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ABSTRACT 

Limnological data collected from 1954 to 1959 on surface currents, bottom currents, 
temperatures, bottom soils, water chemistry, plankton, bottom fauna, and higher aquatic 
plants are related to the biology of the cutthroat trout, Salmo clarki lewisi, in Yellow
stone Lake (Wyoming). The lake, formed on Eocene lava, is oligotrophic and low in 
dissolved solids. Diaptomus shoshone, Daphnia shoedleri, and Oonochilus unicornis made 
up more than 90 percent of the macroscopic zooplankton by number. Upwelling in West 
Thumb was demonstrated by temperature stratification and conductivities. Plankton dis
tribution and abundance were related to currents and water chemistry. Depth distribution, 
feeding, and movements of trout are related to food abundance. Trout less than 315 milli
meters in total length are not caught readily because of their feeding habits and greater 
dispersal. There is evidence that the heavy trout harvest in the northern part of the lake 
allowed Gammarus lacustris, an important trout food, to become locally abundant. 
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LIMNOLOGY OF YELLOWSTONE LAKE 
IN RELATION TO THE 
CUTTHROAT TROUT 

By Norman G. Benson, Fishery Research Biologist 

Rocky Mountain Sport Fishery Investigations 
Logan, Utah 

Limnological studies on Yellowstone 
Lake (Wyoming) began in 1890 when 
Forbes (1893) described the common zoo
plankters, noted their relative abundance, 
and recorded other general features of the 
lake. Except for occasional records of 
water temperatures and a few plankton 
collections, the lake was not studied limno
logically again until 1954, when the staff 
of the Rocky Mountain Sport Fishery In
vestigations initiated the work reported 
here. 

Much has been published on the biology 
of the cutthroat trout in Yellowstone Lake 
and tributaries (Cope, 1956, 1957; Ball, 
1955; Laakso and Cope, 1956; Ball and 
Cope, 1961). The purpose of this paper is 
to describe general features of the lake 
ecology and to relate this information to 
the known life history of the cutthroat 
trout. 

Orville Ball, Martin Laakso, and several 
fishery aids mapped the lake and collected 
some field data. Identification of zoo
plankters and bottom organisms was by 
Marvin Meyer, Alan Stone, vV. W. Wirth, 
A. W. · Bell, and Clarence Shoemaker; 
Arthur Holmgren identified the higher 
aquatic plants. I appreciate the critical 

review of the manuscript by Oliver B. 
Cope, C. J. D. Brown, W. T. Edmundson, 
and Ross V. Bulkley. 

The fish fauna of Yellowstone Lake in
cludes the cutthroat trout, the longnose 
sucker Oatostomus catostomus (Forster), 
the longnose dact» Rhimichthys ca"{}arru:tae 
Valenciennes, the small.fin redside shiner 
Rwhardsonius balteatus hydrophlo:JJ 
(Cope), and the lake chub H ybopsis plwm
bea Agassiz. Only cutthroat trout and 
longnose suckers are found throughout the 
lake. The other species are restricted to 
shallow lagoons in the northern end and 
West Thumb (fig. 1), to very shallow (less 
than 2 meters deep) protected littoral 
zones of the lake, or to tributary streams. 
The original fish fauna included only the 
cutthroat tro.ut and the longnose dace. 

Information is presented on lake 
geology, lake morphometry, weather, 
water levels, bottom currents, surface cur
rents, temperatures, bottom soils, water 
chemistry, phytoplankton, zooplankton, 
food of trout, and depth distribution of 
trout. A discussion of the relations of 
these conditions to the biology of the cut
throat trout in the lake follows. 
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GEOLOGY 

The watershed of Yellowstone Lake has 
been an area of volcanic activity since the 
Eocene period, when large amounts of 
volcanic breccias were deposited (Bauer, 
1955). With another heavy· breccia ·de
posit in the middle Cenozoic era, the 
whole series of breccias formed a stra
tum about 2,000 meters thick. Rhyolite 
deposits were superimposed on the breccias 
in certain areas in the late Cenozoic. The 
original breccias are exposed on the south~ 
ern and eastern drainage basins of Y el
lowstone Lake, and rhyolite deposits are 
exposed on the south shore and in the west
ern drainage area. Small deposits of 
dolomite, basalt, and glacial drift are pres
ent in isolated sections of the watershed. 

The available information does not al
low an adequate explanation of the geo
logical formation of the present basin of 
Yellowstone Lake, although the original 
lake basin was believed to have been 
formed by a subsidence or readjustment of 
the original lava flows in the Eocene. 
Bauer also mentions the possibility that 
pre-Eocene glaciation may have formed 
the original basin. Recent glaciation, 

erosion, and milder :forms of volcanic ac
tivity have sculptured the present basin. 
:Many active geysers and hot springs are in 
the watershed. The West Thumb area is 
considered to be an old geyser basin, and 
hot springs are still present on the shore
line and below the water surface. 

During its geological history, the lake 
has drained into three oceans. Until the 
e~rly Pleistocene, the lake drained into the 
Pacific Ocean via the Snake River. At 
that time the Grand Canyon of the Yel
lowstone formed, and the lake drained 
northward into Hudson Bay. Since the 
retreat of the glaciers, the lake has drained 
through the Missouri River system into r 
the Gulf of Mexico. During the glacial 
period, the lake was much larger than at 
present, owing to a glacial lobe at the 
present site of the Grand Canyon of the 
Yellowstone (fig. 1). Several lake ter
races from the glacial period can be ob
served in Hayden Valley. One lake ter
race has a present elevation of 2,4 70 
meters, or 112 meters higher than the lake 
altitude. 

WEATHER AND WATER LEVELS 

The lake watershed is on the east slope 
of the Continental Divide at an altitude of 
2,358 meters (7,731 feet). Air tempera
tures, wind measurements, aD:d precipita
tion for the Yellowstone Lake area have 
been collected at the Lake Ranger Station 
for the U.S. Weather Bureau. The mean 
monthly temperatures from 1953 to 1957 
ranged from minus 15.3° C. (4.5° F.) in 
February 1956, to 16° C. (60.8° F.) in 
July 1954. The mean monthly tempera
ture during most summer months aver
aged about 13° C. (55.4° F.), and during 
winter months averaged minus 9.5° C. 
(14.9° F.). Air temperatures in the sum-

mer rarely reach 30° C. ( 86.0° F.). The 
annual precipitation from January 1953 
to November 1957 varied from 39.3 cm. 
(15.49 inches) in 1953 to 62.2 cm. (24.47 
inches) in 1955. Most precipitation :falls 
during the late :fall and winter months in 
the form of snow. 

Data collected at the Lake Ranger Sta
tion on wind velocity and direction showed 
that the predominant winds were from the 
south and southwest (table 1), and that 
wind velocities were higher when the wind 
came from the latter two directions. 
Winds were stronger in 1955, 1956, and 
1959 than in 1957 and 1958. Diurnai 
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FIGURE 1.--COntour map of Yellowstone Lake showing limnology stations and localities IDt>l! 





·I 
3 

TABLE 1.-Wind velocity and direction at Lake Yellowstone during July and August from 1955 to 1959 

[Data collected daily at 4 p.m., at Lake Ranger Station] 

Year 
Mean dally 
velocity in 
miles per 

hour s. SW. SE. 

1955 •••. ---- ------- 5.92 25 17 
1956 _____ --- - ----- - 7.04 24 18 
1957 ________ ------- 1.35 21 4 
1958 ______ --- - ----- 2.30 23 6 
1959 _____ ---- ------ 8. 05 28 18 

changes in wind intensity were quite reg
ular in that the high velocity winds usu
ally began about 11 a.m. and decreased 
~bout 5 p.m. Calm conditions usually pre
vailed during the evenings and early 
morning. The highest air temperatures 
prevailed during the period of maximum 
wind velocity and the resultant wave ac
tion. This daily cycle undoubtedly in
creased the warming effects of the sun on 
water temperatures, since surface temper
atures sometimes increased 3° C. from 
early morning to the time of maximum 
wind intensity. 

Information on water levels and volume 
of outflow has been collected by the Sur
face Water Branch of the U.S. Geological 
Survey (1952, 1953, 1954, 1955; also un
published data). The annual water level 
fluctuation of Lake Yellowstone varies 
from 1.5 to 1.8 meters. The water level 
is lowest from January to March, rises 
rapidly to a high in late June and July, 
and recedes from July to December. The 

Days recorded from- Days with 
no wind 
recorded 

E. N. w. Otl!er 

4 1 0 10 0 5 
1 2 4 6 7 0 
1 4 2 0 2 28 
8 5 2 3 8 7 
2 0 5 5 4 0 

annual outflow in thousands of cubic 
meters through the Yellowstone River 
varied by water year, October through 
September, as follows: 1951-52, 1,386,454; 
1952-53, 1,270,505; 1953-54, 1,284,073; 
1954-55, 1,003,674; 1955-56, 1,587,798; 
1956-57, 1,270,949; and 1957-58, 939,482. 
The variation in outflow by month follows 
the water-level curve described above, 
with a maximum in July and a minimum 
in December. The capacity of Yellow
stone Lake is about 14Xl09 cubic meters. 
The evaporation rate is about 358,948,500 
cubic meters per year, considering an ap
proximate annual evaporation rate of 
1.016 meters (derived from p. 151 in 
Wisler and Brater, 1949). Thus, lake 
water is completely replaced about every 
8 to 10 years. 

Lake Yellowstone freezes over in De
cember or January, and ice does not leave 
until the last week of May or early June. 
The ice reaches a thickness of 0.4 to 0.9 
meters. 

MORPHOMETRY 

The bottom configuration of Yellow
stone Lake was mapped with a fathometer 
mounted on a launch during the summers 
of 1954, 1955, and 1956. The depth con
tours were measured by a series of tran
sects at 1-mile intervals in both north
south and east-west directions throughout 
the lake. Transects were made in other 
directions to verify the depths determined 
by the grid method and to measure various 

arms. A map was constructed to 20-meter 
contours (fig. 1). 

Yellowstone Lake has a surface area of 
35,391 hectares ( 136.66 square miles), a 
maximum measured depth of 98 meters 
( 320 feet), a mean depth of 42 meters ( 139 
feet), and a basin capacity of 14Xl09 

cubic meters (12,095,264 acre feet). The 
areas of lake bottom at various depth 
ranges are shown in table 2. The lake 
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basin has a deep trench along the east 
shore which extends into both the South 
Arm and Southeast Arm. It extends 
westward betw~n Stevenson and Frank 
Islands to a point near the west shore of 
the main body of the lake. The lake basin 
in West Thumb is more cone-shaped, with 

. no islands and with the deepest area in the 
approximate center of the thumb. 

The lake is shaped like a hand with 
three fingers and a thumb, and has a 
shoreline development of 3.04. The water
shed has an estimated area of 261,590 
hectares (1,010 square miles) and consists 
principally of lodgepole pine forest and 
alpine meadows. The largest stream en
tering the lake is the upper Yellowstone 

River, but the lake cannot be considered 
simply an enlarged section of the river, 
since 42.2 percent of the lake watershed 
is outside the upper Yellowstone River 
drainage. 

TABLE 2.-Areas of various depth ranges in 
Yellowstone Lake 

Area, ln-
Percent 

Depth range or total 
Square Acres Hee-
mlle.s tares 

------
Le•s than 20 meters ______ 31. 44 20, 121 8, 143 23. 01 
20-40 meters _____________ 34.82 22, 282 9,017 25.48 
40-00 meters _____________ 26. 70 17, 088 6, 916 19. 54 
60--80 meters.------------ 26.40 16, 893 6,837 19.32 
80-95 meters.------------ 17. 29 11,066 4, 4781 12. 65 ----

Total area or lake._ 136. 65 87,450 35,391 ---------

METHODS 

Limnological stations.-Originaliy, in 
1954, 20 stations were established for meas
uring physical and biological conditions. 
In 1957 the number was reduced to 10 be
cause it was found that variations in the 
lake could be accurately determined from 
the 10 stations shown on figure 1. 

T empemture and surf ace CU'l"Y'ents.
Temperatures were measured by a bathyo
thermograph (depth range, 61 m.) which 
was calibrated periodically with a resist
ance thermometer. Temperatures below 
61 meters were collected with a reversing 
thermometer. For describing water strati
fication, the metalirnnion as defined by 
Hutchinson (1957) has been used to define 
the whole region in which the temperature 
gradient is steep. 

Surface currents were determined by re
leasing 340 drift bottles on 16 different 
seeding lines in the lake. The bottles 
were designed by the Great Lakes Biologi
cal Laboratory (Johnson, 1958). These 
bottles were found to resist wind action 
unless surface currents were produced by 
wind. To facilitate recovery, our bottles 
were painted red by swirling thinned paint 

on the inside. The bottles were released 
while maintaining a launch at a constant 
speed and releasing the bottles at constant 
time intervals. Bottles were recovered, 
and their locations noted, by National 
Park Service employees, tourists, and U.S. 
Fish and Wildlife employees. 

Bottom currents. - Bottom currents 
were measured by a modification of the 
leaning-tube-type current indicator de
scribed by Carruthers (1958a and 1958b). 
The indicator (fig. 2) proved accurate 
enough to measure current speeds to the 
nearest tenth of a knot and to measure di
rection to within 20 degrees. The graph 
illustrated by Carruthers ( 1958b) was 
used for recording current speed, since it 
was found that our modification of his 
bottle followed this curve the same as a 
bottle constructed to his specification. 

Water chemistry.-Standard Methods 
for the Examination of Water, Sewage, 
and Industrial Wastes (U.S. Public 
Health Association, 1955) was used as a 
guide for dissolved-oxygen, free-carbon
dioxide, and alkalinity determinations. 
Oxygen values were corrected for temper-
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FIGURE 2.-Diagrammatic sketch of bottom-cur
rent indicator. 

ature and altitude from the nomograph 
in Hutchinson (1957). Specific conduct
ance was determined by a conductivity ' 
bridge and readings were converted to a 
standard 25° C. A more complete chem
ical analysis of four water samples was 
conducted by the Surface Water Branch 
of the U.S. Geological Survey. 

Seoohi disk transparenoy.-A Secchi 
disk (20 cni. in diameter, black and white) 
was used to measure the limit of visibility, 
and a water telescope was utilized to elim
inate surface glare. 

Bottomsoils.-Five bottom-soil samples 
were analyzed for chemical properties by 
the Soils Laboratory of Utah State Uni
versity. The percentage of organic matter 
in 59 additional samples was determined 

- by the laboratory. Observations were 
made on the distribution of boulders, rub
ble, silt, sand, and other bottom types in 
different sections of the lake. 

P'lankton.-Net plankton tows were 
made with a Wisconsin plankton net using 
No-. 25 bolting cloth during 1956. This 
method sampled the top 10-meter stratum 
of water and the net strained an estimated 

595956 0·-62 -z 
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211 liters (10.99 cu. ft.) of water. Several 
inherent errors in this method (as sum
marized by Welch, 1948) are recognized. 
The samples were preserved in a 3-percent 
solution of formaldehyde. 

In 1957 and 1958 water for net plank
ton analyses was collected with a 3-liter 
Kemmerer water sampler. Each sample 
consisted of 10 liters of water and was 
strained through a plankton net with 
No. 25 bolting cloth. Plankton samples 
for phytoplankton measurements were 
counted in a Sedgewick-Rafter counting 
cell under a magnification of 100 X. For 
zoo p 1 an kt on analyses, samples were 
counted with a rotary-type counter under 
a dissecting microscope at a magnification 
of 30X (Ward, 1955). Data on phyto
plankters are weak because many forms 
pass through No. 25 bolting cloth. Only 
abundant zooplankters were identified to 
species. 

Bottom orgoanisms.-Bottom samples 
were collected with a 6- by 6-inch (231 
sq. cm.) Ekman dredge, and the organisms 
were separated from the bottom soils by 
sieving through a No. 30 Tyler (0.589 
mm.) screen. Four samples were col
lected at each station. Sandy or rocky 
bottoms could not be sampled adequately 
with the Ekman dredge, although we de
termined the type and relative abundance 
of organisms in these bottom types by tak
ing several dredge samples. Common 
forms were identified to species by 
specialists. · 

Stomach amalyses.-Stomachs for food 
contents were collected from anglers , by 
creel-census clerks in 1957 and 1958. Ad
ditional stomachs were collected with gill 
nets in 1957 and 1958. All were preserved 
in formalin and sorted in the laboratory. 
Organisms were identified as closely as 
possible and counted. Aliquots were used 
in counting large samples. 

Gill netting.-Experimental gill nets 
( 125 by 6 ft.) with square meshes 2%, 2, 
1%, 1, and %, inches were used for sam-
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pling fish in different sections of the lake 
at different depths. All nets were set from 
3 to 6 p.m. on one day and picked up from 
8 to 10 a.m. the following morning. Each 
set is considered to be an equal sample of 
an overnight set. 

Areas of lake.-Three areas of the lake 
have been differentiated for purposes of 
comparing lake limnology with move
ments of trout and fishing pressure in
tensity. The West Thumb area consists 
of the lake west of a line between Rock 
Point and Wolf Point and includes 19.1 
percent of the lake area (see fig. 1) . The 
northern area consists of all of the lake 
north of a line between Rock Point and 
Elk Point and includes 25.4 percent of the 
area. The southern area consists of all the 
lake south and east of these lines and in
cludes 55.5 percent of the area. 

Catch of fish.-Creel census data were 
collected on Yellowstone Lake from 1950 

to 1959 and the method has been de
scribed (Moore, et al., 1952). The catch 
each year was computed from sampling 
different segments of the fishery, such as 
shore fishermen, guide boats, and private 
boats. All of the fishing in each segment 
of the, creel census was done predomi
nantly in a certain area. It was thus pos
sible to determine with some accuracy the 
total catch each year as coming from each 
of the three areas of Yellowstone Lake. 
The West Thumb harvest includes all row
boats and guide boats from West Thumb, 
20 percent of the trailer-boat catch, and 
25 percent of the shoreline catch. The 
catch from the southern area consisted of 
75 percent of the cruiser catch, 15 percent 
of the trailer boat catch, and 5 percent of 
the catch from Lake or Fishing Bridge 
guide boats. All remaining fish caught 
were taken in the northern area. 

LAKE CURRENTS 

Surface currents. - Certain considera
tions are necessary in the interpretation 
of drift bottle data: 

1. Few bottles were recovered in the open 
water, and the route that a bottle followed 
from its release point to its destination was 
unknown. The predominant currents in the lake 
were deduced from a series of recoveries. 

2. The number of bottles recovered on cer
tain isolated southern sections of the lake shore 
was low owing to infrequent visits by tourists 
and National Park Service employees. Special 
efforts were made by our employees to collect 
bottles in these areas, but many undoubtedly 
were lost. 

3. Descriptions of recovery points were rarely 
precise and no 'attempts were made to interpret 
minor differences in the general current pat
terns from a few unusual recovery points. 

4. Complete analyses of the influence of daily 
wind direction on currents is not possible. The 
wind data includes readings at 4 p.m. at the 
Lake Ranger Station and experience has shown 
that these readings did not always reflect con
ditions for the entire lake or even for a complete 
day. 

Our surface-current information is 
based on the recovery of 155 bottles from 
340 released, or a recovery rate of 45.6 
percent. A summary of the release points 
and recovery points is plotted in appendix 
figures 1 and 2. Surface currents as 
derived from these recoveries are shown 
in figure 3. 

The surface currents on Yellowstone 
Lake during 1957 and 1958 flowed mostly 
toward the north, east, or northeast, and 
were caused by, the predominant winds 
from the south and southwest (table 1). 
Occasional winds from the east or south
east had much less velocity than winds 
from the south or southwest. Most re
coveries were made· on the north and east 
shores of the lake. The only area where 
the currents regularly deviated from the 
above-mentioned directions was around 
Frank Island and at the entrance to W f'St 
Thumb. Several bottles were carried from 

I 
' 



seeding lines northwest of Frank Island 
(seeding lines E and Fon appendix tables 
1 and 2) into West Thumb and southeast 
of Frank Island. Most of the bottles that 
were released within West Thumb were 
collected on the north and northwest 
shores of the main body of the lake, point
ing to the large amount of surface water 
leaving Thumb Lake. Surface water in 
the South and Southeast Arms also was 
carried northward, although many bottles 
were recovered on the east shores of these 
arms. 

The current speed can only be approxi
mated, but one bottle traveled a minimum 
of 1 miles in 1 day. Several bottles were 

t t 
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collected after being carried 10 miles in 2 
days. 

Bottom ourrents.-Bottom currents 
were measured at 57 stations from August 
20 to September 7, 1959, and the results 
plotted on figure 4. The following gen
eral conclusions were deduced from these 
measurements: 

1. Some water flows along the lake bottom into 
West Thumb. 

2. Currents southwest of Fran.k Island were 
variable, but flowed generally to the northeast. 

3. Currents in the northeast main body of the 
lake flowed northward along the east shore and 
westward along the north shore. 

4. There was evidence of clockwise bottom cur
rent circulation within West Thumb. 

f 

I 
I I -
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FIGURE 3.-Direction of surface currents on Yellowstone-Lake as deduced from drift-bottle recoveries 
shown in appendix figures A and B. 
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5. No consistent relation was found between 
depth and current speed. 

Re'latwns between surf (We and bottom 
eurrents.-The predominant north and 
northeasterly flow of surface water in 
Yellowstone Lake is generally compen
sated by a northwesterly and southwester
ly ff ow of water along the lake bottom. 
The great mass of water that piles up on 
the east shore of Yellowstone Lake forces 
bottom currents to flow in northerly and 
westerly directions, and bottom currents 
continue to flow westward back into West 
Thumb section. ·The bottom-current cir
culation in West Thumb suggests a clock
wise movement. Mixture of bottom and 
surface water probably occurs in West 

KEY TO SYMBOLS 

-
0 

.,_ 
2-
3-
4-
~-
6-

direction 

no detectable 
current 

0- OJ knots . 
0.1-0.2 knots 
0.2· Q.3 knots 
Q.3. 0.4 knots 
04-QS knots 
0.S-0.6 knots 

YELLOWSTONE LAKE 
WYOMING ,. 

MILES 
~ I 2 3 4 
oi234&s 

Kfl..OMETERS 

•t 
l-~ 

Thumb as evidenced from our temperature 
and water-chemistry information pre
sented "later. Undoubtedly the subsurface 
current· patterns described above are an 
oversimplication of the currents actually 
occurring in Yellowstone Lake, although 
our data do not allow a more complete de
scription of the true conditions. Mortimer 
(1952) described the occurrences of in
ternal seiches in Windemere, and both our 
current and temperature data (presented 
later), when compared with Mortimer's 
data, suggest similar conditions in Yellow
stone Lake. This is true especially in the 
region from West Thumb to the north
east shore where the movement of surface 
water is most pronounced. 

~ 

~ ·~ 
.,., 

FIGURE 4.-Measurements of bottom currents in Yellowstone Lake from August 20 to September 
. 7, 1959. • 
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WATER TEMPERATURES 

Water temperatures at different depths 
in Yellowstone Lake have been measured 
from June to the middle of October. Data 
from Station A have been used for illus
trating seasonal and annual differences 
because it is north of the area of greatest 
surface water movement and the most 
complete data have been collected at this 
station (fig. 5). After the ice leaves near 
the end of May or in early June, the lake 
begins to warm, but remains virtually 
homothermous ( 4.5 to 5.8° C.) during 
early June. This period is comparable to 
the early spring warming period described 
by Church (1945) for Lake Michigan. In 
late June the surface water begins to form 
a protective warmer layer, although no 
clear-cut metalimnion has yet formed. At 
this time several temporary metalimnion 
layers have been observed (see June 30, 
1959,.. in fig. 5), as has been recorded by 
Pennak (1955) from Grand Lake, Colo
rado. Surface temperatures reach be
tween 10.0 and 14.0° C. during this phase. 

In middle July a permanent metalim
nion begins to form and the temperature 

gradient in the epilimnion narrows down 
to about 10° C. The depth of the epilim
nion during its early formation usually 
varies from 5 to 10 meters. During late 
July and early August the stratification 
becomes complete and the summer stagna
tion period described by Church begins. 
Surface temperatures recorded during this 
period varied from 15.5 to 17.8° C., while 
the total temperature drop in the epilim
nion was usually less than 4° C. The tem
perature gradient in the metalimnion 
varied from a drop of 12° C. in 10 meters 
to 10° C. in 3 meters. Temperatures be
low 90 meter depths during complete 
stratification were not recorded below 4.6° 
C., which is the temperature reached be
fore stratification. 

In late August the lake surface water 
begins to cool and the metalimnion starts 
to sink. This latter layer develops a 
smaller temperature range and the tem
perature gradient decreases. Tempera
tures in September at 30 meters were 
higher than in August, due to the sinking 
of the metalimnion. On October 15, 1958, 

FIGURE 5.-Water temperatures (°C.) to 30 meters off Lake Area from 1954 to 1959. Mean monthly 
air temperatures each year included. 

595956 0 -bZ -3 
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the surface temperature was 9.1° C. and a 
slight metalimnion was still present from 
32 to 35 meters. 

Differences in time of stratification 
among years appeared to be related to 
mean monthly air temperatures in June 
and July, shown on figure 5. Comparable 
data for 1956 and 1959 both showed earlier 
complete stratification than other years, 
and the mean air temperatures for these 
months were higher than recorded during 
other years. 

A comparison of the water levels of 
Yellowstone Lake from 1954 to 1959 (table 
3) with temperature stratification sug
gests that the thickest epilimnion strata 
formed in August during the years of 
high water such as 1954, 1956, and 1957. 
High water levels in 1959 were not, how
ever, associated with a deep epilimnion. 
All years of high water showed a more 
abrupt temperature gradient in the meta
limnion than the years of low water levels. 
This condition is possibly caused by the 
heavier stream runoff during high water 
level years, since stream temperatures 
reach either close to or above epilimnion 
temperatures soon after the first heavy 
runoff period in early July, and stream 
water, therefore, remains in and increases 
the depth of the epilimnion layer. The 
data suggest that Yellowstone Lake circu
lates twice a year and is a first-class di
mictic lake, as classified by Hutchinson 
(1957). 

TABLE 3.-Mean monthly water levels in Yellow
stone Lake during June, July, August, and 
September, 1954 to 1959 

[In meters above the datum of 2,357.48 meters. Date collected by 
U.S. Geological Survey, 1952, 1953, 1954, and 1955, and unpub
lished data) 

Year June July August September 

1954________________ 1.31 1.58 1.03 0.64 
1955________________ 1.07 1.24 0. 90 o. 57 
1956________________ 1.83 1. 59 1.03 0.66 
1957..______________ 1.37 'I.44 I 0. 97 0.63 
1958________________ 1. 07 1. 07 I 0. 75 I 0. 5() 
1959 ________________ ---------- 1.44 0. 95 ------------

1 Data not complete. 

Striking differences were evident be
tween the thermal stratification patterns 
in the West Thumb area and in the east 
central part of the lake. West Thumb had 
a thin epilimnion and an indistinct meta
limnion, while the north central section 
had a thick epilimnion and a very distinct 
metalimnion (fig. 6). Intermediate con
ditions existed at the neck of West Thumb 
and in other sections of the lake. These 
conditions were caused by the predomi
nant winds from the south and southwest. 
Data from drift bottles showed that sur
face water is moved from West Thumb 
to the central and north central parts of 
the lake. This water movement probably 
caused an upwelling in West Thumb and 
a piling up of surface water in the eastern 
part of the lake. Miller (1952) and Ayers 
and associates (1958) observed conditions 
similar to this in certain windy areas of 
the Great Lakes. 

SECCHI DISK TRANSPARENCY 

Readings with a Secchi disk during Au
gust, 1957 and 1959, varied from 6.5 to 
8.3 meters on overcast days and from 8.8 
to 10.1 meters on clear days. Variations 
,among different 'stations in the lake were 
no~ consistent and were not always related 

to plankton abundance. These readings 
were greater than those recorded by Pen
nak (19'55) for mountain lakes in Colo
rado, even though all were collected dur
ing the August pulse of Anabaena or the 
period of lowest transparency. 

& 

• 
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FIGURE 6.-Depths of isotherms ( 0 0.) in West Thumb (station G) and the east central part of 
Yellowstone Lake (station C) during 1956 and 1959. 

WATER CHEMISTRY 

Yellowstone Lake is located approxi
mately on the Continental Divide and 
drains a watershed of igneous rocks of 
volcanic origin. The chemical composi
tion of the water is "primitive" in the 
sense that it has not been altered by civili
zation, and it does not drain sedimentary 
rocks. 

Ionic composition.-The ionic composi
tion of the water classifies it as the bicar
bonate type, as defined by Rodhe ( 1949) 
{table 4). By arranging the major elec
trolytes into milliequivalents which pre-
5ents their reacting weight, major anions 
exist in the order of HCOa, S04, Cl. The 
major cations exist in the order Na, Ca, 

Mg, K, which is indicative of soft water 
draining igneous rocks. This ionic com
position is similar to North German soft
water lakes summarized by Ohle (1955). 

Bicarbonates ranged from 33 to 35 
mg./l. while most ionic concentrations 
were relatively low. Several differences 
were apparent from a comparison of ions 
from the four sections o:f the lake. In 
general, West Thumb water had the high
est values of Ca, Mg, Na, K, Cl, F, and B. 
Concentrations near the outlet and east of 
Stevenson Island were simila.r to each 
other and . the lowest values were in the 
Southeast Arm. The higher values in 
West Thumb are due both to an upwelling 
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TABLE 4.-0hemical analysis of water collected from 2 to 10 meters at four stations in Yellowstone 
Lake on July 28, 1958 

[Analyses by U.S. Grologlcal Survey. Mlll!equlvalents per liter (me./!.) presented for major cations and anions] 

Constituents Middle Southeast 
Arm 

Analysis of water collected In-

Middle West 
Thumb 

Four miles east of 
Stevenson Island 

Near outlet 

mg.fl. me.fl. mg.fl. me./!. mg.fl. me./!. mg.fl. me./!. 
-------------!------------------------
Si02--------- --- --------- ----- -- -- -- -- ---------
Fe ________ •. ·. -... ----- --- ---- ---- ---- _ ---- -----

7. 4 ----------
0. 02 ·---------

7.2 
0.01 
5.0 
2.6 
9.4 
2.0 

5.6 
0.02 

5. 7 ----------
0. 02 ----------

Ca •••••.• - --- - -- - ----- --- ---- --- -- --- ---- --- • __ 
Mg •••• ---------------------------------------
Na ••••.••..•••••.• ---------------------------
K. - - --- -- --- - -- . - -· --·--- -- - -·-- --- - ----- ---- -HCO, ________________________________________ _ so, ___________________________________________ _ 
CL. -- ---- ---- __ ---- ------ ------- ... __ ------ __ _ 
F ••.. ---- ---- --- ---- ------ --- - .. -- --- ---- --- -- -
NOs------------------------------------------
B •••••••.. --- - -- - . -------- -- - - --- - .. ---- .. --- --
Specific conductance (25" C.)------------------
pH ______ . --- - -- - . -- . ----- -- - -- - -- . -.. --- --- . - -
Dissolved solids residue on evaporation at 

180°0 --------- --- ------------------ ---------Hardness ••• __________________________________ _ 

4. 5 0. 2245 
2.4 .1974 
8.0 .3478 
1.8 .0460 

33 .5408 
8.0 .• 1666 
4. 4 .1241 
0.5 
0.2 
0.08 

86.3 
6.8 

54 
21 

influence caused by south and southwester
ly winds and possibly to hot spring activ
ity on the west shore and below the water 
surface in West Thumb. Water from hot 
springs is rich in Si02, C02, Na, and Cl. 
Hot spring water would presumably rise 
to the surface immediately, and any in
fluences would be ,recorded in our sam
pling. Upwelling water was considered 
to be of greater importance, however, 
because data presented later on conduc
tivities indicated the increase in ionic con
centrations was related to the clockwise · 
circulation in West Thumb and not to the 
principal locality of hot spring activity 
in the extreme west end of the Thumb. 
Also, there is no evidence of local hot 
spring influence in the reading from the 
outlet where Pelican Creek contributes 
much water from hot springs. Higher 
Si02 in the Southeast Arm is believed to 
be due to the inflow of the Yellowstone 
River. 

Oonductivities.-Water conductivity is 
directly related to total dissolved solids 
or total ion concentration. Conductivities 
from various stations a.t 5 and 10 meters 
( epilimnion) in Yellowstone Lake showed 
that West Thumb usually showed the 
highest readings, while Southeast Arm 

35 
8.0 
5.6 
0.6 
0.1 
0.13 

96.4 
6.8 

57 
23 

0. 2495 
.2138 
.4087 
.0512 
. 5737 
.1666 
.1579 

4. 9 0. 2445 
2. 4 .1974 
9.1 .3957 
1.5 .0384 

35 . 5737 
9.8 . 2040 
4. 6 .1297 
0. 5 
0.1 
0.09 

92. 2 
6. 7 

55 
22 

4.5 0. 2245 
2. 4 . 1974 
8. 9 . 3870 
1.7 .6435 

34 . 5573 
7.8 .1624 
4. 8 .1354 
0.5 
0.1 
0.10 

93.2 
7.0 

55 
21 

showed the lowest readings (table 5). In 
general, the northern part of the lake 
showed higher readings than the southern 
section. The pattern of water circulation 
probably causes this condition. The 
monthly changes from July to Sep
tember were not consistent at any station, 
although the highest epilimnion readings 
were usually recorded immediately after 
complete thermal stratification. In 195'7 
this occurred in early July and in 1959 
it occurred in late June. 

Conductivities usually increased with 
depth, but not consistently so (table 6). 
The stations which were most influenced 
by the summer water circulation, such as 
West Thumb, east of Dot Island, and Elk 
Point, showed maximum readings in mid
August. Those protected stations, such as 
east of Frank Island and in South Arm 
had minimum readings in August. The 
epilimnion layers were more shallow ( 6-8 
m.) in the protected stations than in the 
exposed stations ( 12-15 m.) , and it is 
reasonable to assume that a more concen
trated trophogenic zone would use up 
nutrients more rapidly than a broad zone. 
Also, the mixture of surface and deep 
water in exposed stations would serve as 
a method of replenishment of nutrients. 

• 
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TABLE 5.-Conductivities· (25° 0.) in reciprocal megohms at different locations in Yellowstone Lake 
from 1957 to 1959 

[Dates of collection for each month below each year. Figures represent average of readings at 5- and 10-meter depths] 

June July August September 
Means 

of 
Location in lake 1957 1959 1957 1958 1959 1957 1958 1959 1957 1958 1959 read-

(June (June (July (July (July (Aug. (Aug. (Aug. (Sept. (Sept. (Aug. lugs by 
~25) 26- 2-10) 12-18) 14-22) 19-23) 6-14) 1CH3) 15-18) 3-4) 30- area 

July 1) Sept.2) 
----------------------

Ott Lake area •••.••.•...... _ 101 -------- 94 91 85 104 89 88 00 91 84 9 
Five kilometers east of 

Stevenson Island .••••.. _ .. -------- 84 103 86 91 101 89 57 63 91 92 
Ott Dot Island •. ------------ 95 87 115 00 91 103 99 98 105 89 88 
Middle West Thumb ..••.... 101 91 123 -------- 83 99 -------- 103 105 92 91 
O:ff Frank Island ____________ 97 86 105 86 86 80 80 76 62 86 74 
Mouth South Arm __________ 101 86 101 -------- ------- - 78 93 76 64 86 75 

2 

86 
96 
99 
83 
4 8 

Mouth Southeast Arm ••.... 85 -------- 77 -------- 72 75 86 97 63 -------- 93 8 1 ----------------------
Mean readings for 

period.----------- -- 97 87 103 88 85 91 89 85 79 89 85 --------

TABLE 6.-Variations in conductivities (25° 0.), in reciprocal megohms, collected during 1959 by 
depth (meters) and location 

Location of collecting point 
June 26-July 1 July 29-August 3 August 10-13 

----------------1------------ -- -- ------------------
Middle West Thumb ..•. ----------------------------- 91 91 93 100 92 89 89 93 96 97 ____ 103 104 107 106 
East of Dot Island •• ·-------------------------------- 88 96 00 94 95 86 85 89 88 ____ ---- 98 108 105 98 103 ----
Ott Elk Point •• ------------------------------------- 91 88 87 90 88 75 73 ____ ---- ____ 95 93 95 96 91 89 89 
Tenkllometerseasto!Stevensonisland _____________ 84 88 87 97 ____ 73 78 79 79 78 87 87 89 91 91 91 105 
Mid South Arm------------------------------------- 86 91 88 86 88 88 88 89 89 88 76 75 76 ---- ---- ---- ----
Five kilometers east of Frank Island _________________ ~~ 107 ~.:..:..:.:. ~ ..!'.'_ ::=: .:..:..:.:.!.:..:..:.:. ~ ~ ~ -2:_ ~ ~.:..:..:.:. 

Mean by depth and sampling period ...... _____ 88 91 92 93 91 83 83 88 88 88 84 89 92 94 92 89 97 

The distribution of conductivities by 
depth in and near West Thumb was mea
sured on July 29, 1959, to determine how 
surface and bottom current measurements 
were related to conductivities (fig. 7). 
The data clearly demonstrated a clockwise 
circulation with conductivities increasing 
from the south to the north section of the 
area. The accumulation of additional nu
trients from subsurface waters or upwell
ing can account for the increase in nu
trients as water circulates in ·west Thumb. 
The hot spring activity is concentrated in 
the western part of the thumb. Both hot 
springs and upwelling probably accounted 
for the increases in the western and north
ern stations. 

Alkalinity. - Bicarbonate alkalinities 
measured during 1957 ran¥ed from 22 to 

41 mg./l., usually varying from 30 to 33 
mg./l. The readings showed the same 
general seasonal, horizontal, and vertical 
distributions as conductivities. 

Dissolved owygen.-Theinemann ( 1928) 
showed that lake morphometry has a 
strong bearing on oxygen concentrations, 
and that large, deep lakes rarely develop 
deficits. In 1957 oxygen was measured at 
all stations of the lake from mid-June to 
mid-September, and most readings down 
to 60 meters were near saturation. Some 
seasonal measurements of oxygen concen
trations as compared with saturation 
values are shown in table 7, which also 
presents the lowest dissolved oxygen read
ing recorded, that of 53 percent saturation 
on July 25, 1957'. 
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TABLE 1.-Some summer dissolved o:cygen concentrations (DO) from Yellowstone Lake during 
1957 and 1959, compared with saturation (S) values 

[Values In mllligrams per liter and adiusted for altitude. Collected at stations A and BJ 

Depth 
June 20, 1957 July 25, 1957 Aug. 20, 1957 Sept. 18, 1957 Sept. 10, 1959 

DO s DO s DO s DO s DO s 
--------1------------------------------
Ometers__________________ 10.0 9.5 7.4 7.7 7.2 7.2 7.8 7.3 ---------- ----------
4..5meters________________ 10.0 9.5 7.4 7.8 7.2 7.3 8.2 7.5 ---------- ----------
9meters__________________ 10.2 9.6 ---------- ---------- 8.0 7.2 8.0 7.5 ---------- ----------
15meters _________________ ---------- ---------- ---------- ---------- ---------- ---------- ---------- ____ ,_____ 8.5 8.8 
20meters_________________ 9.8 9. 7 ---------- ---------- ---------- ---------- 8.4 7.9 ---------- ----------
22meters _________________ ---------- ---------- 8.3 8.6 8.3 8.3 ---------- ---------- 8.3 9.2 
30meters_________________ 9.6 8.9 ---------- ---------- 8.3 8.6 ---------- ---------- 8.0 9.3 
45 meters _________________ ---------- ---------- 4. 9 9. 2 8. 3 8. 7 ---------- ---------- 8. 7 9. 2 
Gil meters _________________ ---------------------------------------- 8.2 9.3 ---------- ---------- 8.2 9.3 
76meters _________________ ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- 8.0 9.5 
112meters _________________ ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- 6.2 9.5 

Depth Canchlctivity 
10 89 
15 89 

30 93 
46 96 

Depth Conductivity 
10 89 
15 88 

30 91 
46 93 

l)eplh Ccnduc!Nity 
IO 88 
15 88 

0 2 

KILOMETERS 

Depth 
10 
15 

30 
46 

Conductivity 
86 
85 
89 
88 

~ 
Dot ltland 

FIGURE 7.-Conductivities at different depths (meters) in West Thumb and near Dot Island on 
July 29, 1959. 

Weather conditions in the summer of 
1959 caused the water to stratify earlier 
than in 1957 or 1958 (fig. 5), which could 
presumably allow an oxygen deficit to in
crease. Measurements made on August 
10, 1959, near Stevenson Island showed a 

deficit at 92 meters of 64 percent satura
tion. There is little question that during 
the short (approximately 45 days) period 
of complete stratification, a partial oxygen 
deficit develops below 30 meters in Yellow
stone Lake. The relatively short period 

• 
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of complete stratification, however, pre
vents a severe depletion that would in
fluence the composition of bottom fauna 
or would even prevent fish from inhabit
ing this zone. Pennak ( 1955) found a 
greater progressive oxygen deficiency dur
ing the summer by depth in Bear Lake, 
Colo., than was present in Yellowstone 
Lake. His data on phytoplankton and 
carbon dioxide, however, suggested higher 
biological activity for Bear Lake. 

Free c<lJrbon diowide.-Free carbon di
oxide existed in all samples collected dur
ing 1957. Readings ranged from 1.5 
p.p.m. on the surface to 13.3 p.p.m., at 61 
meters (table 8). The water depth, which 

15 

showed a pronounced increase in carbon
dioxide content (above 10 p.p.m.), de
creased from 45 meters in July to 19 in 
August. The depth of 19 m. in August 
was just below the metalimnion. 

TABLE 8.-Free carbon dioxide concentrations in 
mg.fl., by month and depth during summer 
of 1957 

[Mean of readings at various stations] 

Depth June July August September 

Ometers___________ 3.5 3.5 ---------- 2-0 
5meters___________ 3.8 4.3 3.5 3.4 
IO meters__________ 4.0 5.4 6.0 3.5 
19meters __________ ---------- ---------- 12.5 4.0 
30 meters __________ ---------- 3.0 ---------- ------------
45 meters __________ ---------- 11. 5 12. 8 ___ ·--------
61 meters __________ -------------------- 13.3 ------------

BOTIOM TYPES 

Types ood distribution.-Bottom types 
in Yellowstone Lake consist of boulders, 
rubble, black obsidian sand, and fine clays 
with organic matter. Boulders are exposed 
in quantity only on the east shore and on 
the windward shore of Frank Island. 
Rubble areas are concentrated on the east 
shore and in a few exposed sections of the 
South and Southeast Arms. The most 
common shallow (less than 2 m.) water 
bottom type is black obsidian sand which 
contains less than one percent organic mat
ter. Silty loams with varying amounts of 
organic matter make up more than 95 per
cent of the bottom type of Yellowstone 
Lake. The amount of organic matter in 
the bottom sediments increases with depth, 
with a correlation coefficient from 59 sam
ples of 0.80 (table 9). In general, bottom 
soils below 50 m. possess more than 5 per
cent organic matter, while bottom soils be
tween 25 and 50 meters have more than 2 
percent organic matter. There are many 
exceptions to this condition which can be 
explained by water movements. Areas 
with a greater movement or exchange of 
·water, such as the Southeast Arm with the 
inflowing Yellowstone River, allow a 

smaller amount of organic matter to ac
cumulate than do other similar areas, such 
as the South Arm, with less water ex
change. Water currents, as described ear
lier, prevented "rganic matter from ac
cumulating in as great a quantity in the 
neck of West Thumb as in areas of similar 
depth inside West Thumb. Greater than 
average amounts of organic matter ac
cumulated around Sand Point, where an 
eddy current is probably present, as shown 
from several drift recoveries. Organic 
matter deposition on the lake bottom of 
less than 20 meters in depth has much in
fluence on fish distribution and fish food 
production. Those areas with much or
ganic matter had large stands of aquatic 
plants, which had high standing crops of 
tendipedids and Gammarus. As shown . 
later, the latter organisms are important 
foods for cutthroat trout. 

0 hemieal propertus.-Bottom-sediment 
samples were analyzed to determine what 
differences in organic carbon, nitrogen, 
P 20s, and cation exchange existed in sec
tions of the lake by depth. Soil samples 
were all classified as silt loam in agricul
tural terminology and were typical of the 
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soft bottom sediments. The shallow sta
tions had greater amounts of organic car
bon and less phosphate (table 10) than the 
deeper stations. The cation exchange ca
pacity was greater in the deeper stations. 
Nitrogen readings were not related to 
depth. The data show a greater utiliza
tion of nutrients in shallow water. ·with 

respect to growth conditions for aquatic 
plants, both Roelofs (1944) and Wohl
schag (1950) found that organic matter 
content and site conditions were fre
quently of greater importance than phos
phates, nitrates, or other nutrients, and 
these same factors appear to be most im
portant in Yellowstone Lake. 

TABLE 9.-Percentage of organia matter in bottom soils by location and depth at 59 points in 13 
sections of Yellowstone Lake 

Location and depth 

West Thumb: 
25 meters ______ -- _ --- - -- __ ----- ________________ _ 
S2 meters ______ ----_ -- - --- _ --- _ ------- _ --- _____ _ 70 meters __________ -- -- ________________________ _ 
71 meters ______ ------- _________________________ _ 
75 meters ______________ ------- ____ -------- _____ _ 
85 meters ________ . ___ ----------------------------
88 meters ______________ ------- _________________ _ 
92 meters ______________ --- ___ -- _______ ---- ------
94 meters _____ ----------------------------- ____ _ 

Neck of West Thumb: 2 meters _______________________________________ _ 
13 meters ______________________________________ _ 
37 meters ______________________________________ _ 

Rock Point to Wolf Point: 53 meters _________________ ------- ______________ _ 
22 meters _________________ ------- ______________ _ 
70 meters ______________________________________ _ 
64 meters ______________________________________ _ 

Mouth of Flat: 33 meters _________________________________ ------
11 meters ______________ -------------------------

Eagle Bay to Signal Point: 
6 meters------------------- ___ ------------- ____ _ 63 meters ______________________________________ _ 
12 meters ______________ --'---- _________ ---------
67 meters ______________________________________ _ 
75 meters ______________________________________ _ 
75 meters ______________________________ ------- __ 

Mouth of Southeast Arm: 40 meters ______________________________________ _ 
69 meters ______________________________________ _ 
76 meters ______________________________________ _ 
49 meters ______ -- _____ - --- ____________ ----- -----
5 meters _______________________________________ _ 

Percentage 
of organic 

matter 

3.22 
4.13 
6. 72 
6.33 
5.28 
6.14 
5.64 
5. 81 
6. 38 

0.31 
1. 93 
1. 72 

1. 75 
2.67 
7.43 
6.40 

6.40 
1. 48 

1. 91 
6.02 
2.49 
4.45 
6.19 
6.23 

4. 20 
3.54 
3.23 
3.04 
1.22 

Location and depth 

South end of Southeast Arm: 
32 meters ______________ -------------------------
40 meters ______________________ -----------------
49 meters __________ -- __________________ ------- __ 
37 meters ______________ ------------------- _____ _ 
49 meters _________ -________________ --- _________ _ 
1 meter ________________________________________ _ 

Mouth of South Arm: 
88 meters ______ ---------------------------------53 meters ______________________________________ _ 
58 meters _________________ ----------------------

South end of South Arm: 
15 meters ______________ ------------------- _____ _ 
6 meters ______ ----------------------------------
1 meter ____________ . _____ -----------------------

Frank Island to Elk Point: 
3 meters ___________________ ---------------------
61 meters ______ ---------------------------------
88 meters ______ ---------------------------------88 meters ________________ . _____________________ _ 
79 meters. ________ . ___ --------- ___ --------------

Sand Point to Elk Point: 
92 meters __________ ---------------------------- -
1 meter ___________ --------------------~---------
79 meters ______________________________ ---------
82 meters ______________ --- _ -- -- _ -- _ ---- ____ --- __ 
82 meters ________ ----------------------------- __ 
81 meters _________ ------------------------------
46 meters _____ . ___________________ --------------

Stevenson Island to Steamboat Point: . 76 meters _____ . ___ . ____________________________ . 
85 meters ____________ ---------------------------
87 meters _____ . _______ .-------------------------

Stevenson Island to outlet: 
31 meters __ -------------------------------------
55 meters ______________ ------------------- _____ _ 53 meters ______________________________________ _ 

Percentage 
of organic 

matter 

4.64 
3.20 
3.58 
2.08 
1.94 
0.89 

3.54 
7.22 
6.69 

9.12 
6.40 
3. 78 

0.22 
5.85 
5.42 
5.44 
5.85 

6. 71 
3.66 
8.33 
5.90 
6.00 
6.24 
4. 68 

6.43 
6. 31 
6.88 

2.29 
6. 72 
6.30 

TABLE 10.-Some chemical properties of six samples of bottom soils (silt loam) in Yellowstone Lake, 
'!Ollected August 15-30, 1958 

Depth Organic Nitrogen P,o, Cation Organic 
Location (meters) pH carbon (percent) C/N ratio p.p.m. exchange matter 

(percent) capacity (percent) 

Southeast Arm ________________ 40 6.5 2.60 .325 8.0 68 47. 6 7.26 
Southeast Arm_--------------- 70 5. 7 ------------ .262 ------------ 118 58.0. 

--------6~36 South Arm ____________________ 15 6.8 3. 70 . 562 6.5 45 42.0 South Arm ____________________ 3 6.0 3.38 .392 $.6 41 40.2 5. 81 
East of Stevenson Island_----- 88 6.1 2.24 . 415 5.3 280 54.0 3.85 

. AQUATIC PLANTS 

The distribution and relative abundance 
of aquatic plants has a great bearing on 
the production of those bottom organisms 

which are important cutthro·at trout 
foods. Collections of aquatic plants were 
made with a plant hook and while col-

I 
i 



9.12 
6.40 
3. 78 

i 

l 

lecting bottom samples with an Ekman 
dredge. The species collected and their 
depth distributions were as follows : 

Meters 
Potamogeton richardaoniL-------------~ · 1- 5 
Potamogeton prael<>ngus_______________ 5-10 
Potamogeton puaillus__________________ 1-18 

Potamogeton robbinaiL-----------"------ 5-10 
Potamogeton gramineous var. gramini-

folius ------------------------------- 0- 3 
Lemna trisulca_______________________ 2-18 
Oeratophyllum demeraum______________ 1-17 
Najas fte11Jilis__________________________ 2- 8 

Myriophyllum e11Jalbescena______________ 1- 5 
Ranunculus aquaticus __________________ 0.5- 5 

Fontinalia SP·------------------------- · 2 
Elodea canadenais _____ .:_ ____ ..;__________ 0- 2 

Nitella fr,e11Jilis~------------------------ 1 
Ekocharis SP·-------------------'------· 0.5- 1 
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Meters 
Sagittaria cuneata _____________________ 0.5 

Sparganium SP·------~-------~--------- 0- 2 
Aquatic plant beds were generally re

stricted to protected littoral areas where 
organic matter was allowed to accumulate 
and were not present below a depth of 18 
meters. The most extensive beds were lo
cated at 1 to 10 meter depths in South and 
Southeast Arms, on the lee sides of 
Stevenson and Frank Islands, and near 
the outlet. On windy, exposed shorelines, 
such as on the east shore or on the wind
ward side of Stevenson Island, plant beds 
were dense from 7 to 15 meters. Aquatic 
plants in West Thumb were more abun
dant on the protected south shore than on 
the exposed nort4 shore. 

PLANKTON 

Only general statements can be made 
about the abundance, seasonal changes, 
and genera of phytoplankton from sam
J?les collected in 1956. Plankton collec
tions in 1957 and 1958 were aimed prima
rily at sampling zooplankters. 

-Phytoplankton.-The siliceous nature of 
the watershed undoubtedly caused the 
predominance of diatoms in the phyto
plankton. Except for an annual August 
pulse of Anabaena, various diatoms such 
as Asterionella, M elosira, and Stephano-

discus, dominated the phytoplankton flora 
(table 11). A dense pulse of Asterionella 
occurred in 1955, 1956, 1957, and 1958, 
soon after tl1e ice left in early June. 
This pulse extended to 35 m. in depth and 
was associated with high water levels due 
to melting snows. M elosi.ra formed a pulse 
to a .lesser extent in late July and remained 
abundant until September. Anabaena 
formed a heavy pulse during the first two 
weeks of August during all years meas
ured. This pulse caused a green cast in 

TABLE 11 . ...:...M ean number of phytoplankton cells collected per liter (to nearest whole- number) from 
all aectiona of Yellowstone Lake, June 28 to August 31, 1956 

[Each sample represents one plankton haul from 10 meters to surface] 

Number collected during period.:_ 

; 
Alga genus June~ July 10-17 July 20-24 July 30-31 Aug.1-3 Aug. 7-10 Aug. 15-16 Aug. 20-24 Aug. 29-31 

July 6 (10 (14 (13 (5 . (7 (11 (5 (8 (3 
samplesJ samples) samples) samples) samples) samples) samples) samples) samples) 

Aaterionella __ ----- 128, 71I ll5, 896 24, 764 54,955 2,349 961 1,566 583 1,073 
Stfi,hanodilcw ____ 68 74 41 18 34 0 10 88 48 
M. oairtJ_ ----·---- 2, 138 003 61 0 260 132 2, 125 48 128 
Stauraatrum"-·---- 10 8 5 1 5 40 2 98 1 
Coelaatrum. _______ 0 14 14 0 12 4 1 20 82 Anabaena _________ 

889 123 591 7,420 16,807 11, 830 17, 998 389 0 
Ot1!er •------------ 1 11 11 l 3 2 4 33 6 

I Includes COilosphaerium, Pleurococcua, Cosmarium, Navicula. Fragillaria, Ulothrix, Cloaterium, Pinmtlariu, Suriella; Compylo-
diicm,. unidentified desmids. • 
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the water due to small clumps of algal 
filaments. Data from 1956 showed West 
Thumb to be the most productive section 
of the lake with Southeast Arm the least 
productive. Stations in the north and cen
tral areas of the lake were similar to those 
in South Ann and around Frank Island. 
These pulses were similar to those reported 
by Pennak (1955) for Grand Lake, Colo., 
although they were less intensive. 

Forbes ( 1893) reported few Oyclops, but 
vast numbers of Diaptomm. K eratella 
was collected occasionally, but the rotifer 
fauna consisted almost entirely of Oo
nochilus unicornis. Pennak (1957) found 
that one dominant species of copepod, 
cladoceran, or rotifer, was usually present 
in Colorado limnetic communities. 

Zooplankton.-The zooplankton fauna 
consisted principally of Oonochi};u.y wni
cornis, DiaptomitS shoshovne, Daphnia 
schoedleri, and nauplii of Diaptomus. 
V orticella occurred commonly during the 
Anabaena pulse in August, but no other 
species were commonly observed. A few 
Oyclops were identified, but they occurred 
so rarely (less than 0.1 percent) that they 
have been included with Diaptomus for 
purposes of enumeration. Also, a few 
Diaptom1US min u tu s were identified. 

The vertical distributions of zooplank
ters showed that the depth range where 
the largest number occurred extended 
from 5to18 meters (table 12). Diaptomus 
were most abundant during July at 5 and 
10 meters, hut were present to 45 meters. 
N auplii were most abundant during late 
July at the depth range of 15 to 23 meters. 
Daphnia were never abundant from a.ny 
plankton samples, but increased in num
ber in September. Daphnia schoedleri, 
the only cladoceran collected in Yellow
stone Lake, is an inshore swarming species 
and was not sampled adequately at the 

TABLE 12.-Verical distribution of Diaptomus (Di), nauplii of Diaptomus (N), Daphnia (Da), 
and rotifer.a (R) during 1957 and 1958 

[Number per liter is derived from IO-liter samples combined from all limnologkal stations tn Yellowstone Lake. Number of samples 
shown in parentheses. Diaptomu• counts include a few Cyclops] 

Depth and plankter June 1-30 July 1-15 July 16-30 

O meters •. ---------------------------------- (8) (12) (4) 
DL------------------------------------ 8. 8 7. 7 5. 6 N-------------------------------------- 4. 9 6.1 7. 4 
Da ••• ---------------------------------- O. 2 0.1 0.1 
R. ------------------------------------- 0. 2 0. 5 37. 2 

5 meters •• ---------~------------------------ (7) (11) (8) Dj_____________________________________ 10.5 18. 7 21. 7 

N-------------------------------------- 8. 7 11. 8 10. 2 
Da ••• ---------------------------------- O. 2 O. 3 o. 5 R-------------------------------------- 4. 4 15. 5 151. 9 

10 meters----------------------------------- (7) (12) (8) 
DL------------------------------------ 15.4 9.4 13. 2 
N-------------------------------------- 8. 4 10. 7 15. 8 
Da ••• ---------------------------------- O O O 
R-------------------------------------- 1. 2 17. 2 85. 0 

15-18 meters-------------------------------- ------------ (5) (3) 
DL •• ---------------------------------- ------------ 3. 2 5.1 N-------------------------------------- ------------ 7. 7 46. 9 D11------------------------------------- ------------ O 0. 4 R-------------------------------------- ------------ o. 3 168. O 

21-23 meters-------------------------------------------------------- (I) 
DL------------------------------------ ------------ ------------ 3. 5 N----·---------------------------·----- ------------ ------------ 55. 7 
Da ••• ---------------------------------- ------------ ------------ O 
R. ------------------------------------- ------------ ------------ 2. 3 

30 m~~':'::::::::::::::::::::::::::::::::::: :::::::::::: i~~ 5 (~~ 3 
N-----------------------------·-------- ------------ 11. 0 17. 4 
Da ••• ---------------------------------- ------------ O O R-------------------------------------- ------------ 3. 5 2. 2 

45 m~~~::::::::::::::::::::::::::::::::::: :::::::::::: (~~ 0 :::::::::::: 
N------------------------------------- ------------ 6. 7 ------------
Da ••••••••••••••••••••••••••••••••••••• ------------ 0 ------------R-------------------------------------- ------------ O ------------

August 
1-15 

August September Mean 
16-31 3-18 number 

(3) (3) (15) 
a9 &4 ~9 
1.2 26 ~8 
a3 ai 23 
0 5.5 2.4 

(11) (12) (16) 
13. 7 13. 2 14. 9 
10.9 12.0 13.8 
a1 a9 a1 

193. 0 41. 3 17. 7 
(15) (11) (12) 

8.1 10.4 14.2 
~8 1~9 1~0 
t.7 as &5 

61. 5 51. 2 22. 5 
(15) (8) (9) 

3.4 5.0 11.7 
15. 2 16. 2 18.1 
at a1 t.1 

53. 2 59. 1 10. 6 
(6) (I) (2) 
2.1 2.7 8.9 
8.0 17.7 15.0 
0 0 2.1 
1.4 4.2 24.3 

(6) ------------ (5) 
1. 2 ------------ 4. 2 
2 1 ---·-------- 9.1 
0.1 ------------ o. 6 
2 7 ------------ 2. o 

(1) (1) ------------
1. 2 2 4 ------------
4. I o. 7 ------------
0 0 ------------
0. 6 0 ------------

per sample 

(45) 
6.0 
5.3 
0.9 
4.6 

(65) 
15.4 
11. 6 

1. 2 
66.4 

(65) 
11.3 
12.1 
1. 2 

40.8 
(40) 

5. 7 
17.5 
0.5 

46.8 
(10) 

3. 7 
15.1 
0.2 
6.3 

(15) 
3.9 
7. 7 
0.2 
2.5 

(3) 
3.9 
3.8 
0 
0.2 



(45) 
6.0 
6.3 
0.9 
4.6 

(66) 
16.4 
11.6 
1.2 

66.4 
(66) 
11.3 
12. l 
1.2 

40.8 
(40) 

5. 7 
17.5 
0.5 

46.8 
(10) 

3. 7 
15.1 
0.2 
6. 3 

(15) 
3.9 
7. 7 
0.2 
2.5 

(3) 
3.9 
3.8 
0 
0.2 

various stations for this reason. In late 
August, 19591 two large swarms covering 
an estimated 14,000 cubic meters each 
were observed, and ea.ch swarm contained 
400 to 500 Daphnia per liter. These con
centrations were located by anglers who 
were taking advantage of the fish concen
trations in these areas. The intensity of 
these swarms probably varies annually, 
since such large concentrations would 
probably have been observed previously. 
Tonolli (1954) found that annual clado
ceran populations varied greatly in Italian 
alpine lakes due to meteorological condi
tions. He found that warmer weather 
increased populations significantly, and 
related these conditions to the velocity of 
cladoceran developmental processes. The 
concentration. in 1959 may have been due 
to the fact that the epilimnion formed 
earlier than in other years observed (fig. 
5). Rotifers were abundant from the 
.middle of July to mid-August, and they 
extended in abundance down to 18 meters. 
Those plankton organisms important as 
food for cutthroat trout did not extend in 
abundance below 18 meters in depth. 

The abundance of zooplankters amongst 
different sampling stations can be com
pared from our data on table 13. The 
Southeast Arm (Station J) showed the 
lowest numbers. Tnis fact is probably due 
to the great exchange of water from the in
flowing Yellowstone River and to the low 
amount of nutrients in this arm. Dia
ptomus and nauplii were never abundant 
in this section of the lake. The West 
Thumb section showed poor standing crops 
and this was due to the continual removal 
of surface water from this area as shown 
both by current an:d temperature informa
tion. The heaviest populations were in 
the northeast and central parts of the lake 
where surface water accumulates from 
wind action. McMahon (1954) found that 
the movement of surface water due to wind 
action also concentrated entomostracan 
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plankters in the lee sections of Lakelse 
Lake, British Columbia, Canada. The ex
treme north section of the lake and the 
South Arm were similar in numbers col
lected. The large number at Station F on 
the lee side of Frank Island is believed to 
be due to its protected nature. 

TABLE 13.-Mean number of organisms per liter 
from June 15 to September 15, 1957, among 10 
sampling stations in Yellowstone Lake 

[All samples collected at 5- and ID-meter depths and separated 
as Diaptomus (Di), naupli! of Diaptomus (N), Daphnia (Da), 
and rotifers (R). Sampling stations shown in figure I] 

Number 
Month and station of Di N Da R 

samples 

------·-----------
June: 

A------------- 2 1.4 1.2 0 O 
B------------- 2 3. 0 O. 7 0 0 
C------------- ---------- -------- -------- -------- --------
D _____________ ---------- -------- -------- -------- --------
E------------- 2 22.1 15. o 0 9. 4 
F------------- 2 32.0 20.1 0.2 O 
o _____________ ---------- -------- -------- -------- --------n_____________ 2 11. 1 11. 4 o o 
L------------- 2 20. 0 14. 4 O. 5 o J______________ 2 0. 3 0 0 0 

July: 
A------------- 4 16. 3 10. 2 0. 2 39. l 
B------------- 2 22. 5 13. 3 0 7. 0 c_____________ 2 21. 2 21. 6 o 353. 6 
D----- -------- 2 21. 6 14. 3 o 10.1 
FL------------ 2 20. 5 34. 3 0 57. 7 F------------- 3 19. 5 6. 3 0 253. 0 Q_____________ 2 12. 9 10. 8 0 71. 4 
H------------- 4 22. 5 12. 8 O 42. I !______________ 4 18. 8 17. 4 o. 7 53. 0 
J______________ 4 8. 7 4. 4 1. 2 55. 5 

August: 
A------------- 4 13.0 8.8 0.8 119.4 
B------------- 4 25. 7 15.3 1. 6 84.1 c_____________ 4 13. 1 15.3 5.8 61.8 
D---C--------- 4 13.4 14. 7 0.1 166.2 
E------------- 3 13. 7 12. 7 0. 7 80. 5 
F ------------- 4 15. 8 13. 7 1.1 170. 8 o_____________ 2 lO. 4 6. 6 o. 9 36. 5 
H------------- 4 11. 4 24. 4 0 117.1 !______________ 4 8. 8 14. 8 o. 5 36. 6 
J______________ 4 4. 6 9. 4 2.1 50. 9 

September; 
A------------- 2 6.1 8. 5 1. 4 39. 3 
B------------- 1 3. 2 6. 8 0 22. 8 c_____________ 1 15.1 8. o 3. 1 o n_____________ 2 5. 6 3. 1 o. 9 ·g. 3 

E------------- ---------- -------- -------- -------- --------
F _ ------------ 2 8. 2 13. 4 I. 8 24. 4 Q_____________ 2 10. 9 3. 2 2. 0 6. 2 

H------------- 2 7. 3 16.1 0. 9 8. 4 
I_ ___________ c_ 1 17. 9 21. 3 1.1 11. 2 
J._____________ 1 5.2 10.4 6.5 9.1 

All 
DI N Da R organ· 

isms 

---------
Mean, all samples: 

A------------- 11. 0 8. 0 0.6 59.4 79.0 
B------------- 17.4 10. 7 0. 7 41.5 70. 3 c _____________ 

16.0 16. l 3.8 136.3 172.2 
D------------- 13. 5 11. 8 0.3 88.0 113. 6 
E------------- 18. 0 19. 5 0.3 53. 7 91.5 
F ------------- lS.4 12.8 o. 8 135. 5 167. 5 o _____________ 

11. 4 6. 9 0.9 38.0 57.2 
H------------- 14. 5 17. 0 0.2 54.4 86.1 
L------------- 15.3 16.3 0.6 33.6 65. 8 
J_ _______ ------ 5.4 6.0 1. 8 39.5 52. 7 



20 

BENTHOS 

Studies on benthos included the deter
mination of vertical and horizontal dis
tribution of the common organisms. The 
sampling of hard-botton areas of the lit
toral zone ·was sparse, but observation did 
not disclose any great concentrations of 
organisms in these areas, possibly because 
of heavy molar action. Undoubtedly, the 
numbers of Ephemeroptera and Trichop
tera were much higher than our sampling 
disclosed. The common organisms pres
ent, their depth distribution, and abun
dance were as follows: 

Lumbriculidae (usually Limnodrilus sp.)
sparsely present 0 to 95 meters on silty bottom. 

TubifelC tubifelC (0. F. Muller)-only occurred 
.in abundance in clumps on delta of Yellowstone 
River in Southeast Arm-10 meters. 

H elobdella stagnalis (Linnaeus )-sparsely dis
tributed in entire lake down to 15 meters on 
silt bottom. 

Hyallela azteca (Saussure)--c<immon from 0 
to 15 meters around aquatic plant bed. 

Gammarus lacustris (Sars)-abundant on pro
tected shores down to 30 meters-present to 43 
meters-most · abundant around aquatic plant 
beds. 

Ephemerella sp.-common only on poorly 
sampled, rocky shorelines, from 0 to 8 meters. 

Psychomyia sp.-rare from 1 to 5 meters. 
Dicosmoecus sp.-common from 0 to 25 meters. 

Tendipes (Tendipes)-abundant from 0 to 30 
meters. 

Tendipes (Limnochironomus) - moderately 
abundant to 90 meters. 

Prodiamesa-present at all depths and most 
abundant from 70 to 90 meters. 

Procladius-moderately abundant to 30 meters. 
Pisidiu~present from 0 to 30 meters. 
Sphaerium-present from 20 to 60 meters. 

The standing crops of benthic organisms 
at various depth ranges showed that the 
6- to 11-meter range was the most produc
tive in number, with a mean of 1,036 or
ganisms per square meter (table 14). This 
large production was composed princi
pally of Oligochaetes ( Tubif ex), Gam
marus, and Hyallela. Gammarus ex
tended in moderate abundance to 23 
meters, but the largest concentration was 
in the 1- to 5-meter range. Tendipedids 
were most abundant in the 6- to 11-meter 
range, but were numerous down to 92 
meters. Sphaeriids were common at 1- to 
5-meters. The highest numbers of Gam
marus were found around aquatic plant 
beds of Potamogeton pusillus and Lemna 
trisulca, but fish predation (to be discussed 
later) undoubtedly influenced these num
bers. 

TABLE 14.-Mean number of bottom organisms collected per square meter at various depth ranges 
in Yellowstone Lake, June 15 to September 18, 1957, and July 15 to August SO, 1958 

[N -number collected; F= frequency of occurrence] 

- Collected at depths of-

. Organism o-s·meters 6-11 meters 12-17 meters 18-23 meters 24-58 meters 61-92· meters 

' 
(16 samples) (32 samples) (30 samples) (11 samples) (21 sample~) (5 samples) 

N F N F N F N F N F N F 
----------------------

OUgocheata _________________ 5 4 366 14 23 15 36 7 42 14 39 3 
Hlrudlnea. ----------------- 20 6 70 21 7 6 0 0 13 3 4 1 
~haerildae. ____ --- _________ 22 7 4 3 4 5 4 1 4 2 0 0 endlpedldae _______________ 34 8 83 20 295 25 245 10 497 21 280 3 
Gammarua lacustri1 _________ 537 15 295 28 158 21 17.8 6 54· 9 0 0 H11allela azteca ______________ 153 8 216 14 84 6 3 1 0 0 0 0 Trlchoptera _________________ 

11 4 2 2 0 0 0 0 0 0 0 0 
Ephemeroptcra _____________ 2 2 0 0 0 0 0 0 0 0 0 0 
Hyclracarlna ••• ------"------ 3 1 0 0 0 0 0 0 0 0 0 0 
Gastropoda.---------------- 1 l 0 0 l 2 0 0 0 0 0 0 ------------------------. 

Total.---------------- 788 -..... _____ 1,036 -------- 572 1-------- 466 -------- 610 -------- 323 --------



The nµmber of organisms per square 
meter is low when compared with those 
found in similar studies. Reimers, 
~ciolek, and Pister (1955) reported 
. more orgaJ)isms per unit area for their 
lakes in the Sierras, although only Lake 
Mildred contained many amphipods. The 
number per ·square meter also was lower 
down to 60 meters than Rawson (1953) 
reported for Great Slave Lake. The latter 
author also compared the percentage com
position of the dominant kinds of bottom 
organisms from several large North 
American lakes; the Yellowstone Lake 
bottom fauna was similar, except that 
Gammarw replaced Pontoporeia as the 
dominant amphipod. Calhoun (1944a) 
found a higher standing crop in Blue 
Lake, Calif., than in Yellowstone, but 
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found a rapid drop in production below 
20 meters. 

The number of bottom organisms in dif
ferent areas of Yellowstone Lake was 
compared from 2 to 15 meters (table 15) . 
The largest numbers were collected off 
Lake Area in the northern area of the 
lake. The lowest number was off Clear 
Creek, which is an exposed wave-swept 
shoreline where organic matter does not 
accumulate. A lower number than would 
be expected was present in the South Arm 
and near Frank Island. Most of the dif
ferences between these latter two stations 
and lake were in numbers of Gammarus, 
which is an important food for cutthroat 
trout. The low production in Southeast 
Arm was possibly due to a large accumu
lation of fine silt and to the shifting 
bottom. 

TABLE 15.-Number of bottom organisms per square meter at sw stations in Yellowstone Lake in 1958 
[Samples ranged In depth from 2 to 15 meters at about 3-meter Intervals] 

I West Thumb Southeast Arm South Arm Oft Clear North side of Lake Area, 
otJ Solution off Trail Creek, near Peale Creek, July 25; Frank Island, July 28 and 

Organism Creek, August July 31; bottom Island, August bottom ~and. August i; bot- August 15; bot-
5; bottom sand fine silt with 12; bottom sand, gravel, little tom sand, tom sand, 
with little silt little sand (6 gravel, and silt silt (4 samples) gravel, and silt grave.I, and silt 

(6 samples) samples) (6 samples) (5 samples) (6 samples) 

Olfgochaeta.. ____ --- --- - --- ------ 0 2 20 0 4 24 
Hlrudlnea. _ - ----- ----_ ------- __ 0 0 32 11 32 48 H,,,Uela azteca __________________ 

203 34 M 30 176 602 Gammanu laro&tria _____________ 317 99 206 99 435 919 
Hydracarlna •• ___ -------_ ---- ___ 7 0 0 0 0 11 
Epbemeroptera. ---- -- __ -------_ 4 0 0 0 0 3 
Trichoptera ___________ -----_ ---- 11 2 0 0 0 0 
Tendlpedldae ____ -- ------ _______ 39 66 63 Zl 54 108 

=~rd:::::::::::::::::::::: 0 2 0 0 0 0 
4 11 18 0 15 18 

Total •• ------------------- 585 216 393 169 716 1, 733 
,Mean number per sample. 99.5 36.0 65.5 42,3 143.2 288.8 

VERTICAL DISTRIBUTION OF CUTTHROAT TROUT 

During the open-water season, cutthroat 
trout in Yellowstone Lake rarely venture 
below 20-meter depths. During 1957 and 
1958 more than 99 percent of the cut
throat trout were captured in the upper 
25 meters of water, in 92 gill-net sets 
(table 16). Of the total, 63 percent were 
collected from the surface to 15 meters, 
and no trout were captured below 30 
meters. Th.is type of vertical distribution 
of cutthroat trout has been documented 

by McConnell, Clark, and Sigler (1957) 
for Bear Lake in Utah and Idaho, al
though the cutthroat population was 
small. 

Our data do not conclusively show great 
variations in vertical distribution among 
different size groups, but small trout 
( 155-200 mm., predominently age group 
II) frequented water below 20 meters 
more t~an did larger trout. 
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TABLE 16.-Number of cutthroat by size groups captured by 9.Z overnight experimental gill-net sets 
at different depth ranges in Yellowstone Lake during July and August of 1957 and 1958 

Depth N1:kber 
of se 

l.ess than 105-150 155-200 
lOOmm. mm. mm. 

------------
0-S meters---------------- 11 0 0 2S 
6-9 meters ________________ 11 0 0 Sl 
10-15 meters-------------- 22 0 0 40 
17-20 meters-------------- 11 0 0 6 
21-25 meters ______________ 22 1 0 23 
26-30 meters-------------- 8 0 0 1 
31-46 meters ______________ 7 0 0 0 

------------
Total __ - - ---------- 92 1 0 146 

Number in size group range-

205-250 255-300 305-350 
mm. mm. mm. 

---------
30 45 55 
30 36 57 
16 21 38 
3 3 25 
3 0 10 
2 1 1 
0 0 0 ---------

84 106 186 

355-400 
mm. 

---
60 
39 
43 
28 

9 
1 
0 ---

180 

Above 
400 mm. 
---

4 
1 
2 
0 
0 
0 
0 ---
7 

Total 

21 9 
4 

60 
65 
6 

21 
1 

4 

71 

6 
0 

0 

FOOD OF CUTTHROAT TROUT 

The most abundant organisms found in 
the stomachs of cutthroat trout in Yellow
stone Lake were Daphnia shoedleri, 
Gammarus "laeustris, and various species 
of Tendipedidae (table 17). Diaptomus 
shoshone, Trichoptera, Plecoptera, and 
Ephemeroptera occurred in fewer stom
achs. The seasonal changes in feeding 
habits showed that Gammarus was most 
important in mid-July, but declined in 
importance in August. The number of 
Daphnia increased from July to October 
and is believed due to the swarming habit 
during the latter part of the summer. 
Tendipedidae pupae and adults were com
mon in stomachs during July or when the 
major emergences occurred. Tendipedidae 
larvae were not utilized heavily. Diap
tomus occurred in few stomachs in July, 
but assumed gren.ter importance later in 
the season. Only three stomachs out of 
409 contained fish, and these were cut
throat trout. 

Feeding habits of trout by size groups 
showed that both Gammarus lacustris and 
Daphnia schoedkri were the most com
monly utilized foods of all sizes of trout 
(table 18). There was a gradual transi-

tion in the range of 275 to 325 mm. from a 
zooplankton-bottom fauna diet to a pre
dominantly bottom fauna diet. Diapto
mus were rarely utilized above 250 mm., 
and Ephemerella nymphs and Trichoptera 
were most important among large fish. 
From our knowledge of the distribution 
of the food organisms in the lake, it ap
pears that small trout feed both in the 
limnetic and littoral zones while large 
trout feed almost entirely in the littoral 
zone. Daphnia schoedleri, the only zoo
plankter found in many stomachs of large 
trout, is an inshore swarming species. 

Differences in feeding habits in two sec
tions of Yellowstone Lake were demon
strated from the stomach contents of 344 
cutthroat trout caught at Fishing Bridge 
and West Thumb docks (table 19). Stom
achs from fish caught at Fishing Bridge 
contained many stream organisms and 
some trout eggs. Trout from West Thumb 
utilized terrestrial organisms more so than 
trout from Fishing Bridge. Many stom
achs from Fishing Bridge contained both 
Diaptomus or Daphnia and stream bot
tom insects, which indicates that cutthroat 
trout .can rapidly change their feeding 
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habits to utilize a different type of food. 
The large number of terrestrial insects 
from West Thumb included the wind
blown bark beetles, wasps, and others, 
which were carried into the water by the 
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predominani; south and southwesterly 
winds from the lodgepole-pine forests. 

Calhoun ( 1944b) found that cutthroat 
trout (Salmo clarkii henshawi) utilized 
Tendipes larvae more commonly than 

TABLE 11.-Stomach contents of 409 cutthroat trout captured by gill nets, by time of capture in 1958 

[All sizes combined. P-peroont of stomachs containing organisms; M=mean number, to nearest 1.0, of food organisms per stomach. 
Collected from South Arm, Lake Area, West Thumb, and Southeast Arm) 

Food organlsm 

Joly 15-31 
(238 fish) 

p M 

August 1-15 
(100 fish) 

p M 

August 16-31 
(43 fish) 

p M 

October 15 
(28 tlsh) 

p M 
---------------!~---------------------

Daphnia--------------------------------------- 19. 7 209 24.0 295 37.2 72 82.1 976 
Diaptomui------------------------------------- 2.1 223 3.0 541 7.0 158 14. 2 93 
Gammarua lacustri8 ________ __ ------------------ 56. 7 25 41.0 27 30.2 9 17. 8 105 
H11allela azteca--------------------------------- 1.3 5 1.0 15 2.3 65 0 0 Hydracarlna ___________________________________ 

2.5 5 0 0 0 0 0 0 Plecoptera _____________________________________ 
1.3 l 2.0 2 4. 7 1 0 0 Ephemerella ___________________________________ 

10.1 13 3.0 3 0 0 0 0 Trlchoptera ____________________________________ 
4U 13 8.0 4 0 0 0 0 

Tendipea Jarva--------------------------------- 8.8 19 4.0 2 0 0 0 0 
Tendipea pupa------------~-------------------- 23.5 20 10.0 11 4. 7 2 0 0 
Tendipea adult--------------------------------~ 20.6 28 8.0 4 2.3 1 0 0 Prodiameaa ____________________________________ 

0.4 1 0 0 0 0 0 0 
Procladius ____ ------ --------------------------- t.:I 4 0 0 0 0 0 0 
Hymenoptera and Coleoptera _________________ 1.7 8 1.0 2 0 0 7.1 13 

~';:;~;~~~:=:::::::::::::::::::::::::::::::::: 2.1 5 0 0 0 I) 0 0 
0.8 3 0 0 0 0 0 0 

Trout eggs------------------------------------- 0.4 4 0 0 0 0 0 0 
Trout ______ --- ----- ------ _ --- -- --- --------- ---- 0-4 1 0 0 2.3 4 3.6 1 

Number of stomachs emPtY------------------- 30 16 11 0 

TABLE 18.-Stomach contents of 298 cutthroat trout captured by gill nets during July and August 
191i8, by length groups 

[P•peroont of stomachs containing organisms; M=mean number of organisms per stomach, to nearest 1.0) 

Trout size range 

Food organisms 150-200 205-250 255-275 280-300 305-325 330-350 355-400 
(41 fish) (66 fish) (30 fish) (19 fish) (37 fish) (45 fish) (60 fish) 
~ 

p M p M p M p M p M p M p M 

--- ----------------------
Daphnia _______________________________ 

43.9 381 42.4 477 33.3 349 52.6 749 24.3 343 24.4 267 25.0 189 

:i.ri::::.:::::::::::::::::::::::::::::: 12.2 215 7.6 273 0 0 0 0 0 0 2.2 200 1. 7 80 
36.6 13 39.4 24 36.7 11 57.9 32 40.5 24 44.4 26 51. 7 30 

H1J8.[lela _ - - - --- -- -- -- -- -- -- -- ------ - -- - 7.3 6 0 0 0 0 0 0 2. 7 15 2.2 65 0 0 
Hydracarlna ______________________ ----- 0 0 3.0 10 0 0 5.3 1 5.4 4 0 0 3.3 3 
·Plecoptera ___ - -- - ---- -- ---- --- -- --- -- - - 2.4 1 1.5 1 0 0 0 0 2. 7 1 0 0 0 0 
Ephemerella. _____ --- ___ -- ______ --- ____ 9.8 2 10.6 2 6.6 16 5.3 2 2. 7 1 4.4 33 3.3 48 
Trichoptera. ____ ----------------- ----- 0 0 4. 5 2 1 75 5.3 1 13. 5 7 4.4 5 1. 7 24 
Tendipe8 larva _________________________ 4.9 3 4.5 15 3.3 49 5.3 3 0 0 2.2 3 6. 7 25 
Tt11dipe1 pupa _________________________ 17.1 14 11.0 15 16.6 26 21. 0 5 8. 1 15 24. 4 17 20.0 32 
Tmdipea adult------------------------- 7.3 24 10.6 17 20.0 42 0 0 5.4 29. 15. 6 5 8.3 54 Prodiameaa ____________________________ 

2.4 125 0 0 0 0 0 0 0 0 0 0 0 0 
Procladiua __ -- ___ -- _____ - _______ -- _____ 0 0 0 0 0 0 5.3 3 0 0 2.2 8 1. 7 2 
Hyirenoptera and Coleoptera __________ 0 0 1.5 2 3.3 20 0 0 5.4 5 2.2 2 1. 7 2 Gastropoda _____________ -- ___ --- _______ 0 0 1.5 7 0 0 0 0 0 0 2.2 7 1. 7 2 
PUidium _______ --- __ --- --- ----- ___ ---_ 0 0 0 0 0 0 0 0 0 0 0 0 3.3 3 
Trout- ---- -- -- ---- ---- -- -- ---- --- --- -- 0 0 0 0 0 0 0 0 2. 7 1 0 0 1. 7 1 

Number of stomachs empty __ ----- 8 5 4 2 8 6 17 
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pupae in Blue Lake, due to a scarcity of 
other food organisms. - He also found that 
plankton crustacea were used more com
monly than Gammarus and immature 
chironomids in a more productive lake. 
Some workers have mentioned the pisciv
orous nature of cutthroat trout (Echo, 
1956; McConnell, et al., 1957) when large 
populations of forage fishes are present. 
Irving (1956) found mostly Gammaru.<J 

and Tendipes, but few fish, in cutthroat 
trout from Henrys Lake, in spite of the 
large number of forage species available. 
In general, cutthroat trout food studies 
have shown a preference for macrozoo
plankters and bottom organisms over fish, 
except where unusually large cutthroat 
occur. 

TABLE 19.-Stomach contents of 344 cutthroat 
trout caught by angling in the vicinity of 
Fishing Bridge and West Thumb docks from 
June 5 to August 15 in 1951 and 1958 

[P=percent or stomachs containing organisms; M =mean number 
or organisms per stomach, to nearest 1.0] 

Fishing Bridge West Thumb 
(169 fish) (175 fish) 

Food orgallism 

p M p M 

----
Gordim---------------------- 2.4 4 0 0 
Daphnia. --------- ---- ------_ 11.2 171 8.6 128 Diaptomm ___________________ 10. 7 1, 213 16. 6 714 
Gammarm lacmtri•---------- 18. 9 12 33. 7 21 Hyallela azteca _______________ 0.6 145 0 0 Plecoptera ___________________ 8.9 7 2.3 3 
Ephemeroptera·------------- 14. 2 14 12.0 34 Odonata _____________________ 

0 0 0.6 1 
Hemipt~ra------------------- 0 0 1.1 3 Trichoptera __________________ 10. 7 6 3.4 8 
HymenopteraandColeoptera_ 4.1 8 16.0 10 Tendipea larva _______________ 6.5 7 4.6 6 Tendipea pupa _______________ 20. 7 30 37. 7 22 Tendipea adult _______________ 5.9 10 22.9 31 
Procladim __ ----------------- 1. 8 16 0 0 
Piaidiv,m -------------------- 1. 8 2 0 0 
Cutthroat trout and eggs ____ 11.2 8 0 0 

Number or stomachs empty __ 38 15 

TROUT DENSITY AND LIMNOLOGY 

Angling pressure on Yellowstone Lake 
is concentrated in the northern area and, 
to a lesser extent, in West Thumb, owing 
to the lack of access in the southern sec
tions. The total catch by area from 1950 
to 1939 showed that an average of 66.7 per
cent of the fish were removed from the 
northern area, an average of 24.8 percent 
from West Thumb, and an average of 8.5 
percent from the southern area (table 20). 
The northern area occupies 25.4 percent 
of the lake area, West Thumb 19.1 percent, 
and the southern area 55.5 percent. 

Three possible effects of this unequal 
harvesting of trout in the northern area 
were (1) fewer trout in relation to food 
abundance, (2) large numbers of bottom 
organisms owing to lack of predation, and 
(3) movements of trout into the area. 

First, gill-netting in different sections 
of the lake showed fewer trout off Lake 
Area than would be expected from the hab
itat and the large amount of food (table 
21). All gill-netting was carried out after 
the major spawning runs had stopped. 

The largest number were caught in the 
South Arm and around Frank Island. 
The scarcity of trout off Clear Creek was 
due to the exposed wind-swept nature of 
the shoreline. The scarcity of trout in 
Southeast Arm is believed to be due to the 
low food production and the fact that gill
netting was on the delta of the Yellow
stone River, which cutthroat do not fre
quent because of the shifting bottom. 

TABLE 20.-Percentage of trout caught in each of 
three areas of Yellowstone Lake, by years, 
1950 to 1959 

Percent caught in-

Year Number 
Northem We~t Sou them caught 

area Thumb area 
area 

1950 __________ 
69.4 24. 6 6.0 200,015 195L ________ 
69.3 . 24. 3 6. 4 208,255 1952 __________ 68. 7 23.4 7.9 245,277 1953 __________ 
66.6 23. 7 9.6 195, 873 1954 _________ 69.1 22.0 8.9 215, 933 1955 __________ 66.9 25.l 8.0 286,056 1956 __________ 
64.0 25.8 10.4 290,221 1957__ ________ 63.4 26.9 9. 7 301, 155 1958 __________ 
64. 7 25.3 10.0 349,027 1959__ ________ 64. 6 27.1 8.3 393,467 -

Mean __ 66. 7 24.8 8.5 -------·· ... --
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TABLE 21.-Number of trout of more than 200 
millimeters, total length, captured in depths 
of 0 to 20 meters in six areas of Yellowstone 

Lake by 38 overnight ea:perimental gill-net sets 
in1958 

Sampling area Date of set 

LaJie __ -------------- July 25-Aug . 
18. 

Middle South Arm__ Aug. 13. ------
Peale Island.-------- July 15--24 ____ _ 
Southeast Arm_----- July 3L ______ _ 
Clear Creek _________ Aug.19 _____ _ 
Frank Island and Aug. 8-13. ----

Plover Point. 

Num
ber of 
sets 

Num- Mean 
ber of catch 
trout per set 

caught 

. 6 66 11.0 

3 47 15. 6 
14 219 15. 6 

3 29 9. 6 
3 20 6.6 
9 125 13. 9 

Second, bottom organisms in the 
northern area were more numerous than 
would normally be expected from 'tlle 
oottom types or abundance of aquatic 
plants (table 15). The number of organ
isms above 15 meters at Lake Area 
averaged 288.8, ·whereas the nearest re
corded number in other Secti'lUS of the lake 
was 143.2 at Frank Island. The greater 
abundance of bottom organisms in the 
northern area was due to more Gammarus 
and Hyallela, the principal foods of the 

·cutthroat trout. The most plausible reason 
for the large number of bottom organisms 
at Lake Area is the lack of trout predation 
on bottom organisms due to rapid recruit
ment by angling. Both Ball and Hayne 
(1952) and Reimers (1958) demonstrated 
that fish populations can severely deplete 
bottom fauna populations. W ohlschlag 
(1950) found that bluegills fed more 
heavily in areas of heavy chironomid pro
duction than in areas of low production. 

Third, trout apparently moved into the 
northern area. This movement was be
lieved to be for feeding or to take ad
vantage of the high standing crop of 
bottom food, since most movement oc
curred after the spawning period. From 
1949 to 1955, 18,836 trout were tagged in 
five spawning streams, and the returned 
tags that included suff.cient information 
on catch location were used to compare the 
general movements of postspawning trout 
fro~ five spawning streams (table 22), 
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(Ball and Cope 1961). The data on fish 
movement can be .. summarized as follows: 
Those fish tagged in Pelican Creek were 
usually recovered in the northern area and 
around Fishing Bridge. Clear Creek fish 
also were captured in the n0rthern area, 
particularly in Bridge Bay. Fish tagged 
in Chipmunk and Grouse Creeks, at the 
lowe.r end of South Arm, were mo~t com
Inonly captured in tpe southern area or 
in West Thµmb, although 25 p,ercent w~re 
captured in the northern area. The~e was 
a movement of postspawners from Chip
munk and Grouse into West Thumb and, 
to a lesser extent,· into the northern area 
in August, and many were captured in 
these,locations during the year following 
tagging. From the movements of post
spa wners, the pnly evidence of a long
distance movement frP;m the ~pawning 
stream to the area of capture was the large 
number of fish tagged in South Arm that 
moved into.. West Thumb and into the 
northern area. A lesser movement was 
apparent from fhose fish tagged in Arnica 
Creek and recovered on the west shore of 
the northern area of the lake. ;rn general 
the postspawners re.covered the second 
year after tagging dispersed more than 
those caught the first year. 

TABLE 22.-Movementa of cutthroat trout after 
&pawning, as determined from fish tagged in 
Jive spawning streams and recaptured by an
gling, 1949-55 

; 
Percent or all rethms 

Num- Num. captured in-
beror ber of 

Spawning stream fish tag 
tagged returns North- South- '-West 

em· em Thumb 
areal area area 

--------
Amica Creek ________ 4, 948 271 26.2 4.4 69.3 
Pelican Creek _______ 6, 043 422 •88.9 4.5 6.6 Clear Creek _________ 1,100 54 70.3 J2.9 16. 7 
Chipmunk and 

Grouse Creeks---- 6, 745 160 25.0 41. 9 _E ----------
TotaL.-.------ 18,836 907 --------

,. _______ --------
I Jnclude11 18 returns from Yellowstone River. 

Heavy fishing pressure undoubtedly in
fluenced the number of tag returns from 
the northern area. ,The est.imated annual 

.J.'4 
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fishing pressures, in hours per acre, from 
1950 to 1954 were northern 10.5, West 
Thumb 4.9, and southern 0.6. The fishing 
mortality rates (percent) for postspawn
ing trout from five spawning streams were 
as follows: Pelican, 12.2; Arnica, 9.3; 
Chipmunk, 5.2; Grouse, 3.7; and Clear, 
9.4 (Ball and Cope 1961). These fishing 
mortality rates show that fish from Peli
can, Arnica, and Clear Creeks are sub
jected to a greater fishing pressure than 
fish from Chipmunk and Grouse, but the 
ratios are not so different as the fishing 
pressure per acre for the three areas of the 
lake; thus, there must have been a greater 
movement of trout into the northern area 
or to West Thumb than away from it. 

From the location of tag recoveries, 
there appeared to be a tendency for post-

spawning trout to follow the shoreline of 
greater standing crops of food organisms 
from their spawning streams to their point 
of capture, although such was not always 
true. It was particularly true, however, 
for fish from Chipmunk, Grouse, and 
Arnica Creek. These data support the hy
pothesis that feeding may be an important 
factor in causing trout to move out after 
spawning. 

There was a greater concentration of 
planktonic entomostraca in the north
east part of the lake due to surface cur
rents, but the food of postspawning trout 
is principally bottom organisms, and a 
large !'!tanding crop of bottom foods 
would be more important than plankton 
in causing any fish to migrate. 

BIOLOGY OF YELLOWSTONE LAKE 

Yellowstone Lake has many character
istics of the large oligotrophic lakes of 
Canada or of the northern Great Lakes, 
but its bottom fauna and fish composi
tions ·are notably different. The other 
lakes have Pontoporeia. or Mysis as the 
dominant bottom fish-food organism, and 
all have large populations of coregonids. 
Undoubtedly, factors which have pre
vented introduction of these organisms 
into Yellowstone Lake include the impass
able falls 15 miles below the lake outlet 
aind the altitude. 

An interesting comparison between the 
mean depths of the large lakes of Canada 
and the northern Great Lakes and the an
nual commercial fish production (lbs. per 
acre) has been prepared by Rawson 
(1955). He constructed a curve and found 
that fish production decreased with in
creasing depth on a relatively smooth 
curve. A comparison of the mean depth 
of Yellowstone Lake ( 139 ft.) and its 
mean sport-fish production from 1950 to 
· 1959 ( 2.15 lbs. per acre) shows that it fits 

into this curve closely between Lake 
Nipigon ( 1.u7 lbs. per acre, and mean 
depth 180 ft.) and Lake Winnipeg (2.66 
lbs. per acre, and mean depth 43 ft.) . It 
is surprising that the sport-fishery produc
tion of Yellowstone Lake with only one 
fish species fits so well into this curve when 
the commercial fisli production of these 
lakes involves many fish species and sev
eral fish predator-and-prey relations. 

The limnological classification of Yel
lowstone Lake according to Lundbeck 
(1934) would be primary oligotrophic, 
since it is poor in nutrients and has low 
temperatures. The volcanic nature of the 
drainage, with deficiencies in calcium and 
other minerals, probably has as great an 
influence in limiting production as has 
morphometry. Turbidity and too great 
a water exchange are not limiting factors 
in Yellowstone as mentioned for Port 
John Lake, British Columbia (Robertson, 
1954), which has a similar water chem
istry but a high rate of water replacement. 
The low number of plankters per liter in 



Yellowstone Lake is partly offset by the 
depth of its trophogenic zone. Ohle 
(1956) stated that deep lakes may have a 
lower production density, but this defi
ciency is compensated for by a greater 
production depth than shallow lakes. The 
great production depth of Yellowstone 
Lake is shown from the depth distribution 
of aquatic plants, bottom fauna, and 
plankton. Secchi disk records, which 
reflect pll:tnkton density, showed high 
readings. 

The development and use of Yellowstone 
Lake is controlled by the National Park 
Service. This control has prevented arti
ficial eutrophication as has occurred in 
several large oligotrophic lakes (Edmund
son et al., 1956). The data collected by 
Forbes (1893) in 1890 were not quantita
tive, but a comparison of his observations 
with the data in this report indicates that 
the dominant species composition of zoo
plankters, phytoplankters, and bottom or
ganisms did not change from 1890 to 1957. 

Few large lakes have as few fish species 
as Yellowstone, but it appears that the cut
throat are utilizing the available animal 
food rather efficiently. The depth range of 
the trout is closely related to the depth dis
tribution of both the predominant bottom 
foods and planktonic foods. The kinds of 
food utilized by different sizes of trout 
overlap to a great degree, although there 
is a gradual transition from a bottom 
f&una-zooplankton diet to a predomi
nantly bottom-fauna diet in the range of 
275 to 325 mm. (table 18). This change in 
feeding habits occurs in the same length 
range when trout first become available 

. to the sport fishery in numbers. A length 
frequency curve of the catch for 1959 
shows that the slope begins to increase 
around 275 mm., but that the greatest in
crease takes place above 315 mm. (fig. 8). 
The reason the catch does not include more 
small trout (below 12 inches) is not that 
they are caught and returned to the lake, 
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FIGURE 8.-Length frequency of anglers' catch 
from Yellowstone Lake in 1959 from sample of 
1,690 fish. Points represent medians of 25-mm. 
groups. 

since many anglers will keep trout around 
10 inches. These trout are difficult to 
catch 1 and are dispersed more in the lake 
owing to their feeding habits. Small trout 
feed both in the limnetic and littoral zone, 
while large trout feed in the littoral zone. 
The greater dispersal of small trout makes 
them less vulnerable to angling. Another 
probable effect of this great 'dispersal is 
the low rate of predation on small trout 
by large trout as shown by food studies. 
This fact also accounts for the high sur
vival rate of 36 percent which Ball and 
Cope ( 1961) suggest exists from the time 
that immature fish leave the parent stream 
until they return as spawners. 

The only competitive species appears to 
be the longnose sucker, since recent studies 
(unpublished) have shown that suckers 
feed primarily on the same bottom organ
isms as the cutthroat trout. Past data on 

i Madsen in an unpublished report (A:ge and growth 
of the cutthroat trout (Salmo lewisi) in Yellowstone 
Lake, Wyoming, dated May 15, 1940) attempted to 
determine why anglers rarely caught small trout and 
found that small trout would rarely take any lure, 
even when schools were located.· 
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the sucker population in Yellowstone Lake 
are lacking, although records from the 
Yellowstone Fish Cultural Station in
dicate that the sucker was introduced in 
1923 or 1924. Numbers of suckers re
corded in the spawning runs in Pelican 

Creek showed a general increase up to 
1950 and a leveling off since that year. 
The competition with the cutthroat trout 
appears to be increasing, although there 
has been no clear eviclence of detrimental 
influence on the trout population. 

SUMMARY 

Limnological studies on Yellowstone 
Lake, Yellowstone National Park, were 
conducted from 1954 to 1959. Geological - ..__ ·-- . 

evidence indicates that the original basin 
was formed from a subsidence or readjust
Iheht of the laval flows in the Eocene. 
Hot springs still exist in the drainage 
basin and in the lake. Aruiual water-level 
fluctuation is less than 1.8 meters. The 
lake lies at an altitude of 2,358 meters 

'. • :·•: "'ii:+ . ~ t 'I . ~ - · 

and has the following dim:en~i'ons: Surface 
area, 35,391 ·hectares; mean depth, 42 
meters; basin capacity, 14 x··109 cubic 
meters; maxim1un depth, 95 meters; and 
shoreline development, 3.04. A contour 
map ,is included. , · 

Water-current studies showed a large 
· surface-water movement from the south 

and southwest to the north and northeast 
parts of th~ lalte. Compensat9ry subsur-. 
face currents were found by bottom-cur
rent studies. Water-temperature data 
showed various stages of stratification 
from late May and early June when the 
ice left until late July when complete 
stratification was evident. Differences in 
water stratification between West Thumb 
and the northeast part of the lake were re
lated to surface-water movement. High 
watet.levels in certain years were associ
ated with deep epilimnion layers. 

Water composition showed HC03 to be 
the major anion and Na to be the major 
~ation. Conductivities were highest in 
West Thumb and lowest in Southeast 
Arm. Upwelling is believed to have 

caused the high readings in West Thumb. 
Protected stations had lower ,conductivi
ties than exposed stations, and the causa
tive factor was believed to be the thinner 
epilimnion strata in the protected stations 
which caused a more rapid utilization of 
nutrients by plankton. Oxygen concen
trations were usually above or near satu
ration, although deficits developed in the 
hypolimnion during 1957 and 1959. Free 
carbon dioxide was present in all samples 
and concentrations above 10 p.p.m. were 
found below the metalimnion. 

Bottom types included boulders, rubble, 
black obsidian sand, and fine clays with 
organic matter. Amount of organic mat
ter in the soft sediments increased with 
depth, but lake ai:eas with strong currents 
had low amounts of organic matter. 
Greatest concentrations of soil nutrients 
were in deep water. A list of aquatic 
plants and their depth ranges is presented. 
The depth limit of all higher aquatic 
plants was 18 meters. 

The diatoms Asterionella, M elosira, and 
Stephanodisus were abundant. A dense 
pulse of A nab a e n a was observed in 
August. Principal zooplankters were 
0 onochihts unicornis, Diaptomus sho
shone, and Daphnia shoedleri j largest 
concentrations ranged from 5 to 18 meters. 
Several large swarms of Daphnia shoed
elri, an inshore swarming species, were 
observed in 1959. Benthos consisted prin
cipally of Gam;ma1'US lacustris, Hyallela 
azteca, oligochaetes, and tendipedids. Ex-
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cept for tendipedids, which were present 
at all depths, bottom organisms were rare 
below 23 meters. 

Cutthroat trout were concentrated in the 
upper 15 meters of water and were rare 
below 25 meters. Most abundant food or
ganisms in trout stomachs in the summer 
season were Gammarus lacustm, Daph
nUi shoedleri, and tendipedids. Gam
marus were important in June and July, 
and Daphnia in August and September. 
Small trout utilized both bottom organ
isms and zooplankton, while large trout 
fed almost entirely on bottom organisms. 
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Angling pressure and catch were con
centrated in the northern area and three 
effects of this unequal harvesting were ( 1) 
fewer trout in relation to food abundance, 
(2) large numbers of bottom organisms 
owing to lack of predation, and ( 3) move
ments of trout into the area. 

Yellowstone Lake is oligotrophic and 
has a deep productive depth. The domi
nant speCies composition of plankton and 
bottom organisms has not changed from 
1890 to the present. Low availability of 
small trout to anglers is caused by feeding 
habits and great dispersal ; this serves to 
prevent overexploitation of small trout. 
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Seedino 
line 

A 
c 
E 
F 
G 
H 
I 
J 
K 
L 

DRIFT BOTTLE RELEASES 
AND RECOVERIES 

Release date Number Number 
1957 released recovered 

July 15 25 12 
July 15 10 10 
Auo. 16 29 13 
July 9 13 7 
Auo. 16 22 16 
Auo. 23 51 7 
July 10 II 9 
July 10 18 4 
July 9 8 6 
July 24 18 3 

Total 205 87 
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MILES 
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{" C6,7$5 
G6,16 
G!S,6 

Ell,3 
63,6 GS,6 

G3,6 

SYMBOLS 

+•eedino line 
A3,7!2J- recavery 
A-1Hd'"9 line 

3- =· ~J~1~di:'.~.~:d 
7- number of days 

before recOYery 
121-twa bottl11 recovered 

APPENDIX A.-Points of release and recove~ of drift bottles in Yellowstone Lake, Wyoming. 
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Seeding 
Une 

B 
D 
M 
N 
0 
p 

DRIFT BOTTLE RELEASES 
AND RECOVERIES 

Release date Number Number 
released recovered 

Au9 6 1957 35 
Aug 6 1958 15 
Aug 9 1957 37 
Aug 6 19S8 20 
Aug 6 195B 8 
Aug 6 1957 20 

Total 135 

YELLOWSTONE LAKE 
WYOMING 

MILES 
I J a 

I ' 

1 

13 
4 

17 
5 
0 

13 

. 52 

SYMBOLS 
4 
~ seedlno line 

BS,312)-recovery 
B- -ding line 
6- poilt on seeding line 

where bottle released 
3- number ot days before 

recovery 
121-two bottle• recovered 

M18,4 
PS,5 
M8,4(2) 
M9,4(2) 
MI0,412) 
Mll,4(2) 
M6,4 
P6,7 
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