♦

Discussion

Extreme variation continues to confound analysis of purse seine
data. As expected, the reduction of sample size to 17 in 1982 ?
(n=19 in 1979) increased variability, and the minimum detectable 
difference in catch per haul between samples of current size is 
157% of the mean (Snedecor and Cochran 1967). Approximately 977 
hauls per sample would be necessary to detect differences as low 
as 20% of the mean.

Although differences were not statistically significant, the 
numoer per haul was greater in 1982 than 1979 (28.2 and 22.4 
trout per haul, respectively). Discarding two of the 1979 hauls 
to make sample size equal increased the 1979 mean only slightly 
(23.2 trout per haul). Mean catch per haul for the two sample 
years combined was approximately twice the mean catch per net in 
fall largemesh gillnets during those years (25.2 trout per haul 4
and 12.1 trout per net, respectively); however, variation was 
almost five times as great for the seine hauls.

Differences between zone changed somewhat between 1979 and 1982, 
but North and West Tnurab, those areas which support the greatest ~
angler exploitation, were below the mean in both years. When 
samples for the two years were combined, West Thumb and North 
had the lowest catches per haul.

The inverse relationship between depth and catch observed in 
1979 (Jones et al 1980) was not repeated in 1981; however, the 
number captured in the shallowest water (18-24 m) was the 
greatest in both years. Decreases in catch were noted with 
increasing depth in combined samples.

*

The mean length of trout captured in 1982 (316 mm) was 
significantly lower than the mean length of trout collected in 
1979 (3^3 mm). These differences were also noted in comparisons 
between areas for botn years. In 1982, trout from the purse „
seine were smaller than those captured in fall largemesh 
gillnets; the opposite result was found in a similar comparison 
in 1979. Samples combined for the two years yielded results 
similar to 1979.
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The previously reported inverse relationship between mean length 
and depth (Jones et al 1980) was not observed in 1982. Trout 
from the 33-37 m interval were similar in both years (352 mm and 
359 mm, for 1979 and 1982, respectively), but the relationship 
was reversed for the 18-24 m interval (342 and 307 mm, 
respectively) and over 60 m (310 and 340 ram, respectively).

Results from these two studies utilizing purse seines have 
indicated great differences between seine hauls and gillnet 
catches. The differences were expected since the former was 
utilized to sample the pelagic portions of the lake and the 
latter to sample shallow portions of the littoral zone. Mesh 
size differences between the two 'gear types also probably affect 
results. Lack of consistency between studies in zone and depth 
relationships appear to be much greater with seine hauls and are 
associated with the greater variability with this method.

Future studies utilizing the purse seine for pelagic sampling 
will necessitate larger sample sizes and should include site 
replication. At present, it appears that midwater trawling and 
associated accoustical sampling may present a better alternative 
for pelagic samples. Use of the smaller 9 m purse seine in 
shallower waters would provide additional data needed to further 
evaluate this technique in Yellowstone Lake.

CONCLUSIONS

Thus far, it would appear that the 330 mm maximum size limit is 
accomplishing the objective of increasing the proportion of 
older and larger cutthroat trout in Yellowstone Lake. Scattered 
historic size data and current estimates utilizing the Walford 
line (Ricker 1975) suggest a maximum of eleven age groups prior 
to modern angler exploitation. It is doubtful, however, that 
the cutthroat population could reach historic levels under the 
current regulation. Ricker (1963) warns that exploitation as 
low as 5% annually may significantly alter a pristine 
population.

It is apparent, however, that the 330 mm maximum size limit has 
been more successful at approaching historic levels than any 
regulations utilized thus far. Average age at Clear Creek is 
the highest it has been in the past three decades; the 
appearance of age IX+ trout is significant. Average lengths of 
trout landed in the fishery, spawners at Clear Creek and 
prespawners in fall-set gillnets are among the greatest yet 
recorded (Figures 17 and 18). Fecundity estimates suggest that 
current reproductive potential in Clear Creek is five times 
greater than it was during the 1950's.

What may be as important as the shift in population structure is 
that these changes are occurring while use (in the range of 
150,000 angler days annually) and effort (over 350,000 angler 
hours) remain high. Despite these levels of pressure, the
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Figure 17. Mean length of cutthroat trout spawners entering 
Clear Creek, 1953-1982.
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landing rate has been excellent, averaging 0.94 trout/hour since 
1975. The continued decrease in creel rate during this period 
is indeed curious, but data indicate that it is not related to a 
depletion of legal size trout.

The biological mechanisms of the regulation are not completely 
understood at present, but harvesting trout prior to maturity 
shifts fishing mortality to life stages which may better be able 
to withstand high levels of exploitation. The relatively short 
period that trout are vulnerable to harvest in Yellowstone Lake 
may also influence results. Most trout do not enter the fishery 
until approximately 300 mm (11.8 inches) and are beyond the 
legal limit within one growth season.-

As angler use and effort steadily increased, creel limits as low 
as three trout per day failed to protect the structure of this 
cutthroat population. Fishing closure or "no kill" (catch and 
release-only) regulations would undoubtedly provide maximum 
protection. The 330 mm maximum size limit, however, not only 
provides substantial protection, but allows a daily creel limit 
which would satisfy all but the most greedy anglers. Currently 
five large trout (356-457 mm) are captured and released for each 
trout under 330 mm creeled. Over two-thirds of all anglers 
catch one or more trout, and over one-third creel one or more. 
Excellent landing rates, often associated with "no kill" 
regulations, have been sustained while anglers have retained the 
privilege of harvesting trout for a campfire meal.

Results from Yellowstone Lake fishery during the first eight • <
years of the 330 mm maximum size limit are indeed encouraging;
however, it should be emphasized that these results may not 
describe an equilibrium condition. The continuing changes 
associated with the 330 mm maximum size limit underscore the 
necessity of long term research. Continued increases in angler 
use may have a profound effect on the cutthroat trout population 
despite the protection afforded under the current regulation.
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YELLOWSTONE RIVER (CATCH AND RELEASE AREA)

Since the 14.0 km (8.7 mile) catch and release section of the 
Yellowstone River supports over 80% of the total use on the 
river (114 km or 71 miles in the park) and because this section 
alone is the second most popular fishery in the park, it will be 
treated as a separate fishery in this report. Although there 
may be some interaction with cutthroat trout from Yellowstone 
Lake, this portion of the Yellowstone River is separated 
ecologically from the remainder of the river.

The catch and release area is divided by a 10.2 km (6.4 mile) 
section of river (Sulphur Caldron to Alum Creek) in Hayden 
Valley which has been closed to angling since 1965. The first 
1.6 km (1 mile) below the Yellowstone Lake outlet is also 
closed, leaving 9.8 km (6.1 miles) of fishable water in the 
upper portion of the catch and release area. The lower portion 
(Alum Creek to the Upper Falls) is 4.2 km (2.6 miles) in length.

Fishery research on the Yellowstone River between the lake and 
the falls dates back to 1950 (More, Cope and Beckwith 1952).
Since that time various studies have been conducted to monitor 
angler impact on this important cutthroat trout fishery.
Research since 1973 has been concentrated on the evaluation of 
the catch and release regulation. In 1982, studies included a 
creel survey utilizing the VFR system (Jones et al 1977), 
continued sampling of spawning trout at Leliardy’s Rapids, and 
snorkel surveys in the upper portion of the catch and release 
section .

CREEL SURVEY

In 1982, the catch and release segment of the Yellowstone River 
supported the second highest level of use (35,200 angler days) 
reported since 1973. An estimated 16,500 anglers spent 86,600 
hours and captured 95,400 cutthroat trout. Approximately 1,400 
of these trout were illegally creeled. Despite the high level 
of use, catch rate rose to 1.10 trout per hour (Table 21).

When the upper and lower portions were examined separately, the 
upper section alone (9.8 km) sustained 89% of the use for the 
entire area (31,300 angler days or 3,200 angler days per km). A 
total of 14,400 anglers captured 90,500 trout while expending 
79,900 angler hours. Catch rate was 1.13 trout per hour.

Despite a 33% decrease in angler use on the upper section during 
1982, the number of angler days in the lower section almost 
doubled (3,900 angler days or 930 angler days per km).
Approximately 2,100 anglers expended 6,700 angler hours. 
Although angler effort is much lower in this section, catch rate 
was only 0.71 trout per hour. Expanded results indicate that of 
the 4,700 trout landed, 105 were illegally creeled.
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Table Creel survey ivsn.
1973 through wt)2

»ry, Yellowstone River between Fishing Bridge and Chittenden Bridge, 1)51-55. 1967, 1968. 1970. 1972 Md

8.2 Fish creel Halt*'  
No size Holt
Balt fishing peraltted

3 Fish creel limit 
No size limit
Balt fishing permitted

3 Fish creel limit
14*  minimum size limit.
Balt fishing prohibited

Catch and release fishing 
Lures and flies only 
Balt fishing prohibited

)

1977®’1951 to 1955 average 1967 to 1968 average 1970 to 1972 average 1973 1974 1975 1976 1978 1979 1980 198’ 1982

Angler days (trips)1) <5.’IO 84.300 95.120 25,000 23.900 27.900 30.900 26,900 26.300 28.900 34.900 48,800 35.200

I length angler trip (hrs) 1.97 2.00 1.87 2.35 2.31 2.98 2.95 2.44 2.50 2.60 2.44 2.60 2.«6

Total hours fished 89.500 88.625 89.900 58.750 55.700 69.200 75.700 65.600 65.700 75.300 85.100 126,800 86.600

tanJlng rate (trout/hr) 2) 2) 0.7* 1.79 2.25 2.04 1.93 1.93 1.23 1.10 1.06 1.00 1.10

Total trout landed 2) 23 62.500 102,200 124,200 141.100 108,200 93.900 BQ,800 ' 82,800 88.700 127,100 95.«OO

Creel rate (fout/hr) 0.81 0.43 0.18 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.01 0.02

kTctal trout creeled 36.700 38.100 19.825 590 550 690 .980 1.300 1,100 1,500 2.000 1,800 1.«00

Angler days per mile®) 2,800 9,600 9.700 2,900 2.700 3.200 3,600 3. >00 3.000 3.300 4.000 5.600 ». ODO

Angler days pe*  acre®) 99 167 170 106 102 119 132 114 112 123 148 208 150

Angle*  tours per acre®) 195 339 318 250 235 295 322 279 280 320 362 540 369

Ktun angle* - - - - - - 2.00 1.98 ’.99 2.02 2.04 2.01 2.00

1 t*out  landed and released 2) 2) 76.2 99.8 99.9 99.5 . 99.8 99.6 99-6 99.3 99.0 98.6 98.5

I le-gth t*out  creeled®) 3) 13.5- 14.7" 3) 3) 3) 3) 14.3" ’3.3* 13.2“ 13.5. 13.1* 12.4"

7 .tf,:;.-. landed 3) 3) 3) 14.3" 14.4" 14.5* 18.7* 14.7* ’5.1* 15.3* 15.3* 15.4" 15.6*

>> Stall st)«s for 1951 through 1972 have Deen converted from auamer to season-long estimates.
2> T'ojt landed and released were not measured during this period.
1> S.’t Seas.*cj.
fl) •7r'ce yej-s of 9 fish creel Unit plus two years of 3 fish creel liolt.
5) Illegal peginning In 1973.
6) .-e/lze- upwara 6i from that reported (Jones et al 1978).
7) .-jsej cd fc-cjla: 1.0 1 inexperienced. 2.0 ■ experienced. 3.0 ■ expert. /
a) Yellowstone hiver between Fishing bridge and Chittenden bridge la 16 miles long and averages 858 acres. Area open to fishing was 

9.7 -ilea and 265 acres between 1965 and 1972. Beginning in 1973. the open area was 8.7 miles and 235 acres.
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Average size of cutthroat trout landed for the entire catch and 
release area rose to a record high of 395 mm (15.6 inches). 
Trout from the lower portion were significantly larger than 
those in the upper section ( 400 rnri and 395 ram, respectively). 
Creeled trout were also larger in the lower segment (381 mm ana 
327 mm, for lower and upper sections, respectively) and tne mean 
length of creeled trout for the entire catch and release area 
was 332 mm.

Satisfaction indieies indicated 86% of the anglers were 
satisfied by their overall experience, with 81% satisfied with 
number and 90% with sizes. The proportion of single day anglers 
landing one or more trout was 72%. These figures increased in 
1982 and remain well above the Park mean. Average expertise 
remains high at 2.00.

LE HARDY'S RAPIDS

Annual monitoring of the cutthroat trout spawning run at 
LeHardy's Rapids was initiated in 1974 in order to provide an 
alternate means of evaluating the catch and release-only 
regulation on the Yellowstone River (Fishing Bridge to Upper 
Falls). This program has provided valuable data concerning the 
cutthroat trout population structure, independent of the VFR 
system. During 1982, collections were made weekly from June 15 
through August 10. Established sampling prodecures (Varley et 
al 1976) remained unchanged except that all captured trout were 
tagged with colored internal anchor tags (Dell 1968) prior to 
release .

Results

The scarcity of trout during the initial collection indicated 
that the main portion of the run had not yet commenced. Nuiaoers 
increased between June 24 and July 7. and 100 trout were 
collected each week. After July 13, numbers dwindled for the 
remainder of the study.

A total of 694 cutthroat trout adults and 26 subadults were 
captured in 1982, but no other fish species were ooserved. Mean 
length (400 mm) for 328 males was significantly greater tnan 
mean length (379 mm) for 369 females (Table 22). There were no 
significant changes in mean length during the study period.

Mean length of males, females and all adults increased slightly 
from 1981, and mean length for females and all adults were the 
highest reported since the program began (Figure 19). The 
percentage of adult trout over 406 mm also reached a record hign 
(24%) in 1982. Although annual proportion of trout over 406 mm 
may be influenced by sampling procedures, changes since 1974 are 
statistically significant (Figure 20).

The maleifemale ratio dropped to 0.89:1 in 1982. Apparent 
problems in discerning sex in postspawners during the last two
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Table 22, Total number and average length, weight and condition factor of cutthroat trout for each year sampled at UeHardy's 

Rapids, Yellowstone River, 1974-1982

Year

Adult Males Adult Females All Adults Immatures and Suoadults

Number 
captured

Average 
length

(mm)

Average 
weight

(g)

Average 
K 

factor
Number 

captured

Average 
length

(ram)

Average 
weight

(g)

Average 
K 

factor
Number 

captured

Average 
length

(min)

Average 
weight
(g)

Average 
K 

factor
Number 

captured

Average 
length

(mm)

Average 
weight

(g)

Average 
K 

factor

19741> 177 375 394 0.75 244 352 339 0.78 453 362 363 0.76 43 177 60 0.84

1975 338 385 451 0.78 426 359 363 0.78 775 370 401 0.78 40 205 118 1.04

19761> 531 384 431 0.75 423 362 360 0.75 964 375 399 0.75 29 173 71 1.04

1977I) 133 382 429 0.77 111 362 370 0.78 245 373 402 0.77 2 250 139 0.87

1978 399 386 458 0.78 358 364 413 0.85 759 376 437 0.81 68 169 62 0.96

1979 334 394 514 0.83 237 371 431 0.84 571 385 480 0.83 5 225 122 0.91

1980 293 391 488 0.81 190 . 372 418 0.80 483 384 460 0.81 2 247 184 0.94

1981 383 394 496 0.80 188 373 440 0.84 571 387 478 0.82 7 308 286' 0.89

1932 328 400 516 0.80 369 379 474 0.86 694 389 494 0.83 26 281 218 0.90

1) Due to erroneous measurements, fish were deleted from average weight and K faotor calculations only, as follows: 6 males 
and 2 females from 1974, 1 male and 2 females from 1976, and 1 male and 1 female from 1977*
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samples appear to have biased this estimate, and the male:female 
ratio is 1.05 if these samples are excluded. The dominance of 
males in samples from LeHardy's Rapids since 1975 is not typical 
for Park cutthroat trout waters, and M:F ratios from tributaries 
to Yellowstone Lake such as Clear, Cub and Pelican Creeps nave 
been significatnly lower (0.59-0.74:1) since 1945 (Jones et al 
1981, Ball and Cope 1961). Although none of the various size 
and creel limit regulations implemented on Yellowstone Lake 
since 1945 have appreciably changed the M : F ratio, the change in 
M:F ratio at LeHardy’s Rapids is apparently associated with the 
elimination of harvest under the catch and release-only 
regulation. Since the change in the malezfemale ratio in 1982 
may be due to sampling error, it appears that continued 
monitoring is necessary to enhance the current level of 
under standing.

A total of 107 cutthroat trout were aged using the scale method 
(Bagenal and Tesch 1978). Expanded age estimates for the entire 
sample were calculated using an age-length key (Westerheim and 
Ricker 1978). Mean age of males, females and all adults were 
5.0, 4.8 and 5.0 yea’-s, respectively. Although mean age 
declined somewhat from 1981, a definite trend of increased age 
since 1974 is evident (Figure 21). Age VII + trout comprised 
approximately 8% of the sample in 1982.

SNORKELING

Researchers from Idaho State University used snorkel counts to 
estimate the cutthroat trout population in the catch and release *
section of the Yellowstone River during 1980 and 1981.
Comparison of population estimates from the Cable Car section 
with those collected by electrofishing in the same area, 
suggested that with limited manpower snorkel estimates may 
provide a more realistic approximation of the population in the *
study section (Jones et al 1982). Snorkel counts also allow the 
biologist to gain significant insight into the aquatic 
environment during the sample period.

Snorkel counts in the Yellowstone River were conducted by 
project personnel on June 28, July 12, July 26, August 2, August 
9, and August 16, 1982. Effort was concentrated on developing a
comparative index of the cutthroat population and determining 
the relative amount of area in the mainstem which was utilized 
for spawning during 1982. ■»

Methods

Five divers were used in all counts, but spacing between 
individuals changed during the season. Beginning on August 2, 
plastic pipe was utilized to maintain interval between divers; 
the interval was approximately 3 m- on August 2 and August 16, 
and 1.5 m on August 9. Counts were made from the bouys above 
Fishing Bridge to the lower tip of the islands below the bridge 
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on July 12, July 26, and August 16. Observations at the Cable 
Car area occurred on August 2, and Nez Perce (Buffalo) Ford was 
sampled on July 12 and August 9.

Results

General observations below Fishing Bridge on June 28 provided an 
approximate count of 500 trout; very few suckers (<300 ram) were 
noted. By July 26, the mean count for two passes was 
approximately 170 for each section, above and below the bridge. 
A significant increase in sucker abundance was noted at that 
time, but turbid water conditions hampered attempts to count 
this species. By August 16, the water visability had improved, 
and 446 cutthroat trout and approximately 800 suckers were 
counted above the bridge. Only 57 trout and approximately 300 
suckers were counted below the bridge.

The mean count of three passes at Cable Car was 69 trout on 
August 2. No suckers were observed in this section. Counts 
along the west bank from several hundred meters above and below 
LeHardy’s Rapids indicated many more trout below the rapids 
(mean=130, 4 tagged) than above (30 trout, 1 tag). Many of the 
trout below the rapids were postspawners, but small (—100 mm) 
immature trout were found in both sections.

Only 20 cutthroat trout were counted above the main island at 
Nez Perce Ford on July 12, but turbid conditions greatly 
hindered counts. The same section yielded only 17 adult trout . 
and 13 immatures on August 9. Turbidity was still high and 

» greatly impaired counts. The count of 43 adults and 1 immature
below the island was also probably low.

It appears that the majority of spawning in the sample section 
occurs just below (0.8 km) Fishing Bridge, but there is also 

r good gravel for approximatley 100 m above the bridge. Although
several other pockets of spawning gravel were noted for about 
2.4 km below the bridge, the only other concentration of gravel 
was at Nez Perce Ford.

Di scuss ion

Studies on the Yellowstone River in 1982 have provided 
additional information concerning the snorkel method. Although 
more than five divers are necessary to provide accurate

• population estimates, current counts provided an index to
evaluate seasonal concentrations in the study sections.
Valuable data concerning the extent of potential cutthroat 
spawning area can also be determined accurately with this 

„ method .

Snorkel counts were severely hampered by turbidity. This 
problem has been noted by previous researchers in the catch and 
release section of Yellowstone River especially following the 
peak of the Anabaena bloom in Yellowstone Lake (Schill pers. 
comm.). Turbid conditions caused by above average snow pacK and
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Figure 22- Length frequency of all adult cutthroat 
trout captured at Lellardy's Rapids, 
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Table 23. Percentage 
and Release

of trout in various length categories. Catch
Section,, Yellowstone River, 1973-1982

Year 305 mm 356 mm 406 mm 457 inm 508 mm

1973 36.3 62.5 17.3 3.1 0.7
1974 89.5 63-3 26.6 6.6 1.2
1975 92.7 60.4 15.4 2.6 0.3
1976 90.0 67.7 24.3 4.4 0.7
1977 89.2 68.7 26.2 5.3 0.9
1978 91.1 71.6 33.2 9.0 1.8
1979 92.5 77.5 35.9 8.7 1.0
1980 93.8 77.8 37.6 9.2 1.2
1981 95.4 82.6 35.8 7.6 1.1
1982 96.4 82.3 40.7 8.6 1.5

*

Taele ?a. Mean total lengths of cutthrust trout captured in tne Yellowstone River. 1952-1982

Mean total len.it:; in » (inches) Saiople
Regulations Year Dip r.et Llectroi isr.mx Hoox ano iir.e Creel size Area Source

$ fish bag 
liaint, .u

1552” 363 (15.5) 382 LeHardy's Rapids Cope 1953

Site Hilt 135? 330 (13-0) 107 Above Upper falls Cope 1953

3 fish bag 
licit, no

1367 345 (13*6) 346 Excluding Hayden Valley Unpublished data

size 11 ait 1367 338 (13-3) 127 Excluding Hayoen Valley Dean ana Varley 1973

1968 351 (13.8) 351 Excluding Hayden Valley Unpuolis.ned cata

1958 3«8 (13-7) 487 Excluding Hayden Valley bean ana Varley 1973

3 fish bag 
licit. 1*

1970 378 (14.9) 43 Excluding H«yden Valley Dean ana Mills 1971

incn cin. 
size licit

1970 424 (16.7) 17 Hayden V«iley Dean 1972

1971 4*7  (17.6) 309 Hayden Valley Dean 1972

1971 361 (U.2) 378 fisnmg Bridge Dean ly72

1972 368 (14.5) 125 Excluding Hayden Valley Dean and Varley 1973

»973 363 (14.3) 2798 Above falls, excluding Jones et al >97q
Hayden Valley

Catch and 
release

1974’) 352 (14.3)

1974 372 (14.6)

«63

3926

LeHardy's Rapids

Excluding Hayden Valley

Dean et al 1975

Dean «t al 1975

*

Hayden Valley

1975n 370 (14.67 775 LeHardy's Rapids Varley et «1 1976

1975 366 (14.4) 10540 Above falls, excluding 
hayoen Valley

Varley et al 1976

19761> 375 (14.8) 964 LeHardy's Rapids Jones et al 1977

1976 373 (14.7) 110G2 Above falls, excluuing 
Hayden Valley .

Jones et al 1980

I977n 373 (14.7) 245 LeHardy's Rapids Jones et al l*7o

1977 373 (14.7) 10239 Aocve fails, excluding 
Hayden Valley

Jones et al 1980

1978n 376 (14.8) 759 LeHardy's Rapids Jones et al 1979

1978 382 (15-D 8950 Auove falls, excluding 
Hayoen Valley

Jones et al 1980

1979n 385 (15.2) 57.1 LeHardy's Rapids Jones et al 1980

1979 387 (15.2) 8495 Above fails, excluding 
hay Jen Valley

Jones et al I960

1980’> 334 (15.D 483 LeHardy's Rapids Jones <t al >9o1

1980 390 (15.3) 7789 Above falls, excluding 
hayoen Valley

Jones et ai 1981

1981D 334 (15.D 571 LeHardy'a Rapid* Jones et al 1982

1981 397 (15.6) 148 Cable Car Area Jones et al 1932

1981 392 (15.4) 9904 Auove falls, excluoing 
Hayden Valley

Jor.es et ai 1932

1962 389 (15.3> 69* LeHardy's Rapids Current Report

1982 395 (15.6) 87«6 Above falls, excluding Current <Report

All adults only. 73



late spring runoff reduced efficiency more than usual during 
June and July, 1982. It appears that annual variation in 
turbidity may be the major liability of the snorkel method for 
monitoring cutthroat trout in this portion of the Yellowstone 
River.

Trout densities vary significantly within study sections 
throughout the summer (Schill pers. comm.), and it has been 
assumed that this variation is linked to annual spawning 
migrations. Similar changes in distribution have been noted in 
Yellowstone Lake (see Summer Gillnetting, this report). In 
general, during the early portion of the season, trout dominated 
the Fishing Bridge area, both above and below the bridge. By 
late July sucker numbers had increased; trout numbers declined 
but were distributed evenly above and below the bridge. Trout 
numbers rose in August, and sucker numbers also remained high; 
however, densities of both species, especially trout, were much 
higher above the bridge. Trout numbers were lower in downstream 
sections and suckers were not observed in these areas.

The largest concentration of spawning gravel in the catch and 
release portion of the river occurs below Fishing Bridge. Small 
pockets of gravel were noted in other sections including a 
fairly large area at Nez Perce Ford; however, total potential 
was much greater for the 0.8 km below the bridge. Results from 
electrofishing of tributary streams (see Stream Surveys, this 
report) suggest that very few trout ascend these tributaries to 
spawn. These findings emphasize the importance of the Fishing 
Bridge area to the perpetuation of the cutthroat trout fishery 
in the catch and release section of the Yellowstone River and 
strongly support the closure of the Fishing Bridge to all 
angling since 1973. Many of the impressive changes in angling 
quality on both Yellowstone Lake and Yellowstone River may be at 
least partially due to the protection of this vital spawning 
area.

CONCLUSION

Angler use and effort increased steadily since catch and release 
regulations were implemented in 1973- Despite a precipitous 
decline in use after this regulation was initiated current 
levels are among the highest yet recorded (Table 21). In terms 
of fishable water in 1981, these figures equated to 3,486 angler 
days per km (5,600 anger days per mile), or 514 angler days per .<
hectare (208 angler days per acre). On this basis, the catch 
and release portion of the Yellowstone River sustains the 
highest levels of use in the park and is probably one of the 
most intensively fished wild trout fisheries in North America.

As might be expected, increasing use and effort have affected 
the landing rate. As effort declined after implementation of 
catch and release, landing rate more than doubled and rose to a 
high of 2.25 trout per hour in 1974. rfhen effort began to 
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increase, landing rates gradually declined. What is most 
significant however, is that despite record levels of effort, 
the landing rate remains over 1.00 trout per hour.

Despite increases in effort and concomitant decreases in landing 
rate, size structure of the population apppears to be moving 
toward historic proportions. Length frequency analysis of 
cutthroat trout captured in the spanwing run at LeHardy’s Rapids 
reveals a definite shift towards larger trout (Figure 22) and 
mean length of trout captured in this study has risen 
significantly since 1973 (Table 23). Length frequency and mean 
length of cuthtroat trout landed by anglers also indicates a 
substantial increase in larger trout (Table 24). A general 
increase in average age has accompanied the increase in size at 
LeHardy’s Rapids.

Although there is an inverse relationship between effort and 
landing rate, changes in population structure have also 
influenced this measure of angler success. It must be 
remembered that as biomass shifts toward older and larger trout, 
the actual number of trout will probably decrease (Nikolskii 
1969). The interaction of these two factors (increases in 
effort and shifts in structure) may continue to gradually lower 
landing rates in the future.

Two variables which are critical to the success of the catch and 
release regulation are hooking mortality and recatchability. 
Although hooking mortality studies on this section are not 
complete, researchers report that mortality may be less than 
0.5% on a per capture basis, or 3% of the total population 
(Schill pers. comm.). The recatchability of the cutthroat trout 
is evidenced in these estimates. Comparison of total landings 
for the upper portion of the catch and release section (123,800 
cutthroat trout) and population estimates for the 9.8 km segment 
(1,750 trout per km) suggests that trout may be captured an 
average of seven times during the 108 day season. This figure 
emphasizes the value of the catch and release regulation and 
illustrates why such a regulation can support high levels of 
effort on cutthroat trout.

Although it is possible that effort may rise to a point tnat 
catch and release regulations can no longer maintain angling 
excellence, it is evident that this regulation currently 
supports record levels of use while still providing the 
important elements of quality. Population estimates and creel 
data reveal the necessity for low mortality and high 
recatchability to accomplish these management goals. It is 
evident that both these factors are closely related to the 
species and the habitat involved. The high recatchability of 
the cutthroat trout and the excellent habitat conditions in this 
portion of the Yellowstone River undoubtedly contribute to the 
continued success of the catch and release regulation.
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LEWIS-SHOSHONE LAKES REGION

One of the primary purposes of the fishery management program is 
to preserve and restore native species and aquatic habitats. 
This objective dates back to 1936 with the formation of tne 
first formal stocking policy (Varley 19'81). This policy not 
only afforded protection to populations of native species but it 
also protected the genetic integrity of established populations 
of non-native fish by preventing genetic contamination. Many of 
these non-native populations were established prior to 1936 in 
historically barren waters (providing isolating mechanisms) witn 
pure genetic stocks (Varley 1981). This was the case with the 
populations of brown, lake, and brook trout established in tne 
Lewis-Shoshone Lakes region (all lakes and streams within the 
Lewis River drainage above Lewis Falls).

Historically, all waters in the Lewis River drainage above Lewis 
Falls were fishless (Jordan 1891). The first known stocking 
occurred in 1890 when brown and lake trout were planted into 
Lewis and Shoshone Lakes (Varley 1981). These initial plants 
were followed by two more plants in the 1890’s: (1) brook trout
in Shoshone Creek (1893). and (2) rainbow trout in DeLacy Creex 
and Lake (1895). The genetic integrity of the populations that 
became established by these initial stocking has remained intact 
to present and these unaltered gene pools are considered a 
valuable resource.

ANGLER IMPACT

The Lewis-Shoshone Lakes region has been a popular fishing area 
since the late 1890’s and early 1900’s. When describing fishing 
in Yellowstone Park, Clark (1908) referred to this region as 
"probably the best fishing district in tne park". This 
enthusiasm is probably not shared by all anglers today, however, 
this region is still revered (Brooks et al 1981) and nosts 
almost 6% of the total parkwide angler days. Despite rather 
consistant angler use, this region has not been studied as 
extensively and the impact of anglers is not as well documented 
as other park fisheries.

In 1982, angler use was spread over eight areas within the 
Lewis-Shoshone Lakes region. Of these eight areas, four had a 
significant amount of angling pressure; Lewis Lake; Shoshone 
Lake; Lewis River (between Lewis Lake and Lewis Falls, nereafter <
refered to as the Lewis River); and the Lewis-Shoshone Channel.

Methods
* 

The major method of monitoring the populations of brown and laxe 
trout in the four major fisheries in the Lewis-Shoshone Lakes 
region has been through use of manned creel census ana tne VFR 
system. To identify trends within these fisheries, comparisons 
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uere made for the years 1963-1982 for Lewis Lake; 1973—^982 for 
Shoshone Lake; 1373-1982 for the Lewis-Shoshone Channel; and 
1977-1982 for the Lewis River. To evaluate trends between these 
fisheries, mean values of the fishery indicatiors (angler use, 
ect.) we'-e statistically tested at the 95% level of confidence.

Lewis Lake

Lewis Lake is the third largest lake in the Park (1099 ha). The 
elevation is 2371 m. It has one major inlet (Lewis-Shoshone 
Channel) and one major outlet (Lewis River) (Figure 23). The 
maximum depth has been recorded at 32.9 m (Dean 1972).
Approximately 25% (281 ha) of the surface area of the lake has 
been recorded as over 27.4 m deep (Figure 23).

On an annual basis, Lewis Lake has received more angler use than 
all of the other major fisheries in this region (Taule 25). 
During 1982, approximately 3300 anglers fished this lake 
(Table 26). Since 1980, both fishing pressure (angler hours) 
and angler use (angler days) have been declining (Table 25). An 
average of 66% of these anglers used boats (Table 25). Average 
yearly fishing pressure measured in hours/hectare was 8.46.

Brown trout have dominated the catch in this lake. An average 
of 73% and 24% of the catch has been brown and lake trout, 
respectively. Brown trout average higher landing and creel 
rates (0.37 and 0.13 fish/hour, resepctively) than lake trout 
(0.13 and 0.01 fish/hour, respectively). No downward trend in 
landing or creel rates exist in this fishery (Table 25).

Length frequency distribution of brown and lake trout landed by 
anglers in the last six years has not changed significantly. On 
an average yearly basis, 53.9% and 91.8% of the brown and lake 
trout landed have been longer than 356 mm, respectively.

Shoshone Lake

Shoshone Lake is the second learges lake in the Park (3258 ha). 
The elevation is 2374 m. It has several major tributaries and 
one outlet (Lewis-Shoshone Channel) (Figure 24). Major 
tributaries include Cold Mountain Creek; Delacy Creek, Moose 
Creek; and Shoshone Creek. Steep contours are characteristic of 
most shores (Figure 24). The maximum depth has been recorded at 
625 m (Sharpe and Arnold 1966). Approximately 56% (1431 na) of 
the surface area of the lake is over 27.4 ra deep (Figure 24).

Over the past 10 years (1973-1982), Shoshone Lake has received 
an average of 7000 days of angler use per year (Table 25).
During 1982, approximately 2400 anglers fished this lake 
(Table 26). Since 1980, both angler use (angler days) and 
fishing pressure (angler hours) have been declining (Table 25). 
An average of 83% of the anglers who have fished this lake used 
boats (Table 25). Average yearly fishing pressure measured in 
hours per hectare was 2.15.
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Figure 23.

4

Map of Lewis Lake with the locations of sampling sites 
for the 1982 spawn taking operation indicated.
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Table Creel survey summary. Lewis Lake (1963-1932), Snoshonc Lake ( 1973- iyd?). Lewis-Shosnone Channel (1y7a-1y82) and Lewis
____________ River between Lewis Lake and Lewis falls (1J77- 1 y82)________________

Total Total U3e
Angler x Length Angler Landing fish Creel fisn ____ I Composition X size X size I Composition

Year days angler day hours_____ rate landed rate____ creeled____ Lane brown brooK____ ia n d ed ereeieu boat Shore

Lewis Luxe ; Boat and shore combined

1963 11,000 3.0 33.900 0.42 13.800 0.42 13.800 17 83 0 — — — -

1975 5,400 2.4 12,800 0.67 8,500 0.28 3,600 22 78 0 361 ___ __
1976 8,600 2.6 22.000 0.70 15.400 0.23 5.100 28 72 0 350 ___ — __
1977 8,300 3.0 25,100 0.53 13.200 0.23 5'.900 27 70 3 378 356 70 30
1978 8,800 2.9 25,000 0.52 13,000 0.21 5.200 29 69 2 363 39 2 68 32
1979 9,300 3.2 29,600 0.56 16.600 0.17 5.100 32 62 6 364 400 64 36
1980 11,800 3.2 37.100 0.48 17,700 0.17 6,200 19 76 5 356 372 66 34
1981 11,900 2.9 34,900 0.48 16,800 0.18 6,300 16 79 5 350 373 64 36
1982 8,400 3.0 25,200 O.JQ 10.800 0.14 3,600 29 69 2 370 383 66 34*“
X 9.277 2.9 27.289 0.53 13.978 0.23 6,089 24 73 8 362 379 66 34
sr 683 0.08 2,515 0.03 1.003 0.03 1.019 2 2 1 3 6 1 1

Shoshone Lake : Boat and shore combined

1973 5,000 3.8 19,200 0.57 10,900 0.12 2,300 84 10 6 — — — —
1974 4,400 4.2 18,600 0.30 5,580 0.15 2,800 82 12 6 — — — —
1975 4,300 4.2 18,000 0.38 6.8C0 0.15 2,700 85 14 1 453 — 87 13
1976 7,200 3.8 27.000 0.49 13.200 0.15 4,100 78 21 1 441 — 81 19
1977 8.600 3.6 31.200 0.45 14,000 0.18 5,600 81 15 4 441 442 88 12
1978 7,700 3.2 25,000 0.45 11,200 0.16 4,000 75 13 7 432 44? 83 17
1979 8.900 3.2 21,700 0.47 12,500 0.16 3,400 85 8 7 438 482 87 13
1980 10,800 3.3 35.100 0.40 14,200 0.13 4,400 85 14 1 464 457 94 6
1981 9,000 3.6 32.300 0.58 18.700 0.13 4,200 83 15 2 462 459 87 13
1982 8.200 2.4 20,000 0.41 8,300 0.15 3.000 78 22 0 453 461 92 8—------ — — — ~~

X 7,007 3.5 24,790 0.45 11,540 0.15 3.280 82 15 3 448 . 458 87 13
3X 936 0.17 1.994 0.03 1,233 0.01 445 1 1 1 4 5.6 2 2

Lewis-Shoshone Channel

1973 700 3.0 2,200 0.53 1,200 0.10 200 42 53 5 — — — —
1974 1.900 3.2 6,000 0.64 3.800 0.10 600 13 86 1 — — — —
1975 500 3.0 1,600 0.60 1.000 0.30 500 20 68 12 — — — —
1976 1,200 2.9 3,600 0.67 2,400 0.17 600 15 84 1 413 — — —
1977 1,600 3.0 5.000 0.55 2.700 0.14 700 15 80 5 408 387 —
1978 1,600 3.3 5.300 1.16 6, 100 0.17 900 1 99 0 447 454 — —
1979 1.500 2.7 3.900 0.52 2,000 0.12 500 9 90 1 423 452 -- —
1980 1.700 2.8 4,700 1.42 6,700 0.09 400 6 91 3 432 402 — —
1981 1.300 2.2 2,900 0.48 1,400 0.19 500 18 82 0 416 437 — —
1982 700 2.8 1,900 0.86 1,600 0._18 300 24 75 _1 438 428 -- —-

X 1,280 2.9 3.700 0.74 2,390 0.16 520 16 81 3 425 427 — —

sr 150 0.09 482 0.10 641 0.02 59 4 4 1 5 11 —

Lewis River : Lewis Lake to Lewis Falls



4 9
DeLacy 
Creek

Figure 24. Shoshone Lake, Yellowstone National Park.
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Lake trout have dominated the catch in this lake. An average of 
82% and 15% of the catch has been lake and brown trout, 
respectively. Lake trout averaged higher landing and creel 
rates (0.41 and 0.12 fish/hour, respectively) than brown trout 
(0.19 and 0.04 fish/hour, respectively). No downward trend in 
landing or c-eel rates exist in this fishery (Table 25).

Length frequency distribution of brown and lake trout landed by 
anglers in the last six years has not changed significantly. On 
an average yearly basis approximately 97% and 87% of the lake 
and brown trout landed have been longer than 356 mm, 
respectively, The two species combined represent the longest 
average length fish caught in Yellowstone Park during 1982 
(Table 5).

Lewis-Shoshone Channel
*

The Lewis-shoshone Channel has been estimated at approximately 
4.8 km in length (Sharpe and Babcock 1964). It is characterized 
as having three general habitat sections (Sharpe and Babcock 
1964). The closest section to Lewis Lake (1.6 km long) 
generally has slow moving water with a channel width ranging 
from 22.9 to 38.1 in and depths from 1.8 to 3.7 m. The middle 
section (1.6 km long) has widths, depths, and water velocities 
similar to those described for the first section, however, the 
substrate is composed of fine sand. The upper most section (1.6 
kin long) has reported widths from 18.3 to 27.4 m, water 
velocities from 0.9 to 1.8 m/sec, and an average depth of 0.6 m.

« Over the past 10 years (1973-1982) the channel has received an
average of 1300 days of angler use per year (Table 25). During 
1982, approximately 400 anglers fished 676 angler days in this 
area. Approximately 40% of these anglers fished during 
September and October. Since 1980, both angler use and effort 
have been declining (Table 25). Based on Sharpe and Babcock’s 
(1964) physical description of this area, average yearly fishing 
pressure measured in hours per hectare has been approximately 
2500.

Brown trout have dominated the catch in this area. An average 
of 81% and 16% of the catch have been brown and lake trout, 
respectively. Landing and creel rates for brown trout from 1977 
to 1982 averaged approximately 0.7 and 0.1 fish/hour, 
respectively. These catch rates, however, are highly variably.

* Because of this variability, no trends are apparent in landing
or creel rates for this fishery.

Length frequency distribution of brown trout landed by anglers 
in the last six years has not changed significantly. In 1982, 
approximately 99% of these trout were longer than 356 mm.

81



Lewis River

Little information is available on the pnysical and biological 
characteristics of this section of river because it has not been 
surveyed. It is approximately 1.9 kin long (Jones et al 1 979) 
and is reported to support brown trout spawning activities 
(Brooks et al 1981).

Since 1977, it has hosted an average of approximately 1200 days 
of angler use per year (Table 25). During 1982, an estimated 
900 anglers expended 1500 angler hours in this area (Table 26). 
The trend in angler use, for this area, has been increasing 
since 1979. This is the only fishery in this region wnere use *
was increasing in 1982 (Tables 25).

This section of the Lewis River may also be characterized as a 
brown trout fishery. Brown trout, on the average, have been a *
larger percentage of the catch (832) in this area than any of 
the other areas in this region (Table 25). Landing and creel 
rates for brown trout since 1977 have averaged 0.8 and
0.2 fish/hour, respectively. Both landing and creel rates tend 
to have been declining since 1980 (Table 26). This trend, 
however, is based on limited information.

The majority (63.6%) of brown trout landed in this area, in 
1982, were less than 356 mm. The length frequency of landed 
brown trout has not changed significantly since 1977.

Di scussion
e

At present, there is no evidence to suggest that angler use is 
adversely affecting the populations of brown and lake trout in 
this region. This preliminary conclusion, however, is based 
soley on results from the VFR system. Age and growth 
information (Table 26) and length frequency information 
(Table 27) are limited and no conclusions from these sources can 
be drawn. The affect of shifts in fish species composition on 
the lake and brown trout populations, also has not been 
documented.

Lewi s Lake. Lewis Lake has generally contained a brown trout 
fishery with approximately 732 of the catch made up by this 
species. The catch rate of brown trout, furthermore, is higher 
than the catch rate of lake trout. The dominance of brown trout 
in this fishery is probably related to the physical •*
characteristics of Lewis Lake. Brown trout habitat is probably 
more abundant in the lake than lake trout habitat since 75 2 of 
the surface area of the lake is less than 21.A m deep 
(Figure 23).
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Table . Back-calculated lengths at annulus formation for fish collected from the Lewis-Shoshone Lakes region (1960-1975)1>

Location Year Species Sample Size I II III IV V VI VII VIII IX X

Lewis Lake 1971 brown trout 36 48 150 257 330
lake trout 11 66 145 218 297 356 414
Utah chub 48 25 51 89 132 168 206

Shoshone Lake 1960 lake trout 18 79 168 244 325 412 467 518 607 648
brown trout 4 46 140 254

1965 lake trout 9 89 175 266 344 413 459 523 585
brown trout 6 68 159 278 385 497

1975 lake trout 39 65 133 213 289 357 400 432 466 517 654
brown trout 24 100 210 327 426 464 503
brook trout 2 27 183 267 371
Utah chub 9 30 79 133 171 205 229 261

D References; Benson (pers. comm.) I960, Sharpe and Arnold 1966*, Dean 1972 , Varley et al 1976.
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Table 27. Summary of information collected from fish sampling activities in the 
Lewis-Shoshone Lakes region, Yellowstone National Park, 1964-1982

_________ Sample__________ Length^ (mm)
Area Year Method Brown Lake' Source

Lewis Lake

1964 Electrofishing 363 
(170-480)

414 
(380-480)

project files

1968 Electrofishing 285 
(155-350)

444 
(370-510)

project files

1971 Gillnets 350 
(185-445)

360 
(240-450)

Dean 1972 >

1982 Electrofishing — 463 
(334-1070)

current report

Shoshone Lake

1960 Gillnets
(285-380) (485-660)

Benson pers. comm. 1960

1965 Gillnets
(245-535) (120-545)

Sharpe and Arnold 1966

e

1975 Gillnets 327 
(121-537)

439 
(200-680)

Varley et al 1976

Lewis-Shoshone Channel

1963 Electrofishing 419 — Sharpe and Babcock 1964

1971 Creel Census Clerk 420 
(340-545)

— Dean 1972

1976 Creel Census Clerk 457 
(378-549)

— Jones et al 1977

Lengths given as means with ranges in parenthesis.
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Table 28. Fish species coinposition of the Lewis-Shoshone Lakes region based on sampling by fishery survey crews (1963-1932)

Location Brown Trout Lake Trout

r

Brook Trout Cutthroat Trout Utah Chub Redside Shiner Longnose Dace

Lewis Lake 1964 1964 1971 ----- 1964 1971 1932

Snoshone Lake 1965 1965 1975 1965 — —

Pocket Lake — — 1972 1978 — —

Lewis-Shoshone Channel 1963 1963 1963 1963 — —

Cold Mountain Creek — — 1965 — — —

Shoshone Creek 1965 — 1965 ----- — — —

Summit Creek 1979 — — 1979 —

Unnamed <01940) — — ----- ----- — 1979 . -----

Unnamed — — 1979 ----- —

D References; Shapre and Babcock 1964, Sharpe and Arnold 1966, Dean 1972, Jones et al 1980.



With the collection of Utah chub (Sharpe and Arnold 1965)» 
redside shiner (Dean 1972) and the longnose dace (current 
report), the community composition of fish species in Lewis Lake 
has changed more than any of the other fisheries in tnis region 
(Table 28). If this change has affected the brown and lake 
trout populations in this lake it cannot be determined on the 
current amount of information. It is important to note, 
however, that a fish species never before sarapled in this region 
was found in Lewis Lake during the 1982 spawn taking operation 
(Table 28). This fact emphasizes the need to closely monitor 
anglers to prevent the further distribution of fish species in 
the park.

Shoshone Lake. Shoshone Lake has generally contained a lane 
trout fishery with approximately 80% of the catch made up by 
this species. The catch rate of lake trout, furthermore, is 
higher than the catch rate of brown trout. The dominance of the 
lake trout in this fishery is also probably related to the 
physical characteristics of Shoshone Lake. Lake trout habitat 
is probably more abundant in the lake than brown trout habitat 
since the lake contours are very steep and 56% of the lake (or 
1431 ha) surface area is over 27.4 m deep (Figure 24).

Species composition, landing rates for brown and lake trout, and 
creel rates for brown and lake trout in Shoshone Lake have been 
almost the opposite of those in Lewis Lake. As mentioned above, 
these differences are probably related to the physical 
characteristics of each lake.

The size of brown and lake trout landed in Shoshone Lake, 
however, has been larger than the sizes of lake and brown trout 
landed in Lewis Lake. With the number of possible variables and 
limited amount of information it is hard to speculate on the 
reason for this difference. Fishing pressure on Lewis Lake, 
however, is much greater (8.46 hours/hectare) than Shoshone Lake 
(2.15 hours/hectare) and might be one possible explanation.

Lewis-Shoshone Channel. The channel has supported a brown trout 
fishery with almost 81% of the catch made up by this species. 
Hydrological parameters in the channel allow brown trout 
spawning in the fall. Approximately 40% of the angler use in 
1982 occurred during this period. No determination has been 
made of the percentage of brown trout migrating from each lake. 
Observations, however, imply that tne majority of the fish in 
the channel migrate upstream from Lewis Lake. Fishing pressure, 
in this area, is the highest in the Lewis-Shoshone Lakes region 
measured in hours/hectare (2500). Landing rates for recent 
years have been fairly variable (Table 25). If a downward trend 
in this fishery is occurring it cannot be detected oased on 
current information.

Lewis River (between Lewis Lake and Lewis Falls) . The Lewis 
River may also be characterized as a brown trout fishery, 
furthermore, brown trout have been a larger percentage of the
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catch in this area than any of the other areas. Although brown 
trout have been reported to utilize this area for spawning, no 
evidence was present to confirm a spawning migration out of 
Lewis Lake. The majority (63.6%) of Drown trout landed in this 
area in 1982 were less than 356 mm. In the channel, wnere a 
known spawning run exists, approximatley 0.9% of the brown trout 
landed in 1982 were less than 356 mm. The size distribution of 
brown trout in this area implies, therefore, that the fishery is 
based on a resident brown trout population. This preliminary 
hypotheses, however, needs further investigation.

SPAWN TAKING OPERATION

Recognition of the importance of the sustained genetic integrity 
of the Lewis Lake brown and lake trouts became evident in 1982 
when fertilized eggs from these species were requested by the 
Fish and Wildlife Service. Eggs from the lake trout were 
requested to establish a hatchery brood stock for eventual 
restocking of the Great Lakes. Eggs from the brown trout were 
requested to refurbish hatchery brood stocks by introducing wild 
brown trout genes into domesticated stocks. A spawn taking 
operation, therfore, was initiated on Lewis Lake in 1982.

Methods

The collection of fertilized lake trout eggs was attempted on 
four different dates during 1982: October 4, 13, 20, and 28.
Lewis Lake was generally sampled at three sites on these dates. 
These locations were designated as Sites A, B and C (Figure 23). 
All fish were captured using boat e1ectrofishing gear. The main 
objective of the fish capture was to collect fertilized eggs, 
therefore no set procedure was followed and generally only 
observations were recorded. The collection of brown trout eggs 
was not attempted, however, spawing areas were checked for brown 
trout in spawning condition.

Disease samples were collected from 92 lake trout and 10 brown 
trout. These samples were sent to the Fish and Wildlife Service 
Fish Disease Control Center (Ft. Morgan, Colorado) for analysis. 
Diagnostic tests included evaluation for the following 
pathogens; Aeromonas salmon ic i d a , Enteric redmouth bacterium, 
Salmonid kidney disease bacterius. Viral Hemorrhagic Septiicemia 
Virus, Infectious Hematopoetic Neorosis Virus, and Infectious 
Pancreatic Necrosis Virus.

Results

A total of approximatley 490 lake trout and 35 brown trout were 
captured during the spawn taking operation. The largest number 
caught and highest catch rate occurred on 20 October (Table 28). 
Catch rates varied from 20 fish/ hour to 87.5 fish/hour 
(Table 28). Sex ratio varied from 1 male/female (4 October) to 
30 males/female (20 October) (Table 28). Most lake trout were 
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captured over a substrate of large cobble and gravel in a water 
depth of 2-3 tn. A total of approx itnatl ey 6000 lake trout eggs 
were collected from 10 females.

Approximately 65% (3900) of the collected eggs were hatched and 
fry trained to feed. Due to the low number of females that eggs 
were taken from, the young that survived were not used to 
establish a brood stock. The low number of ripe females 
captured was directly related to the spawing behavior of these 
fish.

Discussion

The peak of spawning activity for lake trout, in Lewis Lake, 
probably occurred during the week of 20 October. This period 
was characterized by a high male/female sex ratio (Table 29), 
high catch rate (Table 29), and a mature sexual condition of 
captured fish. Large numbers of males were congegrated in 
schools in the spawining area. Females, however, were captured 
in low numbers. Females have been reported to congregate in 
deep water away from these spawning areas (Keifling pers. comm., 
Griest 1977, Walch 1980). When they were ready to spawn, they 
entered the spawning areas, laid their eggs and left. The 
numbers that entered at any time was generally reported to be 
low. This would explain the low catch of females. The females 
were probably in water too deep to be captured by electrofishing 
gear. The shift in sex ratios, therefore, should provide a good 
indicator of the peak of spawing activity.

The sites that the lake trout were selecting to spawn 
wereindicated by catch rates at the various sampling areas *
(Table 28). Generally, the highest catch rates occurred at 
Sites A and B. These areas were directly off shore of points on 
the east side of the lake (Figure 23). They were further 
characterized by a steep gradient on the inward lake side. -t
Substrate was a large-cobble-sand-silt mixture. Water depths 
ranged from 1.3 to 2.3 m. Areas where low numbers of lake trout 
were captured (Site C) had gradual gradients, water depths from 
1.3 to 2.3 m, and an almost exclusive sand substrate.

Brown trout spawning patterns were not identified. The one 
sampling trip to the channel revealed few brown trout. This 
could have been due to day verses night sampling, however, few 
brown trout were observed spawning in the channel. The low 
catch rate, therefore, could have been due to a failure to 
sample during the peak of spawning activity. In 1963, Sharpe 
and Babcock (1964) electrofished the channel on several dates in 
September. They reported a high catch rate (300 fish/hour) 
during night electrofishing in early September. This could 
indicate that the peak of the brown trout spawning activity in ■*
the channel is during September and not October. Further 
investigation is needed to correctly identify these patterns.
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Table 29 . Summary of eaten rates, sex ratios, numbers, and species of fish captured during spawn taxing operations on Lewis Laxe, 
1982';

Site
Sample Number Captured

date time lake trout brown trout

Lewis Laxe

A 10/13 2000-2130 35 ——
10/20 1900-2330 75 —
10/2d 1900-2200 50

B 10/4 2000-2300 60 10
10/13 1600-1700 — —
10/13 2000-2130 5 10
10/20 2000-2330 175 —

CO& 10/28 1900-2200 50 —

c 10/4 2000-2300 10
■ 10/13 2000-2130 10 —

10/20 2000-2330 20 5

Lewis-Shoshone
Channel 10/13 1400-1600 — 10

Effort 
(nours)

Catch Rate 
(fish/nour)

Sex Ratio 
(males:females)

Laxe trout
Length 
Mean

(mm)
Range

Weight 
Mean

(ng) 
Range

1.0 35.0 3
1.0 75.0 30 — — —
1.0 50.0 2 — 334-485 — —

2.5 28.0 1 469 378-1070 —-
0.5 — - —— --— —- —-
0.5 30.0 1 — — — —
2.5 87.5 30 — 381-508 — 2.3-9.1
1.0 50.0 2 — 33*1-485 — —

0.5 20.0 1
0.5 20.0 1 — — — —
0.5 50.0 30

1.0 20.0

Actual number of fish captured was not generally recorded, however, a range of numbers were recorded and the number captured 
here is the midpoint of those ranges.



LAKE SURVEY PROGRAM

INTRODUCTION

Since 1964, data describing the basic physical, chemical and 
biological parameters of 112 Park lakes has been collected in 
conjunction with the lake survey program. The objective of this 
program has been the fundamental inventory of lacustrine systems 
to provide baseline data necessary to assess changes through 
time. Analysis of angler impact has been an integral part of 
this program and has been utilized to monitor the effects of *
various angling regulations. In 1982, aquatic surveys were 
conducted on three lakes.

Although field collection techniques have varied somewhat during 
the past 18 years, data are reasonably comparable. With few *
exceptions, current methods are those described by Dean and
Mills (1970). Since 1974, one water sample from each lake has 
been comprehensively analyzed by a commercial laboratory. In 
order to enhance comparability, additional samples have been 
collected for many of the lakes surveyed prior to 1974.

Plankton samples have been collected with a Wisconsin plankton 
net, and a single 9.1 m oblique tow, or its equilavent, was made 
in each lake since 1973- From 1973 through 1980, plankton were 
enumerated by a method modified from McNabb (1960). Beginning 
in 1981, zooplankton and phytoplankton samples were quantified 
using methods described by Wetzel and Likens (1979).

•t 
Both largemesh and smallmesh experimental gillnets have been 
utilized to sample aquatic vertebrate populations since 1971.
The largemesh nets are 38.1 m long with 7.6 m graduated mesh 
panels of 19, 25, 32, 38 and 51 mm bar mesh. Smallmesh nets are 
30.5 m long with four 7.6 m panels of 10, 13, 16 and 19 mm bar 
mesh. Both types are approximately 1.8 m deep and constructed 
of monofilament materials.

CASCADE LAKE

Cascade Lake is a popular backcountry lake located near Canyon 
Village in the central portion of Yellowstone Park. It is the 
source of Cascade Creek which for many years was the primary 
culinary water supply for Canyon Village. Two short trails *
(4 km) in the Canyon Village vicinity provide easy access to the 
lake and greatly contribute to its popularity.

Cascade Lake was originally barren of fish but may have received *
a stocking of 50 cutthroat trout from Yellowstone Lake as early 
as 1889 (Jordan 1891). In 1928, 50,000 fingerling, presumably 
cutthroat trout, were stocked in Cascade Lake, and Cascade Creek 
was planted with cutthroat trout in 1889, 1901 and 1922-25
(Varley 1981). Between 1933-43 and 1949-55 the lake received 
annual plants of grayling (totaling almost 2.5 million) from the 
Grebe Lake hatchery.

90



The grayling population has been protected by the Parkwide catch 
and release-only regulations since 1969. Park angling 
regulations permitted the possession of 2 cutthroat trout until 
intense harvest rates forced the change to catch and release 
regulation in 1978.

A lake survey conducted in 1969 provided a description of the 
physical and chemical properties of Cascade Lake as well as 
information concerning the fish populations during the initial 
year of the grayling catch and release regulation (Dean and 
Mills 1970). The lake was resurveyed in 1978, to assess the 
status of the grayling population and provide baseline data on

• the cutthroat population for future evaluation of the lakewide 
"no harvest" restriction (Jones et al 1979).

An abbreviated lake survey conducted on August 19-20, 1982,
• provided information necessary to assess the current status of 

the two fish species in Cascade Lake.

Physical

A detailed description of the physical properties of Cascade 
Lake was reported by Jones et al (1979). During the present 
survey, the tea-brown water of the lake yielded a secchi disc 
reading of 4.3 m on a calm, sunny day (Table 30). A 
phytoplankton "bloom" was apparently responsible for the 
slightly turbid conditions. Water temperature varied from 
17.5 C at the surface to 5.6 C at the bottom (7-6 m). The lake 
was stratified with a thermocline occurring between 3.0-6.0 m.

•
Chemical

Comprehensive chemical analysis was not conducted in 1982, but 
those components which were evaluated varied little from 
previous surveys (Jones et al 1979). Conductivity (49 umhos) 
and pH (7.2) were typical for dilute sodium-bicarbonate lakes 
from rhyolitic drainages in the Park. Total hardness, total 
alkalinity and nitrate nitrogen were 17.1, 2.7, and 0.02 ppm, 
respeci tvely.

Limnoplankton

Significant differences were noted between the previous plankton 
sample (Jones et al 1979) and the current sample (Table 31).

• Such changes are common under natural conditions, however,
because of the sensitivity of plankton to extremely small 
changes in the physical and chemical environment (Wetzel 1975). 
Changes in the method of plankton analysis beginning in 1981 
(Jones et al 1982) may also influence this comparison.

Phytoplankton diversity (7 genera) was over twice as high as 
1978 (3 genera) and was well over the Park mean (4 genera). 
Crustacean diversity (5 forms) increased slightly, but species
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T231e3Q» Rnysical characteristics of backcountry lakes surveyed in Yellowstone Pane, 1982

Lake Location 1
Elevation Drainage Area Surface Area‘S Maximum 

meters
Depth 
feetmeters feet hectares acres hectares acres

Cascade Lake 538E 4955N 2432 7980 233 575 14.6 363) 7.6 25

<o
McBride Lake • 559E “979N 1939 6560 130 320 9.3 23s* 6.7 22

bJ
Lake iPjlO 4y6c 4957N 2012 6600 720 1780 2.8 7 1.1 3

Average Deptn Capacity Secchi Visiolilty
Tributary to: Major Drainage:meters feet m-5 acre ft. meters feet

4.1 13. 599.539 H86* l> 4.27 14 Cascade Creek Yellowstone River

3.7 12 326,915 2655) 4.27 14 Slough Creek Yellowstone River

0.4 1.4 12,0UJ 9.7 0.91 3 Duck Creek Hacison River

Coordinates utilizing Universal franverse Mercator 1000 meter Grid System on USGS map, Yellowstone National Park, 
?<4yQd-« 109^/59x82, 1?61
As calculated from USGS maps, rfyomjng-Yellowstone National Park, 15 min. series, 1:62,500.
Heportes o; Jones et al (1979).
Estimate-;. from uath/ustric map in Dean and Mills ( 1970).

5' Snorted ty Va-lely et al ( 1976).
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Table 31. Occurrence and denisty (number per liter) of common net plankton from 
Yellowstone Park, 1982

Genera Cascade Lake McBride Lake Lake #1310

Division Chrysophyta 
(yellow-green algae) 
Melosira 45 537 X
Synedra 27
Unidentified diatoms 27 2,326 X

Division Cyanophyta 
(blue-green algae) 
Anabaena 58 7,157
Aphanizomenon 7,783 418,404
Gloeotrichia 
Nostoc

121 4,115
X

Division Chlorophyta (green algae) 
Genicula 13 1,789

Class Rotatoria (rotifers) 
Conochilus unicornis 41
Keratella cochlearis 0.2
Keratella quadrata 3.2

Order Cladocera (water fleas) 
Alona sp. X
Bosmina sp. X
Ceriodaphnia sp. 
Daphnia pulex 9 3

X

Daphnia schtfdleri 4 9
Holopedium gibberum 0.2

Order Copepoda (copepods)
Cyclops bicuspidatus thomasi 
Diaptomus shoshone 16 0.3

X

Nauplii 1 2

Total Phytoplankton/liter 8,074 434,628
Total zooplankton/liter 30.2 58.7
Total plankters/liter 8, 104.2 434,686.7
Number genera/lake 12 14 7
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composition was quite different, and densities were much lower 
in 19&2. Although 2 rotifer genera were reported in 1978 (Jones 
et al 1979), none were observed in the current sample.

Phytoplankton densities (8074 plankters/liter) were almost 80 
times higher in 1982 and reflect the observed bloom in progress 
during the survey; these densities were above average for Park 
lakes where blooms have been noted. Numbers of the bloom 
species, Aphan i zomenon, a blue-green algae, may partially 
explain decrease in zooplankton densities; however, intense 
grazing by the fishes of Cascade Lake may also influence #
zooplankton numbers (Hutchinson 1967).

Although blue-green algae, such as Aphanizomenon, Gleotr ichia 
and An a b a e n a , are often associated with eutrophic waters, the 
nitrogen fixing ability of these forms often allows them to *
dominate oligotrophic plankton communities at times when 
nitrogen becomes limiting (Hutchinson 1967). The observed 
differences in the plankton samples from Cascade Lake in 1978 
and 1982 parallel a concomitant decrease of 79% in the level of 
nitrate nitrogen.

Although diatoms, such as Melosera and Synedra, are often 
associated with blue-green algae in eutrophic lakes, they also 
commonly dominate neutral to slightly alkaline, nutrient poor 
waters such as Cascade Lake (Wetzel 1975). Wetzel (1975) has 
cautioned that characterization of waters by plankton 
associations is confounded by the great number of permutations 
and the high seasonal variation, but it does provide insight ’
into the relationship between nutrient availability and plankton 
density and diversity.

The absence of rotifer genera is curious since they were the <
dominate form in 1978 (Jones et al 1979). Rotifers are 
generally common when piscine predation is extensive (Hutchinson 
1967), but lower densities of other zoopl an kter a. and the absence 
of larger individuals also suggest that substantial grazing 
occurs in Cascade Lake.

Aquatic Vertebrates

One smallmesh and two largemesh experimental gillnets set 
overnight yielded 68 cutthroat trout and 21 grayling. No other 
aquatic vertebrates were captured.

Cutthroat Trout

Mean total length and weignt were 225 mm and 121 g, ■*
respectively, for the cutthroat trout and mean condition factor
(K) was 0.90 (Taole 32). The male:female ratio was 1.25:1. The 
length-weight equation was Log W = 2.9130 (Log L) - 4.8430 (GM 
equation was Log W = 2.9266 (Log L) - 4.8747) (Ricker 1975).
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Table 32. Gillnetting results from Yellowstone backcountry lakes surveyed in 1982

Location Species Year
Number of NetsD

Total 
Number 

Captured
Length (mm) Weignt (g)

Mean 
K 

FactorLargemesh Smallmesh Mean n ran ge mean n range

Cascade Lake Cutthroat 19692) 3 0 96 229 96 110-400 122 96 .... __
Trout

19783) 2 2 180 196 178 78-358 92 63 6-462 0.94

1982 2 1 68 225 68 126-332 121 68 27-345 0.90

Grayling 1969 3 0 7 292 7 270-325 -- 0 -- —

1978 2 2 60 221 52 138-362 135 40 26-444 0.88

1982 2 1 21 300 21 190-393 298 21 66-600 0.99

McBride Lake Cutthroat 19754) 2 0 123 268 123 170-416 206 123 50-700 0.92
Trout

1982 2 0 93 271 88. 145-385 210 79 36-480 1.01

Lake #1310 Brook Trout 1982 2 1 46 270 44 104-500 409 44 1744-11 1.18

1) Largemesh: monofilament experimental gillnets 38.7 m long x 1.5 m deep with 7.6 panels of 19, 25, 32, 38 and 51 mm bar mesh; 
smallmesh: monofilament experimental gillnets 30 m long x 1.8 m deep with 7.6 m panels of 10, 13. 16 and 19 mm bar mesh.

2> Dean and Mills (1970).

3) Jones et al (1979).

**) Varley et al (1976).



A sample of 45 cutthroat trout were aged by the scale method, 
and six displayed a retarded scale growth pattern (failure to 
form an Age I annulus)(Laakso and Cope 1956). An age-length key 
(Westerheim and Ricker 1 978) provided- expanded estimates for 67 
trout. Maximum age was IV+ and approximately 87% of the 
cutthroat trout were age I-III. Mean age was 2.4 years 
(Table 33)- Back-calculated lengths at annulus formation were 
58, 130, 211 and 278 for ages I-IV, respectively (Table 34).

Comparisons among sample years of catch per net are confounded 
by the number and type of gillnets, and by the location of the *
sets; however, the number per net was lower in 1982 than in the 
two previous samples (1969 and 1978)(Table 32). Although high 
variation in numbers per net is often associated with gillnets 
because of changes in density independent factors (Lagler 1978; t
summer largemesh gillnetting, this report), current data suggest 
a slight decrease in tne density of cutthroat trout in Cascade
Lake.

Differences among sample years in the mean length of trout 
(Table 32) were statistically significant. Although average 
size was similar in 1969 and 1982, the mean was over 30 mm 
smaller in 1978. Comparisons limited to trout over 200 mm were 
also statistically significant, and trout captured during 1982 
were significantly larger than either 1969 or 1978. Length 
frequency analysis indicates that there has been a shift to 
larger trout since 1978, and the percentage of trout over 300 mm 
is the highest yet reported (4.2%, 1.1%, and 15.2% for 1969,
1978, and 1982, respectively). *

Average age was slightly higher in 1982 than in the two previous 
samples (Table 33). More important, however, was the shift in 
proportion of age IV+ trout from 2% and 3% in 1969 and 1978, *
respectively, to over 12% in 1982. It appears that the decrease 
in density of cutthroat trout is associated with an increase in 
average size and age.

Grayling

Mean length of 21 grayling captured in the 1982 survey was 
300 mm; mean weight was 298 g; and mean K was O.99. The 
male:female ratio was 1.29:1 - The length-weight equation was 
Log W = 3-0003 (Log L) - 5.0050 (GM equation was Log W = 3-0082 %
(Log L) - 5 - 0244)(Ricker 1975).

Age was determined for 10 of the captured grayling using the 
scale method, and none of the fish sampled lacked an annulus at 
age I (Kruise 1959). Back-calculated lengths at annulus *
formation were 113, 239, 308, 322, 331, 370 and 381 mm for ages
I-VII, respectively (Table 34). Mean age (2.7 years) was 
estimated by an age-lengtn key (inlesterheim and Ricker 
1978)(Table 33). Approximately 75% of the grayling were between 
ages I+-III+, and 7% were age VII+.
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Table 33. Age frequency (by percentage) of fish captured in Yellowstone backcountry lakes, 1982

Location Species Year Sample size1)
Percentages in each age

Mean age (years)I II III IV V VI VII

Cascade Lake Cutthroat 19692) 44 (91) 10 50 38 1 1 2.3
Trout

19783) 199 (57) 24 28 46 2 >1 2.3

1982 67 (45) 14 41 32 >12 2.4

Grayling 19692) 7 (7) 0 71 29 2.3

19783) 62 (30) 81 3 5 7 4 1.8

1982 14 (10) 36 14 25 11 7 7 2.7

McBride Lake Cutthroat 19754) 42 (108) 8 49 23 12 7 1 2.6
Trout

1982 47 (82) 4 39 27 25 6 2.9

Lake #1310 Brook Trout 1982 30 (37) 35 49 8 8 2.0

D Number of fish used in expanded estimate using an age-length key; the number in parenthesis is tne nuinoer of aged fish.

2) Dean and Mills (1969).

3) Joens et al (1979).

**) Reread; see current report.
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Table 34. Calculated total length dt annulus formation of fish captured in Yellowstone backcountry lakes, 1982

Location Species Year Sample Size
Annulus ■

I II III IV V VI VII

Cascade Lake Cutthroat 19691} 44 84 159 223 287 366
Trout

19782) 57 74 148 212 252 30b

1982 45 58 130 211 278

Grayling 1969 1) 7 107 227 292

19782) 30 122 221 297 310 325 343

1982 10 113 239 308 322 331 370 381

McBride Lake Cutthroat 1975'3) 42 70 141 233 288 324 384
Trout

1982 47 60 133 239 311 336

Lake #1310 Brook Trout 1982 30 67 129 264 348 405

1) Dean and Mills (1969).

2) Jones et al (1979).

3) Reread; see current report.
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Although comparisons of number per net may oe confounded as 
mentioned above, there appears to have been a decrease in 
grayling density since 1978. The mean number per net, however, 
is currently three times greater than 1969. Changes in grayling 
numbers appear to be consistant with changes in cutthroat trout 
density since 1969 (Table 32).

Mean length of grayling has also followed a patttern similar to 
that observed for the trout (Table 32). Mean length decreased 
significantly in 1978, but rose to a peak in 1982. Length 
frequency analysis reveals that over twice as many grayling were 
greater than 300 mm in 1982 than in 1969 (62% and 29%, 
respectively), and only 17% of the grayling collected in 1978 
were greater than 300 mm.

Mean age of the grayling samples has also risen since 1978 
(Table 33). Back-calculated lengtns nave varied somewhat 
through time, but small sample size greately confounds 
interpretation of these results (Table 34). The most 
significant change has been an increase in maximum age from 1114- 
in 1969 to VII+ in 1982.

Angler Use

Angler use and creel survey in formation for Cascade Lake have 
been collected utilizing the Volunteer Fishermen Report (VFR) 
system since 1973. Although there are no previous creel data. 
Dean and Mills (1970) estimated that between 400-450 angler days 
were expended on the lake annually. Current data indicates that 
use was increasing dramatically in the three years prior to the 
lakewide catch and release regulation (1978), and over 1200 
angler days were reported in 1977 (Figure 25). Since 1978, use 
has dropped precipitously with a mean of less than 300 angler 
days annually since 1979. Similar results nave been noted in 
other backcountry lakes in Yellowstone Park after the 
implementation of catch and release-only regulations (See 
McBride Lake, this report); however, periodic restrictions in 
backcountry use as part of the Park's grizzly near management 
program may also be reflected in estimates for Cascade Lake.

Extreme variation in landing rate makes interpretation of these 
data difficult (Figure 26), and results are further confounded 
by reduced sample size associated with decreases in use since 
1978. Despite this variation, mean landing rate for the five 
year period since the regulation change (1.15 fish/hour) was 
almost twice hat estimated for the five years prior to the 
change (0.60 fish/hour).

Mean length of landed fish has also increased since 1978 (Figure 
27). The change is most evident in grayling which increased 
from 265 mm to 284 mm. Cutthroat size estimates have exhibiteu 
a greater variation, but an increase from 261 mm to 267 min was 
reported .
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Figure 25. Angler use estimates for Cascade Lake, 1975-1982.
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Di scussion

Cascade Lake was originally barren, but it currently supports 
cutthroat trout and the only population of grayling in the 
Yellowstone River drainage. The biomass of the catchable 
segments (170-340 mm) of the combined populations was estimated 
at 32.8 kg/ha in 1978 (Jones et al 1979). Relative abundance 
(unchanged since 1978) is approximately 3:1. cutthroat : gray 1ing. 
Reduced zooplankton densities and the predominance of smaller 
forms in the plankton samples suggests intensive grazing by the 
fish populations in Cascade Lake.

Subtle changes in the cutthroat trout population have occurred 
since the lakewide catch and release regulation was implemented 
in 1978. Density has decreased, but average size and the 
proportion of trout over 300 mm has increased significantly.
The proportion of age IV + cutthroat trout has increased over 3 *
times from previous studies. The relationship between numbers 
and sizes is well documented (Nikolskii 1969 and 1963. Kicker 
1978, and Backiel and LeCren 1978, among others), and decreases 
in density are a result of the shift in biomass to larger 
individuals.

The grayling populaton has apparently benefited from the catch 
and release regulation implemented in 1969. Despite a lack of 
complete comparability, relative abundance appears to have 
increased since Dean and Mills (1970) reported a 
cutthroat :grayling ratio of 14:1. The consistency of the 
relative abundance between 1978 and the current study indicates 
that the two species may be approaching some level of 
interspecific equilibrium. A ratio of 4:1 (cutthroat :grayling) *
in 1959 more closely resembles current levels but suggests that 
overharvest of grayling may have been significant at that time.

Current results indicate that the grayling population has 
continued to improve since the catch and release regulation was *
extended to cutthroat trout in 1978. Density remains much 
higher than 1969. and declines in numbers per net since 1978 are 
probably associated witn the shift in biomass to older and 
larger fish. The percentage of grayling greater than 300 mm is 
currently over twice the level reported in 1969. and maximum age 
has continued to increase to VII+ in 1982.

Ageing studies suggest tnat survival past age 1+ continues to 
improve; however, there are indications of extensive variation 
in the levels of annual reproduction. In 1978, Jones et al 
(1979) noted the complete absence of the 1976 year-class. This 
year-class was also absent from the current sample. Since 
relative abundance has remained relatively stable since 1978 
despite a substantial decrease in angler use, poor reproductive 
success may limit the grayling in Cascade Lake. „

In 1978, Cascade Lake became the first lake in Yellowstone Park 
which completely prohibits the harvest of two sport species.
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Under the current regulations relative abundance appears to be 
stable at 3:1. cutthroat:grayling. It is interesting to note 
that in Wolf and Grebe Lakes, where grayling coexist with 
rainbow trout, the grayling is the dominant species. The 
continued dominance of the cutthroat trout despite periods of 
harvest inequity, and the relatively stable growth patterns of 
the two species even at high exploitation levels, suggest that 
it is reproduction and not competition for the food resource 
which limits the grayling in Cascade Lake.

MC BRIDE LAKE

McBride Lake is located in the Slough Creek drainage in the 
northeastern corner of Yellowstone Park. Access is gained by 
traveling 3.2 km along the Slough Creek trail and then turning 
north for approximately 2 km on a partially marked foottrail. 
Since Slough Creek must be forded, access is restricted when 
stream flow is high during spring runoff.

Cutthroat trout are native to McBride Lake, and 52,600 cutthroat 
trout were stocked there in 1940-1941 (Varley 1981).
Approximately 9180 rainbow trout and 150,000 grayling were also 
planted in the lake in 1936-1937. Currently, cutthroat trout 
are the only salmonids in the lake (Varley et al 1976, Phelps 
1981). Behnke (pers. comm.) has reported that this cutthroat 
genotype is genetically distinguishable from the Yellowstone 
Lake cutthroat trout.

In 1969, Lake Abundance, which lies in the headwaters of Slough 
Creek outside the Park in Montana, was chemically treated to 
eradicate the non-native lake chub (Couesi us plumbeus) (Dean and 
Mills 1970). The purpose of this project was to prevent the 
distribution of this introduced minnow into other lakes and 
streams in the drainage. The Park provided approximately 15.000 
cutthroat trout eggs from McBride Lake to the Montana Department 
of Fish, Wildlife and Parks (MFWP) for restocking Lake 
Abundance; the McBride stock was desired in order to provide for 
the genetic integrity of the cutthroat trout throughout the 
drainage. Although the eradication was apparently successful in 
Abundance Lake, lake chub have been reported in McBride Lake 
since 1975 (Varley et al 1976).

Because of initial rearing success and post-planting survival of 
the McBride Lake strain, the MFWP developed a brood stock 
utilizing 9,000 eggs collected from McBride Lake in 1971 (Dean 
1972). In 1980, approximately 13,000 eggs were collected for 
backcrossing into the original brood stock. At that time 
electrophoretic analysis indicated that the brood stock had 
retained the genetic characteristics of the wild donor stock, 
and there was no evidence in either group of hybridization with 
other species or subspecies of the genus Salmo (Phelps 1981). 
An additional 14,000 fertilized eggs were obtained in 1982 to 
provide a second backcross for the hatchery brood stock.
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Arnold and Sharpe (1967) conducted a basic survey of McBride 
Lake in 1966. including an evaluation of the cutthroat trout 
population under the 2 fish, any size regulation. In 1975. the 
lake was resurveyed to assess changes following tne 
implementation of the catch and release-only regulation (1973) 
(Varley et al 1976). Monitoring activities continued when 
McBride Lake was surveyed for a third time, August 3-4, 1982.

Physical

Detailed accounts of the physical characteristics of McBride
Lake and the surrounding drainage are provided by Arnold and ’
Sharpe (1967) and Varley et al (1976). During the present 
survey, the dark green-brown water of the 9.3 ha lake yielded a 
secchi disc visability of 4.3 m on a clear, windy day
(Table 30). Water temperature decreased from 17.2 C at the »
surface to 11.1 C at 4.9 m. Stratification was evident witn 
uniform temperature between the surface and 3.4 m, but 
temperature dropped rapidly (4.1 C/m) from that point to the 
bottom. Arnold and Sharpe (1967) reported a flow of 0.028 
m3/sec from the outlet at the southwestern end of McBride Lake, 
but Varley et al (1976) indicated the channel was dry in 
September, 1975. Although the high water mark (1.0 m above 
surface) in 1982 indicated the highest lake level yet reported, 
this channel was also dry during the current survey. Flows from 
the northeastern outlet (0.044 m-3/sec) and the inlet
(0.019 m3/sec) increased in 1982, reflecting a higher snowpack 
and earlier sampling date. The disparity between inflow and 
outflow has been noted previously (Arnold and Sharpe 1967 and 4
Varley 1976) and strongly suggests the presence of substantial 
subaqueous springs.

Chemical

McBridd Lake has been classified as a calcium-bicarbonate lake 
with a TDS = 118ppm (Varley et al 1976). Although high levels 
of calcium are found in granitic gneiss which is the dominant 
bedrock material in the lake drainage (Prostka et al 1975), 
decomposition of this type of rock is slow (Hem 1970). Small 
pockets of highly soluble limestone are also found in this 
drainage (Pierce 1974), however, and the ground water sources 
for both the inlet stream and subaqueous springs in the lake are 
probably rich in both calcium and bicarbona vc ioiis «

Calcium-bicarbonate lakes are the most common among natural 
fresh waters (Hutchinson 1975), and in Yellowstone Park, these 
waters appear to be the highly productive. Values reported by 
Varley et al (1976) reveal that many of the chemical components 
in McBride Lake are above the Park mean for calcium-bicarbonate 
lakes, therefore indicating substantial nutrient availability 
and production potential for the lake.

A comprehensive chemical analysis was not obtained in 1982; 
however, field measurements (Table 35) appear to be similar to
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Table 35. Chenical ciiaracieristicb of

Yellowstone National Park,
backcountry lakes surveyed in 

m2

Cascade Lake 
8/ 19

McBride Lake 
a/ i

Lake 01310
9/ 1

Water temp. °C 15.9 17.0 13.3

Spec. cond. umbos 49 130 162

PH 7.2 8.75 7.4

Dissolved O2 6.6 8.0 9.2

Secchi (meters) 4.27 4.27 0.91

Pheno, alk. 0 - 0

Total alk. - 68.4 87

Ca hardness - - 60

Total hardness 17.1 85.5 72

Total diss, solids 110

Carbonate alk. 0

Bicarbonate alk. 87

Carbonates 0

Bicarbonates 106

Hydroxides 0

Carbon dioxide 36

Chloride <1.0

Sulfate 5.5

Fluoride 1.8

Phosphate 0.25

Potassium 0.36

Kg nardness 12

Calcium 24

Magnesium 2.9

Sodium 8.4

Iron <0.05

Manganese <0.05

Copper <0.01

Silica 10.2

Color (PCU) 0

Turbidity (NTU) 0.48

TOC <0.2

Ortho-phosphate 0.12

Total KJeldahl fl 0.23

Nitrate N 0.015 0.03 0.04
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previous studies (Varley et al 1976 and Arnold and Sharpe 1967). 
Alkalinity (68ppm) and hardness (86ppm) vary somewhat between 
years, but such variation is commonly associated with 
differences in sampling date and analytical procedures.

The pH value was again higher for the lake (8.75) and northeast 
outlet (9.5) than the inlet (8.5). The lake pH was lower than 
reported by Arnold and Sharpe ( 1 967) (10-r), but "bloom"
conditions, such as those reported in 1966, often cause severe 
temporal increases in pH (Hem 1970). Differences may also be 
related to the depth of the sample because photosynthesis by 
plankton and algae often cause a substantial increase in pH near 
the surface of productive waters (Hem 1975).

Aquatic Vegeta tion

As noted by Arnold and Sharpe (1967), sedges (Carex sp.) border 
most of the lake except where the steep cliffs drop directly 
into the lake. Bulrushes (Sc irpus sp.) were most common near 
the outlets at the southwestern and northeastern ends of the 
lake. Although Arnold and Sharpe (1967) reported that hornwort 
(Ceratophyllum sp.) and starred duckweed (Lemna trisulca) were 
very abundant in certain areas, hornwort was not collected in 
1982, and duckweed was found only near the southwestern (dry) 
outlet.

During the current survey, spiked water-milfoil (Myr iophyllum 
spic atuci) , a species often associated with nutrient rich waters, 
was the most abundant aquatic macrophyte in McBride Lake 
(Table 36). It was found at both ends of the lake and in 
several small coves. White water-buttercup (Ranunculus 
aquatilis) was also very common around the lake margin. 
Berchtold’s pondweed (Potamogeton berchtoldii) was growing 
submerged near the northeast end of the lake; northern 
water-starwort (Callitriche hermaphroditica) and spring 
water-starwort (C. verna) , both submergents, were also found 
growing near shore in a silt substrate, typical of that portion 
of the lake. Common mares tail (Hippuris vulgaris), an emergent 
form which is capable of surviving severe dessication 
(Hutchinson 1975b), was associated with the delta area near the 
inlet.

Limnoplankton

Apparently the present survey preceded the peak of the annual 
Aphanizomenon bloom reported by Varley et al (1976), and 
although this blue-green alga was the dominant plankton form 
(over 400,000 per liter), species diversity (14 genera) was over 
four times greater than in 1975 (3 genera). Two other 
blue-green algae, An ab aen a and Gleotrichia, were also in bloom 
proportions in 1982 (Table 31).

The presence of moderate numbers of Me1o s i r a (537 per liter) and 
otber unidentified diatoms (1789 per liter) suggests a eutrophic
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Table 36, Qualitative checklist of aquatic plants collected during lake surveys,
Yellowstone National Park, 1982

Species (common name)
McBride 

Lake
Lake 

#1310

Callitriche hermaphroditica L. (northern water-starwort) X

Callitriche verna (spring water-starwort) X

Eleocharis sp. (spike-rush) X

Hippuris vulgaris L. (common mare’s-tail) X X

Lemna minor L. (water lentil) X

Lemna trisulca L. (star duckweed) X

Mimulus guttatus DC. (yellow monkey-flower) X

Myriophyllum spicatum L. (spiked water-milfoil) X X

Polygonum amphibium L. (water smartweed) X

Potamogeton berchtoldii Fieb. (Berchtold’s pondweed) X X

Potamogeton filiformis Pers, (slender-leaved pondweed) X

Ranunculus aquatilis L. (white water-buttercup) X

Ranunculus natans C.A. Meyer (floating water-buttercup) X

Utricularia vulgaris L. (common bladderwort) X
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diatom plankton association (llucchinson 1 967 ) in McBride Lake. 
According to Wetzel (1975), blue-green algae often become 
dominant in this type of plankton association during periods of 
warmer temperatures. The presence of the desmid, Gen icula 
supports this supposition because desmids are also common in 
this association when dissolved organic matter is moderately 
high (Wetzel 1975).

The eutrophic nature of the McBride Lake was also evident in 
above average diversity of both Crustacea (4 genera) and 
rotifers (3 genera); however, below average density and 
numerical dominance of rotifers suggest substantial grazing by 
the cutthroat trout population (Moss 1980). The increased 
diversity and reduced density of zooplankton forms since 1975 is 
probably related to the extensive Aptian i zomenon bloom (over 2 
million trichomes per liter) reported at that time (Varley et al 
1976). Although a similar phenomenon might occur if trout 
density increased drastically, current data do not support this 
theory .

Li ttoral and Benthic Organisms

An increase in the number of macroinvertebrate taxonomic groups 
since 1975 (Varley et al 1976) is directly related to an 
increase in sampling effort and the addition of dredge hauls. 
It is assumed that the current sample provides a more 
representataive qualitataive summary of littoral and benthic 
organisms (Table 37).

The highly productive nature of McBride Lake is reflected in 
above average diversity (12 groups) and densities of aquatic 
macroinvertebrates . Scuds (Gammar us lacustr is and Hyallela 
azteca) were very abundant and most often associated with dense 
vegetation. Mayflies (Ameletus sp.) were numerous among the 
sedges in the infralittoral zone. Chironomid larvae dominated 
the benthic samples and densities were high. Snails (Lymnaeidae 
and Planorbidae) were abundant in the vicinity of the northeast 
outlet where the substrate was dominated by large gravel and 
rubble. Clams (Sphaeridae) were also associated with this type 
substrate, but aquatic earthworms (01egochaeta) were limited to 
the clay-silt substrate.

Aquat ic Vertebrates

Two largemesh experimental gillnets (set overnight) yielded 93 
cutthroat trout and one lake chub. A net set off tne steep 
cliffs along the east shore captured only 15 fish, but the net 
set in shallower water along the northwest shore caught 79 
cutthroat trout.

The mature female chub measured 165 mm and weighed 5 g. Tnis 
individual was not aged; however, Varley et al (1976) reported 
that a lake chub from McBride Lake of approximately tne same 
size was 5 years old. Mean length for 88 of the cutthroat trout 
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Table 37. Aquatic invertebrates collected from McBride Lake and Lake #1310, 1982

McBride Lake ___Lake #1301_____

Taxon Littoral Benthic Littoral Benthic

Hirudinea X X X X

Oligochaeta X X

Crustacea
Amphipoda (scuds)

Gammarus lacustris X X X
Hyallela azteca X X X

Insecta
Ephemeroptera (mayflies)
Siphlonuridae
Ameletus sp. X

Plecopotera (stoneflies) X

Trichoptera (caddisflies)
Limnephilidae X

Hemiptera (true bugs)
Corixidae (water boatman) X

Diptera (true flies)
Chironomidae X X X X
Culicidae X
Musicidae X

Gastropoda (snails)
Lymnaeidae X X
Planorbidae X X

Pelecypoda (clams)
Sphaeridae X X X

NUMBER TAXONOMIC GROUPS 9 7 6 7

TOTAL NUMBER OF GROUPS 12 8
PER WATER
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was 271 mm, and mean weight was 264 g (n=79). Condition factor
was 1.01 (Table 32). The length-weight equation was
Log W = 2.6740 Log L - 4.2129 (GM equation: Log W = 2.6839
Log L - 4.2365) (Ricker 1975).

Age was determined for a sample of 47 of the captured trout 
using the scale method (Table 33). Retarded scales (failure to 
form an annulus at Age I) (Laakso and Cope 1956) were noted for 
16 (34%) of the aged trout. Back-calculated lengths were 60, 
133, 239, 311, and 336 mm for ages I-V, respectively. An 
age-length key (Weste’-heim and Ricker 1978) was utilized to 
expand estimates to 82 trout. Mean age was 2.9 years, and 9
approximately 31% of the sample was age IV+ and over (Table 33)•

Problems were apparent with age estimates for cutthroat trout 
captured in 1975; therefore, to increase comparability, the «
sample of 42 trout was aged a second time (Table 34).
Backcalculated lengths were 70, 141, 233, 288, 324, and 384 mm 
for ages I-VI, respectively, and 10 trout (24%) displayed the 
retarded scale type. Expanded estimates for 108 fish yielded a 
mean of 2.6 years; only 24% were age IV + and older (Table 33).

Catch per net increased from 1966 (22 trout per net) to 1975 
(61.5 trout per net) but then declined in 1982 (45.6 trout per 
net) (Table 32); however, comparisons of relative catch are 
confounded by net location. When the two nets set along the 
north shore (1975 and 1982) were compared alone, the number of 
trout per net actually increased from 1975 (62 per net) to 1982 
(79 per net). The two nets (1966 and 1982) which were set in 4
the vicinity of the cliff along the east shore varied from 22 
trout per net (1966) to 14 trout per net (1982). Given the high 
amount of variability in gill net samples, it appears that trout 
density has acutally remained relatively stable through time.

*
Cutthroat trout captured in 1982 were slightly larger than those 
sampled in 1975, but differences in mean length and weight were 
not statistically significant. Condition factor (K), however, 
was significantly greater in the current sample. The slight 
increase in length may be associated with the rise in mean age 
from 1975 to 1982 (2.6 and 2.9 years, respectively). Growth 
appears to be quite similar in both years, and although the 
current sample appears to be growing somewhat slower at ages 
I+and II+, growth is slightly higher for age IV+ and older.

*
Angler Use

me volunteer Fisherman Report (VFR) system provides angler use 
ana creel survey data dating back to 1976. Arnold and Sharpe 
( 1 967) reported an average of 3 anglers per day for August 3-12, 
1966; however, they estimated that between 500-700 angler days 
per season were expended on McBride Lake. Recent VFR returns 
revealed a drastic drop in angler use to less tiian 50 angler 
days in 1977, but use has increased to over 100 angler days 
annually during the past two years (Figure 28).
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Catch rate has varied drastically since 1976, but nas been well 
above 2 trout per hour each year (Figure 29). The variation is 
undoubtedly linked to small sample size, although the 
Aphan i zomenon bloom may have negatiave affects on angler success 
during soiae portions of the season. The mean landing rate 
(3.78) for the past seven years far exceeds the Park mean and 
illustrates the potential of an extremely productive cutthroat 
fishery under catch and release regulations.

Mean length of trout landed has also varied during the past 
seven years (Figure 30). Although average size has been aDove 
350mm in most years, it fell to 309 mm in 1982. The small 
numbers of VFR returns undoubtedly influence the results, and ’
because gillnet data has indicated very little change in mean 
length since 1975, the 1982 VFR estimate may not be truly 
representative .

»
When the lengths of landed trout for all years were combined, 
the mean (3^5 mm) was approximately equal to the Parkwide 
average for all fish landed (3^3 mm), but the combined mean for 
McBride Lake is smaller than the Parkwide mean for cutthroat 
trout alone. If Yellowstone Lake and Yellowstone River are 
removed from the total, however, average length of cutthroat 
trout in the remaining waters is only 325 mm. This comparison 
helps illustrate the relative importance and productive 
potential of the McBride Lake fishery.

Di scussion

Based on nutrient levels alone, McBride Lake may have the w
greatest productive potential of any cutthroat trout water in 
Yellowstone Park. The eutrophic nature of the diatom-blue-green 
algae plankton association is a reflection of nutrient 
availability. Diversity of littoral and benthic organisms is 
above average, and densities of scuds and dipterian larvae, two *
important trout foods, are very high. The population density of 
the cutthroat trout in McBride Lake has not been equaled in 
Yellowstone Park, and yet, condition factors are above average 
for this species.

The catch and release regulation on McBride Lake appears to be 
maintaining a rather stable trout population. Although great 
changes have not been observed during tne past seven years, 
there has been a slight shift to older trout, a direct result of 
lower mortality rates of mature individuals. Growth rates have «
not changed significantly and densities show little variation 
since 1 966 .

The presence of the introduced lake chub in McBride Lake is 
disturbing; however, numbers do not appear to have increased 
greatly since 1975. If the lake chub and cuttnroat trout have 
significant niche overlap, the high density of cutthroat trout 
should provide a significant competitive advantage. Larger, 
piscivorous cutthroat may also impact the density of this small 
minnow.
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Although angler use was estimated to be approximately 600 angler 
days annually in 1966, current evidence suggests this estimate 
was probably high. It appears now that use has been low for 
many years and is not directly attributable to the angling 
regulation. Restrictions on overnight camping in the vicinity of 
McBride Lake may contribute to the apparent low level of human 
visitation; the campsite at the lake was closed in 1981 and had 
been limited to horse parties for the preceding two years.
Although the level of historic use is questionable, VFR results 
indicate that angler use has doubled since the mid-1970’s.

The stabilizing effects of the catch and release regulation are *
especially important for this unique .strain of cutthroat trout.
Although the lake chub does not presently pose a threat to 
McBride Lake, a '’healthy” cutthroat population is probably the 
best defense against the introduced minnow. If use continues to .»
increase, the restrictive "no harvest" regulation should 
provide adequate protection to ensure the integrity of the 
McBride Lake cutthroat trout.

LAKE #1310 (RICHARD'S CREEK DRAINAGE)

Lake #1310 (Richard's Creek drainage) is located within 2.5km 
of the west boundary of Yellowstone National Park, approximately 
11km north of West Yellowstone, Montana. There is actually a 
series of five small ponds along Richard's Creek, but the 
current survey is limited to the largest pond (#1310) near the 
headwaters of the stream. Access was gained by following an a
unmarked fisherman's trail for about 2 km from the Duck Creek 
parking area to the junction with Richard's Creek. A second 
trail turned southward at this point and followed the creek 
approximately 2 km before reaching lake #1310.

The entire series of ponds has had a local reputation for large 
brook trout (over 1.8 kg), and therefore, its location and 
details concerning the area were known to only a few local 
anglers until recently. As more people learned of the ponds, 
several anglers became concerned that a significant increase in 
use would have detrimental effects on the brook trout 
populations .

The historical fish distribution in the Richard's Creek drainage 
has not been documented, but it has been assumed that Duck -»
Creek, into which Richard's Creek empties, originally supported 
Upper Missouri River cutthroat trout (Salmo cl arki lewi si) , 
grayling, and mountain whitefish (Varley 1980). There are no 
fish planting records for Richard's Creek or the ponds; however, *
the portion of Duck Creek in the Park was planted with 160,000 
cutthroat in 1927-1928 and 31,625 brown trout in 1938 (Varley 
1981). Additionally, the Montana Department of Fish, Wildlife, 
and Parks (MFWP) stocked Duck Creek outside the Park with 
114,900 rainbow trout between 1934-1939 and 230,500 brown trout 
between 1939-1947.
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In 1982, the entire Richard's Creek drainage was closed to human 
visitation because of potential conflicts with grizzly bears.
It was decided, however, that an initial survey of Lake #1310 
was needed to describe the current conditions in the lake and to 
determine the status of the reported brook trout population. To 
this end, a lake survey was conducted on Lake #1310, 
September 1-2, 1982.

Physical

Most of the drainage of Lake #1310 (720 ha) lies on ancient 
alluvial deposits which cover the Madison Valley; however, 
several outcroppings of Madison River Basalt occur near the 
headwaters (USGS 1972). A sparce lodgepole pine forest covers 
most of the drainage and provides moderate wind protection. The 
area within several hundred meters of the lake supports a wet 
sedge meadow.

This small (2.8 ha) lake was extremely shallow with a mean depth 
of only 0.4 m (Table 30). The secchi disc was easily observed 
on the bottom of the deepest portion of the lake (1.1 m). Water 
temperature (13-3 C) was uniform throughout the water column.
The light green color darkened as depth increased toward the 
outlet (Figure 31).

The substrate of clay-silt covered gravel was quite uniform 
throughout the pond. The amount of silt increased somewhat in 
the deeper portions, and some accumulation of decaying organic 
matter occurred along the north shore. The irregular shape of 
this elongated lake yielded good shoreline development. Water 
level appeared to be quite stable with fluctuations of 
approximately 0.2 m.

The water source of Lake #1310 is almost exclusively ground 
water. Subaqueous springs were numerous, and a large springhead 
provided water for a several hundred meter long inlet channel. 
Flow in the shallow (0.1 m) channel was approximately 0.02 
m3/sec. Spawning gravel was abundant in the low gradient 
channel. Sand and silt also occurred in the channel, and sedges 
were growing along the stream bank.

The outlet stream (Richard's Creek) displayed very little flow 
for almost a kilometer below the lake. Although gravel was 
evident in a narrow strip in the deepest portion of the channel, 
much of the area was choked with vegetation; detritus and 
decaying plant matter dominated the substrate. Subaqueous 
springs apparently kept the gravel clean in those areas where it 
occurred. The average width of the outlet channel was 
approximately 25 m with a mean depth of about 1 m. Productivity 
was high and brook trout of all sizes were numerous.

Chemical

Calcium and bicarbonate were the dominant ions found in the 
chemical analysis of Lake #1310. The level of total
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solids (IDS) was 110 ppm, slightly above the Park average for 
calcium-bicarbonate lakes. These ions are the most common in 
natural fresh water (Hem 1970), and in Yellowstone Park lakes of 
this chemical type are generally the most productive (see 
McBride Lake, this report).

Conductivity (162 urnhos), total alkalinity (87 ppm), total 
hardness (72 ppm), total dissolved phosphate (0.25 ppm), and 
nitrates (0.04 ppm) were among those chemical components which 
were above the Park mean for lakes of this type. Only chloride, 
sulfate, iron, and total organic carbon yielded values well 
below the Park mean. The pH (7.4) was slightly alkaline, 
typical of calcium-bicarbonate waters.

Aquatic Vegetation

• Aquatic macarophytes of Lake #1310 are characterized by 
eutrophic forms (Hutchinson 1975b) which reflect the nutrient 
rich quality of the environment (Table 36). Most of these 
plants are also capable of enduring extended periods of 
dessication. Although diversity and density of the aquatic 
plants was greatest in the deeper water near the outlet, slender 
leaved pondweed (Po tamoge ton fili formi s) was scattered in a 
small cove along the east shore and near seeps on the north 
shore where the substrate contained more organic matter. Water 
lentil (Lemn a minor) and star duckweed (Lemna tr i s ulc a) were 
both found floating in moderate numbers around the shoreline but 
were most common near the outlet. Three plants, water smartweed 
(Polygonum amphibi urn), yellow monkey flower (M i m u1u s gli ttatus),

» and floating water buttercup (Ranunculus natans) , were found in
the shallow water near shore, and terrestrial forms of these 
species were collected from the eulittoral zone. Common 
bladderwort (Utr ic ular i a vulgaris) is another species which was

, collected from shallow water near shore; in order to overcome
unfavorable conditions, this species produces turions 
(specialized buds) which are capable of survival if the 
remainder of the plant decays (Hutcninson 1975b). Spiked rush 
(Eleocharis sp.), a rosulate form, appeared to be restricted to 
the gravelly, undeveloped substrate; however, Berchtold's 
pondweed (Potamogeton berchtoldii) was only collected in organic 
laden substrate near the outlet. Biomass of spiked water 
milfoil (Myr iophyllum s picatum) appeared to be extremely high, 
and this eutrophic form choked the outlet area. Common mare’s 
tail (Hippurius vulgar is) was limited to tne deeper holes of the

* lake. Aquatic mosses (Muse i) are dependent on CC>2 as a carbon 
source (Hutchinson 1975b) which probably explains their 
abundance near the subaqueous springs in the outlet and seeps 
along the shore .

«
Limnoplankton

Because of the shallowness of Lake #1310, only qualitative 
plankton samples were collected. These data probably represent 
only the most common of the plankton species which occur in the 
lake. The number of phytoplankton genera (3) was below the Park 
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average (4 genera), but the diversity of Crustacea (4 genera) 
was almost twice the mean (2 genera). Rotifers were not 
collected from Lake #1310 (Table 31).

Without quantification the interpretation of the phytoplankton 
sample is difficult. Diatoms and blue-green algae, the only 
phytoplankters collected in the lake, are found in association 
in both oligotrophic and eutrophic waters (Wetzel 1975). The 
chemical composition of Lake #1310 suggests a productive 
environment, however, and high levels of silica definitely favor 
diatoms (Moss 1980).

The zooplankton found in Lake #1310 are all small varieties 
suggesting intense piscine predation (Moss 1980). Cer iodaphnia 
is a typical pond form which commonly feeds on dinoflagellates 
(Hutchinson 1967). Species of the genera Cyclops are generally 
benthic (Hutchinson 1967) and may have selective advantage in «
this shallow water environment. Although copepods are generally 
larger than cladocerans or rotifers, Cyclops are usually less 
than 1 mm, a size comparable with the other zooplankton 
collected in the lake. The absence of rotifers is difficult to 
explain; however, Hutchinson (1967) has stated that rotifers are 
most commonly limited by the quality of food.

Littoral and Ben thic Organ isms

Macro invertebrate diversity (8 taxa) was well below tne Park 
mean (11 taxa) (Table 37). Most organisms were scarce in the 
lake itself, but densities were much greater in the outlet 
channel. Midges (Chironomidae) dominated the benthic samples, «
although aquatic earthworms (Oligochaeta) were also plentiful.
Clams (Sphaeridae) were most common in the gravel substrates, 
and their presence in Lake #1310 is probably related to the 
availability of calcium in the lake (Moss 1980). Stoneflies 
(Plecoptera) were limited to areas where vegetation was dense 
near the outlet. Scuds (Gammarus 1ac us tr i s and Hyallela azteca) 
were found in both benthic and littoral samples and dominated 
samples in the outlet. Water boatman (Corixidae), a predaceous 
littoral form, were common throughout the lake, but densities 
were highest near the outlet.

Aquatic Vertebrates

Two largemesh and one smallmesh gillnets were set overnight.
Both the largemesh nets were placed in the lake near the outlet, *
and the smallmesh net was set in the outlet channel. Since fish 
observations had been limited to the channel area, all nets were 
set parallel to shore in order to prevent substantial impact to 
the population in that area.

A total of 46 brook trout and 1 unidentified minnow were 
captured in Lake #1310. Mean length and weight for 44 of the 
trout (2 trout were released unharmed).were 270 mm and 409 g, 
respectively (Table 32). Mean condition factor (K) was 1.18. 
Length varied from 104 mm to 500 mm, and weight ranged from 11 g 
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to 1744 g. Estimated weight for the two released trout was over 
1000 g each. A total of 11 trout (25%) were between 400-500 mm 
and 13 (30%) were less than 200 mm. Length weight equation was 
Log W = 3-1459 (Log L) - 5.2791 [GM equation was Log W = 3-1560 
(Log L) - 5.3030] (Ricker 1975). Male:female ratio was 0.79:1-

A sample of 30 of the brook trout were aged by the scale method 
(Bagenal and Tesch 1978), and none of the aged fish failed to 
form an annulus at age I. Back-calculated lengths were 67, 129, 
264, 348, and 405 mm for ages I-V, respectively (Table 34). An 
age-length key (Westerheim and Ricker 1978) was used to expand 
the ages to 37 trout (Table 33). Mean age was 2.0 years, and 
84% of the sample were age 11+ or less. Although both age III+ 
and age V + trout were collected, age IV+ were absent from the 
sample .

Growth of young-of-the-year and age I brook trout was similar to 
trout from other Park waters, but annual increments began to 
increase greatly between annuli II and III (Table 34). The 
acceleration in growth at age 11+ is probably related to a 
change in diet; scuds dominated the stomach samples of all trout 
over 200 mm. Despite the great size (460-500 mm) attained by 
some individuals, there was no evidence of piscivorous feeding 
in larger trout.

Angler Use

VFR cards have never been received from Lake #1310 or any of the 
ponds in the Richard's Creek drainage; however, a low level of 
local angler use has been reported. The well worn trail from 
the mouth of Richard's Creek to the ponds is evidence of human 
visitation. Until recently, the angling quality of the area was 
a well guarded secret, but it appears that use may be rising. 
Although the small size of the ponds and the channels which 
connect them provide excellent angling opportunity, if use 
continues to increase, the potential for overharvest is great 
under the 5 fish (any size) limit. The closure of this area to 
human visitation for most of 1982, provided maximum protection 
for the fish population, but a substantial rise in use is 
expected when the closure is lifted.

Di scussion

Shallow water limits production in most of the 2.8 ha of Lake 
#1310 despite an above average content of essential nutrients. 
As depth and substrate organic matter increase near the outlet, 
the potential of the system becomes apparent. The density and 
diversity of aquatic macrophytes in this area are evidence of 
the nutrient availability. The phytoplankton association of 
diatoms and blue-green algae also characterizes enriched waters. 
The dominance of smaller (<1 mm) zooplankton forms suggests 
intense piscine predation by young brook trout. The tremendous 
density of scuds which are concentrated in the areas of 
vegetation appear to be the primary food source for age 11+ and 
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older brook trout, and growth for these trout is above average 
for Park lakes.

Considering apparent abundance of reproductive habitat, the 
absence of age IV+ trout is curious. Above average growth rates 
also suggest that reproduction may be limiting. It may be that 
overwinter survival of eggs in the shallow water is low when 
winter temperatures are extreme; however, apparent poor survival 
past age II may also explain the observed growth and age 
structure. Angler harvest may severely impact the proportion of 
larger trout in the population. Continued sampling in other 
portions of the Richard’s Creek pond system should improve the 
current understanding of the dynamics of the brook trout *
population.

The impact of a substantial increase in angler use under the 
current permissive regulations would probably be devastating to •
brook trout of the Richard’s Creek system. The area is easily 
accessed, and brook trout are comparatively easy to catch by the 
average angler. Current data from Lake #1310, the uppermost 
pond in the system, suggest the angler caused mortality may 
already be high.

It is not known at present whether the closure of this area 
because of grizzly bear activity will continue, but if these 
restrictions are removed, the number of anglers in the area can 
be expected to rise. Since the ability of this system to 
produce large (>1000 g) brook trout is uncommon for the Park, 
and in fact the western United States, regulations to restrict 
the harvest and protect the structure of this vulnerable ,
population are of greatest importance. It is recommended, 
therefore, that a 254 mm maximum size limit be placed on the 
entire Richard’s Creek drainage beginning in 1983.

CYPRINID TAXONOMY

Difficulties in the identification of two minnow species, the 
redside shiner (Richardsonius balteatus hydrophlox) and the lake 
chub (Couesius plumbeus) were noted during the 1981 lake survey 
of Indian Pond (Squaw Lake) (Jones et al 1982). Although the 
lake chub had previously been collected from Indian Pond in 1957 
and 1971 (Dean 1972), minnows collected during 1981 were 
identified as redside shiners. In order to clarify this 
apparent anomaly, a sample of minnows was collected from Indian •
Pond using a smallmesh gillnet on June 30. Smallmesh nets were 
also set in Beach Springs Lake (August 11), Riddle Lake 
(September 20-21), and Alder Lake (September 22-23) to confirm 
reports of redside shiners in these three lakes of the 
Yellowstone Lake drainage. Identification of minnows from the 
mouth of the Indian Pond outlet stream (#0089) and from Arnica
Creek Lagoon (June 30) were included in this survey for 
comparative purposes. Three fish keys (Brown 1971, Eddy 1969, 
and Simpson and Wallace 1978) were utilized to insure proper 
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identification and to establish distincstive characteristics for 
future use in separating these two species.

Results

Lake chub were the only cyprinid species captured in Indian 
Pond. Minnows from Beach Springs Lake, previously identified as 
redside shiners (Jones et al 1980), were also lake chuos. The 
presence of redside shiners was verified in Alder Lake, but 
minnows were not captured at Riddle Lake. Although most of the 
fish from the mouth of stream #0089 were redside shiners, one 
was identified as a lake chub. Samples from Arnica lagoon also

* contained both redside shiners and lake chubs.

Di scussion

• The current study substantiated the presence of redside shiners 
in Alder Lake, but minnows from Beach Springs Lake and Indian 
Pond were lake chubs. The occurrence of lake chub in these 
lakes and at the mouth of stream #0089 and in Arnica Lagoon 
suggest that this species may have expanded its range since it 
was first found in the Yellowstone drainage. Great similarity 
upon cursory inspection, coupled with numerical dominance of the 
redside shiner in the Yellowstone Lake drainage may have 
contributed to misidentification in other samples.

During this study, three key characteristics were found to 
provide positive identification with minimal effort. The use of 
these characteristics is quite often necessary because

« individuals of the two species, especially at smaller sizes,
resemble each other greatly. The presence of a maxillary barbel 
on the lake chub is the first of the key characteristics, 
although this barbel is often extremely small and hard to 
detect. The second characteristic utilizes the difference in

* principal fin ray counts for the lake chub (8 principal rays; 
Simpson and Wallace 1978) and the redside shiner (10 or more 
principal rays; Brown 1971 and Eddy 1967). The relationship 
between dorsal and pelvic fin insertion provides a third 
characteristic which can aid in separation of these two species; 
the pelvic fin insertion is anterior to the dorsal fin in 
redside shiners, but insertion points for both fins is quite 
similar in the lake chub (Simpson and Wallace 1978)

Further assessment of the distribution of fishes in Yellowstone
• Lake should be initiated in the near future. Data collected from 

smallmesh gillnets from 1969-1973 (excluding 1972) (Dean and 
Varley 1974) is available for comparison and would provide a 
baseline to evaluate changes in the range of various species 
within the lake. The use of these suggested characteristics to 
provide reliable separation of the redside shiner and lake chub 
also requires continued evaluation.
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STREAM SURVEYS

In the early 1960's the National Park Service requested this 
office to initiate a program to inventory all aquatic resources 
in the Park. The objectives included a basic assessment of tne 
number and types of waters, analysis on angler exploitation, and 
preparation of baseline data. Baseline surveys of the streams 
in the Park have progressed on an annual basis since this 
request.

During 1982, work continued on the acquisition of baseline data 
and development of hydrographic maps of stream systems and their 
tributaries. These surveys combined elements of previous 
hydrographic surveys and habitat elevation procedures. Each 
stream was stratified longitudinally according to habitat types, 
and a sample station was chosen to represent each stratum. 
Physical, chemical, and biological attributes of each station 
were measured. Surveys were conducted in three major drainages; 
(1) Yellowstone River, (2) Madison River, and (3) Gallatin 
R i v er .

TRIBUTARIES TO YELLOWSTONE RIVER

Seven tributaries of the Yellowstone River in the vicinity of 
Hayden Valley were surveyed in 1982. These included Trout 
Creek, Elk Antler Creek, Cottongrass Creek, Sour Creek 
(including tributaries Bluff and Bog Creeks), Alum Creek, Otter 
Creek, and Thistle Creek (Figure 32). Physical, chemical, and 
biological characteristics of these streams are largely 
influenced by the unique geological history of the area.

Hayden Valley is part of a huge caldera that formed in the 
Yellowstone area following a cataclysmic series of volcanic 
eruptions about 600,000 years ago. The caldera was partly 
refilled by subsequent lava flows but the resulting thin earth's 
crust and thermal activity, unique to Yellowstone remained. The 
area was then overrun by icecaps of three glacial periods which 
formed large lakes when they receded and melted. Hayden Valley 
was periodically inundated by these lakes with the most recent 
draining about 11,000 years ago.

Today, Hayden Valley is a wide, shallow, mostly treeless valley 
resulting from many years of glacial scour and deposits. It has 
numerous meadering streams draining into the Yellowstone River 
that continue to reflect the cataclysmic geological history . 
Numerous thermal areas, indicating wrinkles and fissures in the 
earth's thin crust, yield heated waters and elevated levels of 
sulfur. Low stream production also suggests a watershed 
under laid with rhyolite, a volcanic product low or absent of 
phosphates. Some areas are underlaid with basalt, an 
iron-bearing rock, that, when combined with low pH levels, may 
elevate iron in streams to toxic levels.
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Figure 32 . Tributaries of the Yellowstone River and Yellowstone Lake surveyed 
in 1982.



A stream-by-strearn account is offered of the seven streams 
surveyed to present a picture of their physical, chemical and 
biological aspects. Four streams (Trout, E1k Antler, Alum and 
Otter) xirain the area of the Central Plateau, meander througn 
Hayden Valley and flow into the west bank of the Yellowstone 
River. The three remaining major streams of Hayden Valley 
(Cottongrass, Sour and Thistle) flow from the area of Stonetop 
Mountain into the east bank of the Yellowstone River. All seven 
streams encounter thermal areas of some nature that either 
significantly elevate stream temperature or contribute to 
chemical conditions, some of which are toxic to fish and 
macroinvertebrate life.

*
Trout Creek

Trout Creek is fed by a series of cold water streams and one 
thermal area. Sulfur Mountain (Figure 33). It is one of the 
more visable streams in Hayden Valley where its banks are 
frequented by large herds of free-roaming bison. Trout Creek 
was surveyed July 6-7, 1982.

Physical and Chemical Characteristics

The main stem of Trout Creek is 16.0 km long with an average 
gradient of 9.25 m/km. The stream is small with an average 
overall width of 2.64 m and a depth of 0.28 m. Flow at the 
outlet, during this early July survey, was 0.42 m3/sec. Trout 
Creek originates in a long, narrow grassy finger of southern 
Hayden Valley at about 2530 m elevation. Numerous small 
cold-water springs feed into the stream from the east slope of 
the Central Plateau and thermal springs originate in the area of *
Sulfur Mountain. The headwaters (stratum 1) is a small, narrow, 
curving stream with grassy banks and sand/gravel deposits. The 
steep gradient and a P:R:R ratio of 10:20:70 (Table 38), limits 
the fishery potential of this stratum. Further downstream 
(stratum 2), the stream is substantially deeper and swifter with 
a predominantly gravel substrate. A P:R:R ratio of 10:30:60 
still precludes much habitat for adult fish, although some of 
this 5 km of stream represents the best spawning/nursery habitat 
observed for any stream in Hayden Valley. However, the gravel 
beds (10-50 mm particle size), are limited in area and probably 
support few spawning fish. Spawning activities in Trout Creek 
probably do not contribute significantly to the Yellowstone 
River stocks. Ranunculus sp. is abundant in this stratum and 
provides cover for numerous cutthroat trout observed from the 
oank.

The third stratum is characterized by long deep pools, more 
numerous than in strata 1 and 2. A P:R:R ratio of 30:30:40 was 
the best measured for this stream indicating that fish habitat -*
is suitable for rearing and holding juveniles and adults.
Gravel content in the substrate is low, and the area does not 
appear to support spawning activity.
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Figure 33 . Trout Creek, Yellowstone National Park, 1982.
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Stratum 4 encompasses the lowermost 1.9 km of Trout Creek. The 
stream here has a mild gradient of 5 m/km and a substrate that 
is predominantly sand and silt. With a P:R:R ratio of 10:10:80, 
the stream is characterized by long, deep, slow-flowing runs 
through a meandering/curving channel. Bank stability, which 
decreased downstream, was lowest (60%) in stratum 4 (Table 38). 
The alluvial nature of the soils of Hayden Valley are highly 
susceptable to sloughing and erosion, and in conjunction with 
high seasonal concentrations of bison, probably contribute to 
the turbid and silt-laden conditions in the lower reaches.

Water quality conditions in Trout Creek appeared normal during 
the July survey (Table 39). But, a tributary draining Sulfur 
Mountain had a water temperature of 32 C, a pH of 5.75, and a 
conductivity of 5,000 mhos/cm during July. The effect of this 
tributary on these three parameters in Trout Creex was greatly 
diluted by the 0.42 m^/sec flow of the main channel. Under 
reduced flow conditions, however, the Sulfur Mountain tributary 
could degrade the water quality of lower Trout Creek and, 
together with heavy siltation, further discourage use by fishes. 
Water samples show high levels of total dissolved solids, iron, 
and manganese as well as high turbidity (Table 39). These 
components may be toxic in the lower reaches of the stream 
during the low-flow periods.

Macroinvertebrates

Nineteen taxa of macroinvertebrates were found in Trout Creek 
(Table 40). Included are an array of mayflies, stoneflies, 
caddisflies, true flies and beetles common to most western 
montane streams. An abundance of amphipods (Hyallela azteca and 
Gammarus sp.) were found associated with a small thermal area in 
stratum 2.

The silt-sand substrate probably contributes to the fewer taxa 
seen in strata 3 and 4. The forms found in these strata 
(tipulids, chironomids, free-living caddisflies) suggest that 
the habitat is silted to the exclusion of the more upstream 
forms.

Fishes

Trout Creek, between 1924 and 1926, was stocked with 370,000 
blackspotted (cutthroat) trout of unknown origin (Varley 1981).

Trout Creek was sampled with electrofishing gear May 21, June 
16, and June 23, 1982. Only cutthroat trout were found during
these surveys. The first two dates included work on the 
lowermost 300 m of stream above the Grand Loop Road (stratum 4). 
Tne third effort included about 400 m of the stream (stratum 2) 
about 5.5 km upstream from the Grand Loop Road (Figure 33).
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Table 39. Chemical characteristics of back-country streams and lakes surveyed in Yellowstone National Park, 1982

Alum Creek

9/30

Bear Creek

9/8

Bluff Creek

7/21

Cottongrass Creek

9/29

Elk Antler Creek
1

Gardner Klver 1 Grayling Creek Nez Perce Creek

9/30 9/30 ! 8/1 10/6

Water temp. °C 11.1 15.6 14.4 5.0 11.1 13.9 1 6.0 10.0

Spec. cond. umhos 1000 93 73.5 560 220 170 120 360

pH 8.5 7.5 7.2 - 7.25 7.375 7.75 8.0

Dissolved Qj> - - - - - - -

Secchl (meters) - - - - - - -

Pheno, alk. 0 0 0 0 0 0 0

Total alk. 186 41 0 62 80 66 7-4

Ca hardness *42 24 42 36 60 52 30

Total hardness 60 40 60 54 84 64 36

Total disu. solids 690 49 380 120 139 80 225

Carbonate alk. 0 0 0 0 0 0 0

dicaroonate alk. 186 41 0 62 80 66 74 .

Carbonates 0 0 0 0 0 0 0

Bjcarbonates 226 50 0 75 97 80 91

Hydroxjues 0 0 0 0 0 0 0

Carbon dioxide id 1.8 >1000 40 9 4.5 12

Chlor ide 10U 1.98 <1.0 9 12 1.96 56

Sulfate 165 2 270 34 16 2 39

fluor ide 0.2 0.18 0.24 1.76 1.54 0.39 6

Pnosphate 0.28 0.22 0.16 0.31 0.12 0.16 0.22

Potassium 39 1.2 12 4.6 3-12 1.12 8.4

;<g hardness 18 16 18 18 24 12 6

Calcium 16 9.6 16 14 24 20 12

Hagnesi um **.3 3.8 4.3 4.3 5.8 29 1.4

Sodium 186 5 10 16 10 2.2 75

Iron 0. 10 0.13 18 0.86 <0.05 <0.05 <0.05

Manganese <0.05 <0.05 * <0.05 <0.05 <0.05 <0.05 <0.05

Copper <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Sil lea 47 6.3 77 2.4 2 5.3 6.4

Color (PCU) 20 0 15 40 0 9 0

Turbidity (NTU) 5.4 0.38 20 4 0.2 0.31 0.23

TOC *4. 1 3 6.4 6.6 8.45 2.5 3-3

Or t ho-pho;s pha t e 0.93 0.19 0.43 0.62 0.15 0.16 0.22

Total Kjeldahl N 1. i 0.33 0.48 0.76 0.16 0.15 0.11

Nitrate N <0.02 <0.02 <0.02 <0.02 0.02 0.02 <0.02
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Table 39, COOt.

Otter Creek Sour Creek Tepee Creek Tnlstie Creek Trout Creek Stream *1234 Stream /1J40 Stream H346

9/30 9/30 8/10 9/29 10/7 8/19 8/24 8/17

Water temp. °C 7.0 5.0 6.7 5.0 - 2.78 9.0 11.4

Spec. cond. urahos .460 460 160 150 - 175 70 73.5

PH - - 7.75 7.5 - 8.0 7.75 7.25

Dissolved 0^ - - 8.8 - - - 8.2 8.4

Secchl (meters) - - - - - - - -

Pheno, alk. 0 0 - 0 0 0 - -

Total alk. 0 ' 0 75 . 74 156 74 34 3*

Ca hardness 24 24 - 18 60 60 - -

Total hardness 30 24 68 18 114 66 31 28.4

Total diss, solid. 260 265 38 470 105

Ca-bonate alk. 0 0 0 0 0

Bicarbonate six. 0 0 74 156 74

Carbonates 0 0 0 0 0

Bicarbonates 0 0 90 190 91

Hydroxides 0 0 0 0 0

Carbon dioxide >1000 >1000 190 63.6 16

Chloride 29 12 1 <1.0 3

Sulfate 84 155 3 130 17

flworIde 0.84 1.02 1.4 0.93 0.18

Phosphate 0.19 0.4 0.22 1.7 0.22

Potassium 7-3 10 3.2 1.7 2

Mg hardness 6 <1.0 <1.0 54 6

Calcium 9.6 9.6 7.2 24 24

Magnesium 1.4 <1.0 <1.0 13.1 1.4

Sodium 28 10 3-6 9.9 4.2

Iron 0.84 1.85 <0.05 0.78 <0.05

Manganese <0.05 <0.05 <0.05 23.5 <0.05

Copper <0.01 . <0.01 <0.01 <0.3 <0.01

Silica 4.3 7.6 6 15 4.7

Color (PCU) 20 15 10 - 0

Turbidity (NTU) 1 1.65 0.33 707 0.74

TOC 4.2 2.55 2.55 5.3 1.1

Ortho-phosphate 0.5 0.43 0.31 0.09 0.22

Total KJaldahl H 0.68 0.52 0.08 ■ 8.4 0.19

Nitrate N 0.02 0.04 0.02 0.02 <0.02



Table 40* fceurrence and densities of macroinvertebrates in stations of
selected streams in Yellowstone rational furk, 1982

Taxa (coiMon name)

______ Alum C-~eek______  
Stations

12 3 q 5

Bear Creek 
Stations

1 2 3

Bluff Creek 
Station

1

Elk Antler Creek
Stations

1 2 3 q

Hirudinea (leeches) X X

Crustacea
Amphipoda (scuds)

Ganimarus sp.
Hyallela azteca

Hydracarina (watermites)

Insecta
Ephemeroptera (mayflies) 
Baetidae
Baetis sp. X
Baetis bicaudatus
Baetis tricajaatus X
Cloeon

Ephemerellidae
Ephemerella sp. 1
Ephemerella sp. 2
Ephemerella sp. 3 
Ephemerella bicolor 
Ephemerel1 a codes! 
(Drunella) sp.
(Serratella) sp.

Heptageni idae 
Cinygmula sp. 
Cinygina sp. 
Epcorus sp. 
tihi throgena sp.

Leptopnlebi idae 
Leptophlebia sp.

Siphlonur idae
Ameletus s p. X
Siphlonurus sp.

Tricorythidae
Tricorytbodes sp. X

Odonata (damsel flies) 
Coenagrionidae 

Enallagma sp.

Plecoptera (stoneflies)
Chloroperlidae
Chloroperla sp.

Perlidae
X

Acroneuria sp. 
Perlodidae
Isoperla sp. 

Nemouridae
Netnoura sp. X

X

X

X X
X 

X X

X

X
X

X

XX X
X

X X

X X

X X

X

X X X

¥

X

X

X X
X

X 

X

X

X

X

X

X XX
X 

XX

X

X

X

X

X

X

X

«
continued on next page
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Table 40. Occurrence and densities of macroinvertebrates in stations of
selected streams in Yellowstone Uation.il Park, 1982

k

Taxa (co:.L'.'ion name)

Hirudinea

(scuds) 
sp. 
azteca

Hydracarina (waternites)

1

Otter Creek 
Stations

2 3 4 5 1

Sour Creek_______
Stations

2 3 4 5

Tnistle Creek 
Stations 

1 2 3

XXsp. 
bicaudatus

XXX

Insecta
Epbemeroptera (mayflies) 
Baetidae

Baetis
baetis

X

Baetis tricaudatus 
Cloeon

X
X X

Epherr.er ell idae
Ephenerella sp. 1 X
Ephe-ierella sp. 2 X
Ep’ne'nerella sp. 3 X X
Epher.erella bicolor

doddsl
XX

Epbemerella _____
( Dr an el 1 a) sp.
(Serratella) 3p. 

Heptageniidae
Cinycmula sp.
Cinygina sp.
Epeorus sp.
Killth^ogena sp. 

Leptopblebi idae
Leptopblebia sp. 

Sipnlonur idae
Aneletus sp.
Siphlonurus sp. 

Tricorythidae
Tricorythodes sp

Odonata (damsel flies) 
Coenagrionidae 

Enallagna sp.

Plecoptera (stoneflies)
Cbloroperlidae
Chloroperla sp.

Perlidae
Acroneurla sp. 

Perlouidae
Isoperl a sp. 

Hcraourldae
Hewoura sp.

continued on next page

X

X

X X

X
X

X

X

X

X

X

X X X

X X X

X

X

X

X

X

Trout Creek 
Stations 

1 2 3 4

X 
X

X X X X

X

X X

X X

X

X

X
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Table 40. continued

Alum Creek . Bear Creek Bluff Creek
Station

1

Elk

1

Antler Cr
Stations

2 3

ec-k

41
Stations

5
Stations

2 3 4 1 2 3

Trlchoptera (caddisflies)
Brachycentridae

Brachycentrus sp. X
Micr'asema sp. 

Glossosomatidae
Glossosoma sp. 

Hydropsychidae

X

Arctopsyehc grand is 
Cheumatopsyche sp.

X
X

Limnophi1idae
Hesperophylax sp. 
Limnephilus sp. 
Moselyana sp.

X X

X
Neothrerjna sp. 
Onocosmoecus sp.

X X
X X

Rhyacophilidae
Rhyacophila sp. 
Rhyacophila angelita 
Rhyacophila verrula

X
X X X

Sericostoraatidae
Gumaga sp. X X

Diptera (true flies)
Ceratopogonidae 

Bezzla sp. 
Chironomidae 
Simuliidae

X X X X X X
X X

Simulium sp. 
Tipulidae

X X

Hexatoma sp. 
Prinocera sp. X
Tipula sp. X

Coleoptera (beetles)
Carabidae 
Dytiscidae

X

Agabus sp. 
Dytiscus sp.

X X X
X X

Eltnidae
Narpus sp. 
Rhizelmis sp. X X X X X

Hemiptera (true bugs)
Belostomatidae 
Corixidae

X

Graptocorixa sp. 
Gerridae

X

Gerrus sp. 
Naucoridae

X
X

Ambrusus sp. X

Gastropoda (snails)
Physa sp. X X

X X X X
Pelecypoda (clams)

Sphaeridae X X

NUMBER INVERTEBRATES 31 51 0 176 0 2 4 9

NUMBER TAXONOMIC GROUPS 12 9 0 13 5 4 8 4 15 15 6 12 7

TOTAL NUMBER OF GROUPS
PER WATER 23 14 15 21
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Table 40. continued

______Otter Creek______
Stations

12 3 4 5

Sour Creek 
Stations

2 3 4 5

Thistle Creek 
Stations

1 2 3

Tro lit _C 25' e k 
Stations

1 2 3 4

Trichoptera (caddisflies) 
iirachycentridae 

Brachycentrus sp. 
Kicrasema sp.

Glossosonatidae
G1ossosoma sp.

H/dropsychidae 
Arctopsyche grandis 
Cneumatopsyche sp.

Li:*nophi  lidae 
Hesperophylax sp. 
Limnepnilus sp. 
Hoselyana sp. 
tieotnrcinina sp.

- Gnocos.-ioecus sp.
Rhyacophilidae 

R.nyac ophila sp. 
hnyacopi~.ila angelita 
Rnyacopnila verrula 

Sericostomatidae
Guiaaga sp.

Diptera (true flies)
Ceratopogonidae
Bezzia sp.

Chi ronojnidae
Simuliidae

Siiaulium sp.
'Tipulidae 

Hexatoma sp. 
Prinocera sp. 
Tipula sp.

Coleoptera (beetles) 
Carabidae 
Dytiscidae 

Agabus sp. 
Dytiscus sp.

Elmidae
liar pus sp.
F.bizeltnis sp.

Hemiptera (true bugs) 
Belostomatidae
Corixidae
G^aptocorixa sp.

Gerridae
Gerrus sp.

Naucoridae
Ar.brusus sp.

Gastropoda (snails) 
Pnysa sp.

Pelecypoda (clams)
Sphaeridae

X
X X

X X

XXX

X X

X X XXX 
X X

X
XX X

X X

X X X

X X

X X
X

XX X

X X

X X X

X

X
X

XXX XXX

X

X X

XXX

NUMBER INVERTEBRATES

NUMBER TAXONOMIC GROUPS 3 4 4 2 1 4 4 2 7 4 13 11 12 9 14 7 7

TOTAL NUMBER OF GROUPS 
PER WATER 7 14 15 19
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The May 21 effort yielded one female cutthroat trout in 
prespawning condition (site A). By June 16, three spawned-out 
males were taken from the same area. All four fish probably 
ascended from the Yellowstone River to spawn in the gravel areas 
further upstream. On June 23, a total of eight cutthroat trout 
were collected from 400 m of stream (site B). All of these fish 
were judged to be residents, based on size and markings. On 
July 6, 0.5 angler-hours in stratum 2 (site C) yielded six 
cutthroat trout 102-152 mm total length. No other fish species 
besides cutthroat trout were found in Trout Creek.

Elk Antler Creek

Elk Antler Creek drains the north slope of Elephant Back 
Mountain and flows through the southern end of Hayden Valley 
into the Yellowstone River. This stream was surveyed July 6, 
1982 (Figure 34).

Physical and Chemical Characteristics

Elk Antler Creek is a small meandering stream with an average 
gradient of 8.25 m/km, average width of 1.45 m and average depth 
of 0.18 m. Flow at the outlet to the Yellowstone River, during 
this survey, was 0.084 m^/sec. The main stem of this stream is 
9.1 km long. Elk Antler Creek originates from cold and warm 
water springs supplemented by snow melt from Elephant Back 
Mountain. Flow in the southwest branch (stratum 1) starts as 
cold springs just above the treeline. The stream is small 
(Table 38), and flows through an open grassy rolling valley. 
Water chemistry (Table 39) yielded a July water temperature of 
8.8 C, pH of 7.4, and conductivity of 140 mhos/cm (station 1).

Flow in the southeast branch (stratum 2) also originates as cold 
springs but is fed by hot sulfur springs from the vicinity of 
Mud Volcano (Figure 34). Water temperature below these hot 
springs (station 2) in July was 25.5 C, pH was 7.8 and 
conductivity 135 mhos/cm.

At station 3, further downstream, water temperature was cooled 
to 13.9 C, pH was 7.0, and conductivity was up to 475 mhos/cm. 
The stream in stratum 3 has a relatively steep gradient 
(11 m/km) as it carves its way through low rolling grassy hills. 
Elk Antler Creek in stratum 4, before it enters the Yellowstone 
River, meanders considerably through a lush, grassy, open 
valley. Water temperature at station 4 on July 6 was 12.8 C, pH 
was 7.75, and conductivity was 250 mhos/cm. On September 30, 
water temperature was 11 C, pH was 7.25, and conductivity was 
220 mhos/cm. Water analysis (Table 39) revealed no major water 
chemistry problems in Elk Antler Creek during late summer low 
flows. Minor problems included slightly elevated water 
temperatures, siltation and turbidity.
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Figure 34. Elk Antler Creek, Yellowstone National Park, 1982.
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Macroinvertebrates

Twenty-one taxa of macroinvertebf^tes were found in Elk Antler 
Creek, including several genera of mayflies, stoneflied and 
Caddisflies (Table 40). Also found wefe true flies, beetles, 
true bugs, scuds and clams; these groups were usually associated 
with the thermal and sulfur areas near the upper watershed. The 
middle and lower reaches of Elk Antler Creek (stratum 3) support 
a compliment of stream invertebrates common to many western 
montane streams, although some forms (Serratella sp., 
Onocosmoecus sp., Rhyacophila verrula, Brachycentrus sp., 
Gumaga sp.) suggest a silted habitat.

Fishes

No record of fish stocking is listed for Elk Antler Creek e
(Varley 1981). The present survey suggests that most of Elk 
Antler Creek and its tributaries are inhabited by fish.

Elk Antler Creek was electrofished May 20 and June 18, 1982.
Only one fish, a small cutthroat trout, was taken on the first 
effort from a 100 m section of the stream near the Grand Loop 
Road (site A). Three 400 m sections (sites B,C,D), from 1 to 
3 km upstream from the Grand Loop Road, yeilded 2, 10, and 11 
cutthroat trout respectively. All fish were judged to ue 
residents based on size and markings. No other species of fish 
was observed or captured in Elk Antler Creek.

Warm water temperatures and a paucity of spawning areas may «
preclude use of Elk Antler Creek by Yellowstone River spawners.
High turbidity and silt levels, especially in the lower stream 
reaches, also negate desirable spawning and rearing areas.

Cottongrass Creek

Cottongrass Creek flows parallel to Sour Creek and enters the 
Yellowstone River through an extensive marsh system used by many 
ducks, geese, swans and pelicans (Figure 35). Cottongrass Creek 
was surveyed July 13» 1982.

Physical and Chemical Characteristics

Cottongrass Creek is a small stream that flows through rolling 
hills with dense stands of lodgepole pine and intermittent small *
meadows before entering the Yellowstone River through an 
extensive marsh system shared with Sour Creek. The outlet flow 
during the July survey was only 0.02 ni3/sec (Table 38).

The stream in stratum 1 meanders through a shallow valley lined 
with standing and fallen lodgepole pines. The stream bank in 
many places, was barren with scattered fallen and charred trees 
which suggests thermal activity of a recent origin. Associated 
with these thermal areas are pools and seeps oozing with warm 
turbid waters laced with brown and yellow colors indicating iron 
and sulfur.
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The stream banks in several places of stratum 2, near the 
outlet, are lined with small bubbling seeps of warm water. The 
banks are generally lined with grasses and sedges and the stream 
channel is deeply cut with overhanging banks. The substrate is 
primarily mud and silt with no live instream vascular plants and 
a brown rust-like coating of ferric hydroxide. The water 
chemistry (Table 39) in this stratum was characterized by warm 
temperature (14.4 C) , low pH (4.5) and moderate conductivity 
(157). Measurements taken at this same station 1 on Octooer 1, 
1982, revealed a water temperature of 5 C, pH of 3.0 and a 
conductivity of 560 mhos/cm. The difference in these three 
parameters for the two flow periods suggests a dilution effect 
from spring runoff in Cottongrass Creek.

Water analysis suggests that the low pH values may be primarily 
of a gaseous nature with CO2 levels in excess of 1000 mg/1 
(Table 39). High sulfate levels of 270 mg/1 also indicate a 
sulfuric acid problem. The low pH resulting from these two 
elements enhances iron toxicity in Cottongrass Creek. The level 
of 18 mg/1 far exceeds levels (0.9 mg/1) toxic to carp (McKee 
and Wolf 1963). Apparently, the low pH enables the high level 
of colloidally dissolved humates in Cottongrass Creek to 
incorporate the dissolved form of iron (ferrous) for transport 
considerable distances downstream from its source. Once the 
ferrous ion is exposed to oxygen, it is converted to insoluble 
ferric hydroxide, which forms the characteristic brown 
precipitate. This oxidation process usually occurs near the 
iron source, except in cases like Cottongrass Creek with low pH 
and a high level of colloidal humates.

Macroinvertebrates

No macroinvertebrates were found in Cottongrass Creek during 
this survey. It appears that poor water quality (warm 
temperatures, low pH, high CO2 levels, high SOz| levels, high 
iron) precludes macroinvertebrate life.

Fishes

No record exists of fish stocking in Cottongrass Creek (Varley 
1981). This survey indicates that the entire stream and its 
tributaries are fishless and that it is unlikely to support fish 
in view of its poor chemical condition. However, this survey 
did not fully investigate all tributaries and ponds in the 
headwaters where an enclave population of fishes could exist.

Sour Creek

Sour Creek originates in Ponuntpa Springs near Fern Lake and *
flows northwest into the Yellowstone River at the northeast end 
of Hayden Valley (Figure 36). It is fed by Bluff Creek and 
other tributaries draining Stonetop Mountain as well as Bog 
Creek which drains a hot springs area north of Sour Creek.
Sour Creek enters the Yellowstone River in a lowland area of
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sagebrush, sedges and Vaccinium which is usually flooded during 
spring runoff. This stream was surveyed July 13 and 21-22, 
1982-

Physical emical Character!stics

Sour Creek is a medium-size stream With a gradient of 7.4 m/km. 
In only two locales is the gradient steep: a short narrow canyon 
with cascading flow about 5 km above the mouth and an abrupt 
waterfall about 1.5 km from the mouth (Figure 36). Average 
stream width in July was 5.6 m, depth was 0.4 m, and the flow 
was 1.36 m^/sec. Five distinct longitudinal habitat strata were 
identified in Sour Creek. ‘

In stratum 1, the stream originates from springs in an open wet 
meadow and flows through a deeply cut cnannel lined with 
overhanging grasses and sedges. The substrate here is s
predominately gravel with a P:R:R ratio of 85:15:0 (Table 38).
The stream is then fed by several thermal springs, and water 
temperature was quickly elevated from 12.0 C to 22.2 C at 
station 1, but pH remained at 7.8 and conductivity was
300 mhos/cm (Table 39).

Further downstream, in stratum 2, the gradient is mild with 
substantial flow of 0.54 m3/sec. Gravel still dominates the 
substrate and P:R:R ratios were 50:50:0. Bank instability was 
common here and there was extensive thermal activity along the 
stream course. Station 2 exhibited cooler temperatures (14.4 C) 
than Station 1, but a higher conductivity of 400 mnos/cm, and a 
dramatically lower pH of 2.0. ,

At station 3. Sour Creek is fed by several thermal areas and by
Bog Creek. Gravel is the dominant substrate type and bank 
stability is increased by a more rocky stream bank. Tne stream 
flows through a steep and narrow gorge midway through this '
stratum, but this feature is not judged to be a barrier to fish 
travel. Thermal activity was still prevalent and pH remained at
2.0, a factor probably greatly influenced by the outflow from 
Bog Creek.

Stratum 4 characterizes a stream of mild gradient with a July 
flow of 1.09 m3/sec. About 80S of the subtrate was gravel and 
there was high bank stability. The lower end of this stratum is 
marked by a 10 to 12-m waterfall; a definite fish barrier.
Water quality in this stratum was substantially improved over >
that of the previous two upstream strata. Temperature was still 
relatively warm at 13-3 C, but pH was 6.5 and conductivity
275 mhos/cm. This difference in water chemistry may be a 
function of sample time relative to spring runoff. The stream 
when sampled at stations 4 and 5 on July 13 was at full run off 
stage which nad subsided somewhat by the July 21-22 samples 
further upstream.

The stratum represented by station 5 extends from the falls 
downstream to the Yellowstone River. Sour Creek at this point
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is a stream with average depth of 0.30 m, average width of 
8.41 m, and flow of 1.36 m3/sec. The predominantly gravel 
(particle size 10-50 mm) substrate and a P:R:R ratio of 40:30:30 
renders this 1.78 km stratum a good potential spawning/nursery 
area accessible to Yellowstone River fishes. However, no fish 
were sighted or captured by electrofishing in July when water 
chemistry seemed favorable; temperature, 15.5 C; pH, 6.5; and 
conductivity, 300 mhos/cm. A second water quality sample 
October 1, 1982, revealed a water temperature of 5 C, pH of 4.25
and conductivity! of 460 mhos/cm. Like other streams in and 
around Hayden Valley, fish life in Sour Creek appears to be 
limited by poor water quality.

Water analysis reveals that the major cause of low pH in Sour 
Creek may be of a gaseous nature; the carbon dioxide level was 
in excess of 1000 mg/1, while sulfate level was moderate at

• 155 mg/1 (Table 39).

It was also noted that after spring runoff, much of the gravel 
in stratum 5, previously inundated by the swollen Yellowstone 
River, was covered by a heavy layer of silt left by the 
receeding waters. This eliminated nearly 1 km of seemingly good 
gravel areas for spawning.

Macro invertebrates

Fourteen taxa of macroinvertebrates were found in Sour Creeic 
during this survey (Table 40). Samples from strata 1,2, and 3 
revealed a low diversity of invertebrates, presumably because of 

*• the poor water quality from streamside thermal activity. In
spite of poor water quality, some invertebrates were able to 
find microhabitats suitable for life. The seven taxa found in 
station 4 indicate a recovery of water chemical conditions.
Only four taxa, all caddisflies, were found in station 5, an 
area mostly inundated during runoff by water and silt of the 
Yellowstone River. Compared to the other streams of Hayden 
Valley, Sour Creek supports a low diversity of 
macroinvertebrates, presumably because of poor water quality 
throughout and silitation in the lower reaches.

Fishes

No record of fish stocking was found for Sour Creek (Varley 
1981). No fish were observed in Sour Creek or its tributaries

• during the survey of July 13 and 21-22, 1982. Stratum 5, below
the waterfall, was intensively electrofished with a backpack 
unit July 13 but no fish were observed or captured.

•’ Bluff Creek

Bluff Creek is a tributary of Sour Creek that drains the 
northwest slope of Stonetop Mountain (Figure 36). This stream 
was visited during the Sour Creek survey of July 21-22, 1982.
Only the lower 1 km of the stream was surveyed.
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Physical and Chemical Characteristics

Bluff Creek is a small tributary of Sour Creek that does not 
exhibit the poor water quality conditions of the latter. The 
lower end of Bluff Creek (stratum 1B) is a series of cascades 
and plunge pools that appear to be good potential fish habitat. 
Average stream width during the J’ul-y survey was 2.03 m. Many 
deep pools were present with some instream vegetation of 
Fontinalis sp. and Ranunculus sp. providing habitat for a 
healthy macroinvertebrate fauna.

Water temperature in July was 14.4 C, pH was 7.2 and 
conductivity was 40 mhos/cm. No evidence of thermal activity 
was found in Bluff Creek.

Macro invertebrates
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The macroinvertebrate fauna of Bluff Creek was moderately rich * *
for its small size. Fifteen taxa were found in this survey
(Table 40). The presence of several genera of mayflies, 
stoneflies, and caddisflies indicates that Bluff Creek is 
capable of supporting a small population of fishes. Especially 
notable in Bluff Creek is the presence of Acroneuria sp., a 
predaceous stonefly that is generally an indicator of a good 
stable invertebrate fauna.

Fishes

Bank observations and minimal sampling failed to reveal the 
presence of any fish in the lower 1 km of Bluff Creek.
Considering the good water quality, invertebrate fauna, and ’
habitat quality, fish would probably fare well if they could 
gain access to Bluff Creek. Poor water quality in Sour Creek 
appears to be preventing this entry.

Bog Creek

Bog Creek is a tributary of Sour Creek that drains hot springs 
in the area of Dewdrop Lake (Figure 36). Maps indicate a 
connection between this lake and Bog Creek, but on-site reports 
(Jones et al 1980) show no perennial outlet. Only the lowermost 
1 km of stream was surveyed during the work on Sour Creek 
July 21-22, 1982.

* 
Physical and Chemical Characteristics

Lower Bog Creek flows through a dense lodgepole pine forest.
The stream is lined with grasses and sedges but the bank is 
denuded in several places by numerous thermal springs and seeps. *
Just above Sour Creek, Bog Creek flows through a steep and 
narrow rocky canyon with a substrate of 40% rubble, 40% gravel, 
10% boulder, and 10% sand. The gradient here is steep and the 
habitat mostly riffles. Water quality in July was poor;



temperature was 21.1 C, pH was 2.0 and conductivity was 
1250 mhos/cm.

No macroinvertebrates or fishes were found in lower Bog Creex 
during this survey. It is unlikely that this stream supports 
much life because of the poor water quality measured near its 
outlet and ooserved further upstream.

Alum Creek

Alum Creek originates in the Central Plateau of Yellowstone 
National Park and flows north and east across the norhernend of 
Hayden Valley (Figure 37). It enters the Yellowstone River 
through a small flooded swale which is crossed by the Grand Loop 
Road. This ponded area attracts large numbers of waterfowl and 
ungulates, a popular attraction to park visitors. Alum Creek 
was surveyed July 27-29, 1982.

Physical and Chemical Characteristics

Alum Creek is chemically one of the most interesting streams in 
Hayden Valley. It originates as a cold-water stream which is 
disrupted by a spectacular instream thermal area, two major 
thermal tributaries (Highland Hot Springs and Violet Creek), ana 
several small streamside thermal areas. Inspite of these 
conditions, cutthroat trout inhabit the headwaters and longnose 
dace (Rhinichthys cataractae) and redside shiner (Richardsonius 
balteatus) the middle and lower reaches.

Alum Creek was divided into five longitudinal habitat strata 
based primarily on thermal features. The main stem flows for 
about 25 km with a relatively mild gradient of 7.4 m/km.
Average overall stream width was 4.56 ra, average depth was 
0.85 m and the outlet flow during this late July survey was 
0.884 m3/sec .

Alum Creek originates as springs in a large open grassy meaaow 
at about 2500 m elevation (stratum 1). It meanders through 
grassy meadows as a first order stream for about 6.4 km before 
entering a small canyon. In the meadows, the stream is small 
with a July flow of 0.028 m^/sec (Table 38). The substrate is 
primarily gravel pockets with some sand and silt. A P : R : R ratio 
of 15:10:75 and a bank overhang of 25% suggests that the stream 
in this stratum provides good spawning/nursery habitat for the 
numerous small cutthroat trout seen in the stream. Temperature, 
pH, conductivity, dissolved oxygen, hardness, and alkalinity 
(Table 39) were similar to other Park headwater streams.

The section of stream represented by stratum 2 is also first 
order with a flow of 0.046 nifysec. The stream here curves 
through a narrow grassy valley. On its oank is the remains of a 
small log cabin. The substrate in stratum 2 is primarily gravel 
with sand and silt. Fish haoitat is fair with a P:R:R ratio of
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20:30:50, but bank instability is high. Bison and elk 
activity.observed during this survey, contributes to slougning. 
Water chemistry in stratum 2 was nearly identical to that of 
stratum 1. Stratum 2 supports most of tne cutthroat trout 
inhabiting the headwaters of Alum Creek. These fish are 
presently restricted to the upper 9.8 km of stream by a sizeable 
thermal area.

The stream from this thermal area to below the confluence of tne 
Highland Hot Springs tributary was designated stratum 3. The 
small, narrow, steep canyon is lined with rock outcrops and a 
few sparse patches of grass. The area is apparently used by 
overwintering bison as indicated by four carcasses found in the 
canyon and another three just downstream. Fresh signs of 
grizzly bears feeding on these carcasses were present. This 
thermal area is characterized by several streamside pots 
spurting and oozing hot mud and water from travertine domes. 
Alum Creek receives the heated effluent from these as well as 
that of several small thermal seeps. The stream is also heated 
by hot gases that pulsate as large bubbles from cracks in the 
stream bed. In the lower end of the canyon, several 
medium-sized thermal pots also feed heated water into the 
stream. In late July, stream temperatures of 11 C were heated 
to 60 C and pH was changed from 6.75 to 3-0 in a distance of 
about 100 m. Below the thermal activity, Alum Creek is lined 
with mud bogs used as wallows by bison.

A tributary from Highland Hot Springs enters Alum Creek about 1 
km below the thermal area. Water temperature in both branches 
was 58 C. The stream below this tributary (stratum 3) is open 
and meandering with grassy banks and a gravel/sand/bedrock 
substrate. The bedrock substrate appears to be deposits of 
travertine that form small dams progressively downstream. The 
water slowly cooled downstream of the Highland trioutary and at 
48 C, long filamentous Ranunculus sp. began to appear. Also, 
water striders (Gerridae) were seen as the first forms of 
invertebrates past the thermals.

Stratum 4 was absent of any substantial thermal activity. Alum 
Creek begins to meander considerably here through a wide grassy 
valley surrounded by treeless rolling hills. Several small 
travertine dams occur in the stream and cooling water 
temperatures allow for an increasing amount of aquatic 
vegetation and macroinvertebrates .
Stratum 5 of Alum Creek includes the thermal tributary Violet 
Creek and a small thermal area with hot pots along the stream 
banks. The confluence of these two streams is used heavily by 
geese, cranes and bison. Alum Creek in this stratum had a July 
flow of 0.705 m3/sec. Aquatic vegetation was abundant and fish 
habitat was fair with a P:R:R ratio of 20:30:50, but salmonid 
fishes appear to be excluded by the warm stream temperatures. 
Violet Creek, at its warmest, about 400 m above Alum Creek, was 
60 C. As it flowed into the 21 C water of Alum Creek, its 
temperature was 40 C. Below Violet Creek, Alum Creek was warmed 
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to 25.5 C. Like temperature, the pH of Alum Creek was also 
influenced by Violet Creek. The lowest pH of Violet Creek was 
2.0. As it entered Alum Creek, pH of Violet Creek was 3.0. 
Above Violet Creek, pH of Alum Creex was 8.0 and that below was 
7.5.

A fourth thermal area was located about 1 km downstream of
Violet Creek. It consisted of several hot pots and thermal 
seeps, most oozing through small travertine domes that heated 
the stream from 25.5 C to 34 C.

The stream in stratum 5 is an open channel choked with mosses 
and aquatic plants. Flow in July was 0.884 m^/sec and P:R:R •
ratio was 10:30:60. The limiting factor precluding trout
appeared to be stream temperature. Temperature in late July was 
27.8 C, pH was 8.75 and conductivity was 1000 mhos/cm. The 
same parameters measured afield September 30 were temperature, 
11 C; pH, 8.5; and conductivity, 1000 mhos/cm. Alum Creek in *
fall appears to remain warm compared to other nearby streams.

Alum Creek is moderately buffered by a bicarbonate system 
(226 mg/1), with a total alkalinity of 186 mg/1 (Table 39).
Chlorides (104 mg/1) and sulfates (165 mg/1) were high but not 
at toxic levels (Mckee and Wolf 1963). Reportedly, high calcium 
levels can moderate such toxicity. Nitrate and phosphate 
levels in Alum Creek apparently stimulate the heavy growth of 
aquatic plants seen during this survey.

Macroinvertebrates

Twenty-three taxa representing ten orders and twenty families of 
macro invertebrates were found in Alum Creek in this survey 
(Table 40). Stream invertebrates were found in four of the five 
strata sampled. The station devoid of invertebrates represented 
stratum 3. the area within and just below the upper thermal .
region .

Invertebrates in the upper stream reaches (strata 1 and 2) were 
represented by mayflies (Baetis sp., Ameletus sp. ) , stoneflies 
(Chloroperla sp . ) , and beetles (Rhi zelmi s sp.). Some forms 
(Tr icorythodes sp . , Hesperophylax sp . , Pr inocera sp . , 
Tipula sp.) are indicators of siltation and vegetated areas.
The forms found in the lower reaches (strata 4 and 5) were 
primarily dwellers of mud/silt substrate (Tricorythodes sp., 
Chironomidae , Sphaeridae, Physa sp.) and forms common to mats of 
aquatic vegetation (Agabus sp., Graptocorixa sp.,
BeloStomatidae, Ambrysus sp . , Gerr is sp . , Enallagma sp . ,
Gammar us sp.). These invertebrate forms appear to provide an 
abundant food source for longnose dace and redside shiner of 
lower Alum Creek. «

Fi she s

Three species of fish were found in Alum Creek during this 
survey; cutthroat trout, longnose dace and redside shiner. The 
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cutthroat trout were restricted to the upper 9.8 km of the main 
stream. The absence of stocking records for Alur.1 Creek suggest 
that these cutthroat trout may form an enclave population 
isolated by thermal areas after recession of the large 
Pleistocene lake once thought to inundate Hayden Valley. Four 
fish were captured after 0.6 angler-hours. The fish were 
measured (105-168 mm) and scales taken for age determination. 
The color of these fish appears to vary slightly from that of 
the typical Yellowstone cutthroat trout (Salmo clarki bouvier i ) ; 
more rosey opercles, a more yellowish belly and parr marks were 
observed on all sizes. Fish from upper Alum Creek, examined by 
Loudenslager (1981) did not differ genetically from the typical 
Yellowstone form.

The longnose dace and redside shiner were found in the lower 
11.0 km of Alum Creek. They were abundant during this survey 
from near the upper end of stratum 4 (Figure 37) and downstream, 
especially in side streams where water temperature was 21-28 C. 
Large numbers of these two species were found in small pools 
near these tributaries. These concentrations may have 
constituted spawning activity as indicated by the brilliant 
coloration of the males, although no eggs could be extracted 
from females.

Otter Creek

Otter Creek originates as springs in wet meadows of the Central 
Plateau and flows east into the Yellowstone River about 2 km 
above the Upper Falls (Figure 38). This stream was surveyed 
July 2, 1982.

Physical and Chemical Characteristics

* Otter Creek is a small Park stream with an average width of 
2.81 m and depth of 0.46 in. Flow at the outlet in early July 
was 0.181 m3/sec. Stream gradient varies from 2 to 30 m/km 
(Table 38). The steepest gradient occurs at about 2370 m 
elevation where the stream flows through a steep-walled canyon 
and over a 10-15 m waterfall; a definite fish barrier
(Figure 38).

Otter Creek starts in stratum 1 as two branches fed by a large 
wet open meadow lined with lodgepole pine, Douglas fir and

• Englemann spruce. The stream also collects water from a series 
of deep, clear streamside pools and meanders through a deeply 
cut channel with overhanging grasses and sedges. Stream width 
in July was 2.82 m, depth was 0.44 m and the flow was
0.036 m3/sec (Table 38). The predominantly sand substsrate and 
a P;R:R ratio of 15:20:65 reflects a stratum with little pool or 
fish spawning habitat.} Basic water chemistry in this stratum 
(Table 39) yielded water temperature (8 C), pH (6.8), 
conductivity (38 mhos/cm), and disssolved oxygen (8.0 mg/1).
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About 2 km from its headwaters (stratum 2), Otter Creek flows 
through a small thermal area identified on maps as a "mud pot". 
A 0.5 m drop in the stream channel marks the beginning of the 
thermal area and the banks are abruptly barren of vegetation. 
The substrate is primarily sand and pea-size (5-10 mm) gravel. 
Stream temperatures before flowing into this thermal area were 
8 C. Several small hot pots and seeps with temperatures of up 
to 65 C warmed the main stem to 20 C. Conductivity was 
similarly elevated from 38 mhos/cm to 550 mhos/cm and the 
stream acquired a humic color.

After leaving the thermal area, Otter Creek flows through a 
densely forested area with increasing steepness in terrain 
(stratum 3). The substrate becomes coarse gravel (10-50 mm) 
with some sand and silt. The P:R:R ratio of 20:60:20 reflects 
the steep gradient and predominantly riffle habitat. Water 
chemistry in this stratum (station 3) was influenced by the 
thermal features upstream at the lower end of stratum 2.

About 5 km from its headwaters, the canyon walls steepen 
considerably and the stream cascades over large angular 
rhyolitic rocx layered with obsidian. The stream flows over a 
10-15 m waterfall and the overall stratum gradient is 30 m/km. 
Tne substrate here is bedrock, boulder and rubble. A P:R:R 
ratio of 40:40:20 reflects a plunge-pool situation with good 
fish habitat in the more moderate gradients above and below the 
falls. There is little bank vegetation and some bank 
instability indicating severe scouring during spring runoff. 
Water quality (station 4) appears to have recovered somewhat 
from the thermal conditions seen at station 3.

Otter Creek in the lowermost reaches (stratum 5) meanders 
through a series of narrow wet meadows lined with dense stands 
of lodgepole pine. Average stream width and flow in July were 
2.79 m and 0.181 m3/sec, respectively. Substrate was primarily 
gravel, rubble and sand with a P:R:R ratio of 20:20:60. A bank 
overhang of 20% and the above parameters suggest that Otter 
Creek in this stratum could provide good holding and spawning 
habitat for salmonids.

Water chemistry of station 5 on July 2 appeared good for fishes 
with a water temperature of 12 C, pH of 6.8, conductivity of 
78 mhos/cm and dissolved oxygen content of 7.6 mg/1. Water 
chemistry at this same station recorded September 30 yielded a 
water temperature of 7 C, pH of 2.5 and conductivity of 
460 mhos/cm. The difference in pH and conductivity between the 
high-flow period of early July and low-flow period of late 
September is dramatic. Snow melt and recharged springs in July 
probably dilute the thermal effluents from the mud pot region. 
But, by late September, snow melt is nil and flow from the 
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springs is greatly reduced. The thermals at this time 
apparently exert a substantial influence on water chemistry to 
render low pH values.

Macroinvertebrates .......

Only seven taxonomic groups of macroinvertebrates occurred in 
Otter Creek, including two genera of mayflies, three genera of 
caddisflies, one group of true flies, and one genus of beetles 
(Table 40). Few taxa were found in any one stratum indicating 
that, except for the upper 2 km, much of Otter Creek is affected 
by thermal areas and an apparent acid condition causing low pH 
levels.

Fi shes
£ 

A total of 115,000 cutthroat trout were introduced into Otter 
Creek in 1922 (Varley 1981). This is the only historic record 
of introductions in this stream. This survey shows that all but 
the lowermost 200 m of Otter Creek is fishless.

About 1000 m of Otter Creek were sampled with electrofishing 
gear on June 22, 1982. Six cutthroat trout, all under 100 mm
length, were collected or sighted in a 200 m section from the 
Yellowstone River upstream to a small bridge leading to the 
campground. No fish were observed upstream from this bridge on 
either this June survey or that conducted on the entire stream 
on July 2.

lit

Volunteer Fishermen Reports (VFR), since the inception of the 
program in 1973, have annually reported fishing pressure, 
although light, in Otter Creek. It is possible that some fish 
stray into a small pond forming near the confluence with the 
Yellowstone River where they are caught by anglers. It is also *
possible that fish are caught in the Yellowstone River and 
reported from Otter Creek since they were caught near the 
confluence of the two. A sign designating Otter Creek is 
located at a parking area often used by Yellowstone River 
fishermen and provides a convenient landmark for anglers 
completing the VFR cards.

Thistle Creek

Thistle Creek is a tributary of the Yellowstone River that 
drains the southwest slope of Stonetop Mountain (Figure 39). It 
enters the Yellowstone River just below LeHardy’s Rapids.
Thistle Creek was surveyed July 14, 1982.

Ph ys ic al and Chemical Characteri sties

Thistle Creek flows west for about 3.2 km through low rolling 
hills of lodgpole pine and into the Yellowstone River. It is a 
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small stream with average width of 1.34 m, average depth of 
0.19 m, and an overall gradient of 28 m/km. Discharge in 
mid-July was 0.094 m^/sec. Three habitat strata were identified 
for Thistle Creek.

Thistle Creek originates amidst a lodgepole pine forest from 
clear, cold, creek-bed springs at about 2500 m elevation 
(stratum 1). The creek bed above these springs was dry during 
this survey but well-formed and scoured indicating that runoff 
flows are high. The stratum represented by station 1 is first

• order with a moderate gradient of 19 m/km and a mid-July flow of 
0.008 m3/sec (Table 38). The substrate is predominately gravel, 
P:R:R ratios were 30:50:20 and bank stability was high. Water 
temperature was 7.8 C, pH was 6.5, and conductivity was
36 mhos/cm (Table 39).

In stratum 2, Thistle Creek continues to flow through the 
lodgepole pine forest and into several long, narrow, open 
meadows where the channel meanders considerably through 
overhanging grasses and sedges. The stream is fed by several 
small springs and one major tributary that is apparently 
perennial. The gradient is moderate and the substrate 
predominantly rubble with some small gravel deposits. It is 
mostly a run type habitat with 30% bank overhang. Water 
chemistry in station 2 was similar to that of station 1 with 
respect to temperature (7 C), pH (7-2), and conductivity 
(73 mhos/cm) .

The gradient in stratum 3 increased dramatically to 47 m/km 
although no fish barriers were encountered. The stream cascades 
over moss-covered rubble and downed trees and enters the 
Yellowstone River after flowing through a deep grassy valley 

s just below the Howard Eaton Trail. Flow in mid-July was
0.094 m3/sec and similar when observed again in October; springs 
feeding Thistle Creek are apparently perennial. The substrate 
in this stratum is primarily gravel and occurs in pockets 
suitable for spawning. The P:R:R ratio was 10:80:10 indicating 
a scant habitat for adults, but good nursery habitat.

Water analyses taken September 29. near the outlet showed a 
field pH of 7.5 (Table 39).

e Macro invertebrates

Fifteen macroinvertebrate taxa were found in Thistle Creek 
during this survey (Table 40). An even distribution of these 
forms was evident. All 15 forms belong to four families:

* mayflies, stoneflies, caddisflies, and true flies. Some
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these forms, particularly some genera of mayflies (Cloeon sp., 
Ephemerella sp., Cinygmula sp., Ameletus sp.) are indicators of 
good water quality. The occurrence of the predaceous stonefly 
Acroneur ia sp. in the two lower strata (2 and 3) indicates a 
stable invertebrate population and a good food source for fish.

Fishes

No fish stocking records are available for Thistle Creek (Varley 
1981). This survey shows that only the lowermost 2 km of the 
main stem supports fish.

Thistle Creek was elec tro f i shed J.uly 14, 1982 (sites A,B,C).
Only cutthroat trout were found from the outlet upstream for 
about 2 km. No fish were found jn any tributary. Numerous 
cutthroat trout (73-100 ram) were captured represesnting three 
length-frequency groups. It could not be determined if these 
were of resident origin or progeny of Yellowstone River 
cutthroats. Only two adult cutthroat trout, believed to be from 
the Yellowstone River, were found in Thistle Creek. Both were 
spent males 352 and 264 mm total length.

Thistle Creek is a small stream with good quality water and fair 
small fish habitat. It appears to support some spawning 
cutthroat trout from the Yellowstone River, although the number 
does not appear to be significant. Certainly, many fish have 
the opportunity to ascend this stream since large numbers of 
fish usually gather beneath LeHardy’s Rapids.

TRIBUTARIES TO YELLOWSTONE LAKE

Bear Creek

Bear Creek is a tributary of Turbid Lake near the northeast 
shore of Yellowstone Lake (Figure 40). It drains the south 
ridge of Mt. Chittenden in the area of Jones Pass and flows 
west. Bear Creek was surveyed September 8, 1982.

Physical and Chemical Characteristics

Bear Creek emerges as a series of springs at about 2800 m 
elevation near Jones Pass on the eastern Park boundary. The 
stream is fed from above oy snow melt as is indicated by several 
dry stream beds seen during this survey. The stream flows 
through some small meadows but mostly through forested slopes. 
Bear Creek has an average width of 3.09 m, average depth of
0.13 m and a September discharge of 0.122 m^/sec. Three habitat 
strata were identified.
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In stratum 1, Bear Creek cascades from sparsely forested 
rubble-strewn slopes with a steep gradient of 66 m/km 
(Table 38). The average stream depth was 0.16 m, width was 1.42 
m and flow was 0.034 m^/sec. The substrate was composed of 
dense growths of vegetation (Ranunculus sp., Fontinalis sp.) 
over rubble, boulder and gravel. The P:R:R ratio was 10:40:50 
with little bank overhang and thus, little fishery habitat. 
Water chemistry here (Table 39) indicates low total dissolved 
solids (conductivity, 60 mhos/cm) and a low buffering capacity 
(alkalintiy, 62 mg/1).

• The stratum represented by station 2 is still a cascading stream 
but with a more moderate gradient of 47 m/km. The stream banks 
are heavily forested with lodgepole pine and covered with 
grasses and sedges. The stream is shallow (0.06 m), swift
(0.27 m/sec) and wide (3.03 m) with a flow of 0.049 m3/sec. The

r

•

substrate is primarily rubble with boulder, gravel and 
vegetation. The P:R:R ratio was 10:40:50. Like stratum 1, 
stratum 2 lacked pool habitat for fish cover but has a lower 
gradient. Water quality of station 2 was similar to that of 
station 1.

The stream in stratum 3 meanders considerably through narrow 
grassy valleys and has a gradient of 22 m/km, average depth of 
0.18 m, width of 4.83 m and a flow of 0.122 m3/sec. The 
substrate was mostly gravel (10-50 mm) and the P:R:R ratio was 
60:20:20 indicating good spawning and holding habitat. Water 
chemistry at station 3 was similar to that of the two upstream 
stations.

Water chemistry for Bear Creek is characterized by a water 
sample taken from station 3 (Table 39). The water of Bear Creek 
has low total dissolved solids (49 mg/1), a low buffering 
capacity (alkalinity, 41 mg/1), low sulfates (2 mg/1), and 
flourides (0.18 mg/1), and a pH of 7.7. Total hardness
(40 mg/1) was low with calcium (24) and magnesium (16) the only 
contributors. All phosphates and nitrates were low indicating 
low instream production.

Macroinvertebrates

Fifteen taxa of macroinvertebrates were found in Bear Creek 
(Table 40). These represent 7 orders and 12 farailies which 
occurred primarily in station 2. The paucity of
macroinvertebrates in station 1 may explain historic reports of 
Bear Creek being barren in its headwaters, although the 
invertebrate production in Bear Creek appears low throughout. 
This observation is supported by the occurrence of low nitrate

> levels, total dissolved solids and alkalinity.

F i she s

Bear Creek has probably always supported a monospecific fish 
fauna of cutthroat trout. These fish are presently confined to 
the stream by the thermal nature and poor water quality of
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Turbid Lake. Although fish have always been known to inhabit 
Bear Creek, a total of 252,000 cutthroat trout were introduced 
into this stream from the Yellowstone Lake hatchery from 19-20 to 
1;941 (Varley 1981) • Prior to the fir.st year of introductions, 
it is reported that the headwaters djere barren, ilt is not known 
how far upstream fish were introduced into Bear Creek.

About 800 m of Bear Creex was electrofished August 26, 1982, to
capture fish for transport to the Blacktail Ponds in the Parx.
Only cutthroat trout were seen during this operation and the 
current survey, although no fish were seen above a small narrow 
gorge at the lower end of stratum 2 (Figure 40). It appears 
from this survey that fish are confined to the lowermost 4 km of 
stream. For details on numbers and sizes of fish captured, see 
section on Blacktail Ponds, Native Species Restoration Program 
in this report. »

TRIBUTARIES TO MADISON RIVER

Tributaries of the Madison River were surveyed in August 1982 to 
establish baseline data and assess their water quality and fish 
hubi tat.

This survey included two small unnamed tributaries in the 
Madison Canyon and Grayling Creek, a tributary of the Madison 
River via Hebgen Lake. Grayling Creek was visited to determine 
if grayling are still present in this stream and to assess the 
effectiveness of existing natural fish barriers, especially to «
brown trout from Hebgen Lake.

Grayling Creek

Grayling Creek drains the area of Crowfoot Ridge, Three Rivers
Peak and the Crags near the northeast corner of Yellowstone 
National Park (Figure 41). It flows west out of the Park and 
empties into Grayling Arm of Hebgen Lake. Grayling Creex was 
surveyed August 3-6 and 10, 1982.

Physical and Chemical Characteristics

Grayling Creek flows for about 31 km with an average overall 
gradient of about 13 m/km. The stream is primarily an open 
shallow stream with an average width of 8.70 m and an average 
depth of 0.32 m. Flow on August 10 near the Park boundary was 
3.326 m3/sec.

The headwaters of Grayling Creek were not visited during this 
survey. The highest point sampled was at an elevation of about 
2304 m, perhaps 6 km below its origin. Five habitat strata were 
identified in Grayling Creek.

The stream in the uppermost stratum 1 was heavily shaded in 
places by conifers and some overhanging willows. The gradient
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was 22 m/km, average depth was 0.27 m, average width was 6.28 m, 
and average flow 1.848 m3/sec (Table 41). The substrate was 
predominantly rubble, the P:R:R ratio was 20:20:60, and bank 
overhang was 15%. Fish habitat in this stratum was fair because 
of a paucity of pools.

Water chemistry at station 1 yielded a temperature of 13-3 C, pH 
of 7.75, conductivity of 115 mhos/cm (Table 39). The stream 
alkalinity was low (41 mg/1) indicating a low buffering 
capacity, and nitrates were also low (0.03 mg/1) indicating low 
production.

Stratum 2 was similar to stratum 1, except that the stream in 
the former was more open with a more mild gradient of 12 m/km. 
Average depth was 0.27 m and width was 8.78 m. The substrate 
was primarily rubble and the P:R:R ratio 10:60:30. There was 
little bank overhang and considerable bank instability (25%) 
from apparently high scouring spring flows. Stratum 2 had some 
small gravel deposits for spawning but there were few pools and 
little bank overhang caused by the high bank instability. Water 
quality at station 2 was similar to that of station 1 
(Table 41).

Grayling Creek in stratum 3 was a wide shallow, low-gradient 
stream lined with dense stand of willows. The stream flowed 
through several long narrow valleys surrounded by rolling hills 
with stands of lodgepole pine. The predominant stream substrate 
was boulders and the P:R:R ratio was 5:75:20. Like strata 1 and 
2, the stream here lacked pool habitat but had some gravel 
pockets for possible spawning. Water quality was similar to 
that of strata 1 and 2.

Much of stratum 4 was paralleled by highway 191 near the 
northwest boundary of the Park. Grayling CreeK here is a wide, 
low-gradient stream (3 m/km) with an average depth of 0.26 m, 
average width of 11.22 m and an August flow of 3*326  m3/sec.
The substrate was 30% rubble, 30% boulder and about equal 
proportions of gravel, sand, silt and some vegetation. The 
P:R:R ratio was 5:50:45 with a bank overhang of 15% and high 
bank stability. Fish spawning habitat was minimal and adult 
resting habitat was restricted to a few long deep open pools 
which occurred more frequently toward the lower end of the 
stratum near a short section of cascading water and a 2 m 
waterfall. The waterfall at this flow stage was considered a 
fish barrier. Water quality at this station 4 was similar to 
that of stations 1, 2, and 3 (Table 41).

The stream immediately below the falls, the upppr end of stratum 
5, was characterized by a few deep pools with fallen trees and 
root overhangs. The gradient in this stratum was 13 m/km, 
average depth was 0.43 m and average width 9.27 m. The 
substrate was 45% rubble, 30% gravel and 20% boulders. The 
P:R:R ratio was 10:40:50; a ratio that continues to show a 
paucity of pools for holding and resting fish habitat. Water
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4.1 Physical parar.etcrs for stations of streams in the Madison and Gallatin River drainages, Yellowstone National Park, 1982 
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fan Creek_______________ Grayling Creek_______________ Tepee Creek _____ #1340 __________ #1343

ra-a-rx te-s 1 2 1 2 3 4 5 1 1 2 1 2 3

il(rr.,1 2219 2193 2304 2286 2225 2170 2057 2067 2134 2C60 2097 2070 2?o3
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.Tfatv-n Le.ngtn (km) 2.9 1.6 4.4 3.6 4.5 5.9 7.6 0.2 0.97 2.43 4.05 1.46 0.

A/er »elocity Ui/sec) 0.91 0.91 . 1.09 - 0.95 1.14 - 0.76 0.70 0.76 0.91 0.51 -
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{1/ 1.27 2.70 6.28 8.78 7.95 11.22 9.27 4.86 4.00 3.51 2.4C 6.22 3.32
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• 8.3 - bedrock GP. s gravel, 3-76 mm SA = sand , < 3 mm VE s vegetation -
BG = valuer, > 305 am RU s rubble, 76-305 mm SI s silt, fine gritty



quality did not change dramatically for all stations sampled in 
August (Table 41). A subsequent sample taken on August 12, 
yielded a field temperature of 6 C, pH of 7.75 and conductivity 
of 120 mhos/cm (Table 39). The analysis showed low total 
dissolved solids (80 mg/1) and low alkalinity (66 mg/1) 
indicating that Grayling Creek has a low buffering capacity and 
could be subject to sudden pH changes. All other chemical 
parameters examined appear typical for a high mountain stream of 
low to moderate production.

Fish habitat in Grayling Creek appears limited. Gravels for 
spawning are limited throughout the main channel. Resting 
habitat and escape caver is also limited since the stream is *
characteristically open, wide and shallow. Autochthonous 
production also appears low as indicated by water chemistry.

Macro inver tebrates■" , .......... ..

A total af 39 taxa were found in Grayling Creek during this 
survey (Table 42). This compares with 37 found by Dean and 
Mills (1971) in an earlier survey. Grayling Creek appears to 
have a diverse macroinvertebrate fauna but densities seem to be 
low. Apparently, allochthonous inputs, probably originating 
from leaves of the dense riparian willow stands, contribute to 
most of the instream organic load.

Fishes

Grayling Creek has a long history of fish stockings inside and 
out of Yellowstone National Park. The total number of fish 
planted from 1923 to 1980 is 1,304,050 cutthroat trout; 857,668 *
grayling; 2,848,991 grayling shared with other waters; and 
123,000 fry of unknown species (Varley 1981). The last 
introduction of 15,930 cutthroats in 1980 were the Missouri 
Basin form, S. c. lewisi. Historically, Grayling Creek 
supported cutthroat trout, grayling and whitefish. The present 
species include cutthroat trout, rainbow trout and brown trout.
This survey also yielded mottled sculpin (Cottus bairdi) as did 
the earlier survey in 1970 (Dean and Mills 1971).

Grayling Creek was electrofished August 3-4, near stations 4 and 
5 and fish were sampled with fishing gear near stations 1 and 2 
on August 4. Cutthroats, rainbow x cutthroat hybrids, and brown 
trout were found along with mottled sculpin. No grayling or 
whitefish were seen or captured.

Four cutthroat trout (163-350 ram TL) , one brown trout (109 mra 
TL) and two mottled sculpin were captured at electrofishing site 
A, about 150 m of stream. Many more sculpin were seen but not 
netted. The fish population at this site appears to be limited *
by a lack of pools; nearly every pool sampled yielded fish. The 
capture of a brown trout in this station is significant since it
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Table M-X Occurrence and densities of ir-ucrolnvertebratea In stations of atreums In the Madison and Gallatin River drainage. 
_____________ Yellows'-or.e Natjonai l',nkt VjK2__________________________________________________________________________________________________

f

I

I am (c cxntnon name)
_____ Gra/1Ing Creek______

1 2 ~ 1 " H 5
Tepee Creek

Hlrudlnea (leeches)

Ollgochaeta (aquatic earthworks)

Crustacea
Amphipoda (scuds) 
llyal lei a azteca 

tl/drucarina (watermltes) X

_____IJ 3*3
J--J?____ 1

X

X

X
X

Insecta
Epbeweroptera (mayflies) 
BaetIdae

Baetl_s sp. 
B.ji-tls blcaudatus 
Baet 1s tr icaudatus 
Cloeon sp.

Epneiflcrellidae 
Epnemerella sp. 
Epneinerella doddsl 
(prunella) sp. 1 
(Prunella) sp. 2 
(D'-unella) sp. 3 
(Serrate!!* ) sp.

Heptageniidae 
Cinygmula sp. 
Epeorus sp. 
Khi throgen*  sp.

Siphlonuridae
Ameletus sp.

X X
X X

X X
X

X X

Plecoptera (stoneflies) 
Capniidae
Capnia sp. 

Chloroperlldae
Chloroperls sp.

Nenouridae
Neinoura Sp.

Perlidae
Acroneuria sp. 

Perlodidae
Isoperla sp.

X

X

X

X

X

X

X

X

Trichcptera (caddisflies) 
Brachycentridae

Brachycentrus sp. 
Micrtueaia sp. 

Glossosomatidae
Anagapetus sp.
Glossosona sp.

Hydropsychidae 
Arctopsyche grandls X

Limnepiiil idae 
Herperophylax sp. X
Iror.oguia sp. 
Li.r.nephi 1 us Sp. 
Neothremna sp.
Vnocosmoecus sp.
psycl.og)ypha subboreal!s

Knyjcophilidae
Knyacopnila sp.
Kiiy.jca,»ni la acrppedes X
I'liy.ieopni ia angel i ta
P-iy.icopbiia coloradensis 

rotunda
H.iy eepnila vaccua 
'Rhyacophila vagrlta

Sericostomutidae
Gu:r.aga sp.

X
X

X

X

X X 
X

X
X

Diptera (true flies)
BJepha-xce-iJae
Ele^-s-ice-a sp.

Ceratop.-gunidae
Be t Z13 sp.

Cr.jronosidae X
L’e u t 1 e1 i d a e
Te;.te* c;-r.lcbia eoloradensis 

Er,--: Jid'ie
Ftych^pteridae

S?. X
Sinj’.iluse

sp. X
Tipul •.=.,*

Hex 3to:ta sp. X
Holcusia sp.
liZill 3P-

Cc'*o;-:?-a  (beetles)
EUldae

fir.i .elr-.is sp. X

Hesipte*a  (true bugs)
Co-ixidae
Ce’-ldae

X
XXX

Hyrren.’pCera (ants)
Fornlclnae

PelecypoJa (clans)
Splae**idae  X

PER WATER

NUMBER OF INVERTEBRATES 70 56 23 40 21 104 33 32 7 11 247 17 27

NTHSER OF TAXONOMIC CROUPS 16 19 24 17 19 27 21 24 12 9 7 19 15

TOTAL NCM‘HR OF GROUPS 23 39 24 22 24

Stre am 1123*1 
f 2

X 
X X

X

X

1 2

X

X

X

X X

X X

X

X X X X X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X X

X

X

X

X

X

X

X
X

X

X

X

X 
X

X

X

X

X

X

X 
X

X

X

X 
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X 
X

X

X

X

X

X

X 
X

X

X

X

X

X

X X X

X

X
X

X X X

X X

X X X X

X

X

X

X

X

X

X X

X
X

X X

X

X

X

X

X
X

X

X

X
X
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is above the previously described 1-2 m waterfall that during 
this survey was judged to be a fish carrier. The first brown 
trout caught above this barrier were 8 fish up to 8 inches in 
length reported September 28, 1978, by John D. Varley
(unpublished document). Since there is no record of brown trout 
being introduced in Grayling Creek within the Park, it is 
assumed that brown trout in upper Grayling Creek ascended from 
Hebgen Lake, past the waterfall or were introduced by fishermen. 
Large numbers of brown trout in upper Grayling Creek could 
create competition for the native species.

Site B (Figure 41) near the western Park boundary yielded one 
rainbow x cutthroat hybrid (129 mm TL) and one brown trout S
(347 mm TL) from 150 m of stream. Several other salmonids were 
seen but not captured and many mottled sculpin were seen.

Site C, the area immediately above the waterfall on Grayling 
Creek, yielded seven cutthroat trout ( 138-222 mm TL), one 
rainbow x cutthroat hybrid (250 mm TL) and two mottled sculpin. 
Mottled sculpin were abundant but not all seen were captured. 
The habitat in this site C was similar to that of site A; the 
fewer number of fish caught and observed in the latter may be 
the result of greater fishing pressure near the highway.

Electrofishing in site D, below the falls, yielded five 
cutthroat trout (94-204 mm TL) and one large brown trout (413 mm 
TL). Several other large fish were seen but not captured in the 
deep pools below the falls. This area is probably not 
frequented by many fishermen because of dense streamside willows 
and the steep canyon walls.

The cutthroat taken from Grayling Creek in this survey were 
unlike the Yellowstone cutthroat trout (Salmo clarki bouvier i) 
seen elsewhere in the Park. The body spots were smaller and 
irregular in outline and the color more silver but with 
pronounced gold and crimson on the ventral regions and rosey 
colored opercles. Twelve specimens were collected and sent to 
Dr. Robert Behnke at Colorado State University for his opinion 
on subspecific identity. According to Dr. Behnke (1982), 
"... specimens... from Grayling Creek...are typical of S. c_. 
lewi si, but...exhibit a more profuse anterior spotting 
pattern...". Regarding previous samples from Grayling Creek, lie 
writes "In view of the known stocking of massive numbers of 
Yellowstone cutts in most waters of YNP I hesitated to declare 
the YNP lewisi samples as pure, but there is no real evidence 
(except possibly more profuse spotting) that S. £. bouvier i 
genes (or S. gairdneri) are incorporated into present 
populations."

Tepee Creek

Tepee Creek is a tributary of Grayling Creek that enters that 
stream from the west about 0.5 km inside the west Park boundary 
near highway 191 (Figure 41). Only about 1 km of Tepee Creek is
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within Yellowstone National Park. That portion of the stream 
was surveyed August 8, 1982.

Physical and Chemical Characteristics

Tepee Creek as it enters Grayling Creek is lined with dense 
willow stands and surrounded by low hills with dense stands of 
lodgepole pine. The gradient was moderate at 13 m/km, and 
average depth was 0.19 m, width was 4.86 m and flow 0.702 m3/sec 
(Table 41). The substrate was predominantly rubble with some 
pockets of gravel. The P:R:R ratio was 15:55:30 and bank 
overhang was 20% with high stability. Tepee Creek in the Park 
has some spawning habitat and fair holding habitat for small 
salmonids. Low nitrate and alkalinity levels show low 
production potential and low buffering capacity (Table 39).

Macro invertebrates

Twenty-four taxa of macroinvertebrates were found in Tepee Creek 
during this survey (Table 42). These taxa represent four orders 
(mayflies, stoneflies, caddisflies and true flies) and 15 
families. The occurrence of five species of detrital-feeding, 
free-living caddisflies in the families Hydropsychidae and 
Phyacophilidae is noteable. Apparently, detrital load in Lower 
Tepee Creek is considerable, perhaps as a result of the dense 
riparian willow stands.

Fishes

About 300 m of Tepee Creek was electrofished during this survey 
seven cutthroat x rainbow hybrids (75-184 mm TL), two rainbow 
trout (64-93 min TL) and six mottled sculpin were caught. Few 
other fish were seen but not netted.

Tepee Creek, like several other tributaries of Grayling Creek, 
probably serves as a spawning area and a source of recruitment 
to the main stream. The fish residing in Tepee Creek at the 
time of this survey exhibited less defined characters of 
cutthroat trout than those of main Grayling Creek and were 
classsified as cutthroat x rainbow hybrids. These fish may have 
influence of S. c. lewisi, S. c. bouvier i, S. gairdner i or all 
three.

Madison River Tributary #1340

This stream drains the east face of Mount Hayes in Madison 
Canyon (Figure 42). The stream was surveyed on August 24, 1982.

Physical and Chemical Characteristics

Tributary #1340 begins as a large spring area at the base of 
steep cliffs off the Madison Plateau and flows north for about
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4 mm into the Madison River. It is a small stream with an 
average overall width of 3.76m, depth of 0.10 m and a late 
August discharge of 0.28 m^/sec. The stream cascades over 
moss-covered boulders and through dense stands of lodgepole 
pine. It flows through a small narrow flat valley bordered by 
Vaccinium and lodgepole pine. The stream here is wide and 
shallow with little pool habitat and a substrate of pea-size 
gravel. About 2 km from its source, the stream cascades over a 
steep boulder-strewn area, apparently a fish barrier since no 
fish were found above this point.

* The stream represented by station 1 is characterized by plunge 
pools with a steep gradient of 66 m/km (Table 41). Average 
depth was only 0.10 m, width was 3.51 m and volume was
0.27 m^/sec. The substrate was predominantly gravel and the 
P:R:R ratio 10:70:20. There was little bank overhang and high

• bank stability. Water chemistry showed low buffering capacity 
(Table 39).

The stratum represented by station 2 had a gradient of 38 m/km, 
average depth of 0.10 m, width of 4.00 m and flow of
0.28 m3/sec. The substrate was primarily gravel and there was 
little pool habitat. Water chemistry in station 2 was like that 
of 1, revealing a cold stream of low buffering capacity and low 
autochthonous production.

Macroinvertebrates

Twenty-one taxa of macroinvertebrates representing six orders
K. and 16 families were found in stream #1340 (Table 42). There 

was much similarity in the forms found at both sample stations. 
The mayflies, stoneflies and large number of caddisflies 
indicate low to moderate production, probably arising mostly as

e*'
detritus from the sloughing mats of algae growing on boulders 
around the headwater springs.

Fishes

Two 100 m sections of stream were electrofished in this survey. 
Brown trout and mottled sculpin were collected or observed in 
all of the 3.5 km below the cascades. None were found above.

Twenty brown trout (mean length 75.7 mm, range 29-123 mm) were 
collected from site A (Figure 42). No sculpin were seen in this

r area. None of the brown trout caught in this stream were 
believed to be mature fish. All were juveniles and probably the 
progeny of fish from the Madison River.

Six brown trout (mean length 61.6 mm, range 35-87 mm) and five 
mottled sculpin were collected at site B. Numerous other small 
salmonids were seen and not captured. The numbers of juvenile 
brown trout in this stream suggests that it is used by the 
species as a spawning and nursing area.
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Madison River Tributary #1343

This stream drains the area of the Three Brothers Mountains in 
the Madison Canyon (Figure 42). It was surveyed August 17, 
1982.

Physical and Chemical Characteristics

Stream #1343 starts at a large spring area at the base of cliffs 
overlooking the Madison Canyon and flows north for about 5 km 
into the Madison River. It is a small stream with an average 
overall width of 3.98 m, depth of 0.28 m and a mid-August 
discharge of about 0.7 m^/sec. Three longitudinal habitat 
strata were identified in this stream.

In stratum 1, the stream cascades over moss-covered boulders and 
rubble. From this origin at the base of the steep cliffs, the 
stream slows into a narrow, flat valley with dense stands of 
lodgepole pine and Vacc inium. The canyon walls are vertical 
rock pillars with talus slopes strewn with large boulders. The 
stream here is wide, shallow and with a marked lack of fish 
habitat. The substrate is pea-size gravel of mostly black 
obsidian.

At about 2110 m elevation, the stream cascades abruptly into a 
narrow shaded canyon. This cascade was apparently a fish 
barrier since no fish were observed above this point. Below the 
cascade, the stream was steep (45 m/km), relatively deep (0.31 •*
m) and narrow (2.40 m) with a flow of 0.667 m3/sec (Table 41).
The substrate was mostly boulder with some rubble and gravel. 
The P:R:R ratio was 30:50:20 with a bank overhang of 25% and 
high stability. This stratum represents some fish holding 
habitat but limited spawning area. Water chemistry (Table 39) 
revealed an alkalinity of 34 mg/1, nitrates of 0.04 mg/1 and 
conductivity of 75 mhos/cm.

The stream represented by station 2 has a low gradient (6 m/km), 
with an average depth of 0.17 m and average width of 6.22 m. 
The substrate was primarily sand with some pockets of gravel. 
The P:R:R ratio was 30:50:20, identical to that of stratum 1 
above. Adult resting habitat was noted, but spawning habitat 
was limited. Water chemistry for station 2 was nearly identical 
to that of station 1. -

Stratum 3, had a moderate gradient and flowed through dense 
stands of lodgepole pine and heavy streamside growths of 
Vacc inium. Average stream depth here was 0.37 m, average width 
was 3.32 m and the substrate was sand and silt. The stream here 
was continuous deep run with holding habitat for small fishes. 
Water chemistry at station 1 was like that of the two previous 
stations.
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Macroinvertebrates

Twenty-one taxa of macroinvertebrates were found in stream #1343 
during this survey (Table 42). Eleven orders and 21 families 
represented a diversity of forms from a variety of water 
condition. The macroinvertebrates in stations 1 and 2 showed a 
high diversity with forms common to good water quality. The 
forms in station 3 were dominated by the amphipod Hyallela 
azteca. Also found were midges, a cased caddisfly, clams and 
water bugs, forms typical of the slow-moving slough-like 
conditions at this station 3.

F Fishes

Brown trout, brook trout, mottled’ sculpin, and an unidentified 
sucker were found in stream #1343- The fish were small and

* occurred primarily in the lower 2 km of stream.

A section of about 100 m (site A) was electrofished in stratum 1 
(Figure 42). Six brook trout (mean length 150 mm, range 
116-205 mm) and 9 brown trout (mean length 86.5 mm, range 
41-118 mm) were captured. A second 100 m section (site B) was 
electrofished further downstream and yielded 64 brown and brook 
trout ranging from 33 to 133 mm total length and 6 mottled 
sculpin. A 100 m section near the mouth (site C) yielded a 
total of 37 brown trout (mean length 59 mm, range 40-92 mm), 8 
mottled sculpin, and 1 unidentified sucker (49 mm). This stream 
has a limited amount of habitat occupied by small brown and 
brook trout and mottled sculpin. It appears to be used by

a. spawning brown trout from the Madison River or perhaps as far as
Hebgen Lake, as indicated by the large number of young fish.

TRIBUTARIES TO GALLATIN RIVER

Stream #1234 (Fan Creek Drainage)

A survey was conduucted August 19-20, 1982,on Stream #1234, of
an unnamed tributary of Fan Creek. This stream drains the area 
of Fawn Pass in the Upper Gallatin Drainage (Figure 43).

Physical and Chemical Characteristics

» Stream #1234 flows for about 5 km through open meadows and
sparse stands of lodgepole pine. The stream has an average 
gradient of 9.5 m/km, average depth of 0.14 tn, average width of 
1.99 m, and a late August discharge of 0.32 m3/sec. Two 
longitudinal habitat strata were selected to represent the 
stream.

The stream originates in stratum 1 as many small springs in a 
large meadow near Fawn Pass. It flows through deeply cut sodden 
banks into a second large meadow with numerous springs and lined
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with dense stands of lodgepole pine. A forest fire in 1975 
blackened the north slope of Stream #1234 near its origin. The 
stream represented by station 1 had a gradient of 11 m/km, an 
average depth of 0.15 m, width of 1.27 m, and a flow of 0.17 
m^/sec (Table 41). The substrate was 10-30 mm gravel (30%), 
silt (30%), rubble (20%) and sand (10%). The high proportion of 
gravel substrate, a P:R:R ratio of 30:50:20 and a bank overhang 
of 30% shows that this stream section suitable for spawning and 
rearing of salmonids. Water chemistry (Table 39) in station 1 
revealed a water temperature of 7.8 C, pH of 8.0, and 
conductivity of 240 mhos/cm.

In stratum 2, the stream flows through a large open wet meadow 
fringed with lodgepole pine. The many springs form numerous 
small tributaries overgrown by grasses and sedges. The stream 
here had a low gradient (8m/km) with an average depth of 0.13 m 
and average width of 2.70 m. The late August flow was 
0.32 m3/sec and the substrate mostly boulders (75%). A P:R:R 
ratio of 40:40:20 indicates that the stream in this stratum has 
good holding habitat for juveniles and adults, but spawning 
conditions are limited. Water chemistry at station 2 was like 
that of station 1, except for a higher water temperature of 
12.8 C, probably because of a greater light penetration to the 
stream.

Macroinvertebrates

A total of 23 taxa of macroinvertebrates were found in Stream 
#1234 (Table 42). Included were six orders and 16 families 
representing forms normally associated with moderate to high 
water quality. The diversity of mayflies, stoneflies and 
caddisflies indicate moderate instream production. High nitrate 
levels and moderate invertebrate populations suggest that this 
stream is capable of supporting a fish population.

Fishes

Three 100 m sections of stream were electrofished on Stream 
#1234 on August 17-20. Cutthroat trout and mottled sculpin were 
collected. Eight cutthroat trout (mean length 221.5 mm, range 
185-257 mm) and one mottled sculpin were collected at site A 
about 0.5 km upstream from Fan Creek. Seven of the eight fish 
had large distinct spots suggesting that they had S. c. bouvieri 
influence and one fish had small diffuse spots suggestive of 

£• lewisi . These fish were taken from pools in the stream 
well represented by station 1.

Twelve cuthroats (mean length 117.2 mm, range 81-250 mm) and two 
mottled sculpin were collected from site B about 2 km upstream 
from site A. All but one of these cutthroats showed markings 
distinct to S. c. lewisi; small diffuse spots with irregular 
margins.
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A third electrof1shing site, site C, was selected in and around some small beaver ponds near the mouth of Stream #1234. Three cutthroat trout (meaTi length 171.7 mtn, range 1 62-264 mm) and eleven mottled sculpin Mere collected from these pcHids. Two of the three cutthroats had large, reg-ular spots characteristic of S. £. bouvieri and the third had smaller, diffuse spots.

•4
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AGE AND GROWTH ANALYSISDuring 1982 a preliminary study was initiated to evaluate current procedures for identifying age and growth patterns of cutthroat trout inhabiting Yellowstone Laxe, and current procedures for determining the age of fish inhabiting backcountry lakes and streams in Yellowstone Park.
YELLOWSTONE LAKEIdentifying, characterizing, and understanding age and growth patterns of cutthroat trout from Yellowstone Lake continues to be a perplexing problem (Laakso and Cope 1,956, Bulkley 1961, Bulkley and Benson 1962). Since 1969, the standard procedure for back-calculating lengths at annulus formation has been through use of the Dahl-Lea direct proportional method (Lagler 1956). Lee's phenomenon (length at a given age are smaller for older fish), however, was evident when this method was used. The current analysis of age and growth procedures on Yellowstone Lake was initiated to evaluate this method of estimating length at annulus formation, and evaluate methodologies for identifying characteristic age and growth patterns of cutthroat trout from different areas of the lake.Back-Calculated Length EvaluationMethods

6 Scale samples were collected from three major sources:(1) Clear Creek spawning run, (2) Pelican Creek spawning run, and (3) fall-largemesh gillnetting (current report). In the spawning runs, a stratified sample of 20 scales was collected from migrating fish every week. During gillnetting, the trout were sorted from largest to smallest in length. Scale collection started with the largest trout in each net and continued with every third fish thereafter. During scale reading, distance to each annulus and scale radius measurements were made on the magnified image of each scale at an angle of less than 10° off of a straight line from the focus radius to the center of the anterior edge.Scale radius versus body length were plotted for all aged fish captured in largemesh gillnetts in 1982 utilizing three r procedures: (1) empirical measurements of individual fish,(2) means determined by stratifying the sample into 10-mm body length size classes, and (3) means determined by stratifying the sample into 1-mm scale radius size classes.** To determine the affect of the selected sample on the resultingbody-scale relationship, a mathematical representation of the relationship was made for all aged fish captured from 1969-1982. For each year, aged fish were combined (gillnets and spawning runs) into pooled samples. Body-scale relationship equations 
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were derived for these samples utilizing Richer's GM straight 
line regression methodologies (Ricker 1975).

From the 1982 pooled sample, fish were stratified into 10-mm 
body length intervals. A standarized sample was developed by 
randomly selecting a maximum of five fish from each interval. 
All plots made on the 1982 largemesh gillnetted fish were 
repeated for these fish. This sample was further utilized for 
statistical curve type testing by calculating coefficients of 
determination for eight curve types.

For each of the 1982 aged cutthroat trout captured in largemesh 
gillnets a back-calculated length at each annulus formation was 
estimated utilizing the Dahl-Lea equation (Lagler 1956). These 
values were combined and a mean annulus value was determined. 
For the years 1969-1982, these mean values were combined and a 
mean annulus value for the entire time period was developed. 
From these values mean yearly growth increments were determined. 
Empirical age class lengths for aged fish from 1969-1982 were 
calculated and representative growth increments were also 
determined.

Statistical comparisons (t test) were made on mean 
back-calculated lengths at annulus formation and mean empirical 
age-class lengths at the 95% level of significance.

Results

Graphic representations of body length versus scale radius for 
all fish captured in 1982 gillnets, were highly variable linear 
patterns for individual fish or fish stratified into 10-mm body 
length intervals, whereas, a sigmoid pattern (S-shaped) was 
evident, when these fish were stratified into 1-mm scale radius 
intervals (Figure 44). In all three plots, the tightest 
grouping of points occurred for fish less than 300 mm. Similar 
patterns were observed for all three plots when fish from the 
standardized sample was used for graphic representations of the 
body-scale relationship (Figure 45).

Linear index of determination values, for the samples of all 
aged trout from Yellowstone Lake (1969-1982) were highly 
variable. The average value of the index of determination, all 
years combined, for males was 0.52, females was 0.49, immatures 
was 0.73. and all fish combined was 0.65. Intercept values were 
also variable and averaged 39-2 for males, 18.6 for females, 
-35.3 for immatures; and 44.7 for all fish combined.

Index of determination values caclulated for the eight curve 
types were close in magnitude with a range of 0.72 to 0.83. A 
third detree polynomial best described this relationship 
(r^ = 0.83). The index value for the straight line, 
furthermore, was higher (0.76) for this sample of all aged trout 
(1969-1982) than for 1982 aged trout (0.56).
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Mean empirical age class lengths for growing seasons II-VIII 
were similar to mean back-calculated lengths at annulus 
formation for annuli I-VII (Taele 43). When plotted, mean 
back-calculated lengths at annulus formation and mean empirical 
age class lengths had comparible patterns (Figure 46). Mean 
back-calculated growth increment for all growing seasons I-VII 
was 57 mm/year (Table 43). Mean empirical growth imcrement for 
growing seasons I-VIII was also 57 mm/year. When plotted, mean 
back-calculated growth increments had an unimodal pattern, 
whereas, mean empirical growth increments had a bimodal pattern 
(Figure 47) .

Discussion

The body-scale relationship for cutthroat trout captured in 
Yellowstone Lake during 1982, was best described statistically 
by a sigmoid curve. The curve was most evident graphically when 
the sample was stratified by 1-mm scale radius intervals and was 
plotted against mean body length (Figures 44 and 45). Bulkley 
(1961) also described the body-scale relationship with a sigmoid 
curve, however, his sample was stratified by 20 mm body-length 
intervals and contained smaller fish. Laakso (1956) described 
the body-scale relationship for juvenile fish as linear. This 
characterization would also apply to 1982 aged cutthroats if 
only fish less than 300 mm were used to describe the 
relationship.

Standardizing the sample produced better estimates than 
utilizing all aged fish from a given year (pooled sample). 
Using the pooled sample to describe the body-scale relationship 
on a linear basis produced a large amount of variation from year 
to year. This variation was probably a function of the 
distribution of length classes in a given year. When the 
standardized sample was utilized, each length class was 
"weighted” as equitably as possible. When the linear 
relationship equation was tested on this sample a higher index 
of determination value was obtained. This procedure should also 
obtain higher index of determination values for mathematically 
describing sigmoid curves. A more accurate description of the 
body-scale relationship could improve back-calculated length 
procedures .

The Dahl-Lea method of back-calculating lenghts at annulus 
formation provided a fair estimate of those lengths when 
compared to empirical age class lengths. Both methods predicted 
that growth rates averaged approximately 57 mm/year. Growth 
patterns, however, were considerably different between the two 
estimates. Empirical growth increments followed a bimodal 
pattern with the second growing season the fastest growth period 
and the fourth season the second fastest growtn period. Mean 
back-calculated growth increments, however, followed a unimodal 
pattern with the third growing season as the fastest growth 
period. This difference could be based on several factors. Two 
possible explanations are: (1) selective sampling for the
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and representative grwth increments, claculated for all cutthroat trout captured 
in largemesh gillnets from Yellowstone Lake, 1969-1982

Table 43* Mean back-calculated lengths at annulus formation, mean empirical age class lengths,

Growing season
Mean empirical age class Mean back-calculated

Length Range Growth Increment Length . Range Growth Increment

I — — — 57 53-63 57

II 175 88-191 120 148 131-161 91

III 230 206-256 55 255 240-268 109

IV 314 301-326 84 318 303-329 63

V 365 340-375. 50 356 346-366 38

VI 391 376-410 27 395 377-400 ‘ 39

VII 424 403-485 33 400 398-402 5

VIII 454 435-441 30 — — —
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fastest growing younger fish (less than 300 mm) in the empirical 
data, and (2) failure of back-calculating length procedures to 
accurately predict lengths for age classes I-III: (Lee's 
phenomenom). Both these factors are probably based on the 
failure of sampling procedure’s to adequately capture ar ra-fidoW 
sample of tW youngest ag'e clashes (0-IT). Historically, 
gillnets nave captured age classes*  I and5 II, however, these 
classes were not represented in the sample in the same 
proportion that exists in the population. Back-calculated 
length procedures, however, are probably more representative of 
growth patterns than the empirical aged class lengths since they 
generally utilize a larger number of fish to predict age class 
lengths (particularity young age classes) and empirical age 
class lengths are dependent on sample size of each age class. 
Care should be taken, therfore, when utilizing empirical age 
class lengths to describe growth patterns of young age classes 
(age I-III) of Yellowstone Lake cutthroat trout.

This preliminary study illustrates the need for further 
clarification of procedures for describing age and growth 
patterns of Yellowstone Lake cutthroat trout. This might 
include stratified sampling aimed at acheiving an equivalent 
number of samples per size category, rather than a random sample 
which has generally been subject to fluctuations in age and 
length class strength and biased towards older larger fish.

Characterization of Age and Growth Patterns

Methods

Scale collection occurred during fall largemesh gillnetting 
(current report). Measurements obtained on each scale followed 
the same procedures outlined in the Back-calculated length 
evaluation section of this report.

Scale measurement analysis, separated for each net site (for net 
sites see Fall Largemesh Gillnetting), included, frequency of 
circuli to the first and second annulus; frequency of circuli 
between first and second annulus: mean back-calculated lengths 
at annulus formation (Dahl-Lea's method), and mean incremental 
growth patterns.

Results

Circuli counts varied from site to site. Mean number of circuli 
to the first annulus ranged from 5.14 at 6C to 7.64 at 1B 
(Figure 48). Mean number of circuli to the second annulus 
ranged from 14.14 at 6C to 18.73 at 1B (Figure 49). Mean number 
of circuli between the first and second annulus ranged from 8.53 
at 7C to 12.86 at 1B.

Mean back-calculated lengths at annulus formation also varied 
from site to site (Table 44). This variability was generally 
small between estimated lengths at the first three annuli
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Figure 48- Frequency of circuli to the first annulus, by net site, for 
cutthroat trout captured in largemesh gillnets, Yellowstone 
Lake, 1982.
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Figure 49. Frequency of circuli to the second annulus, by net site, 
for cutthroat trout captured in largemesh gillnets, 
Yellowstone Lake, 1982.
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Annulus

Table 44. Mean back-calculated lengths at annulus formation by net 
site for cutthroat trout captured in gillnets, Yellowstone 
Lake during 1982

Area I II III IV V VI VII

1A 60 151 265 342 383 — —

1B 46 136 250 278 303 349 —

1C 55 144 238 297 334 368 382

2A 47 140 231 299 323 371 397

2B 47 138 218 282 305 364 —

3A 52 155 240 316 — — —

3B 52 141 247 331 377 397 —

4A 58 136 235 285 348 389 —

4B 48 142 236 287 329 368 428

6C 60 159 234 302 358 405 —

7C 66 153 246 324 358 365 —

All areas 
mean 54 145 240 304 342 375 402
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compared to annuli four tnrougn seven. Trout captured at site 1A generally had the largest lengths at annulus formation, whereas trout captured at site 2B had the smallest (Table 44).Incremental growth patterns were highly variable, but male incremental growth rates were more variable than females. Females tended to have high growth increments during tne first three growing seasons. Males, however, were variable throughout all growing seasons. The highest and lowest growth increments for males were observed at 4A (approximate1y 160 mm) and 2B (approximatley 38 mm), respectively. The highest and lowest growth increments for females was observed from 1C (approximately 170 ram) and 1B (approximately 20 mm), respectively.DiscussionCirculi counts, mean back-calculated growth rates and incremental growth patterns were all variable for different areas of the lake. No set pattern, furthermore, was evident between the different sample sites. Circuli counts tended to have the lowest values in the arms and the highest values in the northern zone of the lake (Figure 50). Mean back-calculated lengths at annulus formation indicated fish captured at 1A had the fastest growth rates, but the rest of the fish captured in the northern end of the lake generally had the slowest. No correlation existed between the estimated size attained at the end of the first growing season and the number of circuli to tne first annulus (r^ = 0.26). Although, circuli counts nave been utilized as first year growth indicators (Major et al 1972) they may not be applicable for Yellowstone Lake or the back-rcalculated length procedure may need modi f icat ion .The importance of these differential growth patterns could oe manifested in the responce of fish inhabiting different areas of the lake to the 330 mm maximum size limit. For example, fisn migrating into Clear Creek to spawn had a growth pattern similar to site 1A and fish migrating into Pelican Creek to spawn had a growth rate more similar to fish inhabiting the northern end of the lake (Sites 1B, 1C, 2A, 2B). The average size of fishmigrating into Clear Creek has increased oy approximately 30 ram since the inception of the regulation, whereas the average size of fish migrating into Pelican Creek has increased by approximately 20 mm (Yellowstone Lake section current report).Further investigation is needed to identify these growth patterns and understand their influence on the Yellowstone Lake cutthroat trout population. It is recommended, therefore, that age and growth analysis for Yellowstone Lake continue to be separated by sample site.AGE DETERMINATIONLaakso and Cope (1956) outlined procedures for separating cutthroat trout from Yellowstone Lake which formed an annulus on
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their scales (normal scales) from fish which did not form an annulus on their scales (retarded scales) after their first growing season. These procedures utilized the number of circuli to the first annulus as the discriminating factor. They defined retarded scales as having eight or more circuli to the first annulus and normal scales as having less than seven curculi to the first annulus. These criteria have generally been applied to all cutthroat trout populations in Yellowstone Park. This preliminary study was initiated to evaluate the application of these criteria to cutthroat trout populations inhabiting backcountry streams surveyed during 1982 (current report).MethodsScale samples were randomly collected from cutthroat trout populations inhabiting five streams: (1) Alum Creek, (2) Bear Creek, (3) Unnamed tributary to Fan Creek (Stream #1234) , (4) Sedge Creek, and (5) Thistle Creex. Number of circuli to the first annulus and fish age were determined for each collected scale. These values were summarized for each population and a mean value was calculated. An age-length key was developed for each population following procedures of Westerheim and Ricker (1977).ResultsNumber of curculi to the first annulus ranged from 2 to 6 (mean4.25) for Alum Creek; 2 to 8 (mean 4.95) for Bear Creek; 3 to 10 (mean 5.00) for Stream #1234; 2 to 7 (mean 7.67) for SedgeCreek; and 4 to 7 (mean 4.6) for Thistle Creek. *Some of the trout from Bear Creek and Stream #1234 did not have , an annulus and circuli counts were made to the scale radius. These counts ranged from 4 to 5 (mean 4.3, n=3) for Bear Creek fish and 3 to 7 (mean 4.5, n=6) for fish from Stream #1234.Both of these samples were taken in August (25 and 20, respectively) and, the average length of these trout were 78 and 86 mm, respectively.Total length of aged fish ranged from 105-168 mm (mean 149 mm) in Alum Creek; 73 to 239 mm (mean 131 mm) in Bear Creek;81-264 mm (mean 171 mm) in Stream #1234; 75-267 mm (mean 215 mm) in Sedge Creek; and 73-352 mm (mean 131 mm) in Thistle Creek.DiscussionPopulation growth characteristics generally do not apply from one population to the next (Carlander 1969). Laakso and Cope’s (1956) criteria developed for separating normal and retarded growth patterns of cutthroat trout in Yellowstone Lake has been applied to other cutthroat trout populations in the Park. At 1least for some of these other populations, these criteria might no t a ppiy .
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In Sedge Creek, fish in the length class range 30-70 mm were not 
aged (Figure 51). Based on the sample date (July 15), it is 
highly unlikely that these fish were age 0. Fish in the length 
class range 70-130 mm had one annulus on their scales. The 
number of circuli to the first annulus on the scales of these 
fish averaged 4.7. It is probable that the fish in the size 
category 30-70 mm were age I and fish in the 70-130 mm length 
range were age II. This would indicate that an annulus does not 
form on the scales of fish after the first growing season in the 
Sedge Creek population. All scales sampled, therefore, were 
probably retarded scales. The criteria, then, for 
distinguishing retarded scales from normal scales developed for 
the Yellowstone Lake population does not appear to apply to the 
Sedge Creek population.

Other cutthroat trout populations where the Yellowstone Lake 
criteria for distinguishing normal from retarded scales may not 
apply are from Bear Creek and Stream #1234. In Bear Creek, 
three fish were captured that did not have an annulus on August 
25. The number of circuli to the scale radius on the scales of 
these fish ranged from 4 to 5. In Stream #1234, six fish were 
captured that did not have an annulus on August 20. The number 
of circuli to the scale radius for these fish ranged from 3 to 
7. The average lengths of the fish from these two locations 
were 78 and 86 mm, respectively. It is highly unlikely that 
these fish attained such large sizes in their first growing 
season. Laakso and Cope (1956) reported an average size of 
Yellowstone Lake fish as approximately 50 mm during October 
1953. The fish from these streams, therefore, probably 
represent fish whose scales did not form an annulus after their 
first growing season.

For the populations of cutthroat trout inhabiting Alum and 
Thistle Creeks, no determination could be made as to the 
application of retarded and normal scale criteria. Their 
age-length distributions, however, were similar to the 
populations where the criteria did not apply (Figure 51).

Summary

The normal procedure, for cutthroat trout populations in the 
Park, has been to increase the age of fish with retarded scales 
by one year. This procedure, therefore, made up for the year 
the scale lost. Since the Yellowstone Lake circuli count 
criteria does not appear to apply to all cutthroat trout 
populations in the Park, it might be more equitable not to 
adjust ages for cutthroat trout from other waters. A technique 
comparing growing seasons (distnace between annuli) instead of 
ages may have greater analytical importance for many of these 
populations, and future studies should address this concept.
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NATIVE SPECIES RESTORATION PROGRAM

The native fishes of Yellowstone Park consist of eleven species. 
The Montana grayling, three or more genotypes of cutthroat trout 
and the mountain whitefish are the best known. In addition, 
three species of suckers, four species of minnows (Cyprinidae) 
and the mottled sculpin are also native. The range and 
densities of several of these fishes have been altered 
substantially in the past century.

The restoration of native fish species in natural areas of the 
National Park system is a matter of policy (U.S. Dept. Interior
1975) . Yellowstone has a number of species, genotypes or races 
of sport fish that are threatened with extinction (Varley et al
1976) . At present, an active program of restoration is underway 
in the park that seeks to expand the ranges of these threatened

' fishes. The management strategies developed to attain
restoration objectives consist of the enclave concept and the 
selective exploitation concept (Varley et al 1976).

In 1982, the native species restoration program consisted of:
(1) Sedge Creek cutthroat trout transplants, and (2) Blacktail 
Ponds cutthroat trout restoration.

SEDGE CREEK CUTTHROAT TRANSPLANTS

Since 1977, Yellowstone National Park and the Wyoming Game and 
Fish Department have had a cooperative agreement to transplant 

*. trout from Sedge Creek to the headwaters of the Yellowstone
River outside the Park. This agreement served three objectives:
(1) Wyoming’s Game and Fish Department desire to establish trout 
populations in the barren headwaters of this area, (2) the 
Park’s desire to protect the unique cutthroat trout gene pool 
found in Sedge Creek, and (3) the Park’s desire to preserve the 
genetic integrity of the upper Yellowstone River drainage.

The Wyoming Game and Fish Department has fishery management 
jurisdiction over the headwaters of the Yellowstone River in the 
Teton Wilderness. In this area, the South Fork of the
Yellowstone River above Woodard Canyon was historically fishless 
due to falls preventing upstream fish movement. Wyoming Game 
and Fish personnel first attempted to establish cutthroat trout 
in this region during 1965-1967 when Yellowstone cutthroat trout 

4 fingerlings and eyed eggs were stocked in the river above
Woodard Canyon (Erickson, pers. comm.). These plants were 
unsuccessful. Game and Fish personnel attributed the failure of 
these plants to the strong inherent instinct of the progeny to

* migrate downstream. This led Game and Fish personnel to search
for a strain of trout native to the Yellowstone drainage, that 
produced progeny which lacked strong downstream migratory 
tendencies.
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Within the Yellowstone Lake drainage, two popluations of 
cutthroat trout have been identified as having significantly 
different taxonomic characteristics from trout inhabiting 
Yellowstone Lake (Bulkley 1963). These fish are from Sedge and 
Bear Creeks. The taxonomic characteristics which separated them 
from Yellowstone Lake fish we 
spots below the lateral line:
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3. Yellowstone Lake

The differences in the average
assumed to be the result of isolation over geologic time.

In recent geologic history, Sedge and Bear Creeks were directly 
connected to Yellowstone Lake. Over time, Yellowstone Lake 
diminished in size. As a result, upper Sedge Creek and Bear 
Creek were isolated from Yellowstone Lake proper by Turbid Lake, 
a geothermal body of water. This isolation is assumed to have 
promoted the adaptation of fish inhabiting these streams to 
forms more suited for a lotic environment. With the presence of 
Turbid Lake downstream, any fish migrating out of these streams 
were killed. Selective pressure should have favored individuals 
which produced progeny that did not migrate downstream after 
hatching. The shift in morphometric characters outlined above 
are assumed to be representative of this corresponding shift in 
behavioral characteristics.

The original populations in Sedge and Bear Creeks have remained 
relatively unaltered by stocking. Some stocking occurred in 
Bear Creek during 1939 and 1940 (Bulkley 1963). This population 
was well established prior to stocking, however the in fluence of 
these events is probably manifested in the morphometric 
character values. No records exist of stocking ever occurring 
in Sedge Creek (Varley 1981). The Sedge Creek population 
represented a pure unaltered (by man) gene pool as manifested in 
the morphometric character values.

The protection of these unique strains was the major concern of 
the Park. Establishment of additional populations in areas 
secure from genetic contamination would provide that protection. 
It was Park policy, however, that any barren streams remaining 
in the Park would not be stocked. Prior to 1977, the Park 
applied this policy to surrounding lands (especially a "Park" 
drainage) (Varley 1977, pers. coram.). Because barren waters 
have historically been planted with fish, either by biologists 
or sportsmen, Park attitudes concerning planting fishless waters 
outside the Park changed. It was decided that stocking fish of 
the correct genetic origin for a drainage, would preserve the 
intregrity of fish populations in that drainage. These actions 
set the framework for stocking trout from Yellowstone Park into 
the headwaters of the Yellowstone River drainage.
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Wyoming Game and Fish personnel requested consideration of two 
groups of fish for transplanting: Bear Creek and Sedge Creek 
strains were the primary candidates, and fish captured at 
LeHardy's Rapids were the secondary candidates. The Sedge Creek 
strain was selected because it was considered to be the most 
divergent strain from the Yellowstone Lake population. It was 
expected, therefore, that its chances of success were the 
highest. The transplanting operation was divided into two 
project periods: (1) transplanting fish from Sedge Creek, and
(2) if transplants from Sedge Creek were unsuccessful, 
transplanting progeny from LeHardy's Rapids fish.

Transplanting Operations

Transplanting operations usually occurred after spawning had 
ceased in Sedge Creek. All fish were removed by electrofishing. 
The electrofishing procedures were assumed to be from 80-90% 
effective at removing all fish in the section of Sedge Creek 
shocked. Captured fish were held in holding pens located 
throughout the section. These fish were transported, the day 
after the electrofishing operation, by helicopter to the 
stocking site. Over the period of six years that these 
operations have occurred on Sedge Creek, approximately 2325 live 
trout have been transplanted (Table 45). Approximately 1770 of 
these fish were transplanted into South Fork (1977-1980) and 525 
were transplanted into Senecio Creek (1981-1982).

Success of Transplanting Operations

Evaluation of the success of transplanting operations has been 
conducted by Wyoming Game and Fish personnel. On July 29, 1981,
a fishery crew sampled the South Fork area. Introduced trout 
were present throughout Boulder Basin. Redds were observed. 
Some fish were sacrificed for gonadal inspection. This 
inspection revealed that spawning had occurred in 1981. No 
young-of-the-year or yearling fish, however, were observed or 
sampled. Based on this survey, Wyoming Game and Fish personnel 
felt the transplants had been successful and a viable population 
was establishing in South Fork.

The 1981 and 1982 transplants were made into Senceio Creek. 
Senecio Creek, like South Fork, has a natural fish barrier, was 
fishless, and provided a third secure enclave for Sedge Creek 
fish. No fish have been sampled in Senecio Creek, however, 
based on visual observation made during 1982, these plants 
appear to be establishing a viaole population.

Effect on the Sedge Creek Population

To assess the effects of removal of approximately 2380 trout 
(including fish killed during operation) from the Sedge Creek 
population, lengths, weights, and scales were collected from a 
representative sample of the fish transplanted during
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Table 45 . Summary of number, size, and density of cutthroat trout removed from Sedge 
Creek, 1977-1982 ' 

Date

Fish Transplanted Electrofishing Section

Number Length (mm) Weight (g) Length (krn)D fish/km
fish biomass 

(kg/km)

6/22/1977 457 175 
(51-221)

61 4.8 95 6.1

7/7/1978 413 113 
(58-254)

— 1.3 318 —

7/24/1979 550 — 1.3 472 -<—

7/15/1980 350 — 1.3 273

7/17/1981 330 — — 1.2 276 —

7/15/1982 225 114 
(58-254)

43 1.3 173 7.4

For the years 1978-1980 the length of stream electrofished was not recorded, therefore, 
section length was estimated based on field notes and recollections of biologists.
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1982. Information obtained from this data was compared to fish 
sampling which occurred prior to and during the transplanting 
activi ties.

Results

In 1977, length and weight measurements were made on 59 fish, 
and 18 of these fish were aged. The mean length of trout 
captured was 175 mm (Table 45). Approximately 11.8% of these 
fish were less than 100 mm (Figure 54). Average weight of an 
individual fish was 61 g. Fish density was estimated at 
95 fish/km based on electrofishing 4.8 km (Table 45). Fish 
biomass was estimated at 6.1 kg/km based on 365 m of 
electrofishing. The average growth rate was approximately 
49.6 mm/year based on emperical age class lengths and 
42.4 mm/year based on back-calculated lengths at annulus 
formation. The mean age was estimated at 3.1 years.

In 1978, length measurements were made on 100 fish. Weight 
measurements and age determination were not made. The mean 
length of measured fish was 113 mm (Table 45). Approximately 
58% of these fish were less than 100 mm (Figure 54). The length 
of stream electrofished was estimated at 1.3 km. Fish density, 
in that section, was approximately 318 fish/km (Table 45).

For the years 1979-1981 fish length and weight data were not 
taken on removed fish. The length of stream electrofished for 
removing the cutthroat, furthermore, was not recorded for the 
years 1979-1980, however section length was estimated based on 
field notes and recollections of biologists. The removal 
section generally started just above the lake and extended to 
where the stream turns east (Figure 55), a length of 
approximately 1.3 km. In 1981, the length of the removal 
Section was measured and determined to be 1.2 km. During this 
time period (1979-1981) the highest estimated fish density in 
the removal section was recorded in 1979 (Table 45).

In 1982, length measurements were made on 225 fish, weight 
measurements were taken on 52 fish, and 36 fish were aged. The 
mean length of captured trout was 114 mm (Table 45).
Approximately 51% of these fish were less than 100 mm 
(Figure 54). Average weight of an individual fish was 43 g. 
Fish density was estimated at 173 fish/km and fish biomass was 
estimated at 7.4 kg/km based on 1.3 km of electrofishing. The 
average growth rate was approximately 64.5 mm/year based on 
emperical age class lengths and 54.3 mm/year based on 
back-calculated lengths at annulus formation. The mean age was 
estimated at 1.9 years.

Angler activities were analyzed (VFR) for the transplanting 
period (1977-1982). No angler use was reported for 1977 or 
1982. During 1978-1981 an estimated average of 37 anglers 
fished the creek. No determination could be made if these 
anglers were fishing above or below Turbid Lake, but because of
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of the chemical characteristics of the stream below Turbid Lake, 
they are assumed to have fished above (Figure 55). From 
1978-1981, the number of trout caught averaged 12.5 fish/year 
varying fr.pjp four in 1 980 to twenty three in 1981. Tike highest 
number of creeled trout (15) occurred in 1981.

Di scussion

The effect of six years (1977-1982) of continual fish removal on 
the Sedge Creek cutthroat trout population has been manifested 
in shifts in length distributions; age distributions; growth 
rates; and fish densities. These inter-related indicators 
demonstrate a shift in overall population structure.

Prior to removal of any fish (1977) the population was well 
represented throughout the length and age class range 
(Figure 54). In particular, a large percentage (38.4%) of the 
fish were moderately large individuals 0200 mm) and 11.8% were 
small individuals (<100 mm)(Figure 54). The percentage of older 
fish 04 years) was also high (27%). Because of this population 
structure, fish densities were low at 95 fish/km.

After the removal of the 457 fish in 1977, the population 
shifted towards an increase in the proportion of smaller fish. 
In 1978, only 10% of the fish were larger than 200 mm, whereas, 
58% of the fish were smaller than 100 mm (Figure 54). The 
number of fish removed decreased to 413, however, the length of 
stream electrofished also decreased from 4.8 km in 1977 to 
1.3 4cm in 1978. Fish densities, therefore, had increased from 
95 fish/km in 1977 to 318 fish/km in 1978 (Table 45). This rise 
in densities was reflective of the shift in population 
structure.

In 1982, the population structure had not changed significantly 
since 1978. The average length of fish in 1982 was 114 mm 
compared to an average length of 113 mm in 1978. The length 
distribution, however, continued to shift towards a smaller 
percentage (6.9%) of fish over 200 mm (Figure 54).

Emperical age class lengths were compared for the sample years 
1963, 1977 and 1982 (Figure 54). Both the 1977 and 1982 
emperical age class lengths were considerably different than 
those determined by Bulkley (1963). This variation could be due 
to differential growth rates or to scale reading prodecures. 
Methods used during 1982 adhered to 1977 methods as closely as 
possible. These methods, however, could have varied slightly 
from the 1963 prodecures.

During 1977 and 1982, fish in the length class range 30-70 mm 
were not aged (Figure 54). Based on the sample dates, it is 
highly unlikely that these fish were age 0. If they were age I, 
it is probable that fish in the length class 70-130 mm (in the 
1982 sample) were not age I but age II. This would mean that 
all fish aged in both 1977 and 1982 should be increased by one
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year. This would also indicate that these scales did not form 
an annulus after the first growing season (retarded scales) 
(Laakso and Cope 1956). Circuli counts to the first annulus 
were below seven for all scales examined in 1982, however, and 
therefore did not meet the criteria for retarded scales from 
Yellowstone Lake (eight or more circuli to the first annulus) 
(Laakso and Cope 1956). Bulkley (1963) might have recognized 
the failure of fish in Sedge Creek to form an annulus after 
their first growing season and compensated for it. Comparisons 
for changes in age structure and growth rate can be made for 
1977 and 1982, however, because simialr methods were used.

Age distribution and growth rate of 1982 aged fish corresponded 
with the shifts in length distribution observed in both 1978 and 
1982 measured fish (Figures 52 and 54). Only one percent of 
these fish were age IV or older (Figure 52), and the average age 
was 1.9 years. Growth rates were faster in 1982 than 1977 -
(Figure 54), this is also an apparent reflection of continual 
fish removal.

The largest shift in the cutthroat population in recent years 
(1979-1982) has been the decline in fish densities (Figure 55). 
Fish densities peaked in 1979 at 472 fish/km and have declined 
to 173 fish/km in 1982. This decline is not due to an increase 
in the proportion of larger individuals in the population 
(Figure 55) or to a decrease in fish biomass estimates 
(Table 45), therefore, it is probably related to a reduced 
number of reproducing individuals. If consecutive year removal 
was to continue, fish densities and numbers would be expceted to 
continue to decline. As a consequence of this, the number of ■*
reproducing individuals could be reduced to a low enough number 
that the population could be altered genetically through random 
drift. Although this event may seem unlikely, it is evident in 
small isolated populations with low numbers of reproducing 
individuals (Stansfield 1977).

At present, the Sedge Creek operation appears to be a success. 
All management objectives have been met: (1) establishment of a 
trout population in South Fork, (2) establishment of a second 
secure population of Sedge Creek cutthroat trout and (3) 
preservation of the genetic integrity of the upper Yellowstone 
River drainage. The major affect on the Sedge Creek population 
has been a shift in population structure to an increase in the 
percent of smaller fish. At present, this shift does not appear 
to be detrimental to the overall population. If transplanting 
operations continued, however, a detrimental effect could occur. 
Fish transplanting operation are not scheduled for the 1983 
field season. It is recommended, therefore, that the recovery 
of the Sedge Creek population be evaluated in 1984 by monitoring 
shifts in the age and length class distribution.

BLACKTAIL PONDS CUTTHROAT RESTORATION

Adjacent to the road about 10.6 km east of Mammoth, the 
Blacktail Ponds have been a popular fishery since the late
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1800’s. These small ponds (3.56 ha) originally held an 
indigenous cutthroat trout population (Jordan 1891). however, 
propk trout stockings and heavy angling pressure have extirpated 
the cutthroat from the drainage. In an attempt to restore this 
native population, cutthroat trout from Bear Creek (inlet to 
Turbid Lake, Yellowstone Lake drainage) have been stocked into 
these ponds. The Bear Creek strain of Yellowstone cutthroat 
trout were selected for two reasons: (1) their known 
survivability within a harsh environment, and (2) Blacktail 
Ponds would provide a secure enclave for this unique strain (see 
Sedge Creek section this report).

Bear Creek cutthroat trout have been transplanted twice into 
these ponds. In 1980, a total of 200 trout were electrofished 
and transported. These fish averaged approximately 152 mm in 
length (Varley 1980). In 1982, a total of 276 fish were ,
electrofished in Bear Creek. Of these; 253 were transplanted 
into Blacktail Ponds and 23 died in transit. The mean length 
and weight for 61 of the caputred fish was 139 mm and 33 g. 
respectively.

No evaluation has been made on the success of this operation. A 
catch and release restriction, however, has been implemented to 
portect cutthroat trout in these ponds. It is recommended that 
an evaluation of these two transplants be made to determine the 
future of this operation.
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NONCONSUMPTIVE USE OF THE AQUATIC RESOURCE

In Yellowstone Park, there are presently two sections of 
Yellowstone River which are closed to angling to provide 
protection to the spawning trout. These areas have provided an 
excellent opportunity to study the level of visitation in an 
area available only to nonconsumptive uses, such as photography 
or observation.

Spanning Yellowstone River at the outlet of Yellowstone Lake, 
Fishing Bridge has been closed to fishing from the lake to a 
point 1.6 km downstream since 1973. Although once very popular 
with anglers, Fishing Bridge was not considered a high quality 
fishery. Average landing rate for 1963 (Sharpe 1964) was 0.20 
trout per hour, varying from a high of 0.48 during the first 
sample day to a low of 0.00 trout per hour during the last 
sample day. In 1966, Arnold (1967) reported the catch per unit 
effort low compared to other park waters.

In 1972, Dean and Varley (1973) conducted a study to determine 
the number of years of prior fishing experience for Park 
anglers. Of the 346 anglers interviewed at Fishing Bridge, the 
average experience was only 0.27 years, the lowest figure 
obtained in the park. Only 12% had fished from the bridge in 
previous years. Dean and Varley (1973) concluded that few 
anglers returned to the bridge after an initial experience 
because of crowding and low success rates.

LeHardy's Rapids, located approximately 5.7 km downstream from 
* the lake on Yellowstone River, has been closed to fishing for

90 m upstream and downstream from the rapids since 1949. During 
high water (May through July) fish ascending the river in their 
upstream spawning migration accumulate near the west bank in 

r pools immediately below the rapids. From here the fish jump the
rapids, often having to make several attempts, providing an 
extraordinary sight for the visitor.

The effects of angling closures has been monitored at both 
Fishing Bridge and LeHardy's Rapids. For the fifth consecutive 
year, estimates of visitor use, including total time spent and 
number of visitors, have been made at these sites. Mean length 
of stay was determined in 1978, 1980, 1981 and 1982.

Methods4
A "time available" method (Mathesin 1949. Bulkley 1966, Geiger 
1972 and Brown 1978) of data collection was employed; such 
methods have been used when effort for counts was limited.

? Instantaneous counts of visitors were made whenever possible at
both Fishing Bridge and LeHardy's Rapids, usually while en route 
to a work site. The location of project activities, precluded 
an equal sampling effort at each site, however, and sample size 
at LeHardy's Rapids was small.
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The critical aspects of this type of estimate are the average 
time spent per person and the accurate determination of the 
daily use pattern. Accuracy also increases as the number of 
time intervals increase; however, if interval sizes become too 
small, the increase in time periods without counts causes an 
decrease in the resulting estimate. Using these criteria, a 15 
minute time interval appeared to be optimum, and all data from 
prior years was recalculated to improve comparability.

The daily use curve was determined by averaging all counts for 
each interval. Total visitor hours for each interval were then 
calculated using the standard trapezoidal formula: i_

Effort (visitor hours) = 1/2I(ti + t^+1), where
I = interval

tj = mean number counted at interval i

To obtain a daily total for visitor hours, instantaneous counts 
were expanded by the proportion of daily use represented by each 
time interval. On days when more than one count was made, the 
mean number of visitor hours was used. The total number of 
visitors for each day was obtained by dividing visitor hours by 
the mean length of stay. Season totals were calculated by 
summing daily totals and then expanding by the proportion of 
days actually counted.

Results

In 1982, mean length of stay at Fishing Bridge for 1,310 people 
was 9.7 minutes per person. Total number of visitors using *
Fishing Bridge for viewing in 1982 decreased from 1981
(approximately 4%) to 167.333 visitors. These changes led to a 
subsequent drop in total visitor hours (approximately 24%) from 
1981 to 26,941 hours (Table 48).

At LeHardy’s Rapids, length of stay for 214 people was 
calculated to be 8.1 minutes. Total number of visitors was 
estimated at 26,768 people and total time spent at the rapids 
was 3.600 hours. Both values increased (122% and 11%, 
respectively) from 1981.

Discussion

Creel census data for the last eight years (1965-1972) of 
angling on Fishing Bridge yields an average of 33,275 total 
anglers and 36,714 total angler hours per year (Table 49). 
While the 1982 figures represent slightly lower total hours on 
Fishing Bridge, the number of people enjoying this area has 
increased over 300%. At the same time, Park visitation has only 
risen approximately 16%.

At LeHardy’s Rapids, use shows a great deal of variation over 
the five year period. Because LeHardy’s Rapids is not as 
visible from the road and is less accessible, (visitors must
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Tab ■ M nt i4

Year
Number 
Counts

Total 
Number of 
Visitors

Mean 
Minutes 

per Person

Total 
Visitor
Hours

Fishing Bridge 1978 582 132,966 10.8 23,934
1979 670 170,383 — 30,669
1980 551 130,305 10.7 23,238
1981 1,015 173,679 12.3 35,604
1982 425 167,333 9.7 26,941

LeHardy’s Rapids 1978 222 17,287 8.4 2,420
1979 206 17,627 — 2,798
1980 94 45,610 5.3 4,029
1981 155 12,056 16.2 3,255
1982 154 26,768 8.1 3,600

Table 47. Fishing Bridge creel census data, 1965-1972

Year Total Anglers Total Hours

1965 41,387 41,387
1966 30,135 30,135
1968 40,153 40,262
1970 25,699 31,644
1972 22,824 38,079
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descend a short but steep bank), use here would be expected to 
be lower and more variable. While not necessarily a major 
factor, low. sample sizes would tend to accentuate the 
fluctuations.

Next to Park visitation, weather conditions may be the most 
influential factor affecting use of these viewing sites. 
Although there is great variation in the weather, increased 
cloudiness and duration of precipation, generally lead to 
decreased use, with more people staying longer during good 
weather.

Comparing nonconsumptive use to Park fisheries, more people made 
use of Fishing Bridge than any single fishery in the Park
(Table 5). LeHardy’s Rapids ranks only behind Yellowstone Lake 
and Yellowstone River in total use. Looking at the total number *
of man hours spent, Fishing Bridge ranks fourth and LeHardy’s
Rapids sixteenth Parkwide. These figures emphasize the 
importance of these areas used as viewing sites.

Conclusions

The prohibition of angling from Fishing Bridge has not only 
provided the much needed protection for spawning trout but also 
developed an unique viewing platform for the Park visitor. As 
pressures and demands on our natural surroundings have increased 
steadily, nonconsumptive use has become a very important 
utilization of our aquatic resources. The challenge we face 
today is how to find ways of enjoying our natural aquatic areas >
without destroying them. Even a very minimal impact made by 
each individual, when multiplied by the millions of visitors 
passing through the park in one summer, can severely impact the 
aquatic system. Although catch and release fishing does not 
allow the creeling of any fish, hooking mortalities and the mere 
presence of the anglers do have negative effects.
Nonconsumptive use provides each visitor with the opportunity to 
enjoy and appreciate nature with negligible side effects.

The educational value of nonconsumptive use is also quite 
important. People who ordinarily might not have any contact 
with fish or their environment are provided an excellent chance 
to view fishes going through their natural life cycle. Visitors 
can also learn the importance of fish in the food chain as they 
observe the abundant piscivorous birds and mammals feeding. 
Other wildlife including moose, muskrat and beaver, are often 
attracted to these areas as well.

The number of people actually making use of this area has .
increased dramatically since its closure to fishing. Observing 
the interactions of a fish population within its natural 
habitat, including natural reproduction, feeding and as prey, is 
truly an educational experience for both the angling and 
nonangling public.
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LeHardy’s Rapids provides the visitor with another unique 
viewing site. As the native cutthroat trout are passing 
upstream on their annual spawning migration, visitors are able 
to observe these trout in full coloration as they ascend the 
rapids. The visitor may also hear, feel and see the pulse of 
the river descending the rapids and observe water fowl which 
frequent the area.

Visitor use at both areas is not only enjoyable but also has 
educational value and should, therefore, be encouraged to help 
make the visitor's "Yellowstone experience" complete. These 
areas provide the National Park Service with an excellent 
opportunity for educating the public in various aspects of fish 
in their natural habitat and should be utilized to the fullest 
degree possible. With continuing high numbers of Park visitors, 
nonconsumptive use affords an exceptional experience which can 
be enjoyed repeatedly by many without depleting the resource.
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OTHER PROJECT ACTIVITIES

Assistance to Independent Researchers

This project continues to function as administrative liason and 
provides logistical support to independent researchers working 
on aquatic related studies in Yellowstone Park. In 1981, we 
assisted Dr. William H. Romme of Fort Lewis College, Colorado 
and Dr. D. H. Knight of the University of Wyoming with a study 
on Yellowstone Lake. The study "An Analysis of Patterns in 
Productivity", will attempt to determine if recent changes in 
the nutrient content of the lake are related in part to the 
effects of large forest fires in the watershed. The project 
also responded to numerous requests for data, reprints of papers 
and information concerning the aquatic systems of the park. *

Yellowstone, Lewis, Shoshone and Heart Lake Limnology

Limnological monitoring of the four large oligotrophic lakes in 
Yellowstone Park continued in 1982. Data has been collected for 
seven years on Yellowstone Lake, six years on Lewis Lake and 
four years on Heart and Shoshone Lakes (Tables 48 - 50). It has 
been the persistent efforts of Park Rangers stationed at the 
latter two lakes which has enabled a consistant sampling program 
on these backcountry waters. The overall objective of this 
program has been to provide continuous baseline limnological 
data for these four major lakes. Such data provide information 
necessary for the evaluation of the effects of the natural fire 
program and baseline data for future limnological 
investigations. Analysis of these data has been and continues 
to be hampered by funding and man power constraints.

Yellowstone Aquatic Library *

The Yellowstone Aquatic Library currently consists of over 700 
titles concerning the aquatic resources in Yellowstone Park. 
Each paper is cross-referenced by author, species, water and 
subject. The library was begun in 1973 and almost all 
historical works are now included. The success of this project 
was largely due to the efforts of the Y.A.C.C. program during 
its tenure in the park. Substantial effort has been expended 
this year by project personnel to include recent works.

Formal Presentations

Project personnel are frequently called upon to make formal 
presentations to various groups concerning the fisheries program A
in Yellowstone Park. In 1982, papers were presented at the 
Federation of Flyfishermen Conclave, the Montana Chapter of 
American Fishery Society, the Snake River Fly Fishers, the 
Pocatello Chapter of the Federation of Flyfishermen (FFF), the 
Gardiner Chapter of the FFF, and the Hamilton Stores employees 
at Lake. Student-faculty seminars were conducted at Idaho State 
University and Montana State University.
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Project personnel also participated in the Yellowstone Park 
Rangers conference, spring Naturalists training, the Naturalist 
Seminar series and made a presentation at the U.S.F.W.S project 
leaders meeting in Denver, Colorado.

VIP Program

The project has been utilizing the park VIP (Volunteers in 
Parks) program for many years. In 1982, the project signed up 
twelve VIP's who contributed 357 man-days of labor to the 
project. They were involved in creel census, fishermen 
interviews, fish trap operations, gillnettings, electrofishings, 
backcountry stream and lake surveys and a variety of clerical 
and maintenance jobs. Two of our VIPs worked full time 40 hours 
a week throughout the field season, with the others working a 
variety of different tours. The dedication and effort of these 
volunteers enabled the project to complete a normal field season 
which would not have been possible without them. We extend our 
sincere thanks to a dedicated crew for their tireless effort.

4
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Table 48 Heart Laxe water cnemistry, 1978-1982

-_______ 1978_____________ ■ ___________________________ 1979____________________________ ________________________ 1980

204

7/13 7/30 8/20 9/7 9/17 6/23 7/7 7/21 8/4 8/13 8/19 8/25 9/7 11/1 6/1J 6/25 7/18 7/31 9/26

Water teap. °C 1U.4 16.6 14.4 15.5 12.2 10 12.2 17.7 16.6 16.6 16.6 15.5 11.1 7.7 11.1 15 18.3 10

Spec, cond uanos 195 - 170 176 160 2G0 200 210 200 200 205 195 210 200 210 210 195 200

pH 7.6 7.8 7.8 7.6 7.6 7.6 7.6- 7.6 7.6 7.6 7.6 7.6 7.6 7.4 7.4 7.4 7.4 7.4 7.4

Secciil (aeters) 6.7 8.8. 5.5 8.2 7.3 4.3 6.9 8*4 . 8.9 8.2 8.4 7.9 7.5 5.2 5.3 7.7 8.2 7.0

Pher.o. alx. 0 0 0 0 0 ■0 0 0 0 0 0 0 0 0 0 0

Total alX. 36 20 50 40 48 0 35 46 42 48 48 44 '8, 46 36 53

Ca rareness 18 15 35 6 18 17 10 11 13 18 18 14 17 12 16 18

Total nardness 21 20 40 8 24 23 14 35 17 33 24 20 18 14 20 41

Total cisj. solids 122 110 100 150 165 65 145 160 148 132 137 130 151 132 140 150

C«ruon«te alK. 0 0 0 0 0 0 0 0 0 0 0 0 U 0 0 0

Bicarbonate alx. Jo 20 50 40 98 0 35 48 42 48 48 44 48 4b 36 53

Larcunates 0 0 Q 0 0 0 . 0 0 0 0 0 0 0 0 0 0

flicarbunates 44 24 61 49 59 ' 0 93 59 51 59 59 5M •uy 56 44 65

nyoroxices 0 0 0 0 0 0 0 0 0 0 0 0 u 0 0 0

oaroon oioxlde 7.6 2 6.5 2.6 5 <1.0 36 7.8 34 16 <:u i i >■> 15 29 11

vmoriae 32 28 28 30 28 26 25 28 27 24 41 28 <** 21 40 26

ouit ate 14 15 15 14 19 5.5 '7. 22 IM 11 c ■ & 21 17 14

Fluoride 2.9 2.8 2.8 2.8 2.9 2.7 3.1 2.7 3.0 2.8 2.9 3.0 3-0 2.7 2.7 2.9

Pncappate 0.09 0.22 <0.06 <0.06 0.19 0.78 0.62 0.62 0.16 0.19 0.25 <0.06 0.19 - 0.06 0.03

Potasslua 2.9 2.8 2.6 0.6 3.7 3.8 3-5 3.6 3.7 3.4 3.6 3.3 3.8 3.3 3.4 3-8

H6 n^rdness 3 5 5 2 6 5 4 24 4 15 6 6 1 2 4 23

Caiclua 7.2 6 14 2.4 7.2 7 4.1 4.4 5.3 7.2 7.2 5.6 6.8 4.8 6.4 7.2

Hae-ieslua 0.7 1.2 1.2 0.5 1.5 1.2 1 5.8 1 3.6 1.5 1.5 0.2 0.5 3-8 5.6

kXJUJ 33 31 30 35 38 53 40 41 38 31 38 28 42 38 38 37

Iron <0.01 0.03 <0.01 0.02 0.01 0.04 0.03 <0.01 <0.01 <0.01 0.99 0.04 <0.01 0.02 <0.01 0.01

.‘Ur.^or.cse <U.U5 <0.05 <0.05 0.02 <0.05 <.05 <0.05 <0.05 <0.05 <0.05 <0.05 <9.05 <0.05 <0.05 <0.05 <0.05

Cuprtr \U. i kU. 1 <U. 1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Silica 35 30 39 38 32 35 36 27 29 13 27 24 25 21 15 11

Color (PCU) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Turbidity (NTU) 0.42 0.40 0.54 0.56 0.52 0.67 0.73 0.25 0.85 0.90 1 0.44 0.33 0.30 0.51 0.31

TUC 6.1 3 5.2 9.3 1.4 4.2 9.6 3.7 10 12.7 11 12 3.5 4.8 3.4 3.7

Qrtho-pnosphate <0.09 0.11 <0.06 <0.06 0.12 0.16 0.31 0.31 0.12 0.12 . 0.13 <0.06 0.16 .0.09 <0.03 0.03

Kjeldahl ii 0.05 0.04 0.50 0.02 0.14 ■0.14 •0.21 •0.14 •0.44 ■0.23 •0.33 •0.02 •0.22 0.10 0-33 -

Hitr&te N <0.01 0.02 0.01 <0.01 <0.01 0.32 0.05 0.01 <0.01 <0.01 0.01 <0.01 0.02 0.01 <0.01 0.01

t
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V
Taule 48 Continued

r •A * r

1981 198 2

6/18 '> 7/i|1> 7/1(2) 7/161) 7/162> 8/2’> 8/2z) 8/16’> 8/162> 8/3011 a/3o2> 9/181) 9/ Id21 7/261* 9/29’)

Water teup. °C 15.0 15.0 17.8 17.2 16.7 16.1 15.6 16.7 17.2 16.7 14.4 15.6 16.7 12.2

Srec. Cond. umnos 190 190 200 190 210 200 210 200 210 210 210 200 180 175

7.2 7.0 7.6 7.6 7.6 7.6 7.9 7.6 7.6 7.6 7.6 7.6 7.6 7.4 7.9

Secchl (cetera) 6.2 5.9 8.1 8.7 8.1 8.9 7.9 8.1 7.3 7.5 9.1 8.5 5.9 7.5

Fr.eno. alk. 0 0 0 0 0 0 0 0 0

Total alK. 44 54 44 40 40 59 42 93 93

Ca harJness 20 18 16 24 24 18 18 18 18

Total uardnc^w 25 24 24 40 24 18 18 24 18

Total disa. solids 140 146 140 142 150 150 151 120 130

Caroonate aiK. 0 0 0 0 0 0 0 0 0

bicarbonate al*. 44 51 44 40 98 59 42 *3 93

Caruonates 0 0 0 0 0 0 0 0 0

dicarooiates 44 59 44 40 98 59 42 52 44

Hydroxides 0 0 0 0 0 0 0 0 0

Car Don dioxide 6 22 7.2 4.1 5 1.4 0.7 3 7

Cnloride 18 19 26 33 39 23 29 20 23

Sjlfate 16 21 13 18 24 19.4 15 12 18

Fluoride 3.7 3-8 3.8 3.3 3.9 4.26 5 2.33 2.85

Phospnate 0.25 0.28 0.28 - 0.74 0.28 1.1 0.19 0.19

PotassiUD 3.2 3.3 3.1 1.6 6.3 0.33 4.4 3-48 3-84

M4 hardness 8 6 8 16 <1.0 <1.0 0 6 <1.0

Oalciuta 8 7.2 6.4 9.6 9.6 7.2 7.2 - 7.2 7.2

Magnesias 1.9 1.5 1.9 3-9 <0.2 <0.1 <1.0 1.4 <1.0

Sod ius 35 35 36 35 39 64 29 30 32

Iron 0.08 1.6 0.02 0.02 <0.01 <0.01 <0.01 <0.05 <0.05

Xan^anese <0.05 <0.05 <0.05 <0.05 <0.1 <0.05 <0.05 <0.05 <0.05

Copper <0.2 <0.3 <0.2 <0.2 <0.3 <0.3 <0.03 <0.01 <0.01

Silica 2.9 13 18 15 19.5 2.5 9.5 6.9 0.6

Color (PCU) 0 0 0 0 0 0 0 0 10

Turbidity (NTU) 1.7 1.6 0.95 0.4 0.4 0.28 0.27 0.50 0.20

TUC 13.8 9.7 9.7 3.6 21 5.9 3.9 2.6 2.5

Or tr.o-pnosphate 0.25 0.28 0.28 - 0.56 0.28 0.93 0.19 0.22

Kjeld-hl N •0.24 •0.34 •0.08 •0.11 •0.42 •0.64 •0.55 •0.72 •0.20

Nitrate H <0.02 0.03 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
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Table 5Q Shoshone Lake water chemistry, 1978-1982

1978 1979

7/20 8/3 8/18 9/3 9/17 7/9 7/15 7/28 8/25 9/6

Water temp. °C 11.7 14.4 11.1 13.3 11.1 13.3 12.2 15.5 15.5 15.5

Spec. Cond. umhos 90 77 78 80 77 80 75 79 70 78

pH 7.3 7.4 7.8 7.4 7.4 6.0 6.0 6.0 7.0 7.0

Secchi (meters) 9.1 9.7 9.7 13.1 12.2 10.0 22.8 12.1 14.9 15.2

Pheno, alk. 0 0 0 0 0 0 0

Total alk. 21 15 20 16 30 30 24

Ca hardness 12 5 5 6 12 10 21

Total hardness 21 10 15 8 18 17 24

Total diss, solids 75 65 70 70 85 70 46

Carbonate alk. 0 0 0 0 0 0 0

Bicarbonate alk. 21 15 20 16 30 30 24

Carbonates 0 0 0 0 0 0 0

Bicarbonates 26 18 24 20 37 37 29

Hydroxides 0 0 0 0 0 0 0

Carbon dioxide 22 1.5 63 1.7 7.8 31 10

Chloride 8.2 8.5 7.3 8.5 7.8 9.1 8

Sulfate 5 2 2 2 4 5 2

Fluoride 2.4 2.4 2.4 2.3 2.3 2.2 2.4

Phosphate 0.12 <0.06 0.37 <0.06 0.18 0.28 0.31

Potassium 1.9 3-3 3.3 3-3 2.8 2.4 2.8

Mg hardness 11 5 10 2 6 7 3-

Calcium 4.8 2 2 2.4 4.8 4 8.4

Magnesium 2.7 1.2 2.4 0.5 1.5 1.7 0.7

Sodium 12 13 11.5 11.8 14 14 10

Iron <0.01 <0.01 <0.01 0.02 <0.01 0.01 0.07

Manganese <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Copper <0. 1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Silica 32 33 22 40 37 26 41

Color (PCU) 0 0 0 0 0 0 0

Turbidity (NTU) 0.35 0.2 0.31 0.25 0.35 1 0.4

TOC 1.6 0.6 1.9 0.9 0.5 8.8 1.2

Ortho-phosphate 0.09 <0.06 0.18 <0.06 0.12 0.25 0.31

Kjeldahl N 0.09 0.11 0-3 0.05 0.09 •0.19 *0.14

Nitrate N <0.01 0.01 <0.01 0.02 0.01 0.02 0.02

Arsenic 0.01
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Table 50. continued

1980 1981 1932

7/10 7/22 7/27 .8/6 8/10 8/24 6/24’1 7/8” 7/102> 8/3” 8/202’ 8/29” 7/10 8/5 8/23
■ater teup °C 14.4 15.0 15.5 15.5 15.2 ’3-3 8.9 13.3 13.3 16.6 16.7 16.7 10.0 17.8 18.3
Spec. vond. umbos 74 73 77 76 78 77 75 70 68 69 50 96
pH 7.« 7.4 7.4 7.3 7.3 7.3 7.2 7.4 7.4 7.4 7.2 7.2 7.4 7.3
Seccf.i (meters) 10.2 11.8 13.1 12.5 12.1 12.8 9-7 10.7 10.4 11.6 11.0 11.0 8.8 11.9 11.9
Pz.eno. alx. 0 0 0 0 0 0 0
TsXal alk. 27 24 33 32 29 16 29
Ca r.irTr.ess 15 6 11 12 16 8 8
Tvtal r.ard.-.ess Id 9 . 18 20 16 16 12

dl.'i. solids 63 72 67 83 60 60 60

Cs-wonaze alk. 0 0 0 0 0 0 0

.-icarxr.dtc alx. 27 24 33 32 29 16 29
Sj’-'oonates 0 0 0 0 0 0 0

nates 33 29 40 39 35 19 35
-foxi d&s 0 0 0 0 0 0 0

Carson dioxide 11 7.7 21 1.6 7 1 2
G'.loriae 12 12 6.1 8 5.8 20 7.9
~-.foie 3.1 2.6 <1 2.4 7.5 2 3
rlv.ori.de 2.2 2.4 • 2.9 3.1 3.7 3.35 2.2

?:.0v'pr.ate 0.09 0.09 0.5 0.65 0.09 0.16 0.12

PGtS.iSija 2.4 3.1 2.8 2.8 3.16 2.96 2.4

i\ l.-.rJ.-.rSS 3 3 7 2 <1.0 8 4

Calc 6 2.4 4.4 4.8 6.4 3.2 3.2

Ma/reslja 0.7 0.7 1.7 2 <1.0 1.9 0.9

Sc.;.,, 12 13 13 14 12 '3 9

Iron <0.01 <0.01 0.03 0.02 <0.05 <0.05 <0.05

Wj."ac.'.i3e <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Ccrper <0.1 <0.1 <0.3 <0.2 <0.01 <0.01 <0.01

Silica 22 35 19 5.5 15 9-5 8.5

Cc lor ( PC J) 0 0 0 0 0 0 0

TirciJity (MTU) 0.15 0.21 0.28 0.23 0.24 0.28 0.33

T..C 5.3 5.5 0.8 4.6 1.7 2.95 <0.2

Crcno-phospr.ate 0.06 0.06 0.4 0.25 0.06 0.16 0.09

Kjeldanl J» 0.061 0.06 •0.37 •0.22 •0.42 •0.21 •0.24

Nitrate H 0.01 <0.01 0.02 <0.02 <0.02 <0.02 <0.02

Arsenic
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