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ABSTRACT

The 10 glacial lakes of Conviet Creek Basin in eastern California lie within a
drainage area of 16 square miles, yet have enough variety in altitude, size, and
depth to be representative of many high-altitude trout lakes in the Sierra Nevada
range. All are relatively poor in dissolved mineral substances, available heat,
and aquatic vegetation. As a step toward finding a more precise measure’ of
alpine lake productivity, this report presents analyses of physical, chemical, and
biological data obtained in surveys conducted on these lakes between July 1950
and September 1951. The information has been treated separately in the fol-
lowing categories: physical influences, chemical influences, bottom fauna and
plankton abundance, food habits of trout, and age composition .and growth of
trout populations. In each of these categories (except food habits) the 10 lakes
have been ranked in high-to-low order of productive potential or production.
The data have also been integrated to illustrate the degree of correspondence in
ranking among physical, chemical, and biological divisions,

The lakes of the basin fall into groups and rough gradients for nearly all meas-
urements, but the orders of lakes with respect to biological productivity are iiot
in general agreement with the orders established on the basis of physical and
chemiecal influences. Important causes of production differences were not defi-
nitely indicated, and no environmental factor or related group of factors can be
named as & controlling influence on productivity as measured. The lack of
biological agreement found among these lakes in terms of food availability and
. growth rates of trout suggests the need for a biological evaluation less biased than
those now in use, possibly a measurement at the bacterial or “primary consumer’’
level.
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LIMNOLOGICAL STUDY OF THE LAKES IN CONVICT CREEK BASIN,
MONO COUNTY, CALIF.

By NORMAN REIMERS, JOEHN A. MACIOLEK, and EDWIN P. PISTER, Fishery Research Biologists

In the Sierra Nevada of eastern California
there are several thousand mountain lakes, most
of which contain trout populations. Collectively
these lakes support a recreational fishery that is
unparalleled in the Western States, yet their
environmental conditions and levels of fertility
have been little studied. In 1934, United States
Bureau of Fisheries surveys for the purpose of
developing stocking policies on National Forest
waters included the Sierra, Inyo, and Mono
National Forests; a similar survey, concerned with
stocking policy and flow-maintenance structures
for lakes in the Sequoia National Forest, was
made by the United States Forest Service in
1936.! The 1934 surveys briefly covered physical,
chemical, and biological conditions, but were
hampered in their scope of investigation by lack
of time and the large number of waters considered;
further research was urged. Curtis ? studied the
life history of golden trout in the Cottonwood
Lakes. Needham and Vestal (1938), and Needham
and Sumner (1941) published short papers dealing
with growth and management of trout in high
lakes. Moffett 3 reported on fishery problems of
Kings Canyon and Sequoia National Parks, and
made management recommendations consistent
with observations somewhat mere penetrating
than those of the 1934 surveys. Calhoun (1944a,
1944b) reported on the food of trout in two Sierra
lakes, and on the bottom fauna of one of these.

There has been very little detailed limnological
work on other Sierra Nevada lakes, and the
combined study of limnology and trout production
has been neglected in the region. Like alpine
waters in other regions, the Sierra lakes vary

1 The Inyo-Mono surveys were conducted by Drs. Osgood R. Smith
and P. R. Needham, the Sierra survey by P, R. Needham and H. A, Hanson.
The Sequoia survey was reported by Paul 8. Bartholomew. All reports
are unpublished manuscripts.

2 The golden trout of Cottonwood Lakes, by Brian Curtls. Unpublished
M. A. thesis, Department of Biology, Stanford University, 1934.

3 A preliminary report on the fishery problems in Kings Canyon National
Park (1941), and A survey of fishery management problerns in some waters
of Sequoia National Park (1942), by J. W. Moflett. Unpublished re-
ports, U. 8, Fish and Wildlife Service.

greatly in productive capacity due to many
ecological factors, some of which are but partly
understood in the analysis of their effects on
trout. In consideration of the need for more
basic information on the fertility of these waters,
and with the ultimate purpose of establishing
reliable indices of productivity * for oligotrophic
mountain lakes, the United States Fish and
Wildlife Service in 1950 began an investigation of
alpine and montane lakes in Mono County, Calif.
Convict Creek Basin was selected as a trial study
area because its drainage is rather small and
because the 10 lakes occupying it are typical of
many in the region. These lakes present a range
of conditions in altitude, substrate materials,
area, depth, and general conformation.

The design throughout the course of this
preliminary study has been to compare the lakes
by as many criteria as feasible in order to de-
termine whether the causes of biological pro-
ductivity differences can be demonstrated spe-
cifically by means of presently used survey
methods and, if possible, to determine whether
any individual factors consistently control pro-
ductivity in a group of alpine lakes. Certain
physical, chemical, and biological data appear
with the maps on pages 494-503, and facilitate
gross evaluations of the lakes individually. In
the sections which follow, however, the discussions
are concerned mainly with the lakes as a group.
With the emphasis thus on comparison among 10
lakes it has not been practicable to give detailed
descriptions of the lakes individually in this report,
which fulfills the following objectives:

1. Survey, map underwater topography, compute
standard morphometric data, obtain summer temperature
characteristics, measure transparency, and catalog shore
and bottom types, trout spawning areas, and aquatic
plants.

2. Analyze and compare physical characteristics of the
lakes.

1 Throughout this report the term *“productivity”’ is used in the general
sense which implies richness, rather than in the more restricted sense which
implies rate of production or yield at a specified trophic level.
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3. Analyze and compare chemical characteristics of the
waters, and relate dissolved mineral compositions to
geological sources.

4, Analyze and compare age compositions, rates of
growth, and condition of trout populations. .

5. Analyze and compare food production in terms of
bottom and plankton samples, and associate these data
with food habits of trout as determined from examination
of stomach contents.

6. Determine whether any conspicuous relationships
exist among the above factors and measures of production.

Field headquarters were at the United States
Fish and Wildlife Service’s Conviet Creek Station,
located 35 miles north of Bishop, Calif., near
United States Highway 395. Convict Lake, in the
lower part of the basin, is two-and-one-half miles
upstream from the station and is casily reached by
road during the summer. The upper basin is part
of & United States Forest Service primitive area,
and is ‘without roads or other improvements.
Riding and pack animals were required to trans-
port personnecl, cquipment, and supplies to cen-
trally locatéd basc camps from which daily work
on the upper lakes was carried on. With the
exception of the collection of data from several
hundred spawning brown trout in Convict Lake
(a.utllnln 1951 and 1952) the field work was done
during the summer months of 1950 and 1951. To
facilitate presentation, field and laboratory meth-
ods employed are discussed in the sections to
which they pertain.

H. D. Kennedy, fishery research biologist,
participated in the 1950 field work, drafted the
maps and figures, and assisted with the calculation
of morphometric data. B. D, Combs, fishery
rescarch biologist, assisted in the 1951 field work,
morphometry calculations, and preparation of the
manuscript. The California Department of Fish
and Game furnished stocking records for the lakes
in the study area.

Sincere thanks are due the following persons for
their aid in identifying aquatic organisms: Dr.
Willis W. Wirth of the United States Department
of Agriculture, Chironomidae; Dr. G. Dallas
Hanna of the California Academy of Sciences,
Mollusca; Dr. Irwin M. Newell of the University
of Hawaii, Hydrachnida; Jack Lattin of the Uni-
versity of California, Coleoptera and Hemiptera;
Dr. James A. McNab of Vanport Extension
Center, Oreg., Oligochaeta; Rufus W. Kiser of
Centralia Junior College, Washington, Cladocera;

iabriel W. Comita of the University of Wash-
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ington, Copepoda; and Dr. J. M. Proskauer of the
University of California, Algac.

GEOGRAPHY,VEGETATION, AND CLIMATE
GEOGRAPHY

Convict Creek Drainage of the Owens River
System is on the eastern slope of the Sierra
Nevada near the upper end of Owens Valley, in
Mono County, Calif. There are 10 lakes in the
16-square-mile area of the drainage, with eleva-
tions ranging from 7,583 to 10,950 feet above sea
level (United States Geological Survey, 1934;
Mount Morrison Quadrangle).

The nine lakes of the upper basin are located
in more or less distinct groups (figs. 1 and 2). In
one group are Lakes Constance, Witsanapah,
Bighorn, and Dorothy; these lakes drain into
Lake Mildred at the head of the main canyon of
Convict Creek, and arc separated from the grovp
to the northwest by a sharp ridge which forms
the west shore of Lake Dorothy. Lalkes Clover-
leaf, Edith, and Genevieve form the northwest
group, which is drained by a stream that joins
Convict Creek at a point-about 1 mile below Lake
Mildred. Bright Dot Lake is separated from
the two main groups of lakes by Convict Creek
canyon. This lake is situated at an elevation of
10,600 feet in a glaciated basin that overhangs
Convict Creek canyon to the west, and its outlet
joins the main creek near the junction of the out-
let stream from Lake Genevieve. From Lake
Mildred, Conviet Creek drains into Conviet Lake
in the lower part of the basin, falling 2,317 feet
in 3 miles. The creek runs northward until it
leaves Convict Lake, then swings to the east and
empties into Lake Cxowley. a reservoir control-
ling the flow of Owens River.

The basin is bounded on the west by Laurel
Mountain and Bloody Mountain, on the south
and west by Mammoth Crest, and on the east by
a massive ridge which forms Mount Morrison
and Mount Baldwin (fig. 2). This ridge runs
roughly north and south, and joins the main
Mammoth Crest slightly to the east of Red
Slate Mountain (elevation, 13,152 feet).

VEGETATION
A single lake of the upper basin, Lake Con-
stance, is above the general timberline. The
other eight are surrounded in varying degree by
light growths of lodgepole pine, mountain willow,
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Firaure 1.—Convict Creek Basin.
(Aerial photograph courtesy of Symons Flying Service, Bishop, Calif.)

1. Mount Morrison 6. Bighorn Lake 11. Bright Dot Lake

2. Mount Baldwin 7. Lake Dorothy 12. Lake Mildred

3. Red Slate Mt. 8. Cloverleaf Lake 13. Conviet Creek Canyon
4. Lake Constance 4. Lake Edith 14. Convict Lake

5. Lake Witsanapah 10. Lake Genevieve

and a small assortment of hardy shrubs. Limber
pine, whitebark pine, and mountain hemlock
occur rarely, and on a few favorable spots below
10,000 feet there are stands of aspen. Conviet
Lake is surrounded by sagebrush, Jeffrey pine,
aspen and cottonwood, willow, and mountain
mahogany. Beginning with the highest lake
the study area grades from the Hudsonian life
zone through the Canadian into the upper part
of the Sierra transition.

Aquatic rooted plants are scarce in the upper
basin, and only ILakes Genevieve, Edith, and
Cloverleaf were observed to support them in no-

table quantities. A half-acre bed of Ranunculus
is present in a shallow inlet bay of Lake Gene-
vieve, and small patches of the same species
were found in shallow, sandy areas at the inlet
end of Lake Edith. Small rushes (Juncus sp.)
grow in the shallows of Lakes Cloverleaf and
Edith. Conviet Lake supports moderate growths
of Ranunculus and Adyriophyllum in a few sandy-
bottom areas. A filamentous green alga (Rhizoclo-
nsum sp.) is fairly abundant in Lakes Cloverleaf
and Mildred, and is present sparsely in Lakes
Edith, Bright Dot, and Convict.
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T\\'.\- £y 2 - S "
Fraure 2.—Topography of Convict Creek Basin. (Drainage area enclosed by heavy black line.
Mount Morrison Quadrangle, United States Geological Survey, 1934.)

Section enlarged from
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Fiaure 3.—Convict Lake, from glacial moraine to the east; main

Ficure 4.—Lake Mildred, from point on west shore; looking northeast toward outlet.

346212 0—55——2
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Figure 5—DBright Dot Lake, from ridge above south shore; Convict Creek Canyon located below outlet at far end.
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Fraure 7.—Lake Witsanapah, looking southeast toward Red Slate Mountain.

Ficure 8.—Bighorn Lake, looking southeast toward Red Slate Mouut-airi; outlet in foreground.
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Ficure 9.—Lake Dorothy, from point on south shore.

Ficure 10.—Cloverleaf Lake, looking east toward Mt. Morrison; inlet in foreground.
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Ficure 11.—Lake Edith from point above south shore; inlet shoals in foreground.

Fiaure 12.—Lake Genevieve, looking northward from point above south shore.
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CLIMATE

The climate of the eastern slope of the Sierra
Nevada is similar to that of other western moun-
tain areas which lie to leeward of high ranges, with
respect to prevailing westerly winds and Pacific
storm systems. Summer rains fall on the western
slopes, and the high country about Convict Creek
Basin is dry from May to October except for scat-
tered thunderstorms. Summer daytime tempera-
tures in the basin reach 70° to 75° F., dropping
into the thirties at night. Winters are character-
ized by heavy snows, severe windstorms, and
frequent subzero temperatures. Winter winds are
almost constant among the high peaks, and veloci-
ties to 80 miles per hour have bheen recorded at
Convict Creek Station. The average duration of
ice cover on the upper basin lakes is not known,
but is estimated to be 2 or 3 months longer than
on Conviet Lake, which in 1951-52 was iced over
from December 20 to May 1. In 1953, after a
somewhat milder winter, the ice left the highest

lake in the upper basin (Lake Constance) in .

mid-July.
GEOLOGY

The Sierra Nevada is approximately 430 miles
long and occupies a large part of eastern California,
extending from Tehachapi Pass in the south to the
Feather River Basin in the north. It is from 40
to 80 miles wide and consists essentially of a single,
tilted granitic block of the earth’s crust, formed
by uplift during the end of the Pliocene and the
beginning of the Pleistocene epochs. The range
is strongly asymmetrical in profile. The western
side slopes gradually, and the eastern side is an
abrupt fault escarpment with many peaks in ex-
cess of 13,000 feet. The main axis of the Sierra
is north and south, but in the vieinity of Bishop,
Calif., it bears westward bypassing an extensive
volcanic¢ area dominated by Mammoth Mountain.
The Sierra Nevada is not a simple linear mountain
range, but is broad enough to bear numerous
smaller ranges; Mammoth Crest is a remnant of
one of these, and a part of it forms the southwest
boundary of Convict™ Creek Basin. Convict
Creek is one of several streams that drain the

north slope of this westerly bearing section of the -

main range. .

Four glacial cycles occurred in the million-year
duration of the Pleistocene epoch, and as a result
of this tremendous glaciation scveral thousand
lakes now exist throughout the range. These

lakes are all young geologically, as none are older
than the most recent glacial cycle. Some Sierra
lakes are more recent, as evidenced by the existence
of glaciers which are still in the process.of recession.
As the earth warmed and the last glacial cycle
came to an end, lakes of two principal types were
created: those occupying bedrock basins and those
held by morainal deposits. Both types are found

- in Convict Creek Basin.

The  upper basin is composed principally of
hornfels and ‘slaty hornfels, quartz monzonite,
granodiorite, granite, crystalline limestone, and
diorite (Mayo 1934). Metamorphic rock is the
predominant substrate material in which the upper
lakes lie (fig. 3) and Convict Creek Basin is per-
haps somewhat unique in'this respect, since the
Sierra is largely granitic. The lower basin, which
encloses Convict Lake, is composed of alluvium
and morainal materials resulting from erosion and
glaciation of the area above.

Valleys harboring the upper lakes were formed
earlyv in the Pleistocene epoch and were later under-
cut by vigorous canyon formation and conse-
sequently left hanging (Kesseli®). Lakes
Genevieve and Bright Dot hang 500 and 1,000
feet, respectively, above Convict Creek canyon.
Lake Dorothy's valley ends about 450 feet above
Lake Mildred, and the valley from Lake Constance
hangs by a similar amount.

With the exception of Lake Witsanapah, all of
the upper lakes lie in bedrock. - Lake Dorothy
occupies a basin of hornfels and slaty hornfels,
quartz monzonite and a variety of less prevalent
materials, and is retained by a bedrock ridge.
Lake Constance lies in diorite and metaquartzite,
and is held by -4 small morainal ridge. Lake Big-
horn lies in hornfels and slaty hornfels, and is re-
tained by a block moraine of the same material.
Two block moraines of hornfels from the Lake
Constance valley glacier form the basin of Lake
Witsanapah.

In the northwest group, Cloverleaf Lake lies in
a basin of quartz monzonite, granodiorite, and
other less prevalent rocks and is held by morainal
materials, Lake Edith occupies a basin of horn-
fels and slaty hornfels and is retained by a small
block moraine. Lake Genevieveliesin metaquartz-
ite'and hornfels and is separated from the main

# Pleistocene glaciation in the valleys between Lundy Canyon and Rock
Creck, castern slope of Lthe Sierra Nevada, California, by J. E. Kesseli.  Vol.
1, Part IV, Moraines of the Convict Creek Valley. Pp. 167-230. Unpub-
Jished Ph. T). thesis, University of California, 1935,
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canyon of Convict Oreek by a strike-oriented

metamorphic ridge.

Bright Dot Lake lies in hornfels and slaty
hornfels and is held by numerous low bedrock
knolls, through which its outlet drops into Convict
Creek, a thousand feet below. Lake Mildred, the
lowest lake of the upper basin, also occupies a
basin of hornfels and slaty hornfels. Immediately
after cutting through the bedrock ridge which
retains Lake Mildred, Convict Creek begins its
abrupt drop down the main canyon to Convict
Lake. Approximately a mile long and a half-
mile wide, Convict Lake is the largest lake in the
basin and receives the drainage of the nine upper
lakes. It occupies a terminal glacial basin and is
surrounded by vast morainal deposits, attesting
to the heavy glaciation of the area above.

PHYSICAL CHARACTERISTICS OF THE
LAKES

METHODS
Perimeter surveys of the lakes were made by
triangulation and stadia, following a procedure
similar to that given in the ‘“plane table survey”
outlined by Welch (1948). Shoreline positions

were marked with large pieces of white sheeting to’

supplement the few prominent natural objects.
Soundings were made with a portable, wire-line
instrument (Reimers and Pister, 1953), and were
located by cross bearings along transects between
flagged points on shore; they averaged about one
per acre, with a denser paltern on the smaller
lakes. Hydrographic maps were prepared from
these data and lengths of shorelines and areas at
various contour levels were calculated from them.

Standard formulas were employed to calculate

volumes, volume developments, mean slopes, and
shore developments. The cemposite maps, show-
ing topography, selected morphometric features,

graphic and other data, appear on’ pages 494-503.

Lake elévations were obtained from the United
States Geological Survey map of 1934 (Mount
Morrison Quadrangle) and are indicated on the
maps. _

Air and water temperatures were measured with
a Foxboro resistance thermometer graduated in
half-degrees Fahrenheit (—20° to 4130°). Tem-
perature observations included. vertical series over
the deepest point in each lake, air temperatures,
and surface temperatures at the points of inlet
and outlet. Water transparency was measured

in the middle of calm days with a white Secchi
disk 10 centimeters in diameter and the mean of
several disappearance and reappearance values, in
feet, was used as the final estimate.

BOTTOM AND DRAINAGE CONDITIONS

Littoral bottom areas of the lakes are typically
steep-sloped and rocky, although sandy or gravelly
shoals are associated with the inlet streams and
some of the outlets. In each lake basin, parts of
the underwater slopes consist of talus or jumbles of
large, broken rock, and the “productive shoal
area’ in these places is nonexistent. Seven of the
lakes have high percentages of this hottom type
(table 1). The other 3 lakes (Mildred, Clover-
leaf, and Bighorn) are relatively shallow and are
not directly flanked by ridges, so that the propor-
tions of sandy shoal are larger. Although these
sandy and gravelly areas presumably produce
more trout food than rocky areas, they are
relatively barren when compared with shoals of
similar gradient in lowland lakes. Neither soil
nor mud was found in the shallow areas of any of
the lakes, and the scarcity of aquatic vegetation
has been mentioned. Shoreline features are
illustrated in photographs of the lakes (figs. 3—
12). :

Bottom materials were classified as bedrock,
talus and broken rock, gravel, sand, mud, ooze,
and detritus. Their distribution pattern varies
somewhat among the 10 lakes, owing to differences
in substrate, form of individual basins, and sur-
rounding terrain; yet the character of the littoral
and sublittoral iz mueh the same throughout:
rock shelves,-boulders, submerged talus deposits,
sand, and gravel shoals with protruding rock. As
the profundal zone is approached in the deeper
lakes, bottom materials grade into the mud,
organic ooze, and fine detritus from which most

" bottom organisms were taken in samples. The

gradation is gradual in a few areas, but interrupted
by bedrock formations and blocks of rock in most.
Variations of several feet in depth within a few
horizontal feet were encountered while taking
soundings below 150 feet in Lake Dorothy, and
below 100 feet in Lake Constance. Because of
slate chips and bedrock, several attempts were
often required to obtain one productive Ekman
dredge sample in some deep water areas.

Small but well-defined streams flow into and out
of Lakes Constance, Witsanapah, Cloverleaf,
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TaBLE 1.—Distribulion of bottom materials in the littoral
zones of the lakes of Convict Creek Basin

[Visual estimation of bottom types from shoreline to a depth of 20 fect]
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Melting snow and ice is the source of practically
all water entering the lakes, and the rate of water
exchange is considered to be low in all lakes except

Percentage of bottom types Mildred and Wlt.sana,pah.. In these .t.wo lak.es tl.le
- volume of stream flow is comparatively high in
Aake . . - .
Talus and N . <
Bedrock | taaug30d | Gravel | fand relation to lake volume. Variations in ls?ke. levels
rocks have no effect on lake areas except in Lakes
R — © o : r Mildred and Cloverle.af._ whe.re‘ small amounts of
/itsanapah. . e
Bigho;ln.l _____ ,l_,g 5 1 i shoal area are added during perlqu of peak runoff.
orothy._.__. 7 1 -
Brent Bt 1 n 2 u In thg.hlgher lakes of the _drm.nage the rate of
Mildred. ;.- B 19 2 1 deposition of bottom materials is extremely low.
Edlth...... 30 50 5 15 < ; i tonvi
e - 3 ! 5 12 Although Lakes Qeneweve, Mlldred,_ and C‘onvu.:t
Comviet.._ oo 2 50 1o % undoubtedly receive more fine material from their

Edith, and Genevieve. Lakes Mildred and Con-
viet receive and discharge the main stem of
Convict: Creek, which provides a limited amount
of good spawning area. Evidence of trout spawn-
ing was found in the inlets of six of these lakes;
the inlet of the other (Lake Constance) is too
small and steep for spawning. Lakes Bright Dot,
Bighorn, and Dorothy have permanent outlets,
but no principal inlets; they receive water from
many small rills and from seepage. Water does
not flow over appreciable distances of substrate
before being discharged, even into the lower lakes,
because of the compactness of the drainage.

TaBLE 2.—General physical features of the lakes

larger inlets, all streams of the basin are clear
and unsilted throughout the heaviest runoff.

MORPHOMETRY

Morphometric and other physical features of
each lake are presented on maps (pp. 494-503) and
summarized for all 10 lakes in tables 2 and 3.
The lakes range in surface area from 4.4 to 168.0
acres, and three size groups may be noted. The
two smallest and the two largest lakes are com-
parable as pairs; Lakes Witsanapah and Bighorn
are 4.4 and 6.5 acres, respectively, whereas Lakes
Dorothy and Convict are 151.8 and 168.0 acres.
The remaining six lakes form an evenly distrib-
uted series belween these extremes.

in Convict Creek Basin

o : . . Length of shoreline R
R Surface Maximum | Maximum | Maximum Direction
Lake Elz.r\ezgoll area (:X:?EI'IJ::%) depth length width of main
(acres) T (feet) (feet) (feet) Feet Miles axis
Conviet. ... ..ol 7,583 168.0 14, 810 140 4, 597 2,053 12,250 2.32 | NE-SW
Bright Dot__.__. 10, 650 27.5 1, 092 80 1, 522 1,158 4, 515 .86 | NW-SE
Mildred.___._.__ 9, 10.7 200 60 1,124 572 3, 300 .63 | NW-SE
Bighorn.___....... - 10, 675 6.5 103 35 1,160 490 2,848 .34 | NW-SE
Witsanapah. . _____.. - 10, 7 4.4 124 50 700 410 1,800 .4 N-8§
Constance_. ... 10, 950 33.8 2, 600 170 2,400 1,035 6. 896 130 | NW-SE
QGencevieve. ... 9,910 42.3 2, 570 120 2. 500 1,040 6, 800 1.20 | NW-S8E
Edith._.. - 10, 100 18.0 1,070 110 1,21 986 3, 690 .70 | NW-SE
Cloverlea 10, 310 11.6 141 25 7 930 5, 498 1.04 | NW-SE
Dorothy......_... 10, 340 152.0 20, 600 290 5, 190 1,880 13,020 247 N-8

TarLE 3.—Specific

physical characteristics ¢

onsidered most influential on
Creek Basin

relative productivity levels of the lakes in Convict

T-emperature (* ¥.) Heat intake !
Lak Mean slotpo ,? }83"210“";'3 dSholre g-f ean Trans-
ake (percent- | "oy reent- evelon- ep parency | gottom- Summer | Annual
age) page) ment (feet) (feet) surface #:g: heat heat
range income budget
Conviet. ... 16. 7 13.1 1.28 88 51 44.0-58.5 51.4 18,173 22, 984
Bright Dot 17.7 28, 8 1. 18 39 56 | 47.0-58.0 56.0 10, 424 12, 566
Mildred . __ 23.2 43.8 1.41 27 40 { 50.0-54.5 52.0 5,822 7,208
Bighorn. ... 10.5 63.4 1.47 16 Bottom | 39,5-57.5 52.7 4,130 5,005
Witsanapah. ___. 30.2 345 L16 2% 30 | 42.0-50.0 47.4 3,827 5, 358
Constance.. ... 40. 4 19.5 1.61 71 60 | 40.0-50.5 42,9 4, 420 8,086
Genevieve. _._______. 2.7 18.3 1.42 61 50 | 41.0-56.0 49.9 11,023 14, 358
Bdith._ ... 27.6 21.3 1.14 59 46 39. 5-57. 5 47.8 8, 601 11, 826
Cloverleaf .. _....._. 13.2 81.4 2,18 12 Bottom | 50.5-52.5 51.6 2, 514 3,170
Dorothy - .o 33.9 9.0 1.44 136 67 | 40.0-58.5 47.0 17, 967 25, 402

T Expressed in gram calories per square centimeter of lake surface.
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Seven of the lakes have simple basin forms with
single and more or less centrally located depres-
sions. Of these seven, all but Conviet Lake are
fairly uniform in slope from the margin to the
greatest depth. Mean slope values for the 10
lakes range from 13.2 to 40.4 percent, with & mean
for the drainage of 24.9 percent. Convict Lake
has an extensive flattened bottom with the result
that about one-half of the surface area is contained
within the 120-foot contour. Lake Cloverleaf has
four arms, each with a shallow depression. Lake
Mildred has two distinet, cup-like depressions,
and Lake Dorothy takes the form of a long, deep
scar, with the deepest point midway in its length
and secondary depressions toward each end.

The general steepness of lake margin slopes
dictates rather low shore development values for
nine of the lakes, the range of these being 1.14 to
1.61. Cloverleaf Lake, due to its peculiar shape,
has a value of 2.18. The relative extent of shoal
area to a depth of 20 feet was calculated for all
lakes, and these values are listed with other
physical features affecting productivity (table 3).
Although the depth of 20 feet is arbitrary, a pro-
portional measurement of shoal area is usually
indicative of the potential for bottom-food pro-
duction, and it should be noted that only in the
shallowest of these lakes do the shoals amount to a
considerable percentage of total surface area.

Maximum depths, mean depths, and total
volumes of the lakes are given in tables 2 and 3,
and are indicated on the maps. No serious effort
was made to locate the points of absolute maxi-
mum depth. The depth at the lowermost contour
is given as maximum for each lake, and the
absolute maximum in all cases is within one con-
tour interval of this figure.

Further examinations of dimensional features
may be made by referring to the maps and photo-
graphs. For present purposes it is sufficient to
state that enough variations in area, depth, and
volume exist among the lakes to permit compari-
sons of chemical and biological features with
physical dimensions and depth distributions.

TRANSPARENCY

Like most high-altitude glacial lakes, those in
the study area are exceptionally clear. Pelagic
algae were rare in the samples, and, although the
variations in observed transparency are attributed
to plankters, the zooplankton density in general

340212 0—55 3

was too light to interfere seriously with visibility
(table 3). Lakes Bighorn and Cloverleaf are
shallow, and are transparent to their bottoms.
The Secchi disc was visible for distances of 40 to
67 feet in the lakes of greater depth; readings for
each lake are given on the maps. Lake Witsana-
pah, 50 feet deep, was anomalous in being clear
to only 30 feet. This relatively low transparency
was considered due to a temporary silted condition
brought about by agitation during the peak of
snow-melt runoff, as Lake Witsanapah is the
smallest lake of the group and has a relatively

large inlet. No net plankton was found in this
lake.
TEMPERATURE

The range of temperature from surface to
bottom was measured once at the point of greatest
depth for each lake, at intervals of 10 feet or less.
Time did not permit continued observations for
all lakes, and these measurements were sufficient
to establish a probable summer maximum of 60° F.
for the lakes of the upper basin, an average
summer minimum of 43°, and to show that some
stratification occurs in the deeper lakes. The
highest water temperature measured in the upper
basin was 58.5° F., at the surface of Lake Dorothy;
other surface temperatures ranged from 50.0 to
58.0°. The deepest strata of Lakes Mildred,
Bright Dot, and Cloverleaf indicated August and
early September temperatures of 50.0, 47.0, and
50.5°, respectively. Convict Lake had a mini-
mum summer temperature of 44.0°, and minimum
temperatures of the other 6 lakes ranged from 39.5
to 42.0 degrees.

A graph of a summer vertical temperature series,
with the date of observation, appears on each lake
map oh pages 494-503. All observations were made
in July, August, and early September of 1950,
and the series are summarized for all lakes in table
4. Inthe upper basin, Lakes Genevieve and Edith
had weak thermoclines between 30 and 50 feet in
August. Lakes Dorothy, Constance, and Bright
Dot were stratified in August, but had no thermo-
clines. Lakes Mildred and Cloverleaf were nearly
homothermous. The other two shallow lakes,
Bighorn and Witsanapah, exhibited gradients of
a few degrees but did not stratify. Convict
Lake stratifies in summer and develops a weak
thermocline.

Weekly temperature observations were main-
tained on Convict Lake from April 1951 to May
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1953 (Reimers and Combs,® and significant dates
of autumn and spring circulation were estab-
lished. Autumn overturns were recorded on
closely corresponding dates in the two years,
November 30, 1951, and December 4, 1952. The
time of spring circulation is affected more by the
nature of the preceding winter. The winter of
1951-52 was very severe, with ice cover on Convict
Lake until the end of April, and the beginning of
circulation was delayed to May 4. In the spring
of 1953, following an average winter, differential
heating of upper strata was evident the first week
in April. No overturn data are available for the
lakes of the upper basin and observations are lim-
ited to a few in mid-July 1953, 1 to 3 weeks after
the ice had melted. Lake Constance was homo-
thermous at 40° on July 18, and other lakes had
weak gradients with deeper water approaching the
temperature of maximum density. The foregoing
indicates that the duration of ice cover in a normal
year is 6 to 7 months on the upper lakes, and
approximately 4 months on Convict Lake.

Heat intake, expressed as summer heat income
and annual heat budget, has been grossly esti-
mated and the results appear in table 3. A mean

¢ A study of the thermal characteristics of Conviet Lake, Mono County,
Calif., with a proposed method for the evaluation of temperature In lakes,

by Norman Reimers and B. D. Combs. Unpublishked manuseript, U. 8.
Fish and Wildlife Service, 1954.

winter temperature of 36° F. (2.2° C.), based on
2 years of observations on Convict Lake, was arbi-
trarily used in the heat budget caleulations for
all lakes since no winter observations are possible
on the upper lakes. An inspection of the table
shows that heat intake values are controlled by the
mean depths of the lakes rather than by tempera-
ture differences. For this reason heat budget val-
ues cannot be compared among the lakes, nor do
they provide a reliable thermal index for associa-
tion with other physical characteristics.

RANKING OF THE LAKES IN TERMS OF COMBINED
PHYSICAL FACTORS

In physical evaluations, irregular shorelines,
low declivity, shallowness, and high temperatures
are considered to operate in favor of increased
production. Climate is considered similar for all
the lakes, although the growing season for Convict
Lake is longer than the others and would move this
lake up the scale if included. Increasing area is
sometimes found to signify decreasing productive
capacity (Rounsefell 1946), but such an influence
is questionable in the present series and the inclu-
sion of area would not change the physical ranking
of lakes if growing season were also added. Only
lake means have been used from the temperature
data since ranges do not apply directly, and means
of the shoal strata refer to only parts of lakes.

TaBLE 4.—Verlical distribution of temperature in the lakes of Convict Creek Basin

[Temperatures in degrees Fahrenheit]

Dorothy | Constance
Aug. 8, Aug. 2,
1950 1950

Genevieve Edith

Bright Dot
Aug. 22, Aug. 16,
1950 1950

Aug. 25,
50

Mildred
Segt. 3,
1950

Witsana-
pah Aug. 3,
1950

Cloverleal
Aug. 25,
1950

Bighorn

Stratum July 235,
1950
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Heat budgets could not be used because of their
inability to indicate heat independently of size and
depth. Transparency was omitted hecause of
nearly uniform clarity of the waters, and because
the two shallowest lakes were transparent through-
out.

In table 5 the 10 lakes have been arranged in
high-to-low order on the basis of average values
derived from shore development, mean slope,
percentage of shoal area, mean depth, and mean
temperature. In order to average these factors
and establish a ranking order among the lakes, a
ranking scale of 10 was adopted and the absolute
range of each factor was reduced to a range of
10-0. For each factor, highest rank (10) was
given to the lake with maximum value on the
absolute scale and lowest rank (0) was given to
the lake with minimum value.” The column of
averages reported in table 5 thus gives equal
weight to each physical factor considered, and
represents a proportionate scale of productive
capacity in terms of combined physical factors.
In the combined ranking, shallow Lakes Clover-
leaf and Bighorn are far above the average for the
drainage, nearly all factors being favorable.

7 The method of determining proportionate ratings on a 10-0 scale was
suggested by R. A. Fredin and R. Lander of the Pacific 8almon Investiga-
tions, Fish and Wildlife Service. The following relations may be considered
for any factor in which an increase in value is associated with greater produc-
tive Influence:

Proportionate dis-
tance that the
value of the

o Value for given lake—minimum value of al] lakcs= given lake lies
Range of values for all lakes hetween the
minimum and
maximum for all
lakes.

T'o place this lake in a 10—0 scale (range=10—0), consider

@ Value for given lake—minimum valueof all lakes Rank for that laku.
i Range of values for all lakes n

1f rank for that lake=X, solve

@ X (10) value for given lake—minimum value of all lakus_
’ Range of values for all lakes

For any {actor related inversely to productivity, equation 3 should be revised
to

@ \_=(1 0) maximum value for all lakes—value for given lake
- Range of values for all lakes

This procedure puts all factors on a common scale and permits plactng the
intermediate ranking lakes in proportion to their ahsolute values throughout
the range 10-0. Rank values for each lake may then be averaged for a group
of factors (e. g. physical factors), and the final or average ranking for the
group will not he weighted by disecrepancies in absolute range among the
factors.

Lake Witsanapah does not fall within the favored
shallow group because of excessively steep slope,
regular shore, and low temperature. Bright Dot
Lake’s position in the scale is raised considerably
by higher water temperature, and Convict Lake
ranks higher than its depth would indicate due to
favorable slope and temperature conditions. Lakes
(Genevieve and Edith are slightly below average,
and deep Lakes Constance and Dorothy are
indicated as physically poor.

TaBLE 5.—Ranking of the lakes according lo proportionate
ratings of selected physical measurements

Proportionate ratings

Average
and
Take Percent-| Mean {propor-
summer |tionate
temper-| rank
area ature
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SUMMARY OF PHYSICAL CHARACTERISTICS

Discussion and tabulations of physical features
include distribution of littoral bottom types,
nature of inlet and outlet streams, morphometry,
water transparency, and summer temperature
characteristics. Detailed hvdrographic maps were
prepared to aid interpretation of the data.

Steep slopes and rocky bottoms characterize
seven of the lake basins, and three of the shallower
lakes have a predominance of sandy bottom.
The lakes showed no significant altitudinal group-
ing with respect to summer water temperature;
mean temperatures ranged from 42.9° to 55.0° F.
Weak thermal stratification in the deeper lakes
was evident in July and August. Comparison of
ice cover duration between upper and lower parts
of the basin indicates a three-month handicap in
length of growing season for the higher lakes.

In the scale of potential productive capacity
derived from morphometry and mean tempera-
tures, shallower lakes ranked high due to both
depth and temperature factors. Two of the deep-
est lakes were indicated as the poorest potential
producers.
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Fiaure 13.—Geologic map of Convict Creek Basin. (Enlarged from Mayo, 1934).



LAKES IN CONVICT CREEK BASIN, CALIF. 453

HYDROCHEMISTRY AND MINERAL
SOURCES

Pearsall (1930) stated, “Any attempt to classify
lakes on the basis of the dissolved substances is
faced with the difficulty that a single series of
analyses may not be representative owing to the
possibility of abnormal conditions in one or more
lakes of the series.” Moreover, a complete de-
scription of any one lake should include the
seasonal pattern of fluctuation. In this study it
is assumed that chemical fluctuations are mini-
mized because of the location of these lakes at the
very origin of a compact drainage system, where
the edaphic and biotic influences which cause
abnormalities in chemical composition of the
water are so slight as to preclude pronounced
seasonal and other changes. Certain factors, such
as pH and dissolved carbon dioxide, are subject
to relatively rapid fluctuations and are limited in
their usefulness; others, such as total dissolved
solids and relative clectrolyte composition, are
considered more stable. In accordance with the
objectives of lake description and comparison,
emphasis is placed on those factors which appear
least variable, since continued sampling of these
lakes was not possible. Geochemistry is included
in order to relate the mineral content of the water
to the substrates of the drainage.

FIELD METHODS

Vertical series of water samples were taken at
10-foot depth intervals over the peint of maximum
depth in each lake, using a 1,200 cubic centimeter
Kemmerer sampler. Hydrogen ion concentration
was determined immediately with a Hellige com-
parator, and fixed oxygen samples were titrated
at the base camip according to the Winkler method.
A few water samples were titrated for methyl
orange alkalinity.

Additional samples were collected at middepths
in all lakes for detailed analysis, and at 10 feet
below the surface and 10 feet above the bottom
for partial analysis. Other samples for partial
analysis were taken from inlet and outlet streams
of all lakes having such streams. These samples
were transferred to glass containers in special
shipping crates and shipped to the United States
Geological Survey, Quality of Water Branch, Salt
Lake City, Utah, where the analytical work was
performed.

Detailed analyses of the middepth water
samples included total dissolved solids, loss on
ignition, specific conductance, total and non-
carbonate hardness and quantities of various
ions. Partial analyses included specific conduct-
ance, hardness, and quantities of prominent ions.

COMPOSITION AND SOLUBILITY OF THE
SUBSTRATE

The sources of dissolved inorganic matter may
be both atmospheric and terrestrial. Probably the
greatest proportion of mineral solutes in the
waters of Convict Creek Basin results from the
contact of drainage water with rock substrates.
The rock types which occur in different parts of
the area have been described previously and
appear on the geologic map (fig. 13). The chem-
ical compositions of these rock forms, as mineral
sources, are interpreted from Clarke's (1924a)
discussion of geochemistry, bearing in mind that
similar rock formations from different geographic
localities may vary somewhat in mineral con-
stituent typology and chemical composition.

Igneous rocks are composed of numerous sub-
tvpes with feldspar, quartz, and micas predom-
inating. Chemically, silica is the largest con-
stituent, followed by alumina, alkaline metals,
iron, and many trace elements. Quartz monzo-
nite, quartz porphyry, and other granitoids
(pegmatite, granite, aplite) resemble each other
closely in having 70 to 80 percent SiO,, 10 to 15
percent Al:Q;, 1 to 8 percent alkaline metals (KO
most abundant), 1 to 2 percent ferric and ferrous
oxides, and less than 1 percent other minerals.
Diorite and granodiorite differ slightly from this
composition in having less than 60 percent silica
and relatively more iron and phosphate.

Metamorphic rocks, with the exception of
crystalline limestone, are similar in chemical com-
position to the igneous rocks described above.
All have somewhat characteristic compositions.
Quartzite and metaquartzite represent silicifica-
tions of sandstone and crystalline limestone, re-
spectively. Hornfels are fine textured silicates
produced by contact metamorphosis of shales.
Quartzite has a high silica (80 percent) and ferrous
iron content, but is lower than igneous rock in
alumina, ferric iron, and alkaline metals. Hornfels
contains nearly 60 percent SiO; and is noticeably
different from igneous rock in that it has small but
conspicuous amounts of SO; and copper. Meta-
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quartzite and crystalline limestone are charac-
terized by- large percentages of calcium. The
former rock contains about 50 percent silica, much
alumina, and trace amounts of other elements.
Crystalline limestone, basically CaCO;, would be
chemically simple were it not for varied impurities.
Besides the prominent calcium and carbonate, it
probably has significant quantities of MgO and
5i0; plus other elements in trace amounts.

Clarke (1924a) also discussed the disintegration
of rocks and attributes variation in decomposition
rates largely to climatic (temperature and mois-
ture) conditions. Solubility of rocks depends
mainly upon the characteristics of the solvent.
Oxygen, and especially CO,, increase the solvent
action of rainwater. Vegetation contributes
further by adding organic acids to surface waters.®
The electrolytic composition of water is also known
to have a varied effect on the solubility of rocks.
Certain general statements can be made as to the
relative solubility of important minerals. Most
of them are vulnerable to water containing car-
bonic acid. Silica (as a colloil), lime, magnesium,
and alkali salts are readily dissolved, but com-
pounds of aluminum and iron are nearly insoluble
by comparison. Iron carbonate may be formed,
but oxidizes rapidly to precipitate as ferric
hydroxide.

CHEMICAL CHARACTERISTICS OF THE LAKES

Many limnologists have studied individual
chemical elements as to distribution, tuetuation,
and biological effect. Papers by Juday and
others (1938), Rawson (1939), and Pearsall (1930)
are a few cxamples of such treatment. However,
because of the close, interrelated existence of dis-
solved gases, organic matter, and inorganic sub-
stances in natural water, it is not possible to
separate the effects of individual substances en-
tirely with regard to water composition and metab-
olism. Interaction of dissolved substances is evi-
dent in the carbon dioxide mechanism (discussed
by Welch 1952, and Ruttner 1953) and in the
clectrolyte-specific conductance system (Rodhe
1949). Although relationships such as these are
not completely understood it nevertheless seems
desirable for a comparative study to begin with

% Bacterial action on alpine summits was reported by Clarke (1924a) to
influence solubility. In drawing nourishment from snow and rain, these
organisms convert ammonla to nitric acid which corrodes calcareous material.
‘They further atd the solution of rock by decomposing sulfates and generating
carbon dioxide from organic decomposition.
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gross chemical conditions and to emphasize inter-
relationships of dissolved substances where
possible.

Since data for this study are the result of
analyses of samples taken in the months of
July and August, the following presentation em-
phasizes the least variable factors and mineral re-
lationships—an approach which better fulfills the
objectives of description and comparison. Em-
pirical values are given in parts per million which,
according to Clarke (1924b), are the same as
milligrams per liter for dilute solutions (nonsaline
natural waters). Electrolytes have been cal-
culated in milligram equivalents per liter of water,
which represents their reactive weights, and per-
centages have been applied to show relative
relationships.

Hydrogen Ion Concentration

Rawson (1939) considered pH an indicator of
environmental conditions and described it as the
result of many underlying chemical conditions.
Basic factors which determine pH are difficult to
elucidate and there is general agreement among
limnologists that its true biological significance is
rarely known. Most natural waters fall within the
range 6.5 to 8.5 with highly productive waters on
the alkaline side (pH around 8.0). Laboratory pH
determinations for the Convict Creek Basin lakes
were consistently higher than field measurements
possibly due to the loss of free carbon dioxide from
the samples. Values are omitted from tabular
listing because of discrepancies between the two
determinations, and because those taken in the field
were t00 coarse to be used in comparing the lakes.
In gencral, field determinations indicated that the
basin’s waters range close to neutrality (pH 7.0)
with the Lake Genevieve group (Genevieve,
Edith, and Cloverleaf Lakes) tending toward
acidity and the remaining lakes ranging slightly
above 7.0.

Dissolved Gases

Dissolved oxygen determinations (table 6) con-
cern the top, middle, and bottom strata of each
lake (middle strata in Bighorn and Cloverleaf
Lakes omitted because of their shallowness).
Intermediate levels are excluded sinceoxygen
values were in agreement with the surface-bottom
trend in all cases. The measured quantity of
oxygen in the upper strata of the lakes ranged
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from 7.2 to 9.6 parts per million; that at middepth
from 8.0 to 11.0 p. p. m.; and in the bottom strata,
from 2.8 to 10.8 p. p. m. Only in the bottom
strata of Lakes Edith and Genevieve did the dis-
solved oxvgen content fall below 7.0 p. p. m,

Oxygen saturation values were corrected for
altitude as described by Ricker (1934) and satura-
tion percentages determined from a nomograph
similar to that described by Welch (1948). The
necessity for altitude compensation is demon-
strated by uncorrected values (not shown) which
are 3 to 4 parts per million higher than corrected
values. All lakes were hypersaturated in the
middle and upper strata. The bottom strata of
Convict, Constance, Genevieve, and Edith Lakes
were below saturation (table 6, column 14), but
only the latter lake showed divergence of impor-
tance. Actual deficits in parts per million can be
obtained by subtracting actual from saturation
values. Absolute deficits exhibit little difference
from actual deficits (less than 2 percent of satura-
tion), since bottom waters are so near 4°
Centigrade.

No analytical determinations were made for
free carbon dioxide in any of the lakes because of
the ease with which this gas escapes from water
and because results are always uncertain due
to difficulties In technique. However, greater
accuracy can be obtained from pH and total
alkalinity measurements by means of a stability
diagram (Langlier 1946) and this method was
used. In 5 lakes, the concentration of CO. ranged
from 1 to 5 parts per million.
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Dissolved Solids and Hardness

Total dissolved solids are the residue remaining
after evaporation of a quantity of water and
represent a measurement of both dissolved and
colloidal matter (mineral and organic). Rawson
(1951) stated that few lakes have less than 100
p. p. m. total residue, but Pennak (1945) reported
a range of 13.0 to 55.4 p. p. m. for 8 alpine lakes in
the Colorado Rocky Mountains. Table 7 indi-
cates a range of 19.0 p. p. m. (Lake Dorothy) to
77.0 p. p.m. (Convict Lake}, total dissolved solids
for the lakes in Convict Creek Basin.

Loss on ignition, the difference in weight which
results from firing the evaporated sample, rep-
resents the amount of organic matter, bound water,
and volatile decomposition products of salts
(Pennak 1945). If the latter is low, as in soft
water, this determination is indicative of the
dissolved organic content of the water. Pennak
reported an average of 5.7 p. p. m. in 8 alpine lakes.
Birge and Juday (1927) concluded that.dissolved
organic matter occurs in a reasonably definite
quantity for each lake and does not show great
variation with either depth or time. The average
loss on ignition in the Convict Creek Basin lakes
was 3.2 p. p. m. with a range of 2.0 to 5.4 p. p. m.
(table 7). Expressed in relation to total dissolved
solids, loss on ignition ranged from 3.9 percent in
Convict Lake to 16.8 percent in Lake Dorothy.

The mineral content of the lake waters in
Convict Creek Basin, as indicated by ash residues
after firing, ranged from 15.8 to 74.0 p. p. m. with
a basin average of 35.9 p. p. m. (table 7). These
values are somewhat higher than the range of 9.7

TABLE 6.—Dissolved orygen preseni in the upper, middle, and lower depth strata of the lakes in Convict Creek Basin with
saturation values corrected for altitude

10 feet below surface Middepth Bottom
Lak (Oxygen) (Oxygen) (Oxygun)
ake p. p.m, p. p. m, p.p. m. —
Temper- P"ce‘?"’_ Depth | Temper- Pf‘;‘:&: Depth | Temper- ,Fg‘: ‘smaxt?lti
ature | age fouT| (feet) | ature! 80 Sav | ‘(feet) | ature! Ry
Satu- | pqpuar| T Satu- | porua | Satu- | otyal
rated | Actua rated rated
Conviet_.__ ... .._...__. 13.6 7.9 7.7 98.0 73 10.0 3.5 9.1 108.0 130 6.6 9.3 8.8 94.0
Bright Dot________._.__. 13.8 7.0 7.2 103.0 45 12.0 7.3 8.0 110.0 80 8.4 7.9 8.8 112.0
Mildred____ - 11.3 7.6 85 111.0 30 10.3 7.8 8.9 114.0 60 10.2 7.8 9.0 116. ¢
Bighorn_.._. - 13.2 7.1 9.3 1250 | e e e e 30 4.2 88 10. 3 117.0
Witsanapah 9.1 7.7 8.6 111.0 30 8.2 7.9 8.7 111.0 50 5.4 25 10. 8 >125.0
Constance. . - 10.0 7.6 9.6 >125.0 85 5.6 8.4 8.4 100.0 170 4.5 8.6 7.6 89.0¢
Genevieve. . - 13.1 7.3 7.9 108.0 85 8.2 8.6 1.0 >125.0 120 5.0 8.9 6.2 70.0
Edith ____. - 12.8 7.3 7.9 108.0 58 5.6 87 9.0 105.0 110 4.5 8.9 2.8 32.0
Cloverleaf___.__.____.... 10.8 7.6 82 108.0 | 20 10.3 7.7 8.7 114.0
Dorothy......_...._.... 14.4 7.0 8.4 120.0 150 5.9 8.5 86 101.0 200 4.4 8.9 u.2 104. 0

I Temperatures in degrees Centrigrade,
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to 49.3 p. p. m. recorded by Pennak (1945) for a
group of alpine lakes in Colorado.

The relationship of total dissolved solids, loss
on ignition, and ash residue as found in the lakes
is presented in figure 14. Each lake is represented
by a circle whose area is proportional to total
dissolved solids in parts per million and is divided
into shaded and unshaded areas representing the
respective components, loss on ignition and ash
residue. The lakes are located diagrammatically
as they occur in the drainage with respect to
position and altitude. Outlets are depicted by
straight lines with the direction of drainage from
top to bottom of the page. A progressive in-
crease in dissolved solids can be traced from
Lake Constance to Convict Lake and from
Cloverleaf Lake to Convict Lake.

Y

CONSTANCE

WITSANAPAH

BRIGHT DOT

GENEVIEVE

CONVICT

Ficure 14.—Dissolved solids and mineral-organic compo-
nents of water in the lakes of Conviet Creek Basin
arranged according to the drainage. (Absolute concen-
tration of total dissolved solids represented by area of
circle; shaded area=percentage loss on ignition; un-
shaded area=ash residue.)
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Total hardness is a quantitative measurement
of several dissolved chemical compounds reported
as parts per million of CaCos;. Calcium and
magnesium carbonates are the chief factors in
hardness, and often sulfate is the only other
significant ion concerned (Theroux and others,
1943). Small amounts of aluminum and iron may
also contribute to total hardness. Pennak (1945)
noted the general contention that waters with a
hardness below 50 p. p. m. are very soft and those
with more than 100 p. p. m., hard. Total hardness
in the lakes varied between 9 and 59 p. p. m. with
a mean value of 26 p. p. m. Noncarbonate hard-
ness was present in 5 lakes and ranged from 1 to
14 p. p. m. (table 7). It was most prominent in
Bighorn Lake and formed nearly 50 percent of
total hardness.

Electrolytes and Conductivity

Most of the ash residue described consists of
mineral salts which, in fresh waters, exist in a high
degree of dissociation. These electrolytes may be
separated into anions and cations. Four of the
anions (HCQ;~, SO,~~, C1~, and CO;~") and 4 of
the cations (Ca t+, Mg**+, K+, and Na*) contribute
practically all of the electrolytic composition to
normal waters. Others (Cu*t, NO;~, etc.) are
of relatively little significance. Electrical neu-
trality of the solution requires that total positive
and negative charges balance each other. Clarke
(1924h) therefore contended that the interpreta-
tion of water analyses must be founded on a study
of equilibria.

Although dissociated, electrolytes are closely
related. In treating water analyses from various
parts of the world, Clarke (1924a) noted extreme
ranges for the absolute concentration of electro-
lytes in fresh waters, but further observed simi-
larities in ionic proportions regardless of the total
amount present. He was able to distinguish two
types of water on this relative basis: sulfate waters,
that is, those in which SO, was represented as the
major anion; and the prevalent bicarbonate type
in which HCO; was the dominant anion. This
concept has been further developed by Rodhe

~(1949), who emphasized the bicarbonate waters,
contending that a general average of their ionic
proportions are in a state of balance which most
fresh waters seek to attain. Rodhe postulated a
“standard composition’”” from which natural
waters vary due to geochemical and climatic con-
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TaBLE 7.—Chemical analysis of mid-depth water samples from the lakes in Convict Creek Basin exclusive of major electrolytes

[Absolute values in parts per million]

Dissolved solids Hardness Silica Nlt;%g:sl;)::& total Minor elements
Lake e Mineral Per(;ent- Non- Percer;t- NEs | No
s2 on Mineral | age loss age o ) 1 | o
Total tgnition| residue | on ig- Total bg;‘l‘;t Amount mineral PO« | NO, N) ) Cul | Fe! B Mn F
nition @ residue

Conviet__.______.__. 77 3.0 74.0 3.9 59 8 1.0 14.9 0.06 0.12 | 0.017 | 0.003 0.12 0.01 0.01 |<0.01 | <0.10
Bright Dot_... 80 3.4 56. 6 5.7 45 1 8.7 15.4 | <.01 . .020 | .q0t .06 .01 .08 | <. 01 <. 10
Mildred.-...... 58 2.8 55. 2 4.8 43 5 8.0 14.5 | <.01 .08 | .052 001 .08 01 04| <.01 <. 10
Bighorn._.__. 47 5.4 41.6 1.5 30 14 7.6 18.2 | <.01 10 .020 2 .10 01 .01 ] <.01 <. 10
Witsanapah 33 4.2 28.8 12.7 21 5 5.4 17.7 | <.01 .04 030 | .001 .08 02) <01 | <.01 <. 10
Constance. 28 3.2 24.8 11. 4 19 0 4.7 19.0 .02 .10 028 . 001 .08 01| <.01] <.01 .10
Genevieve. 24 2.4 2.8 9.2 13 0 .71 30.0 (i} .06 024 | .001 .08 n 01 < 01 < 10
Edith_.___ 23 2.0 21.0 8.7 10 0 7.0 33.31 <.01 .06 | .04 . 001 .12 .02 01 ] <01 <. 10
Cloverleafl_____ - 20 2.4 17.6 12.0 9 0 5.5 31.2 L4 .19 .028 1 .001 .08 02 <01 <.01 <. 10
Dorothy...____...___ 19 3.2 15.8 16. 8 11 0 3.6 2.8 | <.01 06 { 0181 .001 .10 01| < 01| <01 <. 10

! From results of analysis of water samples taken summer of 1951.

ditions of the area. He represented this standard
with Clarke's derived world average values, and
attributed it to ionic exchanges between dissolved
electrolytes and colloidal systems of the soils and
lake muds. In regard to temporal variation,
Juday and Birge (1933) noted that the quantity
of electrolytes in surface waters of most north-
eastern Wisconsin lakes was nearly constant from
year to year, with some seasonal variations due to
biological activity and to changes in affluents.

Electrolytes in Convict Creek Basin waters are
treated in table 8. Carbonate is omitted from
the anion group because it is present in very small
amounts, and its omission from the analysis has
only a negligible effect on the resultant picture.
Values of the electrolytes in parts per million are
divided by the equivalent of respective ions to
obtain the reacting weight, milligram equivalents
per liter (me/l). The summation of milliequiva-
lents of anions should equal that of cations for
electrical neutrality in each lake. Small dis-
crepancies which occur between total positive and
negative ions are due to trace ions and analytical
errors, but do not materially affect the validity of
the data. Percentages of total anionic and
cationic milliequivalents are listed for each ion in
table 8.

Tabular data of electrolytes are difficult to
interpret when more than two or three water
samples are compared. To facilitate comprehen-
sion and comparison of these data, ion field
diagrams have been plotted on figure 15 in the
fashion described by Maucha (1932). Circular
area represents total ions present; bisected verti-
cally, each half-circle equals 100 percent, with
anions on the left and cations on the right. Each

246212 O—54 4

All others from samples analyzed summer of 1950.

half-circle is further divided into four sectors, one
for each ion, the area of each sector corresponding
to 25 percent of the total relative ion concentra-
tion. Actually, these diagrams are calculated on
the basis of a 16-sided polygon, but are drawn as
circles for convenience. The percentage of each
ion (as given in table 8) is divided by a constant
and plotted along a radius which passes through
the center of each sector.’! The shaded area,
representing the percentage of total positive or
negative milligram equivalents per liter for each
ion, consists of two (if percentage is less than 25)
or four triangles having a fixed value for one side.
This places visual emphasis on extreme percent-
ages and causes the circumference to be the “25
percent line” for each ion.

The lakes are placed in the pattern described
for figure 14, and diagrams for basin and world
averages have been included. It is obvious that
nine of the lakes are bicarbonate and that Bighorn
Lake represents the single sulfate type. Close
serutiny shows that three lakes (Convict, Mildred,
and Bright Dot) are very strong in HCO; and Ca,
but weak in all other ions except SO,. Four lakes
(Constance, Witsanapah, Bighorn, and Dorothy)
have more than 25 percent sulfate and recog-
nizable proportions of potassium and magnesium.
The remaining lakes (Cloverleaf, Edith, and
Genevieve) have less than 25 percent sulfate,
discernible potassium and magnesium as did the
above four, plus greater proportions of sodium
than any of the other lakes. The diagram for
Basin Average indicates the strong influence of
Ca, HCO;, and SO, in mean water composition.

? Scale used: 1 mm.2=1 percent. Thus K=3.083 and distance is measured in
millimeters along a radius of 8.082 mm.
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TARLE 8.—Major electrolytes and specific conductance in mid-depth samples with reactive weights of ions (milligram equivalents
and their percentages) calcwlated from aclual weights (parts per million)

Anions Cations
S;lw.ciﬁc
Lake and item conductance
e and ite Total Total {micromhos
HCOs S0, Cl milligram Ca Mg K Na milligram | at 25° C)
cquivalents equivalents
Conviet:
Parts per million_...._._..__....__.._._. 62.0 9.1 (17 U P 2.0 1.0 1.7
Milligram equivalents.. 1. 0161 . 1895 028 1. 2084 1.0978 .0822 . (435
Percentage of total ... ___ .. ___ 1 15.7 A 86.3 6,5 3.4
Bright Dot:
Parts per million 54.0 5.2 21 17.4¢ 7 1.0
Milligram equivalents . 8850 1083 | . 0028 . R483 0576 . 0256
Percentage of total. .9 .2 £0. 4 6.1 2.7
Mildred:
Partspermillion_. ... ... 46.0 8.3 I D, 16.0 7 1.4
Milligram equivalents.. . 7539 L1728 | L0056 2323 . 7084 . 0576 . 0358
Percentage of total. ... ... ... %0.9 18.5 6 | 86. 6 6.2 9
Bighorn:
Partspermillion_ ... ... ... 0 DU (T S S 1.0 .6 1.7 [
Milligram equivalents..__. . L3114 . 3331 0113 558 5489 . 0493 . 0435 0174 1) R PO
Percentage of totul. ... ... ... 47.5 50.8 T el 3 7.5 6.6 2 T PR I,
Witsanapah:
Parts permillion_..._..___._._._._._____. 20.0 6,3 P S P, 7.6 ) 1.4 A R DU 47
Milligram equivalents..___...__.._.______ L3278 L1312 L0197 4787 . 3792 . 0493 . 0358 L0304 4947 L.
Percentage of totat. ... ... .. R.5 27. 4 [ 75 SR R .6 10.0 7.2 [ S PR P
Constance:
Parts per million__. 17.0 5.4 .4 - 6.7 ) 1.4 I T P 41
Milligram equivalents.. L2786 L1124 L0113 . 4023 . 3343 L0411 0358 . 0261 4378 | .-
. Percentage of total. ... . 69,3 29 2.8  |ecoeoieaoo.o 76. 4 4 8.2 B0 | ae
(ienevieve:
Partspermillion ... ... 17.1) 3.3 - T P 4.4 .4 1.0 | S P 33
Milligram equivalents . 2786 .0RS7 | .00R5 . 3558 . 2196 . 0329 . 0256 0478 8259 .. ..._...
Percentage of total. ... .. ___.____. 78.3 3 24 |ooos 7. 4 10,1 78 | M7 |
Edith:
Partspermillion_ .. ... ___ ... ___.__.__ 13.0 3.0 I S PO, 3.3 .3 1.2 I I P, 26
Milligram equivalents . 2130 L0625 | L0113 . 2868 1674 L0247 -0307 . 0381 292 | oo
Percentage of total 4.3 21.8 3.9 ... 63.6 9.5 1.8 | &5 N SO F .
Cloverleaf:
Parts per million 14.0 1.8 N T P 2.6 .5 1.1
Milligram equivalent: L2204 L0375 | .0160 . 2838 L1297 L0411 . D281 .
Percentage of total 80,8 2 3| I P 50. 8 16,1 1.0 21
Dorothy:
Parts permillion__._____._.___._____._.__ 11.0 3 1 U P — 3.6 4 1.7 A S 24
Milligram equivalents........ .. - 1803 L0791 . 0028 . 2622 - 1796 L0411 L0435 L0174 2816 | ...
Percentage of total.__ . __ ... ... ___ 08.7 30.2 ) TR0 S P n3. R 4.6 15. 4 [ I I E
. 1 .1 L] H ‘s - : .
All lakes had less chlorine than the world average,  trolytes. Comparison with standard curves in

and Cloverleaf Lake is the only one with a
noticeable proportion.

Specific conductance values are also included in
table § as micromhos (reciprocal megohms) at
25° C. Specific conductance is a reciprocal meas-
urement of the resistance a water solution offers
to current flow and, when expressed as micromhos,
is proportional to total electrolytes. Rodhe (1949)
prepared various concentrations of the major
electrolytes in ‘“standard composition” propor-
tions, and measured the conductivity of these
solutions. “‘Standard curves’ have been plotted
from his tabular data in figure 16. These are
slightly curvilinear due to decreased ionization
at increasing concentration. The heavy line is
the standard curve of total electrolytes, and
lighter lines are curves for the three most prom-
inent ions. Other ions can be plotted in a similar
manner. Horizontal lines represent specific con-
ductance of the lake waters with points signifying
absolute concentrations of total and major elec-

absolute values is easily accomplished by this
method. The data for all lakes lie close to the
curve for total electrolytes with Lakes Mildred
and Constance falling directly upon it. In terms
of the concentrations of SO,, HCO;, and Ca ions,
most of the lakes (Bighorn Lake in particular)
show divergence from ‘“standard values.” Least
divergence is shown by Lake Genevieve.

Silica and Minor Elements

Table 7 lists quantities of chemical elements
analyzed in addition to those previously discussed.
Of this remainder, silica is the most abundant and
independent of the influences of the other elements.
Silicon is generally thought to occur as colloidal
silica. (Si0:) or possibly in an ionie form (SiO;),
and is derived from the solution of feldspars and
other rock-forming silicates (Clarke 1924a,b).
Rawson (1939) stated that the silica content of
lake waters is variable but usually less than 10
parts per million with stratification frequent. An
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FiGure 15.—Major electrolytes in the lakes of Conviet
Creek Basin compared on the basis of ion field diagrams
with the lakes arranged according to their positions in
the drainage systems.

inverse relation between silica content and diatom
abundance in summer has been noted by Pearsall
(1930), Meloche and others (1938). The silica
content varied from 3.6 p. p. m. in Lake Dorothy
to 11.0 p. p. m. in Convict Lake. The remaining
8 lakes form a compact group with 4.7 to 8.7
p. p. m. Silica is also expressed as a percentage
of total mineral residue for comparative purposes.
On this basis, two groups of lakes can be distin-
guished: Cloverleaf, Edith, and Genevieve with
30.0 to 33.3 percent, and the other 7 with 14.5 to
22.8 percent.

Phosphorus and nitrogen, as raw materials for
protein synthesis, arc often considered limiting
to organic production. Dissolved phosphorus in
uncontaminated waters is usually less than 0.05
p. p. m. (Rawson 1939) and often less than 0.001
p. p. m. in oligotrophic lakes (Ruttner 1953).
Phosphate content is known to fluctuate widely
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“with biological activity and, since organisms can

utilize quantities of phosphorus beyond the limits
of sensitive measurement, its minima are not
known. Phosphate determinations in this study
were not sensitive enough to show the nature of
its distribution. In general, the dissolved phos-
phorus content of the lakes did not exceed 0.07
p- p.- m,, and 6 lakes contained trace amounts
(less thau 0.01 p. p. m.). Dissolved nitrogen is
represented in table 7 by NH; and NO. nitrogen,
and nitrate. Nitrate and ammonia are the forms
of nitrogen readily available for plant metabolism.
Osterlind (1949) was able to demonstrate selec-
tivity in the utilization of these compounds by
plants. Nitrate is usually less than 0.5 p. p. m.
and ammonia is searce in oxygenated waters
(Rawson 1939). The former ranged from 0.6 to
1.9 p. p. m. and the latter from 0.016 to 0.052
p. p. m. in the lakes of Convict Creek Basin.
Nitrite, intermediate between the above forms
in the nitrogen cycle, was very low and ranged
between 0.001 and 0.003 p. p. m. in the 10 lakes.

Copper was the most abundant of the trace
elements analyzed in mid-depth samples and
ranged from 0.06 to 0.12 p. p. m. Inorganic iron
and manganese are highly insoluble in the presence
of dissolved oxygen (Ruttner 1953) and con-

“sequently are at or below the sensitivity of

measurement employed. The former element was
found in a concentration of 0.02 p. p. m. in three
of the lakes and 0.01 p. p. m. in the remain-
ing seven. Manganese appeared in trace quan-
tities in all lakes and fluorine occurred at less
than 0.10 p. p. m. (except in Lake Constance
where 0.10 p. p. m. was noted). Boron ranged
from trace amounts to 0.06 p. p. m. in Bright Dot
Lake.

VARIATIONS WITHIN LAKES

Partial analyses of water samples taken from
lake surfaces, bottom strata, inlets, and outlets in
August and early September, 1950, appear in
table 9. Comparisons of surface and bottom
waters indicate a tendency toward chemical strati-
fication (an increase of mineral solutes at greater
depths) in 5 of the lakes. Lakes Mildred and
Cloverleaf did not show this tendency, and in
Lake Dorothy it is questionable. Newcombe and
Slater (1950) discussed two types of chemical
stratification: biochemical, due to organic meta-
bolic processes characterized by PO, SiO,, total
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Ficure 16.—Composition of water in the lakes of Conviet Creek Basin in terms of specific conductance and absolute

concentration of total electrolytes and important ions.

compared to curves of standard composition.)

Fe, and Ca gradients; nonbiochemical, caused by
subterranean water and generally having Cl, Na,
and SO, stratified. Overall mineral increases with
depth can be seen most easily by comparing con-
ductance values. Sulfate did not accumulate
with depth in any of the lakes whereas other sub-
stances did so slightly.

The tendency toward chemical stratification in
some of the lakes is associated with both oxygen
depletion and mineral accumulation at increasing
depth, but it is not consistent with the aforemen-
tioned biochemical and nonbiochemical divisions.
Chemical stratification was indicated in Lake
Edith where abyssal oxygen deficits were found
but was almost absent in the shallow lakes and in
the remaining deeper lakes. Lake Dorothy had
neither mineral accumulations nor oxygen deficien-
cies at 290 feet. Stratification apparently varies
with the degree of mixing of the waters. Lake
Dorothy is large and well-exposed to winds; mixing

(Composition of each lake [indicated by symbols] is

in Lake Mildred may be due to wind action and,
possibly, to the effect of two relatively large inlet
streams. Lake Edith is sheltered in a cup-like
basin which allows greater opportunity for strati-
fication to take place.

These analyses further demonstrate the occur-
rence of changes in the mineral content of
the water within lake basins. Lake Mildred
with two inlet streams is a good example. The
west inlet was “soft’’ and weak in electrolytes
(conductance) whereas the valley inlet was much
“harder’” and almost three times stronger in
electrolytes. The single outlet stream closely
approximated the valley inlet in most respects and
the influence from the west inlet was slight. In
instances where inlet and outlet values are given
for the same lake (excepting Lake Mildred’s
valley inlet) outlet chemical concentrations were
equal to or greater than inlet concentrations for
all given determinations.
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TABLE 9.—Results of partial chemical analysis of water samples from various locations in eight lakes of Convict Creek Basin
Parts per million
Spedclﬁc
conduct- "
Lake and location of sample ance Hardness
O erahos HCO: | 80: | NatK | «1
: Tota] | Noncar-
bonate
Convict:
115 58 8 61.0 1.0 2.0 ne
135 66 8 710 9.0 1.1 B
113 58 1n 59.0 9.0 -4 ]
118 60 10 61.0 12.0 1.7 .9
92 45 2 62.0 3.0 .6 .5
97 47 1 56. 0 3.0 1.2 LA
[ 49 6 53. 0 7.0 1.1 LG
95 47 8 48.0 2.0 1.2 .7
Bottom (80)2_ 94 46 7 48.0 9.0 1.9 1.0
West injet._. 38 16 1 13.0 7.0 3.0 .4
Valley inlet 100 49 9 49.0 9.0 .8 .8
Outlet_._ 96 48 10 47.0 9.0 .7 1.2
Constance:
Surface ' __._......__..... 40 13 2 20.0 5.0 2.0 .6
Bottom (17002 ____________ - - 46 21 3 22.1 a0 1.5 .7
Omtlet . it 39 19 3 20.0 50 1.4 .4
Genevieve:
3n 11 1] 16. 2.5 2.7 .8
34 13 0 18.0 3.0 2.9 Ln
22 9 0 12.0 1.6 1.6 LT
30 11 0 16.0 2.6 27 R
Edith:
Surface V.. 24 3 ] 13.0 3.0 3.0 .6
Bottom (105)2 32 12 0 16.0 3.0 2.5 N
Cloverleaf:
Surface | ____ - 24 8 (] 14.0 1.3 2.7 .7
Bottom (202 I . - 25 ] [} 14.0 1.6 2.2 .5
Ot . e leelll. 26 & 0 14.0 3.0 3.7 1.0
Dorothy:
Surlace 1. e i 26 13 2 13.0 5.0 1.4 1
Bottom (290)2__ 29 12 1 14.0 a0 2.7 )
Ot - . e e e iiammecmmeaaan 28 13 2 14.0 a0 1.9 .4

* Surface values from samples taken 10 feet helow the surface.
¢ Bottom values from samples tuken within 10 feet of the bottom.

Mineral changes in interconnecting streams are
exemplified by the composition of Lake Dorothy’s
outlet at its source and at its point of inflow to
Lake Mildred (west inlet). The analyses indicate
an increase at Lake Mildred of conductivity,
HCOQ,, SO,, carbonatc hardness, and Na-}+K. -
Chloride and noncarbonate hardness did not show
gains, Outlet and surface determinations for
each lake were similar.

GEOCHEMICAL INFLUENCE ON WATER QUALITY

Rainwater, according to Welch (1952), contains
approximately 30 to 40 p. p. m. of total dissolved
solids, but this estimate is far in excess of the total
dissolved solids found in snow in the study area.
Analyses of snow samples indicated a content of
5.6 p. p. m, of total dissolved solids. The pro-
portions of dissolved matter in the lakes of Convict
Creek Basin attributable to rock solution and
precipitation cannot be stated in definite terms.
However, the pristine nature of the drainage area
and the low mineral content of precipitation
suggest that the major source of mineral accumu-

Actual depths given in parentheses.

lation in the lakes must be due to the natural
decomposition of rock.

Pennak (1945) found an increase of residues in
water from higher to lower elevations and, in
mountainous areas, attributed this directly to the
“age” of water, that is, to the length of time that
the water had been in contact with the substrate.
A mineral gradient from uppermost to lowermost
lakes of Convict Creek drainage is clearly evident
in figure 14. Partial analyses of water samples
(table 9) indicate that dissolved matter is con-
tributed to flowing water by the substrate and
to standing water in lakes by ionic exchanges
within the lake basin with the former process
exerting a greater influence. Lake Dorothy
deviated from this pattern, but it can be explained
by the geological nature of its drainage area. Six
of the lakes (fig. 14) had a relatively high dissolved
solids content whereas that of Lake Dorothy and
of the Lake Genevieve group was low. Figure 13
shows that these mineral-poor lakes receive most
of their drainage from igneous rock (although the
actual basins of Lakes Edith and Genevieve lie
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in metamorphic rock), which is less soluble than
the metamorphic rocks forming most of the drain-
age areas of the six mineral-rich lakes.

Pearsall (1930) distinguished two types of
drainages on the basis of water quality: rocky
lakes of low pH and carbonate hardness, with
high phosphate and silica; silted lakes with
opposing features. Hardness, Pearsall found,
was correlated directly with pH. The Conviet
Creek Basin lakes, in rocky drainages, agree in
general with Pearsall’'s description and further.
the pH-hardness relationship also appears to hold
true.

Certain relationships between dissolved minerals
and parent rock are evident. On this basis, it is
possible to group the lakes according to rock
types predominating in their drainages. Lakes
Bright Dot, Mildred, and Convict (fig. 15) are
strongly bicarbonate and calcium in composition.
An obvious source of these ions is erystalline
limestone. Figure 13 shows that these 3 lakes are
the only ones with large proportions of crystalline
limestone in their drainages. Lake Mildred re-
ceives most of its inflow from the valley inlet,
which flows through alluvial material composed
mainly of disintegrated crystalline limestone.

In a similar fashion, Lakes Genevieve, Edith,
and Cloverleaf are distinguished by a high per-
centage of silica in their mineral vesidues (table

7. It has been established from Clarke (1924,

that silicate rocks (especially feldspars prevalent
in igneous rock) are a prominent source of dis-
solved silicon. Clarke also indicated an accel-
erated dissolution of silica by organic acids. It
seems significant that the major portion of this
subdrainage is composed of igneous silicates (fig.
13) and that it is also the most densely vegetated
part of the basin. .

The 4 remaining lakes (Constance, Witsanapah,
Bighorn, and Dorothy) are characterized in figure
15 by a high relative sulfate content. Sulfate,
according to Clarke (1924b) is usually derived
from deposits of pyrite. It has also been noted
that the sulfate content of hornfels is higher than
that of other types occurring in the hasin. Either
or both of these sources may be the cause of the
high sulfate content found in these lakes, The
sulfate content of Lake Dorothy is, however, a
subject for specculation since neither of these
sources occur in its immediate drainage area.
Possibly the inflow from Bighorn Lake.(small but

to their actual measured values.

exceptionally high in SO,) or perhaps subter-

ranean seepage rich in sulfate might both
contribute.

COMPARATIVE RATINGS OF THE LAKES

The following ten chemical measurements form
the basis of a chemical evaluation for each lake:
total dissolved solids, mineral residue, specific
conductance, total hardness, bicarbonate, caleium,
magnesium, potassium, sodium, and silica. The
selection of thesc measurements was governed
primarily by the fundamental fact that aquatic
life requires dissolved matter for sustenance and
growth; especially in oligotrophic situations,
quantity appcars to be the most obvious limita-
tion of chemical substance. Second consideration
was given to the strength and validity of cach
chemical value in comparing the ten lacustrine
environments. Total dissolved solids, mineral
residue, conductance and, to a lesser extent, total
hardness, are factors which somewhat duplicate
cach other. However, all are sound, relatively
stable measurements indicative of the general
mineral nature of the waters and their combina-
tion serves to smooth out irregularities in the
individual analyses. Bicarbonate is important
both as a buffer ion and as a carrier of CO. (half-
bound). The remaining five ions funection biologi-
cally as protoplasmic and skeletal constituents
and eccurred in readily measurable guantities.

Sulfate appeared in the analyvses as one of the
major anions but it has been excluded from the
combined evaluation because definite knowledge
concerning its loeal productive influence is lacking.
It has been demonstrated (Moyle 1945) that cer-
tain organisms find optimum conditions in sulfate
waters, but that others do so in bicarbonate
waters. The biota of these alpine lakes seems
best adapted to waters of the bicarbonate type
but it cannot be stated that the amounts of
sulfate involved have an inhibitive effect on
productivity.

The lakes have been ranked in high-to-low order
of productive influence in table 10. As with physi-
cal factors, each chemical measurement considered
has been given a proportionate value for each lake.
The richest lake in any given measurement has been
assigned a rating of 10 and the remaining nine lakes
have been rated through a 10-0 range in proportion
{See footnote 7.)
The compeosite chemical rank is based on the
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average of all proportionate ratings for each lake.
This procedure gives equal weight to each chemi-
cal component and obviously does not represent
dissolved substances in accordance with their
actual productive influences, but as the proper
assignment of weight among these substances is
only roughly known, it is best in the present gross
comparisons to assume equal importance among
them.

The grouping of lakes with respect to total
dissolved solids, ash, conductance, and hardness
indicates prominent gaps separating Convict Lake
from Lakes Bright Dot and Mildred, the latter
two lakes from Bighorn Lake, and Bighorn Lake
from the remaining lakes. Similar gaps are appar-
ent in the final chemical ranking (table 10). The
lakes also follow the final ranking closely in bicar-
bonate, calcium, and magnesium ratings, with the
same grouping and gaps except for low bicarbonate
in Bighorn Lake. Final ranks of Lakes Genevieve,
Cloverleaf, and Edith are raised slightly due to the
influence of sodium and silica, but the overall
chemical poverty of these three lakes may be
discerned in the proportionate ratings for other
individual determinations. Lakes Convict, Mil-
dred, and Bright Dot rank highest in nearly all of
the indivudual components. The composite
chemical ranking is in accord with geological
influences and altitudinal positions of the lakes as
previously outhined.

SUMMARY OF CHEMICAL CHARACTERISTICS

Chemical determinations for the ten lakes indi-
cate strongly oligotrophic conditions characterized
hy abundant dissolved oxygen, a paucity of min-
eral and organic solutes, and pH values near
neutrality.  Bicarbonate, silica, caleium, and
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magnesium were the principal constituents in
total dissolved solids among the lakes. Amounts
of nitrite nitrogen, copper, iron, potassium, and
ignitible matter did not vary greatly. Phosphate,
sulfate, chloride, sodium, noncarbonate hardness,
nitrate, and ammonia nitrogen were distributed
irregularly. Total dissolved solids increased in
quantity in the waters of the basin in a downstream
direction.

Ion field diagrams indicate that one lake is of
the sulfate type, nine are bicarbonate, and that
calcium, bicarbonate, and sulfate ions predominate
in the chemical composition of the waters. Con-
siderable variation in relative proportions of single
ions existed among the lakes in terms of world-
average or standard electrolyte compositions.
However, absolute quantities of total electrolytes
plotted against specific conductance showed close
agreement with a standard curve derived from
world-average or standard water composition
values.

A tendency toward chemical stratification was
indicated in a few lakes by oxygen deficiencies and
mineral accumulations at increasing depth. The
tendency appears to be caused by factors which
prevent the mixing of the waters in those lakes.

The quality and quantity of mineral solutes in
the waters of the basin appear to he associated
with geologic formations. Low mineral residues
and high silica content of water occurred in the
more acid lakes that received most of their drainage
from igneous rocks. Lakes that drained crystalline
limestone areas were richer in calcium and bicar-
bonate and lakes in subdrainages of different
metamorphic rock, notably hornfels and slaty
hornfels, were relatively rich in sulfate. '

TaBLE 10.—Ranking of lakes according lo proportionate ratings of selecled chemical measurements

Proportionate ratings
Grand
Gross determinations Specifie determinations m:;?lg"'
Lake i
- propor-
. . tionate
Total : Specific m : - c
: to1 | Mineral C Totul | Average || Bicar- . Mugne- | Potas- Qi QiTi o Average rank
d'ifm ;’ d residuae c‘;’:ﬂﬁf hardness | rating bonate Caleium sium sium Sodium Siliea rating .
Conviet.. ..o 0.0 mn 10.0 10.0 10.0 10.0 10.¢ .y 10.0 7.8 1.0 9.6 0N
Mildred.... . 6.7 B8 6.9 8 6.8 6.9 6.9 5.7 57 3.3 5.4 AT 62
Bright Dot. 71 [AL £.9 7.2 7.0 84 7.4 5.7 0 0 6.9 4.7 A8
Bighom. ... 4.8 1.4 14 4.2 4.5 16 4.3 4.3 0.0 0 6.4 4.3 4.4
Witsanapah .. 2.4 2.2 2.4 2.4 2.4 1.& 2.6 4.3 a7 3.3 24 3.4 2.4
Const: 1.5 L5 LS L& 1.6 1.2 L6 R 5,7 2,2 LA 2.5 20
Genev 1.2 1.3 Lu .8 1.1 1.2 9 1.4 Q T.% 1.7 2.7 Ly
Claverle .2 .3 0 0 .1 .6 V] 28 1.4 10,0 26 2.9 LA
Edith __..... .7 L8 .3 .2 -hH .4 .4 0 2.5 5.5 1.4 2.3 1.4
Dorothy_. . ....._. 0 1} .1 4 .1 0 ] 1.4 1.0 1] ] 2.0 1a
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According to averages of selected quantitative
values, Convict Lake ranked highest and Lake
Dorothy lowest among the lakes.

FOOD AND FEEDING HABITS OF TROUT

The following aspects of the relationship be-
tween trout and their food supplies were studied:
foods present and foods consumed; food habits of
different trout species existing in the same bodies
of water; food habits of rainbow trout from two
lakes widely separated in elevation; and food
habits of trout of various sizes. Foods available
for consumption by trout were determined from
bottom and plankton samples from each lake, and
measures of invertebrate productivity were de-
rived from analysis of these samples. The analyses
of food habits are based on examination of stomach
contents from 979 trout of three species, dis-
tributed as follows:

_ Qryap Number of
Lake Species spreimens

Daorothy 285
eneviev 101
Edith___ a7
Cloverleaf. &7
Bighorn..... 73
Witsanapah. 70
Constance. .. 65
Bright Dot__ 22
Mildred... 0
Dorothy. - 25
Convict_-- do 23
Conviet. oo nl
Total. oo 97y

The high elevations of the lakes and consequent
severity of winter conditions permit data collec-
tion only during the summer and early fall. Asa
result, the statements regarding productivity of
food organisms and food habits of trout apply to
the lakes only during ice-free months and do not
necessarily hold true throughout the remainder of
the vear. '

METHQDS

Bottom samples were collected with an Ekman
dredge of 6- by 6-inch opening. The samples were
taken at regular intervals along several transects
in each lake to obtain various bottom types.
Samples were washed through a 30-mesh soil sieve
and the residue was placed in white pans. Organ-
isms were picked alive from the pans and pre-
served in a 5-percent solution of formalin. Volumes
were later measured to the nearest 0.1 cubic
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centimeter according to the water displacement
method described by Welch (194%).  Following
volumetrie measurement the organisms were stored
in 70 percent alcohol, from which the material was
emptied into a specially constructed cell for ex-
amination and count under a dissecting micro-
scope. The percentage of total volume constituted
by each group of organisms was determined con-
currently with each sample count. Gravimetric
measurements to an accuracy of 0.01 gram were
made with a torsion balance. Benthos produetion
is expressed as grams per square foot of bottom
area and as pounds per-acre.’

Vertical plankton hauls were made from all
levels to the surface over the deepest part of each
lake. These collections were made with a Wiscon-
sin type net of 11.6 centimeters opening, fitted
with No. 20 silk bolting cloth in the straining cone
and bucket. Plankton organisms were preserved
in 5-percent formalin and allowed to settle for 24
hours in graduated centrifuge tubes. Volumes
were determined in the field to the nearest 0.1
cubic centimeter. When organisms were visibly
separated by appendages after settling, the samples
were centrifuged until no separation was evident.
The method used in counting zooplankton was
the survey count described by Welch (1948). A
Sedgwick-Rafter counting cell with a volume of
one cubic centimeter was used, and counts were
made under 27X magnification. Only crustaceans
were counted, but the presence of other plankton
organisms (rotifers, flagellates, and others) was
noted. Final figures were expressed in numbers
and volumes of plankters per cubic foot of water
at various levels throughout the sampling zone.

Trout stomachs were removed with esophagus
attached, sealed with wire, and placed in 10 per-
cent formalin for storage. The stomach contents
were transferred to 70 percent alecohol prior to ex-

10 Because of the rocky character of the lake bottoms, Ekman dredge sam-
pling in certain locations was not possible. These areas were consirdered to
be unproductive of bottom fauna of the type occurring in bottom materials
successfully sampled by the dredge. The analysis of data concerning the
fond and (ool habits of trout demonstrated beyond question that the success-
ful dreidge samples yielded organisms that were representative of the aquatie
forms consumed hy trout. Although the boulder and bedrock bottom types
undoubtedly support some forms of aquatic life, this production cannof.
he regarded as significant in the direct fish-food interrelationship. Produc-
tivity figures are therefore hased on successful dredge samples in terms of
the percentage of total samples taken in each lake, Thus, if 5 successful
samples were obtained out of 100 attempts, the lake considered would be us-
sumed to have one-half of its bottom area capable of producing fauna impor-
tant in the fish-food interrelationship. If the 50 successful samples indicated
a mean value of 2 grams per square foot, the lake as a whole would be assessed
a mean value of 1 gram per square foot of bottom area. or 50 percent produc-
tivity.
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amination. Methods of enumeration and the
determination of percentages of total volume were
the same as those employed with the bottom
samples.
FOODS PRESENT

The presence and abundance of trout foods in
the lakes of Convict Creek Basin, as determined
from bottom and plankton samples, are given in
tables 11 to 15. Bottom organisms are listed ac-
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cording to taxonomic groups as they oceur in the
10 lakes (tables 12, 13, and 14). All food organ-
isms are considered in one of three categories: zoo-
plankton, bottom fauna, or terrestrial insects.
Lakes are also grouped according to relative pro-
ductivities as indicated by quantitative analyses
of bottom organisms (table 11). Table 16 con-
tains identifications and distributions of aquatic
fauna collected from all lakes.

TaBLE 11.—Analysis of standing crops of bottom fauna in the lakes of Convict Creek Basin, 1951
[Numbers, volumes, and welghts of organisms are hased on the pereentage of successful hottom samples]
Average o Average . . | Average .
Number | Number |Successtull number | AVETAEE | Gojyme 1 | AVErage | oo or | Average
an. | pumber _ | volume ! i weight of
Lake Dates of ] samples | of organ of organ- of organ- of organ- |CTEMISIS| o - o
i sam‘?les successful| (percent- | isms per ism sgp or isms per ‘ism fp or persquare p%-r acre"
. 3 are are 5 Bt 3
taken | samples age) S(tl‘gr;‘l: acre S(}ggge acre ) gr;);)rrh o | poun: ds)
Dorothy. . ..o | Aug- 208023 .. ... 102 60 58.9 83 | 3,627,676 (L 40 17,424 0.20 19, 20
Bighorn__ -l Aug.13and 24 28 18 69,2 w7 L 4,664,404 . 24, 620 .32 30.72
Convict July 16, Sept. 10 to 13. - 105 49 46.6 111 | 4,830,043 .51 22,215 35 34. 57
Bright Dot.___ Aug. 27to31________ - 32 23 7.9 175 | 7,645, 651 . 42, 688 52 40. 03
dith___._... July 25 t0 27__ - 28 26 92.8 212 | 9,234,720 L75 76, 230 1.15 111. 39
Constance...... Aug.6to9.___ - 35 28 0.0 264 | 11, 510, 294 1.91 83, 199 1.18 111. 39
Genevieve_.._._ July 31, Aug. 1and 2._ - 31 31 100. 0 306 | 13, 355, 496 2.06 89, 733 1.32 126, 76
Witsanapah.__. Aug.10t0 13 ___ - 16 14 7.5 241 | 10, 508, 414 2.31 100, 623 1.40 134. 44
Cloverleal ... .| Aug. 19, 20, 23 R 31 31 100.0 434 | 18,922, 464 3.62 | 157,687 2.16 207. 42
Mildred ___ ... .______. Sept. 2to 4 ... 21 20 95.2 241 | 10, 502, 316 3.12 135, 907 2,20 211. 26
1 Volume expressed in cubic centimeters.
TABLE 12.—.A comparison of the boltom fauna in the lakes of Convict Creek Basin
[Figures are percentages of the total volume of organisms taken in bottom samples)
Organism Constance |Witsanapah| Bighorn Dorothy | Cloverleaf Edith Genevieve | Bright Dot | Mildred Convict
Diptera:
Larvae...
Pupae._

Trichoptera larvae__
Colenptera larvae. .
Megaloptera larvae.
Ephemerida naiads.
Oligochaeta._ _
Mollusca.
Nematoda,
Crustacea: Ga
Turbellaria
Hydracarina_ . ._._....____..._

TABLE 13.—.A comparison of the bottom fauna in the lakes of Convict Creek Basin

[Figures are percentages of hottom samples containing the organism]

Organism Constance |Witsanapah | Bighorn

Dorothy

Cloverleaf Edith Genevieve | Bright Dot | Mildred Convict

Diptera:
Larvae_. .
Pupae..

Trichoptera larv

Coleoptera larvae .

Megaloptera. ...

Ephemerida natads.

Oligochaeta

Mollusca.. .

Nematoda

Crustacea: ¢

Turbellaria

348212 0—55——>5
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TaBLE 14.—A comparison of the boltom fauna in the lakes of Convict Creek Basin

[Figures are percentages of the total number of organis!hs taken in bottom samples]

Organism

Constance { Witsanapah| Bighorn Dorothy

Cloverleaf

Edith

Genevieve

Bright Dot| Mildred Convict

Diptera:
Larvae. .. ...

Trichoptera larvae
Coleoptera larvae_ __
Megaloptera larvae_
Ephemerida naiads.
Oligochaeta___..__

Mollusca.
Nematoda.
Crustacea: Gammarussp_._.._.
Turhellaria__ ... ______.

Hydracarina._ ....____._.._____.
TABLE 15.— Vertical distribution of plankton crustacea in the lakes of Convict Creek Basin, 1951
Depth Average Average Average number of plankters per
ram pe of volume ! number cubie foot of water
Lake Date and hour of sampling san% e of plankton | of plankters
(teelt) per cuble foot|per eubir foot
’ of water of water Cladocera | Copeporda | Nauplii
Constance_ ... ... Aug. 6, 9:00a, M. ... ____._.... 0-20 0,00 Q 0 (1] 0
20-40 .02 4 0 4 0
40-60 .04 33 0 33 0
60-80 .00 0 0 0 0
80-100 .04 78 f 72 0
100-120 .0 22 0 22 [}
120-140 .02 19 0 19 0
0-140 L2 22 1 21 0
Witsanapah____________________ Aug. 10,2:00p.m_ ... 0-49 .00 0 0 0 0
Bighorn_.. ... _____. Aug. 13,300 p.m._ . ... 0-5 .04 767 0 102 663
5-10 .07 2,078 0 32 2,046
10-15 .11 275 [(] 275 0
15-20 .05 408 [} 406 0
20-25 .06 176 0 178 0
25-29 .18 363 0 363 0
0-29 .08 677 0 226 451
Dorothy._ . .. ... ... Aug.20,9:002.m oo L.o. 0-270 .00 0 0 0 0
Cloverleaf. July 13, 10:00 2. ma_._._ 0-24 .00 0 0 0 0
Edith. ... A July 25,10:00 8. mo L. 0-15 .01 95 17 3¢ 39
15-30 .01 36 10 0 ™
30-45 .0l 66 10 56 0
4500 .01 26 1 1 i
6075 .01 99 0 99 0
75-90 .00 0 0 0 0
0-90 .01 61 ] 36 19
Genevieve. .. __________________ July30,4:00p. m_______________ . .. ___.__. 0-15 .09 49 49 [ 0
15-30 .06 115 45 32 38
30~45 .08 291 (1] 143 RY
4560 .06 50 50 0 1}
60-75 .03 237 0 79 158
75-40 .00 0 0 0 0
20-105 .03 283 0 194 89
0-105 .05 146 29 64 53
Bright Dot ... ....... Aug.3L,3:00p. Mmoo 0-10 .0 24 0 24 0
10-20 .04 124 11 102 11
20-30 .01 400 0 3 22
- 30-40 .08 266 118 144 4
40~-50 13 402 325 139 23
50-60 22 122 118 0 4
60-70 .0 n 0 0 0
0-70 .07 204 82 112 10
Mildred.._..._. .-| Sept. 3,10:00a. m. 0-50 .03 24 2 19 3
Conviet.. ... ... Sept. 11, 2:M p. m 0-10 03 172 0 92 80
10-25 .63 267 0 208 48
25-40) NI 142 0 126 16
40-55 .03 89 3% 51 0
55-70 .03 198 21 177 Q
70-85 .12 187 187 0 [
S$5-100 .03 121 56 ] 55
100-115 .00 i] 0 0 0
115-130 .00 Ll 0 0 0
0-130 .03 130 34 73 23

1 Volume expressed in cubic centimeters.
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TaBLE 16.— Partial list of aquatic organisms present in the
lakes of Convict Creek Basin determined by erxamination
of trout stomach contenis, lake botiom, and plankton
samples

Lake
<
Organis g|2 51 |2|.|8
reanism g|8le| | Sl=|R|e
8 8|58 5|2 |Bl2|E
2 2 2|E|2|E|e|2|8|z
s | XISl 212 (3|5 |5|573
Ol Rm|AIOIR|S|A|AID
Diptera:

*hironomidae*

Tendipes.... .ooo ... X|x | xX{x|[Xx]|x|x]|x]|x]|X

Pentapedilum X | X | X|xX|]x)x|ixix|x|x

Calopsecira.. X | x| x| x|x|x|[x{x{x]|x
Procladius. .. x| x| x| x| x| x|x|x{x{X
Spaniofoma____._________ x{ x| x|x{x|x|x]|x]|x]|x
Rhagionidae:

Atherfr . (RN (N NN RN N R -
Simuliidae:

Stmulivm .. ... RN S N RO RO UUNPRVEN PRSP PPN PRSI PO B <
Hemiptera:

Cenocorira_ .. ... | PR U SR FRVRPI R PR . < [N D
Trichoptera:

Rhyacophilidae_.__________ X | X [ceef X | x| x| X Jocac]--o] X
Psychomyiidae. . _____.._._ JRUNUEN PR (R NN U R FPR X
Ephemerida:

Heptageniidae.. ._________. RPN EUUSI (ARSI DRI NI R IR N HP B 4
Baetldae. ... ... _.____. xlxlxtxpx oo 0 x
Plecoptera:

Nemouridae_ . _ .. _____...__| x| x |._..f x| x [-.--[----| x X
Megaloptera:

Sialis. ... ¥ x| x| x| x| x;x|x|[x]x
Coleoptera:

Stenelmis. ... ... RN FRVUVRPSY AU U FPIPRVRY DRVIPRY BN S DROUNY PR PR

Orcodytes USRS PRV IR PRI [ S [N U I 4

Bidessus. . _._____._...... JRN I P I RSO FRPRVNN P 18
Hydracarina:

Lebertia. .. oo x| x| x| x| x| x| x|x]x|x
Crustacea:

Amphipoda:

Gammarus. cfee ] x| x| x| X
Cladocera 1. x| x| x| x]|x
Copepoda 2. ... .. X [---df X [ x x| x
Mollusca:

Pigidium. ... . .. 3 x| x| x{x]|x|[x]x|x]|x

Planorbizg. _ _ R [ RS N X R I 4

Limnaea. ... ... ... RN (R P [ | x
Nematoda:

Mermithidae . ___._._.___. x| x| x x| x| x| x| x|x
Turhellaria:

Dugesia. .. .. - X |-- - N - X
Oligochaeta:

Limnodrilus x| x| x| x|x | x|x|x|[x}|5x

Tubifer. . .| x| x| x| x| x|x|x|x|x]|Xx

! Daphnia puler and D. longispina; Holopedinvm gibberum.
2 Digptomus signicanda; Cyclops vernalis; Eucyclops agilis.

Bottom Fauna

Bottom fauna was limited to relatively few
groups, but the abundance of organisms varied
considerably among the lakes. Dipterans, repre-
sented almost entirely by chironomid larvae, were
most abundant and occurred in more than 90
percent of all bottom samples taken. These
organisms constituted the greatest percentage of
total volume in each lake except Lake Mildred,
where the amphipod Gammarus sp., was most
abundant volumetrically and numerieally, and in
Bighorn Lake where oligochaetes were similarly
dominant. In Lake Mildred, chironomid larvae
were nearly equal to amphipods in number, but
were less than half as abundant volumetrically.

These amphipods were present but less plentiful
in Lakes Genevieve, Bright Dot, and Convict.

Oligochaeta (Limnodrilus sp., and Tubifex sp.)
and Pelecypoda (Pisidium sp.) were next in
abundance and total volume, and these two
groups alternated in the position of second im-
portance in the remaining lakes. Chironomid
pupae and various other immature aquatic
insects and invertebrates composed the remainder
of the bottom fauna sampled. These organisms
were, for the most part, limited to no more than a
fraction of a percent of the total number and
volume of organisms present; among the more
numerous were Hydracarina (Lebertia sp.), free-
living Nematoda, and Megaloptera. Hydracarina
were found in all 10 lakes, nematodes were col-
lected in all of the lakes except Lake Edith, and
megalopterans were 'taken in all lakes but Bright
Dot Lake.

Chironomid larvae were abundant from sandy
shore areas to black silt in the deeper parts of
the lakes. Smaller-sized genera predominated in
the sandy, shoal areas, and the larvae of Tendipes
sp. (bloodworms) occurred in considerable num-
bers in deeper, silty bottom but were almost non-
existent in shoal areas. Amphipods were found
only in algae and plant beds; oligochaetes were
present chiefly in silty, deeper parts of lake bot-
toms; and pelecypods were taken only in sandy,

littoral areas.
Zooplankton

The plankton Crustacea present in the lakes are
species found commonly in oligotrophic situations.
Lakes Witsanapah, Dorothy, and Cloverleaf did
not yield macroscopic zooplankton, although
numerous collection attempts were made in both
1950 and 1951. However, plankters were found
in the stomachs of trout taken from Lakes Dorothy
and Cloverleaf, which leaves only Lake Witsana-
pah unaccounted for. It seems unlikely that this
lake should be completely devoid of plankton
Crustacea, since Bighorn Lake, of similar size and
depth and located only a quarter of a mile away,
vielded an average plankton crop of 677 diapto-
mids per cubic foot of water. In addition, Lake
Constance maintains a fair plankton crop and
drains into Lake Witsanapah, only a short
distance away. The inability to collect zoo-
plankton from three lakes, when plankters were
known to exist in two of them, is probably due to
the inadequacy of sampling by ordinary methods.
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Copepods (Diaptomus sp., Cyclops sp., and
Eucyclops sp.) occurred in seven of the nine lakes
containing plankton Crustacea and were the pre-
dominant plankton organisms. Cladocera (Daph-
nia spp., and Holopedium gibberum) were also
present in seven of the lakes, but were less abun-
dant than copepods. Nauplii were common in all
samples from plankton-inhabited lakes except
Lake Constance, and these immature forms con-
stituted a large percentage of the measured
plankton crop. Four lakes yielded large numbers
of the rotifer Notholea sp. Bright Dot Lake con-
tained considerable numbers of Filinia (Triarthra)
sp. Lakes Edith and Convict contained the
flagellate Volvoxr sp., and the latter lake revealed
very large numbers of Ceratium sp.

Although plankton densities varied considerably
among the lakes, their vertical distributions fol-
lowed a more or less similar pattern throughout.
Distributions were usually himodal, with the
peaks at the upper and lower limits of the ‘“ther-
mocline.” Plankton in Lake Genevieve exhibited
a trimodal distribution, with the third peak
occurring between depths of 90 and 105 feet.
This variation was possibly caused by an irregu-
larity in horizontal distribution of the plankton
organisms, thereby creating a false peak. In four
of the lakes, one peak occurred above the lower
limit of Seechi disc visibility and the other below
it. In Bright Dot Lake both peaks were within
the zone of transparency. In Bighorn Lake the
zone of transparency extended to the lake bottom.

Terrestrial Insects

These forms consisted chiefly of ants, bark
beetles, and leaf hoppers. Moths, butterflies, and
grasshoppers occasionally appeared around the
lake shores but were in a distinet minority when
compared to the previously mentioned insects.
Comparative Productivity in Terms of Invertebrate

Abundance

Productivity of bottom organisms differed con-
siderably among the lakes, as shown in tables 11
and 12. Within the range of pounds per acre
indicated in table 11, the 10 lakes fall into dis-
tinet groups. Comprising the most productive
group are Lakes Mildred and Cloverleaf which
yielded 211.3 and 207.4 pounds per acre, respec-
tively. Next in order are Lakes Witsanapah,
Genevieve, Constance, and Edith, producing
roughly half the bottom fauna of the more pro-
ductive lakes. Their values ranged from 134.4
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to 111.4 pounds per acre. Calhoun (1944b)
reported a similar yield of 134 pounds per acre
for Upper Blue Lake, located at an elevation of
8,130 feet in Alpine County, Calif. In the third
group are Lakes Bright Dot, Convict, and Big-
horn, which produced 49.9, 34.6, and 30.7 pounds
per acre, respectively. These standing crops
were comparable to the wet weight of 49 pounds
of bottom fauna per acre reported for Angora
Lake (elevation 7,800 feet) by Needham and
Sumner (1941), and slightly below the 57 pounds
per acre reported by Needham and Hanson "
from 23 lakes lying at higher elevations in the
Sierra Nevada. Finally, Lake Dorothy with
19.2 pounds per acre had the lowest bottom fauna
yield of the 10 lakes.

Brundin (1949), reporting on oligotrophic lakes
in Sweden, stated that bottom fauna counts of
1,900 to 2,000 organisms per square meter are
common. Rawson (1934) gave a figure of 1,363
organisms per square meter for Paul Lake in
British Columbia, and Calhoun (1944b) listed
2,267 organisms per square meter for Blue Lake
in the Sierra Nevada. These values are inter-
mediate between the extremes represented by
Lakes Dorothy and Cloverleaf which produced
896 and 4,674 organisms, respectively, per square
meter of bottom area.

Zooplankton productivities ranged from 22
organisms per cubic foot of water in Lake Con-
stance to 677 organisms per cubic foot in Big-
horn Lake (column 5, table 15). The 10 lakes,
compared in terms of mean plankton volumes
(column 4, table 15), ranged from 0.00 to 0.08
cubic centimeters per cubic foot of water. Two
lakes were thereby relatively rich in plankton
(Bighorn and Bright Dot), one lake (Genevieve)
mediocre, and four lakes (Mildred, Convict,
Constance, Edith) relatively plankton-poor at
the time of sampling. The apparent absence of
zooplankton in the remaining three lakes has been
noted.

In table 17 the 10 lakes are arranged in descend-
ing order of invertebrate productivity. For the
purpose of comparisons in the final section of this
report, the ranking of lakes with respect to food
production has been reduced to a scale of propor-
tionate parts of 10 sinee it is doubtful that quan-
titative standing crop differences among the lakes
could be explained in terms of the physical and

I See footnote 1, p. 437,



LAKES IN CONVICT CREEK BASIN, CALIF. 469

chemical factors measured. The use of propor-
tionate ratings for plankton alone was rejected
because of necgative samples from three lakes.
It is evident in table 17 that plankton quantities
were too small to affect the order of lakes except
for Bighorn Lake, the heaviest producer of
plankton. To include plankton in a summary
ranking similar to those used with physical and
chemical influences, the empirical wvalues for
hottom fauna and plankton were added together
for each lake, and the proportionate ranking is
derived from these sums. The final high-to-low
order of lakes follows the order of bottom fauna
abundance except for a minor reversal hetween
Iakes Bighorn and Convict.

TaBLE 17.—Ranking of the lakes according to proportionate
ratings of abundance of invertebrale organisms

Invertebrate organisms
Bottom Plankton Propor-
Lake é\unu (cuhic tionate
Tams centi- g rating
Per meters Total !
square per cubie
foot) foot)
Mildred___..________.. . 2.20 0.3 2.0 0.0
Cloverleaf. . 2,16 L0 216 9.7
Witsanapah__ 1.40 N 1.40 5.0
Genevieve. . _.__._.... 1.32 05 147 5.8
Constanece. ... 116 o2 118 4.8
ith. . 116 01 1.17 4.8
Bright Dot....___.._.._. 52 07 .59 19
Bighorn_ ___________._____ {1 L% 40 1.0
Conviet...._..___.__..___ L8h 03 30 R
Dorothy_ ... ... .20 L0 .20 .0

1 Tn these summations, it is assumed that cubie centimeters are equal to
grams for the plankton measureinents,

FOODS CONSUMED

General comparisons of the food habits of trout
in the 10 lakes are presented in tables 18, 19, and
20. Food items are grouped taxonomically and,
where practicable, according to life-history stages
for each trout population. Values are given for
unidentifiable material, but they are disregarded
in the following discussion since this material is
probably derived in entirety from food types
listed.

The composition of trout diets, in percentages
of total number of organisms consumed, is given
in table 18. Zooplankton has been disregarded
therein for obvious reasons, as were algae and un-
identifiable material. A marked predominance
of aquatic dipterans (chironomid pupae and
larvae) is indicated for all trout populations. Ex-
cept for terrestrial organisms in Lake Edith,

hydracarines in Lakes Genevieve and Mildred,
and amphipods in Convict Lake, other food items
are numerically insignificant.

Table 19, showing percentage of stomachs con-
taining each food type, expresses the relative
number of fish in each lake consuming the various
food items. Chironomid pupae again prevail as
the most important food item, but relatively large
numbers of trout utilize minor foods.

The relative importance of individual food
items is probably best expressed as the percentage
of total volume consumed (table 20). Bottom
organisms were predominant among identifiable
foods in all lakes exeept Mildred and Bright Dot;
miscellaneous material * predominated in the
stomachs of trout from these two lakes, and the
aberrancy is explained by the heavier fishing from
anglers using bait. All groups examined contained
miscellaneous material which ranged from 7.59
percent in Convict Lake brown trout to 50.00
percent in Lake Mildred rainbow trout. If
miscellaneous material is disregarded, immature
chironomids accounted for more food volume than
any other item in all populations except Conviet
Lake brown trout. Consumption of trout by
large brown trout causes a disproportionate
emphasis on a fish diet for this species in the
general analysis. If larger brown trout (4 years
and older) are excluded, it may be stated that
immature chironomids constitute the most im-
portant single food item for all trout populations.
Terrestrial organisms were next in importance,
forming 32.86 percent of foods consumed by Lake
Edith hrook trout at one extreme, and 0.16 per-
cent of the stomach contents of Bright Dot Lake
brook trout at the other. Amphipods (Gammarus
sp.) were important in Convict Lake, where they
accounted for 23.37 and 16.59 percent of the diets
of rainbow and brown trout; smaller percentages
(1.74 to 4.10) occurred in stomachs of trout from
Lakes Bright Dot, Genevieve, and Maildred.
Zooplankton comprised 17.75 percent of the foods
consumed by brook trout in Bright Dot Lake
and was significant as food for all groups except
rainbow trout in Lake Dorothy, brown trout in
Convicet Lake, and brook trout in Lake Wit-
sanapah. Small trout were taken by rainbow

12 Included are stones, wood, caddisfly cases, and commercinl salmon oggs.,
The last two itetis were most abundant,  Salmon eggs are important during
the summer, when fishermen not only usc them for bait but alse throw large
quantitics into the water as chutn Lo attruct trout.
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TABLE 18.—Foods consumed by Lrout in the lakes of Convict Creek Basin
[Figures are percentages of the total number of organisms consumed exclusive of algae and plankton]

Lake and species of trout

o ) G Wit a a Bright Dorothy Convict
rganism on- Fitsan- | o *lover- i ene- rig)
stance, apah, Bﬁgg{{" N leaf, I;:);l;gl‘\(, vieve, Dot, Ig}]r?ggg'
brook brook trout hrook trout brook brook Brook Rain- “trout Rain- Brown
trout trout trout trout trout trout bow how trout
trout trout
Diptera:
Larvae.. . oooooioil.o. 1.17 &70 2.48 39.05 5. 40 2,42 1,89 20. 01 R.36 23. 94 12.22 38,02
3 87. 51 a7. 14 55.72 67.28 79.45 96. 66 73.39 S4. 58 66. 09 73.89 51.28
.01 .01 .10 . .68 .47 .45 .24 IS R PR,
Hemiplera:
Adualts .o P 0 R (RO SUUUIIRIIIS) PRUPVIPRIUI PSPPI PRt ISR I T T (R
Trichoptera:
VR oo e meeea .07 I L 12 .16 A s .M I 07 2 RN DRSNS SR,

Megaloptera:
Larvae. . ..o .ol
Coleoptera:
Larvae.. ..o oo
Adults.._____
Hydracarina
Crustacea:
Gammarus. ... ... _
Mollusea..__.
Oligochaeta__
Nematoda. __
Fishes...___.
Terrestrial. ... ... ... ..

2223

TaBLE 19.—Foods consumed by trout in the lukes of Coonvict Creek Basin
[Figures are percentages of stomachs containing the organism]

Guganisimn

Lake and speeies of trout

Con-
stance,
hrook
trout

Bighorn,
brook
trout

Clover-
leaf,
brook
trout

Dorothy

Convict

Brook | Rain-

how
trout trout

Mildred,
rainhow
trout

Rain-
how
trout

Brown
trout

Diptera:

Hemiptera:
Adults ... ... . .____
Trichoptera:

Ephemerida:
Nafads._.
Adults.

Plecoptera:
Naiads...
Adults. ..

Megaloptera:

Larvae. ..oo.oooiiamnoo

Coleoptera:
Larvae...
Adults ..

Hydracarina.___ ... ._._.___

Crustacea:
Plankton____.__.___._._.__.
Gammerus.

Molluseca

Oligochae

Nematoda.

Fishes. ..

Alpae.___

Terrestrial

Miscellaneous 1. . ...

1 Insect and other food fragments and unidentifial:le material.
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trout in Lake Mildred, brook trout in Lakes
Dorothy and Constance, and brown trout in
Convict Lake. Only in the latter lake was can-
nibalism important; 53.60 to 84.80 percent of the
stomach contents of large brown trout was small
fish. Some algae was found in stomachs of brook
trout from Cloverleaf Lake, but this item was
prominent only in Lake Mildred rainbow trout.
The abundance of immature chironomids (larvae
and pupae) in stomach contents varied considera-
bly among trout populations in different lakes,
particularly with regard to volume. The range,
in percentage of total volume of food consumed,
was from 16.78 in Lake Mildred rainbow trout to
84.34 in Bighorn Lake brook trout. Numerically,
chironomid consumption ranged from 89.30 per-
cent of total in Convict Lake brown trout to 99.63
percent in Lake Constance brook trout. Percent-
ages of stomachs containing chironomid pupae
ranged from 30.20 for Convict Lake brown trout
to 100 for Lake Constance brook trout. Between
90 and 100 percent of the stomachs of 7 trout
groups contained chironomid pupae. In his dis-
cussion of the importance of chironomids as trout
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food, Johannsen (1937, pt. IV, p. 3) stated: “The
ability of the chironomids to live on foodstuff that
has a general distribution, their ability to build
their own shelter and their consequent adaptability
to a variety of conditions, their great reproductive
capacity, and their brief life cycle, combine to
make these insects so important a forage organism
for fish.”

Although oligochaetes and mollusks were gen-
erally the next most abundant foods present in the
lakes, they were not utilized extensively. Mol-
lusks were slightly more important than oligo-
chaetes, and formed appreciable proportions (3.30
to 6.37 percent by volume) of the foods consumed
in Lakes Conviet and Genevieve. Oligochaetes
were found only in stomachs of Convict Lake hrown
trout and Lake Mildred rainbow trout, where they
formed 0.75 and 0.02 percent, respectively, of total
volume consumed. The small degree to which
oligochaetes were eaten is explainable by the fact
that ,t,hese organisms remain at least partially
buried in bottom material in deeper parts of lakes
and thus are not readily available as trout food.

TarLE 20.—Fonds consumed by troul in the lakes of Convict Creek Basin

[Figures are percentages of the total volume of organisms consumed]

Lake and species of trout

. . Dorothy Convict
Oreanism sancz, | nopan, | Bighorn.| Cloier | man, | Jove | BEER: Mildred,
hrook | brook 2;33‘{ brook lz:gg‘f brook | hrook Brook | Rain- mtf::)?x‘;.“ Rain- | pooon
trout trout trout trout trout trout t’bowt' thowt trout
rou rou
Diptera:
Larvae... 24 3.02 6. 48

Naiads. oo ool

Adults...
Plecoptera:
Naiads__.

Megaloptera:
APVAC . - - cme e me e
Coleoptera:
Larvae. oo

Hydracarina_--.-

Crustacea:
Plankton._ . _--.
Cammarus. ...

Mollusea.....----

1 Insect and other food fragments and unidentifiable materidl.
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FOOD HABITS IN RELATION TO SUPPLY

Considering all the lakes together, immature
chironomids were easily the most abundant
organisms, both in the environment and in the
trout diet. The few exceptions which occurred
in certain of the lakes have been stated. Chirono-
mid pupae predominated in stomach contents,
although the larvae were more abundant in
bottom samples. This discrepancy can be ex-
plained in terms of availability, as the larvae of
most chironomid species are bottom dwellers
and are not readily available as trout food.
Curtis (p. 437 ) reported an average 0f 155 pounds per
acre of Chironomus tentans larvae in Cottonwood
Lake (elevation 11,000 ft.), but failed to find
one of these forms in trout stomachs. He at-
tributed this lack at least partially to insufficient
sampling during periods when the larvae were
free-swimming. The larvae of some species of
chironomids are known to be occasionally free-
swimming (Malloch 1915), and the occurrence of
such forms plus the trout’s habit of nosing the
bottom probably account for the consumption of
larvae noted in the present study. Larvae
oceurred in about half of all stomachs examined
(table 19) but the volume of consumption was
small (table 20). Pupae are available during
their ascent to the surface and also during the
brief period of emergence. Both pupal and
transitional forms were found in many trout
stomachs.

Amphipods were consumed by trout in all
lakes where they occurred, attesting to their
availability as food, although the relative volumes
consumed were not in proportion to the indicated
supplies in the two lakes where these organisms
were important. Lake Mildred rainbow trout
ate 4.10 percent by volume of Gammarus where
the organisms formed 49.20 percent of the bottom
fauna, and Convict Lake brown and rainbow
trout ate 16.59 and 23.37 percent where the
amphipods constituted only 3.02 percent of the
bottom foods in samples.

Mollusks (chiefly the pelecypod Pisidium sp.)
were less abundant than oligochaetes but were
utilized more as food, presumably because of
greater availability. For the 10 trout groups in
which mollusks oceurred as food, importance of
this item ranged from 0.01 percent of the total
volumes consumed by Lake Dorothy and Big-
horn Lake brook trout to 6.37 percent of the

volume eaten by the same species in Lake Gene-
vieve. There was no apparent relation between
relative amounts available and amounts found in
stomachs.

Hydracarina (Lebertia sp.) were present in
littoral areas and were consumed by all trout
groups except Conviet Lake brown trout. Be-
cause of the minute size of these organisms, how-
ever, the percentages of total volume which they
comprised were very small. A maximum of 2.64
percent was found in stomachs of Lake Genevieve
brook trout.

Free-living nematodes were collected in small
quantities from all lakes except Lake Edith but
were consumed by brook trout only in Lalkes
Constance, Witsanapah, and Dorothy. As with
the Hydracarina, very little of the total stomach
volumes consisted of these organisms.

The remainder of the bottom food organisms
were adult and immature insects (Hemiptera,
Trichoptera, Ephemerida, Plecoptera, Megalop-
tera, and Coleoptera). These organisms origi-
nated in the littoral areas and were taken in
varying small amounts (tables 18 to 20). Mega-
loptera larvae (Sialis sp.) were principal members
of this group present in the bottom samples, and
they appeared to a measurable extent in stomachs
of trout from eight lakes. There was no apparent
relationship between amounts of other aguatic
insects present and those eaten, except for con-
sumption of significant amounts of immature
Trichoptera and Ephemerida in Lake Witsanapah,
the only lake in which these forms were collected
to any extent.

Zooplankters were utilized by 9 of the 11 trout
groups to which they were available; only Con-
vict Lake brown trout and Lake Dorothy rain-
bow trout stomachs were found without these
organisms. Zooplankton consumed varied from
0.12 percent of total stomach volume in Lake
Dorothy (brook trout) to 17.75 percent in Bright
Dot Lake. There seemed to be no apparent
relationship between amounts of plankton present
in the environment and amounts eaten by trout.

Other foods consumed by trout were terrestrial
insects, algae, fish, and miscellaneous material.
They are listed in table 21 with the bottom fauna
and plankton discussed above. These food groups
were present in nearly all Jakes and were assumed
to be available to trout populations. However,
terrestrial insects were taken in sizable amounts
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TABLE 21.—Foods present in the lakes of Convict Creek Basin compared with foods consumed by trout

Foods present Foods consumed !
Fauna per | Number
Lake and species of trout square foot of zoo-
of hottom |planktersper| Bottom | Zooplank- | Terrestrial Algae Fishes Miscella-
arca (cubic| cubic foot | organisms ton organisms & neous ?
centimet- of water
ors)
Constance (brook trout)._ . 1.01 22 68.0 50 0.9 0 0 26.1
Witsanapah (brook trout) 2.31 n 57.9 0 5.5 0 0 36.6
Bighorn (brook trout). .. .68 677 85.9 .3 1.2 0 0 121
Cloverleaf (hrook trout). - 3.62 0 75.0 4.5 5.2 .1 0 15.2
Edith (brook trout) ... ... 1.75 61 36.6 17.2 32.9 0 (] 13.3
Genevieve (brook trout) ... ___._______ 2.06 146 73.5 6.7 6.7 0 0 13.1
Bright Dot (brook trout) . _......___...... .. - .98 204 35.5 17.7 .2 0 0 46.6
Dorothy (brook trout).____ .40 0 60. 5 .1 23.8 0 .6 15.0
Dorothy (rainhow trout) . . .. . ... . . 40 0 52.0 0 23.8 0 0 4.2
Mildred (rainhow trout) 3.12 24 23.9 1.9 2.0 10.2 2.0 50.0
Convict (rainbow trout) .51 130 56.2 1.2 18.9 0 0 .7
Convict (brown trout)... .51 130 51.1 0 .5 0 40.8 7.0

! Expressed in percentage of total volume of stomach contents.
2 Includes unidentified material.

only by rainbow trout in Lakes Conviet and
Dorothy and by brook trout in Lakes Edith and
Dorothy. The single noteworthy example of
algae consumption occurred among Lake Mildred
rainbow trout. Similarly, Convict Lake brown
trout. appeared to be the only piscivorous fish
population.

COMPARISONS OF FOOD HABITS
Trout of Various Sizes

Analyses of stomach contents were made for
each of several size groups of trout in each lake
in order to determine changes in food habits.
Percentage of total volume of foods eaten, per-
centage of total numbers, and percentage of
stomachs containing an organism were calculated
for each group. Tables 22 and 23 indicate the
limits of size groups, and compare the feeding of
rainhow and brown trout of different sizes in
Convict Lake.

The only radical change in food habits with
increase in size was observed in the brown trout
population of Convict Lake. These trout were
found to subsist principally on amphipods and
immature dipterans until they reached about
350 millimeters in total length, which corresponds
roughly to the beginning of the fourth year of
life. Above this size and age (table 23) small
trout appeared in the diet and soon became the
most prominent item, amounting to 84.8 percent
of food volume for trout longer than 400 milli-
meters. Amphipods and chironomids continued

13 Analysis identieal to those presented in tables 22 and 23 were made for

the remaining 10 trout populations, but tables have heen ontitted because of
the lack of variation in food habits with size in the upper lakes,

to be significant as food for
however, as may be seen by
total number of organisms
column; table 23).

Convict Lake rainbow trout were also found to
depend mainly on Gammarus and immature
dipterans during the first three years of life. No
larger rainbow trout were obtained from this lake,
and no small trout were found in the rainbow
trout stomachs examined.

Although the food habits of various size groups
of brook and rainbow trout did not vary greatly,
some interesting differences were noted. In
general, the smaller brook trout consumed rela-
tively large volumes of chironomid larvae, and the
percentage caten became increasingly smaller as
the trout increased in size; this held true in all
brook trout populations except those of Lakes
Edith and Bright Dot. Conversely, the smaller
brook trout. consumed relatively fewer chironomid
pupae, and this occurred without exception among
all brook-trout groups.

Plankton was taken in smaller percentages by
the smaller fish in all brook trout populations
excepl that of Lake Genevieve. Large rainbow
trout took a greater percentage of plankton than
did smaller trout in Lake Mildred, but smaller
rainbow trout consumed the greatest quantities
of plankton in Lakes Dorothy and Convict.

Small trout also consumed greater percentages
of terrestrial insects than did larger trout in all
groups of brook trout except those in Lakes Edith
and Witsanapah. Small rainbow trout consumed
a greater percentage of drift foods than did large
rainbow trout in Lakes Mildred and Conviet, but

these large trout
the percentage of
consumed (final
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of rainbow trout in Convict Lake, 1950

Percentage of the total number of
organisms consumed by size group—
length range (millimeters)

Percentage of the total volume of
organisms consumed by size group—
length range (millimeters)

<165 | 165-200 | 201-235 | 236-270 | >270 | <(165 | 165-200 236-270 | >270

Percentage of stomachs of size group !
containing organism—Ilength range
Organism (millimeters:
<165 | 165-200 | 201-235 | 236-270 | >270
Diptera:
Larvae
Pupa
Plecopters
Megalopt la :
Hydracarina. ... ...
Crustacea:
Gammarus. ... oo
Plankton -
Molusea. ..o e
Terrestrial:
Coleoptera: adults_______________.__ 33.3 37.5
Hemiptera: adults_ ... . |- 25.0
Hymenoptera: adults 33.3 37.5
Orthoptera: adualts ... . . [ 12.5
Miseellaneous *. . oo|eao.. 50.0
Unidentified. .. ... ... ... 68,7 67.5

1 23 stomachs examined. ? Rocks and Trichoptera cases.

TaBLE 23.—Food habits of different sizes of brown trout in Convict Lake, 1950

Percentage of stomachs of size group !
containing organism—Ilength range

Crganlsm (millimeters)

Percentage of the total number of
organisms consunuxl by size group—
length range (millimeters)

Percentage of the total volume of
organisms consumed by size group—
length range (millimeters)

<28 | 250-300 | 301-350 | 351-400 | >400

<250 | 250-300 | 301-350 | 351400 | >400 | <250 | 250-300 | 301-350 | 351-400 | >400

Diptera:

Oligoehaeta. . ... ... ......... 11.1
Terrestrial:

Lepidoptera: adults..___._______..__
Fishes___ . ______._._.
Miscellaneous 2. ____._.__...
Unidentifted. ... ...

€|

¥ 61 stomachs examined. 2 T'richoptera eases.

large rainbow trout took more drift foods in Lake
Dorothy.

Since small trout tended to consume greater
volumes of chironomid larvae and terrestrial
organisms, it appears likely that they feed more in
the shoal area of lakes than large trout.

Two Species of Trout From the Same Lake

In order to detect differences in the food habits
of two species of trout existing in the same body
of water, table 24 was constructed to compare
rainbow and brook trout in Lake Dorothy, and
table 25 to compare rainbow and hrown trout in
Convict Lake.

The only striking difference between the Lake
Dorothy trout was the much greater diversity
of organisms consumed by brook trout. Brook
trout ingested 19 different food 1tems as compared

to 9 taken by rainbow trout, although the per-
centages of major food items consumed by hoth
species were similar, Brook-trout stomachs con-
tained slightly greater percentages of chironomids
than did those of rainbow trout. The relative
amounts of terrestrial organisms taken by the
two species were comparable, but the percentage
of brook trout stomachs containing these organisms
was almost twice as great as that for rainbow trout.
This dissimilarity can probably be explained by
the more pronounced shoal feeding habit of brook
trout. as compared to rainbow trout, which
apparently feed more or less indiscriminately and
do not limit their feeding to particular areas.

An examination of the data from Conviet Lake
(table 25) reveals similarity in the number of food
groups fed upon by the two species of trout: 10
for rainbow trout and 9 for brown trout. The
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TARLE 24.—A comparison of the foods consumed by rainbow and brook trout in Lake Dorothy, 1950

Rainbow trout ! Brook trout ®
Organism Stomachs Percentage e . Stomachs Percentage e

containing | of fota mum: | PGSR | cominining [ of total mim: | FOICentaks

organism ber of or- ach contents orpanism her of or- ach cimt -lnt<

(pereentage) ganisms i SR (pereentage) ganisms v CILS

54. 16 8. 36 4.72 63. 67 20.01 7.068

87. 50 84. 58 44. 43 94, 95 73.39 50,13

8.33 ) 1.3v 6. 47 .45 .60

4. 16 07 .57 215 .ol .4

of--- T . A.75 .07 48

Ephemerida: adults o i e e 1. 08 .01 .01
Plecoptera:

N S e 2 52 .03 .23

Adults. 144 01 .46

Megaloptera: larvae 1. 80 .02 .10
Coleoplera:

N T VRO SR OUPUS) U] PRSPPIt PR 2,16 .02 LR

Adults. e 8.33 14 ] 5. 32 .16 .4t

Hydraearina. o eaee e amaeaan 12.50 6l .30 2. 14 78 ity

MolluSea. e L0l

Nemato .ol

Fishes. .67

Crusta .12

Terrestrial ... ... 5 22.73

Miscellaneous_ ... _____._ 00.00 | ... 24,15 14. 99

! Size range 126 to 320 milliteters, 25 stomuchs examined.,
? Size range 131 to 245 millimeters, 285 stomachs examined,

percentage volumes of chironomids consumed by
these two species were almost identical, although
a higher percentage of rainbow trout than brown
trout fed upon these organisms. Amphipods
were consumed in greater quantity by rainbow
trout but were fed upon by a higher percentage
of brown trout. Comparisons of food volumes
(table 25) are somewhat misleading, as the size
range includes large and piscivorous brown trout
but no large rainbow trout. A previous section
has shown that brown trout in the same size range
as the sample of rainbow trout consume similar
relative volumes of dominant foods. Zooplankton
was ingested by 9.5 percent of the rainbow trout
and constituted 4.24 percent of the total volume
of foods eaten, but none was found in brown-trout
stomachs. Mollusks were consumed almost
equally by both species, but the relative amount
of terrestrial organisms eaten by rainbow trout
was far greater than that eaten by brown trout.
A divergence in foraging habits between these two

species of trout is thus indicated by the relative

amounts of zooplankton and terrestrial organisms
consumed.

Rainbow Trout in Lakes Dorothy and Convict

The stomach contents of rainbow trout from Lakes
Dorothy and Convict were compared in order to
determine differences in food habits of a single
trout specics in a lake of the upper basin and in

Conviet Lake. These data are presented in
table 26. Immature chironomids formed the
largest percentage of volume of foods eaten in
both lakes, but amphipods were important enough
in Convict Lake to account for a greater percentage
volume than chironomid pupae alone. Rainbow
trout in Convict Lake contained plankton and
mollusks, but those in Lake Dorothy did not.
Terrestrial organisms were taken to a greater
extent in Lake Dorothy than in Convict Lake.
The trout in Convict Lake consumed a larger
variety of food groups than did those in Lake
Dorothy, but comparisons of stomach contents
with bottom samples from these two lakes suggest
that the observed differences in diet are due mostly
to differences in availability of the various food
organisms. Also, the small variety consumed by
the Lake Dorothy fish may have resulted from
feeding activities confined to emerging chironomid
pupae with a consequent neglect of other foods.

Brook Trout in Lakes Constance and Witsanapah

In order to compare brook-trout food habits in
two years, stomachs of this species were collected
in both 1950 and 1951 from Lakes Constance and
Witsanapah. The analyses are reported in tables
27 and 28, which demonstrate that the foods
examined in 1951 were similar in both type and
quantity to those taken in 1950.
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TaBLE 25.—A comparison of the foods consumed by rainbow and brown. trout in Convict Lake, 1950

Rainbow trout ! Brown trout 2
Organism Stomachs Percentage Percentage Stomachs Percentage Percentage
containing of total of total containing of total of total
organism number of stomach organism | numbher of stomach
(percentage) | organisms contents (percentage) | organisms contents
Diptera:
B LR 38.10 12.22 6. 48 23.25 38.02 14. 95
Pupue 42. 86 73.%9 22,20 30.23 5128 13.90
Plecoptera: naiads. 4. 76 .09 09 9.30 .26 i
Mugaloptera: larvae .. 4,76 LU0 b N I [N
Hydracarina . ieaiacao. 4.76 ] A7 | e
Crustacea:
COMMAT R oo e e 42.86 10.35 28. 37 44.18 7.42 16. 59
Plankton__ 9.52 | ... A2 | e e
Mollusca. - - 14.249 &7 3.30 13. 95 2.47 4.25
Oligoehaeta . . oo e cmie e e e e e 2.32 .33 .75
Fishes_ e e L 11.63 .19 40. 30
Terrestrial. .. -- 19.05 2.51 18.89 2.32 03 .48
MU ANCOUS - - - o - e e e 985 | 20.63 6L16 [ .. .54
1 Size range 124 to 325 mi]limeters; 23 sto'nachs examined.
? 8ize range 164 to 772 mm.; 61 stomachs exumined.
TABLE 26.—.A comparison of the foods consumed by rainbow trout in Dorothy and Conviet Lakes, 1950
Lake Dorothy ! Convict Lake 2
Organism Stomachs Percentage Pereentage Stomachs Percentage Percentage
containing of totul of total containing of total of total
organism number of stomach organism number of stomach
{percentage) | organisms contents (percentage) | organisms contents
Diptera:
LA A e emmmeea 54. 16 836 4.72 3810 12,22 643
Pupae. oo A . 5% 42, 88 73.%39 22,29
AdultS . e ieiiimimeeee—of o RB3 24 L0 | iame e
Trichoptera: Jarvae ..o .o iiiiiiiiiiciiiiemeeeeed MG 07 BT e e e
Plecoptera: najads. ... .. 4.76 .09 n
Mecgaloptera: larvas. ... 4.76 .09 24
Coleoptera: adults_____ ... ..o 83y M| e
Hydracarina.............._.. R 4.7 .28 A7
MO U - - oo oo oo e 14.29 57 3.30
Crustacea:
Gammarns............. . 42.86 1535 23.37
Plankton_ ... ... ... 9.52 | 4.24
Terrestrial oo o.o... R 19. 05 2.51 18. 84
MISCelIANCOUS - - - o oo e 9.86 | aeaoo. 20, 63

1 Size range of trout 126 to 320 millimeters total length; 25 stomachs examined.
? Size range of trout 124 to 325 millimeters total length; 23 stomachs examined.

SUMMARY OF FOOD AND FEEDING HABITS

Bottom fauna production in the 10 lakes ranged
from 19 to 211 pounds (wet weight) per acre, as
determined from a transect system of bottom
sampling. The variety of aquatic food organisms
is limited, with immature chironomids most abun-
dant in nearly all lakes. Amphipods (Gammarus
sp.) are present in four lakes, and were important
as food in Lakes Convict and Mildred. Plankton
was sampled less fully but was shown to be useful
as food in the seven lakes where it was present in
samples. Plankton organisms also occurred in
stomachs from two of the three lakes where no
plankton was obtained in repeated hauls.

Food habits were determined by analyses of
stomach contents from 979 summer-collected
trout. Aquatic organisms other than plankton

and fish formed the largest percentage volume of
natural foods consumed; of these, immature chir-
onomids (larvae and pupae) were taken in the
greatest amounts by all populations. In Conviet
Lake, however, Gammarus accounted for greater
relative volumes than chironomid pupae alone in
hoth brown and rainbew trout diets. Convict
Lake brown trout consumed more chironomid
larvae than pupae, which was an exception to the
general rule. Diptera (Chironomidae) formed
95.3 percent of the total number and 57.5 percent
of the total volume of organisms consumed by
trout in the nine upper lakes. Terrestrial insects
were eaten by all trout groups and were secondary
in importance as food (2.3 and 11.5 percent, re-
spectively, of total numbers and volume). Other
bottom organisms formed relatively small per-
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TaBLE 27.—Food habits of Lake Constance brook trout compared for 2 years

1950 1951
Organism Stomachs Percentage Percentage Stomachs Perceniage Percentage
containing of total of tota) containing of total of total
organism number of stomach organism nuniber of stomach
(percentage) | organisms contents (percentage) | organisms contents
Diptera:
LAY e oo emmm e —————- 37.5 2.61 1.76 45.3 1.17 1.24
Pupae. . 84.4 94.79 49. 46 100.0 98. 46 64.75
Adults.____. 3.1 .08 08 | e
Hemiptera: adults 15.6 .12 1.53 4.7 46
Trichoptera:
Larvae. e eemmcmeaas 6.2 .03 .22 3.1 07 49
Adults. .. 6.2 .20 T S DRI RPN PN
Ephemerida:
Nalads. o el 12.5 .32 3.4 4.7 02 1
Adults........ 15.6 . A

Plecoptera: naiads..
Megaloptera: larvae.
Hydracarina........
Crustacea: plankton
Mollusca..oovunnnne-
Nematoda
Terrestrial:
Coleoptera: adults
Hymenoptera: adults.
Lepidoptera: adults,
Fishes.._ _......
Miscellaneous !
Unidentified.....

1 Includes Trichoptera cases and salmon cggs used for bait.

TarLE 28.—Food habils of Lake Witsanapah brook trout compared for 2 years

1950 1951
Organism Stomachs Percentage | Percentage Stomachs Percentage | Percentage
containing of total of tota] containing of total of tota)
organism number of stomach organism number of stomach
(percentage) organisms contents (pereentage) organisms contents

Diptera:

LTV a8 oo e e eem .- 16,10 62.9 8.70 4. 53

Pupae. . ool 3420 95.7 87. 51 486. 60

Adults .21 1.4 .01 .16
Trichoptera:

Larvae. i e et e e e e 17.1 .42 243

Adults. . e mmimeaeaes i U I IR (R,
Ephemerida:

Nadads. e 6.18 21.4 1.20 2.67

AdUltS e 10 ¥ VR, HURIII IR,
Plecoptera: naiads. ... ... .. i.iieaaoin .71 1.4 .02 .40
Megaloptera: larvae. ..o e e 4.2 06 .31
Hydracarina. _ .10 X6 02 .01
Molluses. ... .22 29 34 .79
Nematoda . .. i e 1.4 2 .4
Terrestrial:

Coleoptera: adults__ 190 11.4 13 .99

Hemiptera: adults. . 1.18 18.6 58 1.48

Hymenoptera: adult: 6. 00 & 6 99 3.05
Miscellaneous ' ... ......... 13.32 175 S . 0. 37
Unidentified. - - o 16. 00 65,7 [-coeriinmnn- 16.19

1 Includes salmon eggs und earthworms used for bait and Trichoptera eascs,

centages; within this group, hydracarines and mol-
lusks were taken most abundantly, Tmmature
aquatic insects other than dipterans occurred in
stomachs to a small extent, as did free-living nema-
todes and oligochaetes. Plankton was taken by
nine trout groups, mainly by smaller fish. Large
brown trout subsisted primarily on small trout.
Brook trout in Lake Dorothy consumed the
greatest variety of food types, followed by Lake

Mildred rainbow trout and Cloverleaf Lake brook
trout. Rainbow trout in Lake Dorothy, brook
trout in Bright Dot Lake, and brown trout in Con-
vict Lake ate the fewest types of food.

On the whole, foods taken by trout in the
Convict Creek Basin lakes were found to be
similar in relative importance to the foods con-
sumed by black spotted trout (Salmo -clarkii
henshawi) in Upper Blue Lake, Calif., as reported
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by Calheun (1944a), and several species of trout
in Angora Lake, Calif. (Needham and Sumner,
1941).

Trout were placed in size groups to determine
food changes with growth. The most notable
change of this kind was the development of
piscivory in Convict Lake brown trout, apparent
in the analysis at the beginning of the fourth
year of life. Smaller brook trout took greater
percentages of chironomid larvae and terrestrial
insects, and smaller percentages of chironomid
pupae than did larger trout, suggesting a more
pronounced shoal-feeding habit in small trout.
Chironomid larvae were more important than
pupae to all sizes of brook trout in Cloverleaf
Lake, which is shallow throughout. The diews
of two coexisting trout species were compared n
Lake Dorothy (breok and rainbow trout) snd
in Conviet Lake (rainbow and brown t1'011t).
Brook trout were found to feed over a greater
range of organisms, and to a greater extent on
terrestrial foods, than rainbow trout. In Conviet
Lake, two species had similar diets in the first
3 years of life except that plankton was utilized
by rainbow trout and apparently not by brown
trout.

AGE, GROWTH, AND CONDITION OF
TROUT

STOCKING HISTORY AND PRESENT STATUS

Trout are not native to the Owens River System.
Although the Owens River had native populations
‘of suckers and minnows, its tributary system of
high lakes and most streams was barren of fish
prior to stocking. Golden trout (Salmo agua-
bonita Jordan) were introduced to lakes of the
upper Convict Creek Basin in the 1930’s, and
some fish of the initial generation planted are
said to have reached 3 or 4 pounds after several
years. The species failed to maintain itself, how-
ever, and it may be reasoned that spawning con-
ditions were not suitable. Local history and
observations indicate that numbers of golden
trout attempted downstream spawning migra-
tions and were destroyed by falling over cascades,
or stranded where water passed under rocks in
talus deposits.

Previous work on trout in the upper basin is
limited to notes on the growth of golden trout
in two of the lakes. Advanced fry of that species
were planted in Bright Dot Lake in 1935, and in

.(Needham and Vestal, 1938).

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

Bighorn Lake in 1936. Growth of these intro-
duced trout was later found to be very good, and
significance was attached to the fact that the
lakes had been barren of fish prior to planting
Food organisms
were said to be abundant, and the trout were
described as being in excellent condition. The
Bighorn Lake fish reached an average length of
5.01 inches in one-and-a-fraction growing seasons,
and the Bright Dot Lake trout grew to an average
length of 8.3 inches in two-and-a-fraction grow-
ing seasons.

With the failure of golden trout to reproduce
successfully, the upper lakes were stocked with
hatchery-reared brook trout, Salvelinus fontinalis
(Mitehill), and rainbow trout, Salmo gairdneri
Richardson, presently distributed as shown below:

Lake Trout species

Mildred_ . ____ o _________. rainbow.
Dorothv________________________ brook, rainbow.
Genevieve. ____________._____..__ brook.
Edith________ L __ brook

Cloverleaf . _____________________ brook.

Bright Dot_ . __ ... __________ brook.
Bighorn._______________ . ______ brook.
Witsanapah_______ .. ___._______.__ brook.
Constance. . __ . ___.___________ brook.

The earliest record that could be found showed
the first brook trout planted in the basin in 1944.
The stocks have been replenished periodically
since 1946 and 1947, when large numbers of this
species were planted in most of the nine upper
lakes. Rainbow trout have been planted in
Lake Mildred almost annually since 1945, and
were probably introduced earlier. Recent plant-
ings made in Lake Dorothy have been rainbow
trout, but brook trout still predominate there.

Convict Lake, accessible by road at the lower
end of the canyon, is subject to heavy fishing
pressure and has been restocked annually for
many years with rainbow trout. This lake also
has a large natural population of brown trout
(Salmo trutta Linnaeus) from stocks introduced
20 years ago or earlier,

COLLECTION OF DATA

All trout collected from the upper nine lakes
were removed by angling, mostly with artificial
flies. Convict Lake brown trout were gill netted
(1950) and trapped (1951-52). Weights to the
nearest tenth of a gram and lengths (total,
standard, and fork) to the nearest millimeter were
determined soon after capture TFish collected
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from the upper lakes were sexed at the time of
stomach removal, and trapped brown trout were
sexed in connection with a study of spawning.
Scale samples were taken from the side of the
body, above the lateral line and below the origin
of the dorsal fin.

The total field collection comprised 1,656 trout
of the three species listed. All scales from 143
samples were discarded because of poor sym-
metry, disfiguration, regeneration, or resorption
at the margin. In reading and measuring the
scales, 474 additional sets were classed as un-
readable due to resorption or poor definition of
annuli. The data used were therefore from an
effective total of 1,039 specimens distributed over
the 10 lakes as follows:

N

Lake Sprecics I\mf'.l’s};fr of
Constance......._......_.... Brook trout-... .. ... 101
Witsanapah._____ . ______|..-__ oL 33
Bighorn.__ -._dn u5
Dorothy____. R do....o.... 1
Do_.___.. ---{ Rainbow trout. 2
Bright Dot __ -| Bruok trout__.. 16
Cloverleal .. . ... |--oo L1 T — 98
Edith___ _do.. R4
Genevie ceetloo ol ™
Mildred. - Rainbow trout. 78
Convict_.. O B [ 1 T 25
In 1950, ... Brown trout_ ... ]
In1951-52_ ... . .. f--o-. 1 L T 245

METHODS

Selected scales were soaked in water, cleaned
under a dissecting microscope, and mounted dry
on microscope slides. The dry-mounting tech-
nique was satisfactory for all scales and was par-
ticularly well-suited to brook trout scales, which
are very small (fig. 17 and 18: photomicrographs of
rainbow and brook trout scales, at roughly the
same magnification). It was found that uniform
adherence of the scales to the slides was made
easier by cleaning only part of the mucus from
the smooth side of each scale; when the upper
surface of the scale is thoroughly clean, the small
amount of mucus left docs not interfere with clear
projection.

Four selected scales from each f{ish were
mounted, and in subsequent examinations the
best of each four was used for measurement.
The scales were examined and measured at
magnifications of 85 to 295 diameters with the
aid of a Rayoscope microprojector, mounted on a
high stand and adapted to use in diffuse daylight
by an enclosed screen arrangement. All vibration

Ficure 17.—Scale from a Lake Mildred rainbow trout

(magnification > 65). Numbers indicate annuli.
was eliminated from the system by cooling the
built-in projector lamp with a small stream of
compressed air rather than with the attached
rotary blower.

Ages of trout were determined by counting scale
annuli and rates of growth were assessed, with the
aid of a nomograpli, by calculating past lengths
of fish at times of annulus formation. The calcu-
lations were made by the Dahl-Lea or direct-
proportion method, in which it is assumed that
the body-scale ratio does not vary with fish
length. Although this method does not yield abso-
lute accuracy, its use in comparing growth rates
of trout among these 10 lakes produces the same
magnitude of differences and the same order of
results as would be found by methods which em-
ploy an empirical body-scale relationship. Series
of past total lengths were calculated and averaged
for each trout population, and measures of varia-
bility and probable accuracy (standard deviation
and standard error of mean) were computed.
Populations were then compared by average yearly
growth increments and by lengths attained in
three years. The Convicet Lake brown trout col-
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'

Ficurge 18.—8ecales of brook trout from the upper lakes of Conviet Creek Basin.  Age groups I, IT, and 1I1 have annuli
indicated by numbers.

lections were made during the spawning period
when the scales from most older fish were not
reliable for measuring purposes and many were
unfit to read. An additional evaluation of the
growth charaecteristics of the spawning segment of
this population was made by aging a series of 235
fish, and averaging the total lengths at capture for
each age group.
AGE

The majority of the trout populations sampled
were young and artificial in structure due to ex-
ploitation and continued restocking. Age com-
position figures are of little value in these ecircum-
stances, but present data on age give some indica-
tions of spawning suecess in the upper lakes.

Brook Trout

The collections of both 1950 and 1951 were com-
posed of age groups I, II, and III. Older and
larger fish were probably present, but the intensive
sampling effort conducted in 1950 gave a strong
indication that brook trout of age group IV and
older were few in number. A few of the largest
fish collected in 1951 exceeded the length range for
age group 111 of the previous summer, but a careful
examination of the scales revealed only three
annuli.

Age group II predominated in the 1950 catch
from five of the eight brook trout lakes (table 29).
Since no brook trout were planted in 1948, these
II's must represent natural reproduction and could
only have resulted from successful spawning of

trout planted in 1946 or earlier. Evidence that
these trout do spawn during their second year in
the lakes was found in Bright Dot Lake, where
numbers of yvoung-of-the-year were observed in
the shallows in 1950. This lake was first stocked
with brook trout in 1947, and was not restocked
until 1951. Fish of the 1947 plant evidently
spawned on suitable areas of the lake bottom in
the fall of 1949, and the fry emerged in the spring
of 1950. All Bright Dot Lake trout in the 1950
collections, and in crecl checks of anglers, were
from age group III. Their first offspring (age
group I) predominated in the small 1951 collec-
tion. Naturally spawned brook-trout fry were
observed frequently in Lakes Cloverleaf, Edith,
and Genevieve, and were seen occasionally in
Lake Constance.

Rainbow Trout

The samples from Lakes Dorothy and Convict
were too small to give more than clues as to sur-
vival and possible reproduction. Several age
groups (I, II, III, and IV) were collected from
Lake Dorothy, which may indicate natural spawn-
ing in view of the fact that the records show a gap
in the planting of rainbow trout there between
1945 and 1949. Fish of age groups I, II, and I1II
were taken from Convict Lake; larger rainbow
trout (1-5 lbs.) are reported during the angling
season, but none were available for aging.

Sufficient length variations were found in rain-
bow trout of the Lake Mildred collection to permit
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TaBLE 29.—Numbers and percentages of trout in the 1950 samples by age groups
[Includes only those trout used in age and growth determinations. Numbers in parentheses are percentages]

In age groups—
Lake and species of trout Total
I II 11
astance: Brook trout_ ... None 11 (10.9) 90 (89.1) 101
horn: Brook trout... 23 (21.2) 46 (48.4) 26 (27.4) 95
ght Dot: Brook trout None None 16 (100.0) 16
ith: Brook trout. ... 18 (20.9) 59 (68.6) 9 (10.5) 86
nevieve: Brook trout_ . 22 (28.2 51 (65.4) 5 (H.d) 8
werleal: Brook trout____ ... 16 (16.3) 62 (63.3) 20 (20.4) 98
tsanapah: Brook trowt. . .ol 20 (50.6) 4 (12.1) 9 (27.3) 33
rothy: Brook brout. o .o 2 (2.0 76 (76.0) 22 (22.0) 100
II I v v VI VII
rothy: Rainbew trout ... ItI _0_’_‘?_ A ‘7",) (w_lg)
: 8 12 bt

ldred: Rainbow troub. .. oo { 0.2  asn{ (2.4
nviet: Rainbow trout_ ... ... ..l (36.0) (56.13) (8. g)

fot: ( 15 18 21
nviet: Brown trout. _ ol 2.1) (26, 5 (30. 9)

stinction of several year classes, both stocked
id naturally spawned. The oldest fish caught in
ike Mildred were in their sixth year of life, but
me older individuals were probably present.
oung-of-the-year rainbow trout were observed
the shallows of this lake, and & fine inlet stream
sures successful reproduction.

Brown Trout

The brown trout of Convict Lake show a size
stribution which is suggestive of a well-maintained
itural population. These trout are descended
»m hatchery-distributed fish, but the population
ay be considered wild because the lake has not
en restocked with the species for many years.
pproximately 80 percent of the fish sampled in
150 were in age groups I to III. Of more than
500 spawning brown trout captured during the
awning seasons of 1951 and 1952, 80 to 90
reent were about equally divided between age
oups II and III. Older fish (IV, V, and VI)
itered the trap readily but were taken in smaller
mmbers (3 to 17 percent). Still larger fish were
served but not captured. The relative number
"large brown trout (5 to 15 pounds) could not
y estimated; a few fish in this size range are
wght by anglers each year.

RATES OF GROWTH

In the following discussion the factor of popula-
on density has not received the consideration it
serves, since it could not be measured except by
ugh estimates based on the quality of the
igling. At present there is no reliable method

of estimating the numbers of fish in these lakes,

and comparisons can be made only on the basis of
calculated differences in growth.

LAKE AND SPECIES AVERAGE TOTAL LENGTH IN MILLIMETERS

OF TROUT 30 100 150 200 250 300 350
T T T T T T T

DOROTHY
{brook}

NN |

EDITH
(brook)

GENEVIEVE
{brook)

CONSTANCE
{brook)

CLOVERLEAF
{brook}

WITSANAPAH
{brook)

BIGHORN
{brook)

BRIGHT DOT
(brook)

MILDRED
{rainbow}

DOROTHY
{rainbow)

CONVICT
(ralnbow)

CONVICT
(brown)

NN

F1GURE 19.—Three-year growth summaries for all trout
populations of Convict Creek Basin Lakes. (Full
length of bars=length at annulus 3; vertical lines
within bars=Ilengths at annuli 1 and 2.)
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Ficure 20.—The three patterns of brook trout growth in
the upper lakes of Convict Creek Basin.

Brook Trout

Based on the figures for 3 years’ accumulated
growth, the eight brook-trout lakes of Convict
Creek Basin follow a gradient which falls into
three classes. Based on the first 2 years’ growth,
only two classes are apparent. These patterns
of growth are best described graphically, and can
be distinguished in the chart of calculated lengths
(fig. 19) and in the slopes of the growth curves
(fig. 20). Significance of differences among mean
calculated lengths at the third annulus was tested
by analysis of variance, and the results are sum-
marized in table 30. Since the variance ratios
(F-values) of samples among lakes of cach group
are smaller than table values for 95-percent
probability (F. 95), growth through 3 vears is not
significantly different among populations of each
group. Length differences between groups are
highly significant, however, and three classes of
growth are thercfore distinct at the end of the
third growing season.
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I END OF YEAR OF LIFE

Fiaure 21.—Growth of Lake Mildred rainbow trout
(1950) as indicated by mean and dispersed total lengths
at each annulus (end of year of life).

The growth of present stocks of brook trout in
four of the upper lakes (Bighorn, Constance,
Witsanapah, and Cloverleaf) may be considered
satisfactory or average when their position in the
local gradient is compared with the large range of
growth rates found in various brook-trout waters.
Fish from these lakes grew at nearly identical
rates for the first 3 years, reaching a grand average
of 3.5 inches in 1 year, 6.3 inches in 2 years, and
9.3 inches in 3 years. Growth during the fourth
vear was somewhat slower, as indicated by the
apparent difference in length between the end of
the third vear and the dates of capture.

Lakes Dorothy, Edith, and Genevieve showed
no significant differences in growth among them,
and are classed as poor with respect to the other
lakes. Fish from these three lakes grew to an
average -total length of 3.3 inches in 1 year, 5.9
inches in 2 years, and 8.0 inches in 3 years.
Growth during the first and second years in these
lakes is approximately the same as that measured
in the four lakes just discussed (table 31). Tt is
in the third yvear that growth lags considerably.



LAKES IN CONVICT CREEK BASIN, CALIF. 483

TaBLE 30.—Resulls of analysis of variance in mean total
length at third annulus in eight brook-trout populations.

Degrees
Groups ' | guree of variation | Sum ofi o Mean F | F(95)
tested squares|p...dqom| Sauare (

AL Between lakes...._. 38 2 19.0 0.21 3.30
Within lakes.____._ 2,919 32 9.2 ) ).

Total. . oo 2, 957

B Between lakes.._.__ 753

Within lakes.______ 21, 81
Total.._........_ 22,414 1 2 IR SR P,
A and B._| Betwecn groups._..| 29,991 1 129,991 199. 80 3.91
Within groups..__.| 25,371 169 J 1100 S RN R
Total . ________.__ 55. 362 170 | oo o]t
Band C..| Between groups..._| 63,276 1 (63,276 310. 80 3.91
Within groups.__.__ 29, 321 144 208.6 | feeeos
Total. . __._._.... €2, 597 | €470 (SO P S,

1 Group A: Lakes Dorothy, Edith, Genevieve.
Qroup B: Lakes Witsanapah, Constance, Bighorn, Cloverleal.
Group C: Bright Dot Lake,

TaBLE 31.—Average calculaled lengths of brook and rainbow
trout at annuli
QGiven in order under each year of life are: total length in millimeters, total

length in inches, and numbers of fish (in parentheses) used in caleulating
averages]

Year of life
Lake and species
of trout

Dorothy: Brook trout....

Edith: Brook trout.__.___

Genevieve: Brook trout...

Constance: Brook trout...

Cloverleaf: Brook trout.__

Witsanapah: Brook trout.
Bighorn: Brook trout. ...
Bright Dot: Brook trout..
Mildred: Rainbow trout..
Dorothy: Rainbow trout..

Convict: Rainbow trout..

———— e A e e e e e e
] o A
¥ £ :
o
=

3.8 6.4
(22) (16)

The growth of trout in Bright Dot Lake, al-
though not phenomenal, far outclassed that of
other brook-trout populations in the study area.
Fingerlings planted in 1947 grew to 5.0 inches in
the first year, to 9.1 inches in 2 years, and 12.5
inches in 3 years. These trout, taken in August
and early September of their fourth year, reached

16 inches in total length and more than one
pound in weight. Young-of-the-yvear collected in
August (1950) were 2.5 to 3.0 inches long, and
members of the same year class taken 1 year later
averaged 7.3 inches in total length at capture,
with the first annulus formed at 4.7 inches.

Rainbow Trout

It is apparent from the length data in tables 31
and 32 that rainbow trout in the upper lakes
(Mildred and Dorothy) have not grown as rapidly
as most of the brook trout. Ten- to twelve-inch
rainbow trout were found to be in their fifth and
sixth years of life, and brook trout of like size
(I.akes Constance, Bighorn, Witsanapah, and
Cloverleaf) were in their fourth year at correspond-
ing dates of capture. The growth of these rain-
bow trout roughly parallels that of the brook
trout in Lakes Edith, Genevieve, and Dorothy.
The growth pattern of Lake Mildred rainbow
trout is indicated in figures 17 and 21.

TaBLe 32.—Variability of calculated lengths of brook,
rainbow, and brown trout al annuli

Stand- | Stand-
: Mean ard ard
Lake and spegies of trout Annuli [ total | Range [ 4005 error of
length! tion | mean
Dorothy: 1 81 | 68-94 | 5.802 0.60
Brook trout........._........... 2 142 | 118-163 | 0.695 1.01
3 203 | 171-219 | 7.817 1.7
Edith: 1 87 | T71-102 | 7.085 LT
Brook trout.......__.......... 2 151 | 128-186 | 12.043 1. 47
3 201 | 193-212 | 6. 856 2.22
Genevieve: J 1 8 | 70-97 | 8.828 .77
Brook trout... ... 2 157 | 134-176 | 0O.556 1.28
[ 3 188-212 | 13.756 | 688
Constance: 1 8 | 60-107 | 8.012 .89
Brook trout......_..._._......._. 2 160 | 130-189 | 13,198 1.33
3 234 | 204-258 | 12,500 1. 40
Cloverleaf: 1 38| 73-106 | 7.435 .76
Brook trout....__..__._......._. 2 158 | 13R-176 | 9.410 1.0
3 235 | 218-250 | 9.6835 2.15
Witsanapah: 1 04 7R-104 | B.785 1.55
Brook trout........._.......... 2 186 | 151-182 | 11,188 3.2
3 238 | 227-258 | 14. 452 511
Bighorn: 1 88 | 7-105 | 8 570 .89
Brook trout........._...._..._.. 2 1680 | 136-~188 | 10. 970 1.36
3 240 | 224-271 | 11.463 234
Bright Dot: ' 1 127 | 112-150 | 10.803 2.55
Brook trout________._....._.___. 2 231 | 208-255 | 19.249 4.97
]. 3 318 | 278-349 | 20206 9.4
1 72-116 | 10.342 1.24
Mildred: I 2 144 | 119-189 | 16. 967 2,04
Rainbow trout..__...__.._.__... i3 196 'l’tl-%—géé }Z a‘;’g % :;_}'
4 236 | 217-2 . 2
l 5 270 %66—-3(({9 ig 5(13(1) g [}
1 86 3-105 5 . 67
Dorathy: — v
: W 2 147 | 124174 | 14. 125 2,82
Rainbow trout................. ] 3 207 | 170-231 | 17, 260 360
l 4 260 | 228-201 | 19.099 037
Convict: J 1 o7 | 66-120 | 13.362 2.8
Rainbow trout............._.... l 2 égz ‘!‘48_—532 16. 624 4,18
3 2 | 270-205 {.. .. f-o....
1 100 | 70-145 | 18. 100 223
2 215 | 142-314 | 35.010 4.90
Convict: 3 318 | 236425 | 39.006) 6. 90
Brown trout. ... ... 4 407 3-';?—132 56, 607 15.13
5 533 | 485-582
6 624 | 570-700 |_
7 634 | 625-644

| Expressed in millimeters.
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The differences in growth rate found in popula-
tions of this species from Lakes Mildred and
Dorothy seem paradoxical. Lake Mildred has a
shallow basin and showed indications of plentiful
food, both by general observations and by bottom
samples. Deeper parts of the lake bottom had
a heavy algal growth (Rhizoclonium sp.) and an
introduced amphipod (Gammarus sp.) dominated
the food supply. Its plankton, though small in
comparison to those found in many more tem-
perate lakes, was easily measurable. Furthermore
it has an all-season inlet stream which drains a
rather extensive meadow and should bring nutrient
material into the lake in considerable amounts.
Lake Dorothy, In contrast, has a deep, steep
sided basin, is fed by seepage except for small
rills, and is very poor in bottom organisms. Only
traces of a plankton were obtained in hauls from
all depths. These contrasting conditions indicate
an advantage for the Lake Mildred rainbow trout
which is not realized in the growth characteristics.
An accurate knowledge of population densities
would probably be informative in this instance;
the fish growth in Lake Mildred, which has a
surface area of only 10.7 acres, must be limited
to some extent by the pressure of numbers,
whereas Lake Dorothy has plenty of space but
suffers from a basic food scareity.

A comparison of rainbow trout growth rates in
the upper and lower parts of the basin shows that
growth in Conviet Lake increases during the
third year, when in Lakes Mildred and Dorothy
it has begun to slow. Lake Dorothy rainbow
trout at the end of the fourth year of life, and
Lake Mildred rainbow trout at the end of the
dfth year, have not reached the average length
attained by Convict Lake rainbow trout in 3 years.
These differences must be attributed to a com-
bination of factors. In Lake Dorothy, slow
growth is at least partly explainable by food
scarcity; space is not a problem. In Lake
Mildred, which is small and apparently well
populated, food is very abundant but competition
may be severe. Convict Lake ranks low in food
abundance and, because of additions of 40,000 to
50,000 catchable-size rainbow trout each year, it
is heavily populated. The lower lake, however,
has a rapid growth season (based on temperature
data and length of the ice-free period) which is
estimated to be 2 to 3 months longer than the
growing season in the upper basin, and it is

logical to expect that this factor is sufficient to
account for a large part of the growth advantage
measured.

Brown Trout

The average length values calculated for age
groups I through IV are considered sufficiently
accurate for comparison with the data of the other
populations. The first three yecars growth com-
pares well with that found among brook trout in
Bright Dot Lake (fig. 19), and the growth curves
(figs. 22 and 23) provide an indication that the
Convict Lake brown trout continue their rapid
growth in the fourth and fifth years. In fact,
scales from a few large specimens indicated clearly
that some amazing growth had taken place in
the sixth and seventh years, or later; figure 24
illustrates the wide bands of rapid scale growth in
advanced years. The stomachs of large brown
trout contained small trout in greater proportion
than other foods and it is a fairly safe assumption
that spurts in growth of the older trout are
associated with a heavy toll among newly planted
rainbow trout.
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Ficure 22.—Growth of Convict Lake brown trout (1950)
as indicated by mean and dispersed total lengths af
cach annulus (end of year of life).
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Ficure 23.—Growth of Conviet Lake brown trout (1950)
as indicated by mean total lengths at annuli (end of
vear of life) and mean total lengths at age of capture
(1951-52). Data from table 33.

Further comparisons of ealeulated lengths show
that brown trout possess some type of advantage
over rainbow trout in Conviet Lake, although
stomach examination records in the present report
reveal that the two species feed upon the same
food groups in similar proportions through the
early years of rapid growth. Factors which could
give the wild brown trout an advantage in growth
are superior foraging ability, and occupancy of a
wider depth range with improvement in food
availability. An apparent, but false, growth
advantage for brown trout can also be suggested
if it is assumed that the faster growing members of
each year class are more readily harvested than
the slower growing members. Such a phenomenon
has been observed in a number of {ish populations,
and its effect in Conviet Lake would be to increase
the apparent average lengths of brown trout over
rainbow trout, since the harvest of brown trout
is much smaller than that of rainbow trout.
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Ficure 24.—8cale of 26.5-inch Convict Lake brown trout
Widely spaced eirculi near the margin indicate abnor-
mally rapid growth in the year immediately preceding
capture.

Nearly all of the larger brown trout (age
groups V-VII) were well into the breeding con-
dition when taken, with thick skins and deeply
embedded scales in males and extensive scale
margin resorption in both sexes. The result of
these effects was a large proportion of unreliable
scales in the collection, and consequently the
samples were too small and length variations too
large to permit more than approximations of
calculated length (table 33, 1950 fish). Scales
and length data were taken from several hundred
spawning brown trout in the late fall and early
winter months of 1951 and 1952, and growth was
also assessed on the basis of scale ages and lengths
at capture of 235 such fish. All data for this
check were obtained during the 2-month period
of heavy spawning (October and November)
when growth is assumed to be at a minimum,
The average yvearly growth determined by using
this method parallels the 1950 data (past growth
calculation) within a few millimeters for the
second, third, and fourth years of life (table 33).
There is much more divergence in the results of
the two methods for the fifth and sixth years,
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but considering the number of fish in the samples
it is believed that the 1951-52 figures are more
reliable. The accuracy of growth calculations
based on scale measurements from larger members
of the Conviet Lake brown trout population,
or from any fish which loses substantial portions
of the scale margin in the breeding season (with
the scales actually growing 'in retrograde) seems
subject to doubt.

The Convict Lake brown trout apparently grow
about 4 inches in the first vear, 4 to 4} inches in
the second, 4 inches in the third, and 2% to 3%
inches in the fourth year. Above this age the
average yearly growth should be slightly less,
but variation among individuals is high and
acceptable averages of growth increment call for
larger samples.

TasLE 33.—Average lengths of Convict Lake brown trout a*
annuli (1950) compared with average lengths at age of
capture (1951 and 1952)

{Given in order under each year of life are: total length in millimeters, total
length hi inches, and numbers of fish (in parentheses) used in caleulating
averages)

End of year of life

Year of
collection
1 2 3 4 5 6 I 7
100 215 318 407 533 624 634
1950.. ... 3.9 8.5 12.5 16.0 21.0 24.6 25.0
(03]

(86) (51) (33) (14) (8) (4)
199 306 371 421 492

7.8 12,0 14.6 16.6 19.4

....... 17) (111) (82 (22) (5)

RANKING OF THE LAKES IN TERMS OF TROUT
GROWTH

Considering all trout species together for the
purpose of grossly comparing lake productivities,
the 10 lakes may be placed in high-to-low order
on the basis of total lengths reached in 3 years
(table 34). In order that final comparisions may
be made among all rankings, with each major
factor given the same weight, the millimeters of
growth representing each lake have been reduced
to proportionate ratings comparable to those
used in foregoing summary tables. Bright Dot
Lake, in which growth was found to be most
rapid, is assigned a value of 10, and the remaining
lakes are rated on a scale of 10 in proportion to
total lengths.

The arrangement in table 34 merely adds Lakes
Convict and Mildred to the grouped order of
lakes previously outlined for brook trout. Con-
vict Lake ranks second to Bright Dot Lake in

the outstanding group. Lakes Bighorn, Wit-
sanapah, Cloverleaf, and Constance represent
the average group. Lake Mildred is added to
the below-average group of Lakes Genevieve,
Dorothy, and Edith.

TaBLE 3+ —Ranking of the lakes in lerms of lotal lengths
atlained by trout in 3 years

Total
Propor-
Lake Species of trout l(‘;gﬁﬂl tionate
meters) | Tating
Bright Dot........._.___.. Brook._ .. .. ..._...____ 318 10.0
Conviet_____ _..| Brown. 1306 9.0
Bighorn.__._ Brook.. 240 3.6
Witsanapah_ ... __________|-..._ do.. 238 3.4
Cloverleaf ... ... . |- do.. 235 3.2
Constance ... _..._...__..|.... A0 234 3.1
Genevieve --.do. 204 .7
Dorothy _..do_. 203 .6
i ..-do_. 201 .4
.| Rainbow.. 196 0

1 Measured total length at 3 years; all others, total length calculated at
third annulus.

COEFFICIENT OF CONDITION AND LENGTH-
WEIGHT RELATIONSHIP

The condition factor K was calculated for 974
trout, the total number from which both lengths
and weights were taken in 1950. This factor,
which is in general use to indicate plumpness in
relation to length, is calculated from the formula:

K Weight in grams X 100,000
L=

Length in millimeters ?

The majority of specimens in the collections
had slight to moderate gonad development, and
males were not distinguishably different from
females in condition. Sexually ripe or spent in-
dividuals, which would seem to raise or lower the
average condition factor, amounted to 27 percent
of all fish weighed and measured. Their average
condition, however, did not depart significantly
from the general average, and it is therefore felt
that the general average of condition for both
sexes in all stages of maturity has no serious bias.

Cooper " pointed out that comparisons of con-
dition factors in brook trout may be made over a
broad range of fish length without consequential
error, since the exponent in the length-weight
equation (W=CL"®) remains near a value of 3.
The present data appeared by inspection to bear
out this conclusion, and accordingly the condition
factors for brook trout were averaged without
reference to fish size. The samples of rainbow

11 Age and growth of the brook trout in Michigan, by Edwin L. Cooper,
Unpublished Ph,D. thesis, University of Michigan, Ann Arbor, 1949.
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Ficure 25.—Length-weight relationship of brook trout in
the upper lakes of Conviet Creek Basin. (Points are
based on average lengths and actual weighus, table 36.)

trout were not considered large enough to express
accurately any differences due to fish length, and
this species was handled in the same way as the
brook trout. As there was a large spread in the
size of brown trout, these fish were grouped in
30-millimeter classes.

The summarized data on condition factors
appear in table 35. No large variations were
found among the eight brook trout populations,
and the values obtained compare favorably with
those noted for more productive brook trout waters
(Carlander 1950). Rainbow and brown trout of
Convict Lake and rainbow trout from Lake
Mildred were likewise in a condition which may
be called average, in view of the large range de-
seribed in the literature. The samples gave no
indication that condition varies systematically
with length in the Convict Lake brown trout.
The Lake Dorothy rainbow trout are in competi-
tion with a larger population of brook trout, and

their condition fell below average but was not low
enough to permit classing these fish as poor.

Although the condition factor is not an expres-
sion of growth, it provides a rough indication of
the state of nutrition and body maintenance.
Poor condition may be indicative of high popula-
tion density as well as of basic food scarcity, and
normal condition among the trout populations of
the basin is construed as evidence that population
density differences did not seriously affect the
growth rate differences which have been described.

The general agreement of condition factors for
brook trout in the upper lakes, and the large
number of this species weighed and measured,
made possible the calculation of a length-weight
relationship for the combined populations. Ac-
cording to the method described by Beckman
(1948) the equation was determined to be:

W=2.087 X 105 L2914
or, log W=—4.6806+2.087 log L
where W=weight in grams
and L=standard length in millimeters.

The agreement of observed and calculated weights
(fig. 25; table 36) indicates that weights of brook
trout in these lakes can be computed with reason-
able accuracy from measured lengths.

TAaBLE 35.—Average coefficients of condition (K) for the
trout of Coonviet Creek Basin lakes (July—September, 1950)

o™ Tota |Standard
Specles of [Number| (tot8 otal Standar
Lake length length length
trout |oftroutl iy | (miili- | (il
meters) | meters) | meters)
Brook....... 31 130-337 0. 953 1. 322
_____ do___... 72| 112-29 .922 1.314
_____ do.._... 61 317403 . 94 1. 337
_____ do___._. 115 127-246 L 9u2 1.337
do_____ 103 | 120-258 . 957 1. 362
Cloverleaf.. . doo_ . 106 | 112-305 . 935 L 347
Witsanapah doo 301 113-315 . 931 1. 321
Dorothy___. N - do_____. 198 131-245 . 966 1. 353
Dorothy.__...__..._. Rainbow___. 30 | 126-320 . 881 1. 2686
Mildred .. R [ do.____ 63 R1-326 1.146 1. 589
Convict__ ... |- do_____. 31 124-325 1. 023 1. 641
Conviet... ... Brown . ___ 75 | 150-800 1.051 1. 587

1 Weighted average of A caleulated by 50-millimeter size groups.

SUMMARY OF AGE. GROWTH, AND CONDITION

Age and growth rate data were derived from
scale and body length measurements of 607 brook
trout, 129 rainbow trout, and 68 brown ftrout.
Scale-ages and body-length measurements of 235
additional brown trout provided supplementary
data for this species.
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TaABLE 36.— Length-weight relationship of the brook trout in
upper Convict Creek Basin lakes—observed and calculated
weighis

Standard length in millimeters Nuniher of | Empirical Caleulated
fish weight weight !
Range Mean (grams) (grams)

100.2 5 4.1 14.2
106.0 7 16.5 1.7
109. 6 13 18. ¢4 18.4
115. 4 11 0.6 21.4
120.0 18 25.3 24.0
124.8 20 27.2 2.7
129.6 23 29. 6 30.0
135.3 23 33.7 34.0
140.6 17 33.7 38.0
145.4 26 43.2 41.9
150.0 47 47.% 45.9
155.0 43 glg ’:O;
160.1 5 A, 55.
164.9 50 6.2 60. 5
162. 8 50 o5, 9 5.9
174.9 33 718 71L&
180.0 34 78.2 78.1
1584.8 38 83.1 843
myw m|
1 . 3 3
190. 8 29 104. 5 105.8
204. 9 33 111.4 113.9
210.1 18 11%.0 122.5
215.0 17 127. 4 1311
219.3 14 1340 138.8
225.0) 10 145.3 149.7
a235. 1 10 177.9 170.0
255. 6 15 222.9 217.1
275.4 1 258.0 2R 5
279.7 273.6 2822
332.0 2 487.5 465. 0
344.0 1 531.90 515.9

348-352__. 350.0 1 551. 8 542. 5

' Computed by the formula W=2.087X10-% L2-fi4,

At the time of study, age composition was
largely artificial in the eight brook-trout popula-
tions. These trout were found to bhe 1 to 3
years old, and represented both plantings made
since 1946 and natural reproduction of fish planted
i 1946 or earlier. Young-of-the-year brook trout
were present in 1950, indicating the occurrence of
successful natural spawning without benefit of
tributary streams. Rainbow trout collected com-
prised age groups I to V, and evidence of the
natural spawning of this species was found in the
inlet to Lake Mildred. The Convict Lake brown
trout. population is self-sustained and presumably
includes all age groups within the natural life span;
groups I to VII were collected.

Calculations of average total lengths at times
of annulus formation were made for all trout popu-
lations in the 10 lakes. An analysis of differences
in calculated lengths at the third annulus revealed
three distinet classes of brook trout growth among
eight lakes. Growth in Bright Dot Lake was
clearly superior in each year of life, but the growth
patterns in the other seven lakes containing brook
trout were such that the above mentioned classes
were not evident until the third year of life.

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

Rainbow trout were found to grow more slowly
than brook trout in the up per lakes, but the growth
of rainbow trout in Conviet Lake, lower in the
drainage, was superior to that of the same species
in two upper lakes. Ranking of all 10 lakes, in
terms of trout growth, placed Bright Dot Lake
slightly above Clonvict Lake (brown trout) in the
outatanding group at the upper end of the scale.
Lakes Bighorn, Witsanapah, Cloverleaf, and Con-
stance ranged closely about the average for the
basin in the order given, and Lakes Genevieve,
Dorothy, Edith, and Mildred were below average
with Lake Mildred indicated as the poorest.

Coefficients of condition (K) were calculated for
974 trout. Condition was normal in all popula-
tions except Lake Dorothy rainbow trout, in which
it was somewhat low but not indicative of failure.
The length-weight relationship of brook trout in
the upper basin lakes was calculated from weights
and standard lengths of 775 fish, and was found
to be described by the equation

W=2.087 10757

INTERRELATIONSHIPS

Preceding sections have presented analyses of
physical, chemical, and biological measurements
which, in many limnological surveys, have been
considered important criteria of lake productivity
or valuable indicators of environmental condi-
tions. The 10 lakes have been ranked as to po-
tential productivity in terms of combined physical
influences (table 5) and chemical influences (table
10). They have also been ranked in order of
biological productivity as measured by inverte-
brate abundance and trout growth. Values of
the individual measurements used in the physical
and chemical rankings, and reasons for their
selection, appear in the respective sections. It
is recognized that some of the causative elements
included in the present analyses exert a far stronger
influence over productivity than others, but the
relative degrees of influence of these individual
factors are not ascertainable and all physicochem-
ical determinations used were necessarily given
equal weight. All lakes were given identical
treatment, so that final comparisons are made
among lakes by their grouped factors rather than
by individual factors composing a group. Bio-
logical productivity rankings are based simply on
quantities of invertebrates in samples, and on
total lengths attained by trout in 3 years.
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It may be assumed that dissolved substances
influence productivity quantitatively in these
lakes, and it is generally accepted that water
temperature, depth, and those functions of depth
which are associated with the development of
littoral areas also have an important bearing on
productive capacity. If the biological evalua-
tions of the lakes are valid, they should at least
coarsely follow the same rankings as the more
stable environmental measurements. The follow-
ing is an attempt to integrate the assumed causa-
tive factors (physical-chemical) and their effects
(biological), and to demonstrate in simplest terms
the degrees of association present among the
various measurements.

In table 37 the various groupings of the lakes
have been arranged in 10-to-0 order for compar-
isons. Physical, chemical, invertebrate abun-
dance, and trout-growth ratings are from the
final proportionate values in tables 5, 10, 17,
and 34. The composite physical-chemical ratings
are averages of the two components for each lake.
Among these cause and effect categories, only
rough and fragmentary associations can be made.
Although there is no reason why the physical
and chemical series should support one another,
they appear partly to do so in that Lakes Bighorn,
Mildred, and Bright Dot rank high in both, and
Lake Dorothy is lowest in both. Ranking on
the basis of combined physical and chemical series
(col. 6, table 37) follows the chemical ranking
rather closely, but the ranking based on inverte-
brate abundance (col. 8, table 37) is in almost
total disagreement with either physical or chemical
influences. Individually the biological measure-
ments show little relation to each other, and the
biological rankings of table 37 are at variance.
Brook-trout populations varied widely in rates
of growth, but the differences cannot be explained
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in terms of food abundance. Convict Lake is
productive of relatively rapid trout growth, but
ranks very low in bottom productivity. Bottom
fauna weights form a definite pattern among the
lakes but do not agree with zooplankton quan-
tities. In fact, an inverse relationship is indicated
wherein two lakes rich in plankton (Bright Dot,
Bighorn) were benthos-poor, and two benthos-
rich lakes (Cloverleaf, Witsanapah) were deficient
in plankton at the time of sampling. Robertson
(1947) found a similar lack of biological agreement
in two alpine lakes in Wyoming: Upper No Name
Lake had good trout growth, condition factors
and benthos numbers, and Lower No Name Lake
opposed these features but was far richer in
plankton.

There is what appears to be a sound corre-
spondence between rankings of brook-trout growth
and quantities of dissolved substances, although
the relationship is not clearly shown in table 37.
The growth-rate differences based on calculated
lengths of brook trout at the end of the third year
of life (table 31) indicate superior growth of this
species in Bright Dot Lake, which ranks first
among the eight brook-trout lakes in the chemical
series (table 10). Growth among the remaining
brook-trout populations (except that of Cloverleaf
Lake) also follows the sum of chemical influences
closely as shown in the following summary from
tables 7, 8, and 10:

Total length | Sum of chemi-
Lake at 3 years cal values !

(millimeters) | used in table 10
Bright Dot .. ... 318 334.4
Bighorn. ... 240 226.9
Witsanapah. . 238 165.5
Constance. 234 143.7
Genevieve 204 128.6
Dorothy . . . 203 90. 5
Bdith_ ... 20 105.7

! Sums given above are from empirical values which appear in tables 7
and 8 Table 10 lists only proportionate ratings for these selected meas-
urements.

TaABLE 37.—Physical, chemical, and biological rankings of the lakes compared

Physical Chemieal Physical and Chemical Invertebrate abundance Trout growth

Lake Rating Lake Rating Lake Rating Lake Rating Lake Rating
Cloverleaf__.___._______ 9.4 | Conviet........._... 9.8 | Conviet __...._____. 7.6 | Mildred..........._. 10.0 | Bright Dot......... 10.0
Bighorn. .. 7.4 | Mildred. .. - 6.2 | Mildred. 6.1 | Cloverleaf... - 9.7 | Conviet... - a0
Bright Dot._ 6.2 | Bright Dot 5.7 | Bright Dot. 5.9 | Witsanapah. 5.9 | Bighorn. 36
Mildred. .. 6.0 | Bighorn.._ 4.4 1 Bighorn____ 5.9 | Qenevieve .. 5.8 | Witsanaj 3.4
Conviet..._... 5.3 | Witsanapah.. - 3.0 | Cloverleaf..... 5.6 | Constance._........ 4.8 { Cloverleaf_... 32
Witsanapah. . 4.3 | Constance.__....... 2.2 | Witsanapah.._...... 3.6 | Edith__........._.. 4.8 | Constance.._.. 3.1
Genevieve. 4.2 | Genevieve._. 2.0 t Genevieve. 3.1 - 19 | Genevieve . .7
Edith____ 3.3 | Cloverleaf. 1.5 ‘ Edith_.____ 24 Lo { Dorothy.. ]
Constan . 2.2} Edith..... - 1.6 ' Constance. 2.2 .9 | Edith__._. .4
Dorothy .. .......... 1.7 | Dorothy.._ .._._.._. 1.2 | Dorothy_.._....._.. 1.4 0 Mildred......__.._... 0
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Cloverleaf Lake, the exception referred to, is ap-
parently the one lake in which highly favorable
physical conditions and resulting abundance of
hottom foods had a marked effect on trout growth;
its chemical favorability measured next to the
lowest, whereas its trout growth approximated the
average for the eight brook trout lakes. The asso-
ciation between trout growth and richness in dis-
solved substances is also apparent for brown trout
and, to some ext.ent.', for rainbow trout. In Con-
vict Lake, which ranked highest in the chemical
appraisal, brown-trout growth paralleled that of
the Bright Dot Lake brook trout. The growth of
rainbow trout in Convict Lake was also markedly
better than in Lakes Mildred and Dorothy.

The lack of association between trout growth
and food supplies suggests either that food abun-
dance is less critical than some other factor and
is not directly associated with growth as measured,
or that survey food sampling or trout growth as-
sessment methods were not adequate to demon-
strate the relationship. There was no evidence of
any direct relationship betweén trout growth and
the physical factors thought to bear on biological
productivity.

Certain general statements may be made regard-
ing the biological rankings. Lakes Mildred and
Cloverleaf are strongly productive of bottom foods,
relative to the other lakes, and this would appear
to be the result of both physical and chemical
conditions operating in their favor. High pro-
duction of hottom foods and average trout growth
in Cloverleaf Lake seem certainly due to the
dominating influence of favorable physical condi-
tions, since imineral solutes are so low. Superior
trout growth in Lakes Bright Dot and Conviet is
clearly associated with chemical influence. Con-
viet Lake's position is also advanced by its loca-
tion at a lower elevation; nearly all of its chemical
constituents are in greater concentration than in
any of the upper lakes, and the henefits of its
longer growing season have been mentioned.
Lake Dorothy is consistently below average in all
measurements, and low biological productivity is
the probable result of combined adverse physical
and chemical conditions.

The foregoing reasoning is supported hv the
measurements as well as the ranking values, but
it includes only those associations which lend
themselves to explanation. As if to confound such
order, Lake Witsanapah ranks considerably higher

in food abundance than would be expected from
physical and chemical rankings; Bighorn Lake is
well endowed physically and chemically, but is
well below average in food abundance as measured.
In view of its advantages, Conviet Lake ranks in-
explicably low in abundance of food organisms.

THE PROBLEM OF JUDGING
PRODUCTIVITY OF ALPINE LAKES

As previously stated, the foregoing arrangements
of lakes are an attempt to find consistency be-
tween common survey measurements of lake pro-
ductivity and a number of environmental factors
known to influence productivity. The major
premises have been:

1. That various physical and chemical influences
have net effects on biological productivity, and
that by encoding their measurements in a common
scale a group of related lakes may be ranked to
indicate relative productive capacity in terms of
the combined factors.

2. That an index founded on such a combination
of causative factors is basic, and any other index
measure should be conditional upon it.

3. That the relationship between any true in-
dex of biological richness and the index of com-
bined environmental factors should beexpressible
as a ranking agreement.

Limitations on such an interpretation of the
present data are thus considered to be imposed
mainly by instability in the biological fraction,
where measurements are subject to sampling
errors and population vicissitudes. Benthos and
plankton production were necessarily measured on
a standing crop basis, and it has been noted (Ball
and Hayne, 1952) that this measure is not directly
related to the rate of production. Moyle (1949)
concluded that quantitative plankton and hottom
fauna measurements are unsatisfactorv for ordi-
nary surveys. The experience in the present work
suggests that standing crop measurements of trout
food organisms are not sufficiently representative
for an accurate index feature of alpine lakes, al-
though they may be suited to seasonal or sequen-
tial comparisons in a single water. The fact that
fish growth can be linked with water fertility but

‘not with the food supplies scems to constitute

evidence that survey sampling of bottom fauna
and plankton is inadequate. Although no evi-
dence of overpopulation was found in the lakes,
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it is also possible that the almost unknown vari-
able of fish population density has affected, to
some extent, the accuracy of conclusions on rate-
of-growth differences.

Since these lakes have a relatively small range
of chemieal and physical suitability, and since all
fall within the same category of low productivity
and mineral scarcity, it might be suspected that
productive differences could be attributed to vari-
ations in content of certain dissolved substances
or to other single factors. However, the biolog-
ical measurements show little relation to each
other or to individual environmental conditions.
Bottom fauna quantity is not associated with
water temperature or content of various minerals,
and is only indistinctly related to depth and slope
conditions, possibly because-of the type of fauna.
Plankton quantity does not -correspond to trans-
parency or mineral content, nor to mean temper-
ature of the upper stratum as suggested by Raw-
son (1942). Gross influence of physical and chem-
ical groups on productivity as .measured is
somewhat more evident, and is in general agree-
ment with the concept of mutual dependence
among many environmental factors.

Although the .cumulative effects of environ-
mental factors form a pattern with which- certain
biological measurements may be reconciled, the
prediction of alpine lake productivity by means of
index measurements seems to be outside the range
of ordinary survey methods. Key variables
among physical and chemical factors, which would
provide reliable and easily obtained envirormental
indices of productive capacity, do not exist in
these lakes. There may be key biological vari-
ables which will be reliable indicators within cer-
tain classes of lakes, but they are not likely tobe
found in bottom fauna abundance, plankton
abundance, or fish growth evaluations because of
sampling limitations and the effects of unknown
variations in population density.

Detailed surveys of environmental condltlons
in individual lakes are manifestly impractical,
even though such surveys would provide a sound
basis for evaluations of nutritive fertility and
possibly for fish capacity guides.

In terms of the community biomasses of lakes
which have practically no macrovegetation, the
bacteria, phytoplankton, and periphyton consti-
tute the primary converters of nutrients and are,
next to the nutrients themselves, the bhasis of

production. These forms, which are probably the
least variable biological elements through a
season, were not sampled in the present study but
have since been under investigation as to the
possibility of their use as trophic indicators.
Through pilot studies it has been determined that
the quantitative evaluation of living attachment
material (periphyton) on submerged surfaces of
known area can be made almost free of sampling
errors. With suitable analytical procedures this
measurement holds some promise as an index of
general nutritive fertility of waters and as a
possible substitute for extensive biological sur-
veys, since the density and types of attachment
organisms are in sensitive relation to eontrolling
physicochemical influences.

Techniques of periphyton sampling and analysis
were tested in 1952 (Nielson 1953) and preliminary
sampling of all Conviet Creek Basin lakes was
completed in August 1953. Further general
sampling, and selective sampling to determine the
effects of certain physical factors (temperature,
depth, and light) are being continued. The
results of this phase of the investigation of alpine
lake productivity will be reported at a later date.
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TROUT -RATES OF GROWTH-INCHES

I TI  C C R

5

FISH FOODS
BOTTGM FAUNA—3457 POUNDS PER ACRE
PLANKTON — 035 G PER CUBIG FOOT

SEGCHI DISK READING - 51 FEET

WLEr‘cqv
Vic,
7'%5'(
TROUT
PRESENT GONDITION (K)-
BROWN 1.05
RAINBOW 1.02
MORPHOMETRIC [ATA
ELEVATION 7,583 FEET —U.S.6.S. (DATUM 1934)
SOUNDINGS 130
VOLUME 14,810 ACRE FEET
AREA 168 ACRES
MEAN DEPTH 88 FEET
MAXIMUM DEPTH 140 FEET
MAXIMUM WIOTH 2,053 FEET
MAXIMUM _ENGTH 4,597 FEET

SHORE DEVELOPMENT 1.28

LENGTH OF SHORE LINE [2,250 FEET, 2.32 MILES
SHOAL AREA TO 20 FEET 22 ACRES, 13.1% SURFACE
MEAN SLOPE 167 %

DISSOLVED SOLIDS— PPM

10 20 30 40 50 60 70 80
T T T T

CONVICT

I

BRIGHT DOT
MILDRED

WITSANAPAH [

BIGHORN
GCONSTANGE
GENEVIEVE

CLOVERLEAF
| DOROTHY

SCALE IN FEET
200 400 600

CONTOUR INTERVAL 10 FEET

800

140

g0

25

50/

100"

80° CHEMIGAL ANALYSIS OF WATER
{PARTS PER MILLION}

OXYGEN 8.2 AMMONIA NITROGEN o7
IRON 0l NITRITE  NITROGEN 003
COPPER 12 NITRATE a2
MAGNESIUM 1.0 PHOSPHATE 06
MANGANESE <.0l SULFATE 9.l
SILICA 1.0 BIGARBONATE 62.0
) BORON o1 GHLORIDE A
o SODIUM 1.1 FLUORIDE <.
& POTASSIUM 1.7 DISSOLVED SOLIDS 770
> CALCIUM 22.0 HARDNESS AS GAGO3:
;e"’ TOTAL 590
4 NON-GARBONATE 80
.é,' SPECIFIC CONDUGTANCE
(MICROMHOS AT 25°C) 12!
PERCENT SODIUM a
PH 79

TEMPERATURE GRADIENT °F.
CONVICT LAKE

UNITED STATES DEPARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICE
BRANGH OF FISHERY BIOLOGY

HYDROGRAPHIG MAP

CONVICT  LAKE
INYO NATIONAL FOREST
MONO COUNTY, CALIFORNIA

SURVEY BY N.REMMERS, H KENNEDY, W.DAYENPORT, R NEELSON
DRAWN BY : H.KENNEDY SURVEY AUGUST 20-25,1943
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FISH FOODS

BOTTOM FAUNA —211.26 POUNDS PER AGRE
PLANKTON— 003 CC. PER CUBIC FOOT

TEMPERATURE GRADIENT °F.

54° 55° Se°

MILDRED LAKE -SEPT. 3,1950

CHEMICAL ANALYSIS OF WATER

(PARTS PER MILLION)

TROUT-RATES OF GROWTH-INCHES DISSOLVED SOLIDS - PPM

25232t 8 7 5 B3 N 9 75 3 100 10 20 30 40 50 60 70 8O
L SR L L — £
OXYGEN 8.  AMMONIA NITROGEN .052
CoNvioT J IRON Ol NITRITE NITROGEN 00!
eraonf | BRIGHT DOY -] COPPER .08 NITRATE .08
Sow | |MILDRED ., | MAGNESIUM .7  PHOSPHATE <0l
srook| | WITSANAPAH MANGANESE <Ol SULFATE 83
- BIGHORN SILICA 8.0 BIGARBONATE 46.0
I BORON 04 GHLORIDE 2
oroox | GONSTANGE SODIUM 7 FLUORIDE <l
Broox| | GENEVIEVE POTASSIUM 1.4  DISSOLVED SOLIDS 58.0
wom| [EDITH | CALCIUM  16.0 HARDNESS AS GaGO3
: CLOVERLEAF TOTAL 43.0
DOROTHY NON-CARBONATE 5.0

SPECIFIC CONDUGTANGE
(MICROMHOS AT 25°C.) 9I

7 PERGENT SODIUM 3
PH 8.0
TROUT
_CONDITION (K),
HIGH WATER SHORE LINE PRESENT DITH
S ; RAINBOW LIS

\INLET -FROM DOROTHY LAKE
as*

OUTLET - TO CONVIGT GREEK

SECGCHI DISK READING - 40 FEET

MORPHOMETRIC DATA

S50° S1°52° 53°
0
10]
v /'.
20
S
a0}
5o
&0
ELEVATION
SOUNDINGS
VOLUME
AREA
MEAN DEPTH

MAXIMUM DEPTH
MAXIMUM  WIDTH
MAXIMUM LENGTH
SHORE DEVELOPMENT
LENGTH OF SHORELINE
SHOAL AREA TO 20 FEET
MEAN SLOPE

9,900 FEET-U.5.G.S. (DATUM 1934)
60

290 ACRE FEET

107 ACRES, I8 AGRES-SPRING RUN-OFF
27 FEET
60 FEET

572 FEET

1,126 FEET

1.41
3,300 FEET, 0.63 MILES
4.67 AGRES, 43.8 % SURFAGE
23.1%

UNITED STATES DEPARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICE
BRANCH OF FISHERY BIOLOGY

SCGALE IN FEET

] 200 400 600 800

HYDROGRAPHIC MAP
MILDRED LAKE

INYO NATIONAL FOREST
MONO COUNTY, GALIFORNIA

GONTOUR INTERVAL 10 FEET

SURVEY BY: N_.REIMERS, J.MAGIOLEK, E.PISTER, H. KENNEDY
DRAWN BY: H.KENNEDY SURVEY SEPTEMBER I-4,1950
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FiSH FOODS
BOTTOM FAUNA —-49.93 POUNDS PER ACRE
PLANKTON— 0.56 GGC. PER GUBIGC FOOT

TROUT"RATES OF GROWTH-INCHES

DISSOLVED SOLIDS-PPM

CHEMIGAL ANALYSIS OF WATER
(PARTS PER MILLION)

sz el w7 1S 3 h o9 83 |z‘:0 10 20I30I40'M 70 80
TS GoNvIGT | OXYGEN 8.0 AMMONIA NITROGEN 02
IRON 01 NITRITE  NITROGEN 001
= BRIGHT DOT [ GOPPER 06 NITRATE 06
X MILDRED H| MAGNESIUM .7  PHOSPHATE <0l
WITSANAPAH | MANGANESE <.0l SULFATE 5.2
BIGHORN I SILICA 8.7  BICARBONATE 54.0
I BORON 06 CHLORIDE 1
GONSTANGE SODIUM 4  FLUORIDE <.l
GENEVIEVE | POTASSIUM 1.0 DISSOLVED SOLIDS 60.0
EDITH CALGIUM 17.0 HARDNESS AS CaGOs:
GLOVERLEAF TOTAL 45.0
DOROTHY NON-CARBONATE 1.0
— SPECIFIG GONDUGTANGE
YEAR OF LIFE (MICROMHOS AT 25°C.) 91

7 6 5 4 3
L VZENS] 1NN =

SCALE IN FEET
200 400 600

46* 48° 50° 52° 54° 56° 58° 60°

o T
10
20t
30t
40/
8o’
so'-
701
8o'-

TEMPERATURE GRADIENY °F,

BRIGHT DOT LAKE -AUGUST 25, 1950

SEGCHI DISK READING - 55 FEET
MORPHOME TR} 'y

ELEVATION 10,650 FEET — U.S.G.S. (DATUM 1934)
SOUNDINGS 68
VOLUME 1,092 ACRE FEET
AREA 275 ACRES
MEAN DEPTH 39 FEET
MAXIMUM DEPTH 80 FEET
MAXIMUM WIDTH 1,158 FEET
MAXIMUM LENGTH 1,522 FEET

SHORE DEVELOPMENT L6

LENGTH OF SHORELINE 4,515 FEET, 0.85 MILES
SHOAL AREA TO 20 FEET 7.92 AGRES, .28.8 % SURFAGE
MEAN SLOPE 17.7% .

GONTOUR INTERVAL 10 FEET

PERGENT SODIUM 2
PH 7.9
TROUT
PRESENT CONDITION (K)
BROOK 0.96
OUTLET - TO CONVICT CREEK Q

UNITED STATES DEPARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICE
BRANCH OF FISHERY BIOLOGY

HYDROGRAPHIC ~ MAP
BRIGHT DOT LAKE

INYO NATIONAL FOREST
MONO GOUNTY, CALIFORNIA

SURVEY BY:. N,REIMERS, J.MACIOLEK, E_PISTER
DRAWN BY: H.KENNEDY SURVEY AUGUST 25-29, 950
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FISH FOODS
BOTTOM FAUNA —111.40 POUNDS PER AGRE
PLANKTON — 0.20 GG. PER CUBIG FOOT

o, 40" 42° 44° 46° 48° 50° 52°

o
INLET ==

TEMPERATURE GRADIENT °F.
GONSTANGE LAKE - AUGUST 2,1950

SEGCHI DISK READING - 60 FEET

MORPHOMETRIC DATA

ELEVATION 10,950 FEET — U.S.G.S.(DATUM 1934)
SOUNDINGS 122

VOLUME 2,600 ACRE FEET

AREA 336 AGRES

MEAN DEPTH 71 FEET

MAXIMUM DEPTH 170 FEET

MAXIMUM WIDTH 1,035 FEET

MAXIMUM LENGTH 2,490 FEET

SHORE DEVELOPMENT 1.61

LENGTH OF SHORE LINE 6,896 FEET, 1.3 MILES

SHOAL AREA TO 20 FEET 6.56 ACRES, 19.5% SURFAGE
MEAN SLOPE 404 %

TROUT-RATES OF GROWTH-INCHES

B 7 5 13 9 7 5 3 100
S ™

25 23 21
T

DISSOLVED SOLIDS = PPM
10 20 30 40 S0 60 70 80
——Tr—Trrr—rTr v

CHEMIGAL ANALYSIS OF WATER
{PARTS PER MILLION)

GONVICT

BRIGHT DOT

]

MILDRED

]

WITSANAPAH

BIGHORN

CONSTANCE |
GENEVIEVE |
EDITH |
CLOVERLEAF
—
DOROTHY,

SCALE IN FEET
] 200 400 600 800

e ™" e |

CONTOUR INTERVAL 10 FEET

I OXYGEN 8.38 AMMONIA NITROGEN 028
IRON .02 NITRITE NITROGEN .00l
GOPPER .08 NITRATE A
MAGNESIUM .5 PHOSPHATE .02
MANGANESE <.0l SULFATE 5.4
SILIGA 4.7 BICARBONATE 17.0
BORON <.0l CHLORIDE 4
SODIUM k- FLUORIDE 1

DISSOLVED SOLIDS 28.0

HARDNESS AS GaGO3:
TOTAL 9.0
NON-—CARBONATE 0

SPEGIFIG CONDUGTANGE
(MICROMHOS AT 25°G.) 41

POTASSIUM 1.4
GALCIUM 6.7

PERGENT SODIUM 6
PH 7.2
PRESENT GONDITION (K)
BROOK 0.95
) AY
N
AN
AN
N
N
OUTLET - TO N \
WITS. PAH LAKE
AN

UNITED STATES DEPARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICE
BRANCH OF FISHERY BIOLOGY

HYDROGRAPHIC MAP

GCONSTANCE LAKE

INYO NATIONAL FOREST
MONO GOUNTY, GALIFORNIA

SURVEY BY : J. MAGIOLEK, E.PISTER, H. KENNEDY
DRAWN BY : H.KENNEDY SURVEY JULY 31-AUG.4,1950
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FISH FOODS
BOTTOM FAUNA —~i34.44 POUNDS PER ACRE
PLANKTON—NONE

oﬂl‘ 42° 43° 44° 45° 48° 47° 48° 49° 50°
— T

10/
20

30]
40’ /

,

/

/

S

80" s TEMPERATURE GRADIENT °F.
WITSANAPAH LAKE -AUGUST 3,1950

SECCHI DISK READING -30 FEET

INLET -FROM GONSTANCE LAKE

MORPHOMETRIC DATA.

ELEVATION
SOUNDINGS

VOLUME

AREA

MEAN DEPTH
MAXIMUM DEPTH
MAXIMUM WIDTH
MAXIMUM LENGTH
SHORE DEVELOPMENT
LENGTH OF SHORELINE
SHOAL AREA TO 20 FEET
MEAN SLOPE

10,760 FEET — U.5.6.5. (DATUM 1934)
66
124 ACRE FEET
4.4 ACRES
28 FEET
S0 FEET
410 FEET
700 FEET
116
1,800 FEET, 0.34 MILES
1.51 ACRES, 34.5 % SURFACE
302%

TROUT -RATES OF GROWTH-INCHES

DISSOLVED SOLIDS - PPM

WEs A W7 8309 7 S !IIQO 1020 30470ﬁ45960 70 80
CONVICT ]
BRIGHT DOT |
MILDRED T
WITSANAPAH |
BIGHORN

SCALE IN FEET

[+] 100 200 300

GONSTANCE
GENEVIEVE

CLOVERLEAF
———
[poROTHY

et~ s e———] .

GONTOUR INTERVAL 10 FEET

CHEMICAL ANALYSIS OF WATER
{PARTS PER MILLION)

OXYGEN 8.68 AMMONIA NITROGEN .03
IRON .02 NITRITE NITROGEN .00l
GOPPER ,08 NITRATE 04
MAGNESIUM 6 PHOSPHATE <.0l
MANGANESE <Ol SULFATE 63
SILICA 5.4 BICARBONATE 200
BORON <€ 0l GHLORIDE T
SODIUM .7 FLUORIDE <.l
POTASSIUM 1.4 DISSOLVED SOLIDS 3_3.0
CALCIUM 7.6 HARDNESS AS CaCO3:
TOTAL 21.0
NON-CARBONATE 5.0
SPECIFIGC GONDUGTANGE
(MICROMHOS AT 25°C.) 47
PERCENT SODIUM 8
eH 73
TROUT
PRESENT CONDITION (K)_
BROOK 0.93

OUTLET-TO MILDRED LAKE

-— %

R

FISH AND WILDLIFE SERVICE
BRANGH OF FISHERY BIOLOGY

UNITED STATES DEPARTMENT OF THE INTERIOR

HYDROGRAPHIG MAP

WITSANAPAH  LAKE

INYO NATIONAL FOREST
MONO GOUNTY, GALIFORNIA

DRAWN BY : H.KENNEDY

SURVEY BY : N.REIMERS, J.MAGIOLEK ,E.PISTER, H.KENNEDY
SURVEY JULY 24-27, 1950
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TROUT - RATES OF GROWTH-INCHES

25 23 21 13 17 15 13 0 3 7 35 3 100
T T T -

DISSOLVED SOLIDS - PPM

CHEMICAL ANALYSIS OF WATER
(PARTS PER MILLION}

FISH FOODS

BOTTOM FAUNA —30.72 POUNDS PER ACRE

PLANKTON — 0.58 CC. PER CUBIG FQOT

YEAR OF LIFE

0.38' 40° 42¢ 44° 48° 48 50° 52° 54° 56° 58°

1o
15}
20/
2§
30

5IK'EMPERATURE GRADIENT °F
BIGHORN LAKE - AUGUST 25,1950

SECGHI DISK READING - 35 FEET (BOTTOM)

MORPHOMETRIC __DATA_
ELEVATION 10,675 FEET-U.5.G.5. (DATUM [934)
SOUNDINGS 124 SOALE IN FEET
VOLUME 103 AGRE FEET o 100 200 300
AREA 6.5 AGRES
MEAN DEPTH 6 FEET
MAXIMUM DEPTH 36 FEET
MAXIMUM WIDTH 490 FEET GONTOUR INTERVAL 5 FEET
MAXIMUM LENGTH 1,160 FEET

SHORE DEVELOPMENT

LENGTH OF SHORELINE
SHOAL AREA TO 20 FEET
MEAN SLOPE

2,848 FEET, 0.54 MILES
4.14 ACRES, 63.4 % OF SURFACE
19.5%

400

10 20 30 40 50 60 70 80 -
OXYGEN 1.72 AMMONIA NITROGEN 020
CONVIOT | IRON 01 NTRITE NITROGEN 002
BRIGHT DOT COPPER .10 NITRATE A
MILDRED MAGNESIUM 6 PHOSPHATE <0l
WITSANAPAH MANGANESE <0t SULFATE 16.0
SILICA 7.5 BICARBONATE 19.0
sicroRn ] BORON Ol GHLORIDE 4
SODIUM 4 FLUORIDE <A
POTASSIUM 1.7 DISSOLVED SOLIDS 470
GALGIUM (1.0 HARDNESS AS GaGOs:
GLOVERLEAF TOTAL 300
DOROTHY NON-GARBONATE  14.0
DS

SPEGIFIC GONDUGTANGE

(MIGROMHOS AT 25°GC.) 68
PERGENT SODIUM 3
H 7.3
TROUT
PRESENT CONDITION (K)
BROOK 0.92

= QUTLET -TO DOROTHY LAKE

UNITED STATES DEPARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICE
BRANCH OF FISHERY BIOLOGY

HYDROGRAPHIC MAP

BIGHORN LAKE

INYO NATIONAL FOREST
MONO COUNTY, CALIFORNIA

SURVEY BY : N.REIMERS, J.MACIOLEK, E.PISTER, H. KENNEDY
DRAWN BY: H.KENNEDY SURVEY JULY 2i-28,I1950
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TROUT-RATES OF GROWTH-INCHES

DiSSOLVED SOLIDS— PPM

2= 23 2 o 7 13 3 om ® 7 5 3 100 10 20 30 40 50 60 70 80
" T T T T

-—
L —— A

INLET

INLET

MAIN INLET - FROM BIGHORN
LAKE

TROUT
PRESENT GONDITION (K).
RAINBOW 0.88
BROOK 0.97

SECGGHI DISK READING-67 FEET

MORPHOMETRIC DATA

ELEVATION 10,340
SOUNDINGS 242
VOLUME 20,600
AREA 152
MEAN DEPTH 136
MAXIMUM DEPTH 290
MAXIMUM WIDTH 1,880
MAXIMUM LENGTH 5,190
SHORE DEVELOPMENT 1.4

LENGTH OF SHORE LINE 13,020

FEET — U.5.6.S. (DATUM 1934)

ACRE FEET
ACRE3
FEET

FEET
FEET
FEET

4
FEET, 2.47 MILES

SHOAL AREA TO 20 FEET 13.69 AGRES, 9.0 % SURFAGE

MEAN SLOPE 33

9%

=

BRNGK
AN - |
Bow

CONVICT

BRIGHT DOT
MILDRED

l BRI

WITSANAPAH |

BIGHORN T

°_ |Bavox

GONSTANGE |

" {eRooc

A LS

22 | 111 =

CLOVERLEAF
I

SCALE IN FEET
200 400

600 800

GONTOUR INTERVAL 10 FEET

4,50'

100"

ﬁﬂﬂ'ﬂjﬂf

150'
EDITH
| DoRoTHY 200

YEAR OF LIFE
5 4

250"

290

OXYGEN

I
/ COPPER

MAGNESIUM
MANGANESE
SILICA
BORON
SODIUM
POTASSIUM
GALGIUM

TEMPERATURE GRADIENT *F, PH
DOROTHY LAKE -~ AUGUST 8,950

CHEMICAL ANALYSIS OF WATER

{(PARTS PER MILLION

8.6 AMMONIA NITROGEN
0l NTRITE  NITROGEN
A NITRATE
4 PHOSPHATE

<.0l SULFATE

36 BICARBONATE

<0l CHLORIDE
.4 FLUORIDE
1.7 DISSOLVED SOLIDS

LX) HARDNESS AS CaCO3:

TOTAL

NON- CARBONATE

SPECIFIC GONDUCTANGE
(MICROMHOS AT 25°C) 24
PERGENT SODIUM 6

7.2

FISH FOODS

BOTTOM FAUNA — 19 20 POUNDS PER ACRE
PLANKTON — NONE

OUTLET - TO MILDRED LAKE

FISH AND WILDLIFE SERVICE
BRANCH OF FISHERY BIOLOGY

UNITED STATES DEPARTMENT OF THE INTERIOR

HYDROGRAPHIC  MAP
DOROTHY  LAKE

INYO NATIONAL FOREST
MONO COUNTY, CALIFORNIA

SURVEY BY: N.REMERS, J.MAGIOLEK, E.PISTER, H.KENNEDY

DRAWN BY: H.KENNEDY SURVEY WY 10-28, 1950
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FiSH FOODS

BOTTOM FAUNA — 207.42 POUNDS PER ACRE
PLANKRTCN — NONE

TEMPERATURE GRADIENT °F.
CLOVERLEAF LAKE -AUGUST 14,1950

SEGCHI DISK READING-25 FEET (BOTTOM)

MORPHOMETRIG _ DATA

TROUT-RATES OF GROWTH-INCGHES

23 25 20 19 7 15 I3 1 9 7 5 3
T T T T T

DISSOLVED SOLIDS -PPM

GHEMICAL ANALYSIS OF WATER
{PARTS PER MILLION}

YEAR OF LIFE

11 == [ o

7 6

INLET =24,

MAIN INLET

SGALE IN FEET

] 200 400 600

800

CONTOUR INTERVAL 5 FEET

ELEVATION 10,310 FEET — U.S.6.S. (DATUM 1934}
SOUNDINGS 12

VOLUME 141 ACRE FEET

AREA 1.6 ACRES

MEAN DEPTH 12 FEET

MAXIMUM DEPTH 25 FEET

MAXIMUM  WIDTH 930 FEET

MAXIMUM LENGTH 987 FEET

SHORE DEVELOPMENT 2.8

5,498 FEET, 1.04 MILES
9.45 AGRES, 81.4 % SURFACGE
13.2%

LENGTH OF SHORELINE
SHOAL AREA TO 20 FEET
MEAN SLOPE

OUTLET - TO EDITH LAKE

INLET

100_ 10 20 30 40 50 €0 70 80
OXYGEN 8.9 AMMONIA NITROGEN o28
CONVICT ] IRON 02 NITRITE  NITROGEN ool
BRIGHT DOT T COPPER 58 NITRATE 19
MILDRED MAGNESIUM .5 PHOSPHATE .04
WITSANAPAH | MANGANESE <.01 SULFATE 1.8
pa— SILICA 5.5 BICARBONATE 140
BORON <Ol CHLORIDE 6
CONSTANGE SODIUM 13 FLUORIDE <l
GENEVIEVE | POTASSIUM LI DISSOLVED SOLIDS 200
EDITH | CALCIUM 26 HARDNESS AS GaCOa:
CLOVERLEAF TOTAL 90
@3‘5 NON - GARBONATE o

SPECIFIC GONDUCTANGE
{MICROMHOS AT 25°C.) 23

PERCENT SODIUM 22
PH T.1
TROUT
PRESENT CONDITION {K)
BROOK 0.94
N

AITVO ‘NISVE MITYD IDTANOD NI SAMVI

UNITED STATES DEPARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICE
BRANCH OF FISHERY BIOLOGY

HYDROGRAPHIC  MAP

CLOVERLEAF  LAKE

INYO NATIONAL FOREST
MONO GOUNTY, GALIFORNIA

SURVEY BY: N. REIMERS, J. MACIOLEK, H. KENNEDY
DRAWN BY' H. KENNEDY SURVEY AUGUST 14-16,1950
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FiSH FOODS
BOTTOM FAUNA —11.40 POUNDS PER ACRE
PLANKTON— 0.06 CC. PER GUBIC FOOT

38° 40° 42° 44° 46° 48° S0° 52° 54° 56° 58°
¥ S e e e S S

-

10] /

20 -

3ot —

sl /

-~
50'} e
1/'

60’ 4

70t

8ol

90" MAIN INLET

FROM GLOVERLEAF LAK
IOO"'
not TEMPERATURE GRADIENT °F.
EDITH LAKE-AUGUST 16,1950
SECCHI DISK READING-46 FEET
MORPHOMETRIC __DATA

ELEVATION 10,100 FEET—U.5.G.S. (DATUM 1934)
SOUNDINGS 59
VOLUME 1,070 AGRE FEET
AREA 18.0 AGRES
MEAN DEPTH 69 FEET
MAXIMUM DEPTH 1o FEET
MAXIMUM WIDTH 986 FEET
MAXIMUM LENGTH 1,216 FEET

SHORE DEVELOPMENT 1.14

LENGTH OF SHORELINE 3,690 FEET, 0.70 MILES

SHOAL AREA TO 20 FEET 3.85 ACRES, 21.3 % SURFACE
MEAN SLOPE 275%

TROUT -RATES OF GROWTH-INCHES

DISSOLVED SOLIDS —PPM

CHEMICAL ANALYSIS OF WATER
(PARTS PER MILLION)

Gl
El

ENEVIEVE
DITH

| CLOVERLEAF

QROTHY,

=]

\ QUTLET -TO GENEVIEVE LAKE

SCALE IN FEET
] 200 400 600

CONTOUR INTERVAL 10 FEET

800

2s 23 21 1w 7 13 3 w9 7 & 3 ;00 10 20 30 40 50 60 70 80
e OXYGEN 90 AMMONIA NITROGEN 024
NVICT
col IRON 02 NITRITE  NITROGEN 00
BRIGHT DOT ] COPPER A2 NITRATE 06
MILDRED MAGNESIUM .3 PHOSPHATE <.0i
WITSANAPAH I MANGANESE <0l SULFATE 3.0
- SILIGA 70  BICARBONATE 13.0
BIGHORN
] BORON 01 GHLORIDE 4
CONSTANGE SODIUM 9  FLUORIDE <

POTASSIUM 1.2
CALCIUM 3.3

DISSOLVED SOLIDS 230

HARDNESS AS CaGOs -
TOTAL 100
NON - GARBONATE 0

SPECIFIC GONDUCTANCE

(MICROMHOS AT 28°C.) 26

PERCENT SODIUM 15
pH 10
TROUT
PRESENT CONDITION (K)
BROOK 0.99

- A

UNITED STATES DEPARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICE
BRANCH OF FISHERY BIOLOGY

ADIAYAS TATIAIIM ANV HSId THL A0 NILITING IHIHSIL

HYDROGRAPHIG MAP

EDITH LAKE

INYO NATIONAL FOREST
MONO COUNTY, GALIFORMIA

SURVEY BY: N.REIMERS, J.MACIOLEK, H. KENNEDY
DRAWN BY: H.KENNEDY SURVEY AUGUST I16-18 ,I950

c0¢



TROUT-RATES OF GROWTH-INCHES

DISSOLVED SOLIDS —PPM

CHEMICAL ANALYSIS OF WATER
(PARTS PER MILLION)

Ppesuoe s o u 9 7 s 3 100 10 20 30 40 50 60 70 60
T
p— ] OXYGEN 12  AMMONIA NITROGEN 024
IRON Ol NITRITE NITROGEN o1
BRIGHT DOT 1] GOPPER .08 NITRATE .06
Fish Foops MILDRED MAGNESIUM .4  PHOSPHATE 07
BOTTOM FAUNA —126.76 POUNDS PER AGRE WITSANAPAH MANGANESE <.01 SULFATE 33
PLANKTON— 0.38 CC. PER CUBIC FOOT BIGHORN SiLica 7.1 BIGARBONATE 7.0
BORON Ol GHLORIDE 3
CONSTANCE SODIUM LI FLUORIDE <.
GENEVIEVE POTASSIUM 10  DISSOLVED SOLIDS 26.0
CALCIUM 4.4 HARDNESS AS GaGOs:
GLOVERLEAF TOTAL BONATE 130
,—J NON-GARBONAT 0
DOROTHY,

SPEGIFIC GONDUGTANGE
(MICROMHOS AT 25°C.) 33

PERGENT SODIUM 15
PH 7.2
INLET
TROUT-
ERESENT_ CONDITION (K)
BROOK 0.96
ot 4s° 50° 55° 60°*
T - T
25/
50 >
75’
OUTLET= TO GONVIGT GREEK
SEGGHI DISK READING - 59 FEET
100/
120

ATIVO ‘NISVE MIETYD LDIANOD NI SAMVI

TEMPERATURE GRADIENT °F.
GENEVIEVE LAKE - AUGUST 22,1950

MORPHOMETRIC _ DATA

21TOrE-O—9561 - 301440 ONILNI¥L INIWNHIA0D 'S

ELEVATION

SOUNDINGS

VOLUME

AREA

MEAN DEPTH

MAXIMUM OEPTH
MAXIMUM WIDTH
MAXIMUM LENGTH
SHORE DEVELOPMENT
LENGTH OF SHORE LINE
SHOAL AREA TO 20 FEET
MEAN SLOPE

9,910 FEET —U.S.6.S. (DATUM 1934)
86
2,570 ACRE FEET
42.3 ACRES
61 FEET
120 FEET
1,040 FEET
2,500 FEET
1.42
6,800 FEET, 1.29 MILES
T.77 ACRES, 18.3 % SURFAGE
267%

SCALE IN FEET

] 200 400 600 800

GONTOUR INTERVAL 10 FEET

UNITED STATES DEPARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICE
BRANGH OF FISHERY BIOLOGY

HYDROGRAPHIC ~ MAP
GENEVIEVE LAKE

INYO NATIONAL FOREST
MONO COUNTY, GALIFORNIA

SURVEY BY : N.REIMERS, J. MACIOLEK, E.PISTER, H. KENNEDY
DRAWN BY : H. KENNEDY SURVEY AUGUST 19-2I, 1950
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