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ABSTRACT

THE DISTRIBUTION OF ALGAE
IN SIX THERMAL SPRING EFFLUENTS
OF WESTERN MONTANA

By Russell G. Kullberg

The study of algal distribution in six thermal spring effluents
involved the description of stream characteristics, identification of
algae, discussion of morphological anomalies, and several methods of
data analysis.

Each of the spring effluents was mapped and the relief deter-
mined by a transit. Water volume, velocity, interval temperatures, and
pH were measured, as were the concentrations of 17 dissolved substances.
Temperature, the primary factor affecting algal distribution, ranged
from 26 to 61.5 C.

The algae found were in the following divisions: Chlorophyta,
Chrysophyta, and Cyanophyta. The Cyanophyta occurred in the effluents
to the maximum temperature and were the only algae represented until
the water cooled to approximately 40-42.5 C. The mean maximum tempera-
ture for the Chlorophyta was 38.1 C; for the Chrysophyta (Bacillario-
phyceae), 40.5 C. The dominant Cyanophyta were represented by seven
previously undescribed taxa.

Water temperature had an inhibitory effect on the development of

the oogonia, oospores, zygospores, and akinetes necessary for the
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Russell G. Kullberg
identification of some forms to species. Except for the thermophile
Mastigocladus laminosus, which existed to the highest temperatures of
the stream in which it was found, growth of species with heterocysts
was generally limited to maximum temperatures between 30 and 40 C.
Temperature was also responsible, or at least related to, morphological
anomalies in the degree of spiralling of one species, and in the deve-
lopment of granules.

Algae common to two spring effluents having nearly identical
dissolved substances were found to have the mean maximum temperatures
differ by 5.18 C. This difference was attributed to temperature varia-
tions of the effluent water after exposure to varying air temperatures.
The algae tolerated the highest temperatures in the stream having the
greatest variation of water temperature.

In addition to information specific for each alga given in the
annotated list of the species, five methods were used to emphasize
various levels of organization; that 1is, species, classes, discrete
communities, and the inclusive thermal spring effluent communities.
These methods are:

1) Presence lists of species in communities along temperature
gradients. This method gives the species found during any phase of
microscopic examination and readily indicates the species in each com-
munity and the general increase in species diversity with decreasing
temperature.

2) Species curves of the spring effluent continua showing the
percent volume contributed by the major species. A standard number of

microscope fields was used for all communities in the spring effluents.
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Russell G. Kullberg
The volume values were plotted against temperature and the lines of the
curves smoothed to better show the continua.

3) Tables showing the combined frequencies and percent volumes
of species in the divisions. This method shows the temperatures at
which the divisions predominate and illustrates the discrepancy between
frequency and percent volume when the impact of organisms on the com-
munity is to be demonstrated.

4) Dominance-diversity curves of discrete algal communities.
The percent volume values for each species in a discrete community were
plotted and the points joined to create a curve. Most communities were
found to have a small number of dominants, a larger number of inter-
mediate species, and a small number of relatively unimportant species.

5) Diversity indexes of the discrete communities comprising
each inclusive thermal spring effluent community. The indexes were
plotted against temperature to create curves that are expressions of
the rate of increase of species diversification with decrease in tem-
perature. The degree of scattering of the diversity indexes and the
slope of the curves were correlated with several environmental factors,

and comparisons were made among streams.
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CHAPTER 1

INTRODUCTION

Six thermal streams or stream groups of western Montana were
selected in order to study the algal composition and distribution along
temperature gradients. A preliminary survey of the possible streams
was undertaken during the summer of 1961 to determine their suitability
for study. The criteria used for their selection were distribution,
accessibility, and stream characteristics.

Since it was necessary to travel to the streams from the
Montana State University Biological Station at Flathead Lake, Montana,
travel distance from this point had to be considered because frequent
stream visitations were anticipated. The streams that were chosen
were within an 800-mile round-trip route from Flathead Lake. This dis-
tance could have been reduced by using streams from one general area
or by reducing the number of streams. It was felt, however, that a
wide distribution of streams emitted from various rock strata would
produce more information for this and future studies than streams cho-
sen from a relatively small area.

Geographically closer streams in Idaho were not investigated
since travel time around mountain ranges made their use impractical.
Several thermal springs were accessible but were not available for

study because they were so completely utilized commercially.
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Since the primary purpose of the investigation was to study the
algae along temperature gradients, each chosen stream or stream group
had to have a satisfactory temperature, volume, and length in order to
produce a proper gradient. Streams with the temperature high enough to
produce this gradient were found that filtered into the ground within
a short distance because their volumes were insufficient. A similar
lack of the satisfactory combinations of stream characteristics often
was found in respect to the other criteria.

From over 15 thermal streams examined, those having the best
combinations of criteria were: Alhambra, Boulder, Jackson, Lolo,
Pipestone, and Sleeping Child Hot Springs. These springs are located
in a general northwest direction from Yellowstone National Park, rang-
ing approximately 62-197 miles from the boundary of the park.

The algae of thermal springs have been chbserved, collected, and
identified since the early nineteenth century. When these algae were
first observed living under such cbviously severe conditions, investi-
gators recorded the temperatures and classified the forms they found.
It was, therefore, an accepted procedure for many years merely to
record the temperature at the point of collection. Even today tempera-
ture 18 sometimes the only environmental measurement reported when
algae are listed from thermal streams. More recently, however, the
general trend in thermal stream investigations has been toward the
taxonomy of the various groups concurrent with recordings of tempera-
ture, pH, and concentrations of some of the more common dissolved sub-
stances,

The investigation of thermal algae in this study follows the

trend indicated above but also includes the numerical and volumetric



wgiion of 3lzae W

s, Atternts B

sors with ot

Lo :fthermal commun

meation for each

s, frecuencey and v

Setoeash alag




3

composition of algae within the algal communities along temperature
gradients. Attempts have been made to correlate some of the biotic and
abiotic factors with these measurements to create a better comprehen-
sion of thermal communities. To accomplish this, five methods of data
presentation for each stream have been utilized; these include presence
lists, frequency and volume by classes, dominance-diversity curves,
continuum curves, and diversity indexes. In addition, information

specific to each alga is given in the annotated list of the species.
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CHAFPTER II
HISTORICAL BACKGROUND

In a review of the early literature on thermal springs, Walter
Weed (1889b), a geologist, wrote that Sir Thomas Hooker, who visited
Iceland in 1809, found '"confervae'" (an early term given to filamentous
algae) at the borders of many of the hot springs where plants were ex-
posed to the steam and heat of boiling water. Hooker found what he

called Conferva limosa Dillw. as large dark green patches, Conferva

flavescens Roth. in a brick red condition, and a species related to

Conferva rivularis.

Weed also wrote that Agardh, in 1829, described the algae of the
Carlsbad, Bohemia, springs, which were later described and illustrated
by Corda in 1835. 1In 1837, Schwabe published a paper pertaining to the
algae of these apparently readily accessible springs and listed the .
temperatures at which they were found.

Other early investigators who wrote of thermal algae were:
Meneghini in 1842, Lindsay in 1861, Cohn in 1862, Baring-Gould in 1864,
Ehrenberg in 1864, and Seyler in 1875. As new geographical areas were
made more accessible, thermal springs were examined for algae in New
Zeeland, the Azores, the Himilayas, the Philippine Islands, Java, and
the Americas.

According to Peale (1894), Dr. John Bell was perhaps the first

to write about the mineral springs in the eastern United States.
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Bell 1isted 21 mineral springs in 1831 and later, in 1855, increased
the 1list to 181. Drs. J. J. Moonman and George Walton also listed the
known springs in the United States in various publications from 1837
intermittently to 1883. 1In 1880, a committee of five doctors repre-
senting the American Medical Association published a compilation of
about 500 spring areas.

Interest in the algae of United States' thermal springs began
at a later date than in Europe. After the areas possessing thermal
springs became more accessible in the United States, the algae of the
thermal springs were often discussed in broad terms of philosophical
interest and considerations for beauty rather than with specific taxo-
nomic descriptions and temperature ranges in mind.

Brewer (1866), in reporting on the geysers along Pluton Creek,
a branch of the Russian River in California, wrote that the highest
temperature noted in which '"low forms of vegetation occur" was 93 C.
These plants were described as of the simplest kind, apparently single
cells, of a bright green color. He found them to be the most abundant
in water of 52 to 60 C. No mention was made of the kinds of algae ex-
cept for a reference to the green coating around the steam jets which,
he wrote, were like Nostoc. He also discussed the algae of Steamboat,
Nevada, springs relative to their gelatinous mass, which he believed
to be silicious.

During the time when algae were beginning to be described from
the hot springs of Europe, the hot springs in the western United States
wvere just being discovered by early explorers. John Coulter, who left
the Lewis and Clark expedition to hunt and trap at the headwaters of

the Missouri River, discovered the springs and geysers of the
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Yellowstone about 1809. James Bridger described these springs in 1844
but his stories, like Coulter's, were discredited. Later, after more
information was obtained from prospectors, explorers, and army officers,
a geological and geographical survey of Yellowstone National Park was
made by F. V. Hayden beginning in the year 1871. These discoveries in
Yellowstone Park approximate the time when other thermal springs in the
mountainous west were first seen.

The early investigations of western American hot springs were
performed by geologists who were interested in the economic aspects of
the minerals deposited by these waters. One of the publications relat-
ing to the mineral deposition by the water dealt with the mineral vein
formation at Boulder Hot Springs, Montana, a group of springs used in
this study (Weed, 1900). Doctors also centered their interest in the
mineral content of the springs, but from the aspect of their medicinal
properties. The following review will illustrate these areas of
interest and the trend of study that began with the springs of eastern
United States and later included springs of the West as they were dis-
covered.

Edwards (1868) referred to some diatom frustules found in
California hot springs but hastened to mention that they could have be
been carried in by the air or other means. Although he was doubtful of
the existence of living things in the hot water as described by Brewer,
he did concede that European investigators had found algae under these
conditions and briefly reviewed their work.

Weed (1889a, 1889b) wrote several articles that were general
in nature pertaining to the vegetation of thermal springs, describing

macroscopically the appearance of the depositions by the algae. He
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listed the various temperatures at which algae were found to exist and
also made occasional references to the taxa. His primary interest in
the algae was their role in mineral deposition; consequently, he as-
cribed the gelatinous sheaths of these forms to siliceous depositions
by the algae.

Davis (1897) also largely discussed in the main the macroscopic
appearance of some of the formations produced by algae in Yellowstone
National Park. The shape and color of the algal mats and mineral for-
mations were described in some detail, whereas the kinds of algae were
mentioned only briefly. One illustration showing seven algae was given
but no attempt was made to classify them farther than to the genera,

which included Phormidium, Oscillatoria, Spirulina, and Gloeocapsa. In

general, Davis' work is a result of critical and accurate observations,
producing a worthwhile contribution to the early knowledge of thermal
vegetation.

Tilden (1898) was one of the first phycologists to study the
thermal algae in the United States. She named algae found by Walter
Weed in Yellowstone National Park, Francis Lloyd in Oregon, and by her-
self in Salt Lake City, Utah; Banff, Alberta, Canada; and in Yellow-
stone National Park. She included algae from waters of no temperature
designation or as '"mear tepid" as well as algae from water with record-
ed temperatures ranging from 23 to 74 C. From this wide range of
locations and temperatures, 25 species of algae limited to the
Cyanophyta were listed and described.

The most extensive work dealing with the thermal algae in the
United States is that of Copeland (1936), whose study was limited to

the Cyanophyta collected in Yellowstone National Park. 1In addition to
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keys and annotated lists of the species, he recorded the pH and tem-
perature range at which they were found, the springs where they were
located, and the other Cyanophyta with which they were associated. He
found and described many new species and varieties, althoush not
according to international nomenclature, in the varied ecological
situations of Yellowstone National Park. Considering the number and
variety of the springs involved in his six years of collecting and ob-

serving, it is not surprising that so many forms are represented in his

work.
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CHAPTER III
PHYSICAL PROBLEMS RELATING TO THERMAL SPRINGS
Definition of Thermal Springs

The term 'thermal spring'" to the layman initially may be quite
obvious and not require a definition since the term itself implies at
least warm water. On further consideration, it is necessary to desig-
nate the lowest temperature for thermal water, a basis from which all
such springs can be classified. This area of study being in the realm
of geology, the geologists were, naturally, first to define such water.

Gilbert (1875), one of the first American geologists to compile
and discuss thermal springs, listed only the springs which exceeded the
mean annual temperature of the air by 15 F. Later, Meinzer (1923) des-
cribed these springs as having a temperature appreciably above the mean
annual temperature of the vicinity and further subdivided them into hot
8prings and warm springs. Hot springs were regarded as those having a
higher temperature than the human body, whereas warm springs had a
temperature lower than that of the human body but still above the mean
annual temperature. Stearns, Stearns, and Waring (1937) included in
their water supply paper springs whose temperature may not have exceed-
ed 100 F, but they attempted to include springs that were locally
recognized as being appreciably warmer than usual spring water.

Geologically, definitions of thermal springs relative to the

mean annual temperature are necessary because water entering the
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ground in places such as Florida will logically emerge in any average
spring at a higher temperature than water from an average spring in
Iceland. The water of Silver Springs, Florida, emerges from 22,3 to
23,3 C (H. T. Odum, 1957) and is not considered thermal, whereas spring
water of this same temperature in Iceland definitely would be thermal,
geologically speaking.

Biologically, the above attempts at classifying thermal springs
are less useful. The criterion for the determination of thermal springs
on the basis of the mean annual temperature of the air is advantageous
when only the water is considered, but when living things are dealt
with, their minimum, optimum, and maximum growth rates are of prime
importance. Phormidium laminosum Gom. has been found in thermal
springs of Spitzbergen by Str¢gm (1921), in Iceland by Peterson (1923),
in Yellowstone National Park by Copeland (1936), in Greece by
Anagnostidis (1961), and in Japan by Yoneda (1962), to mention a few
locations in 'areas of different mean annual air temperatures. Other
environmental factors being equal, however, the cardinal points for
this alga are the same at each locality.

In defining thermal situations, the aquatic biologist also
finds it necessary to determine temperatures arbitrarily. Whereas the
Beologist uses some temperature relative to the mean annual temperature
of the air at each locality as a basis for defining thermal situations,
the biologist can use the temperature range in which living things are
found. The relatively wide range of temperatures under which 1living
things are found necessitates several arbitrarily set points and terms
to differentiate limits within this range. One such attempt to

classify organisms relative to their thermal environment was proposed
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11
by Vouk (1948 ) , who used the concepts of the ecological valences
theory. In this proposed scheme he uses the term psychrobionta to dis-
tinguish the cold water organisms in the temperature range of 0 to 25 C
from the thermobionta, which live in the range from 25 to 80 C. These

two divisions are subdivided as follows:

I. Psychrobionta (Cold water organisms)
A. Hypothermae (0 to 25 C)
1. Microstenovalent (Narrow ecovalence completely
within the range of 0 to 25 C)
2. Microeuryvalent (Wide ecovalence with only the
optimum growth within the range of 0 to 25 C)
II. Thermobionta (Thermal organisms)
A. Euthermae (25 to 55 C)
1. Mesostenovalent (Narrow ecovalence completely
within the range of 25 to 55 C)
2. Mesoeuryvalent (Wide ecovalence with only the
optimum growth within the range of 25 to 55 C)
B. Hyperthermae (55 to 80 C)
1. Macrostenovalent (Narrow ecovalence completely
within the range of 55 to 80 C)
2. Macroeuryvalent (Wide ecovalence with only the

optimum growth within the range of 55 to 80 C)

of course, organisms are only placed in man-made schemes of
clag
sifieeu::[ons. Although it may often seem that there are as many
exce
pti°n8 as there are organisms that will fit into a category, the

abOVe
SChempe will serve as a means by which to classify organisms on
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the basis of water temperature and their cardinal points. This

classification scheme simultaneously categorizes organisms as well as
the environment so that each may be termed thermal above 25 C.

Although there can be a considerable gradation of an alga's

ecological valence among the above categories, this does give the

blologist a basis for grouping organisms. A scheme such as this for

classifying organisms is based on their cardinal points and frees the

biologist from reliance on the local average annual temperature.

Sources of the Heat and Water

Literature on other thermal spring areas in the United States
that have been studied by other investigators 1is reviewed below to re-
veal information of possible pertinence to the Montana springs.

Lassen National Park, California, has been studied by Day and
Allen (1924,25). The source of heat for these thermal springs is mag-

Matic, since lava flows and systems of faults are conspicuous in the

neighborhood of the springs. The fact that many of the springs are in

lines St rongly suggest the presence and effect of these fissures.
AmPliinng this evidence of the volcanic effect is the almost invariable
Presence in the water of volcanic gases, consisting chiefly of carbon
dionde » with smaller amounts of hydrogen sulfide, hydrogen, nitrogen,
d argon,

The source of water for these Lassen springs is probably
feteors o » for when the spring floods are prevalent the water supply of
the 8p":':lllgs is increased and the temperature is decreased. As the
S¢ason Progresses, the surface supply is decreased, resulting in the

€xpec
teq decrease in spring flow and daily temperature variationms.



PR (O

7 ivellee=y

 dapagd,
"‘t‘) PAY-IOF




13

Some of the small springs of this area become almost completely dry as
summer advances.
Although surface water is the main source for these springs of
Lassen Park, at least a part of the water is considered to be magmatic,
or juvenile--water that is emitted to the surface for the first time.
Day and Allen found volcanic gases in the springs that led them to be-
lieve magmatic water was also present, since all igneous rock, when
heated, invariably gives off more water vapor than all the other gases

combined. They suggest that when water is heated by magmas, there will

always be some magmatic water accompanying the meteoric water to vary-

ing degrees. The amount of magmatic water will vary in a given thermal

8pring according to the volume of meteoric water, which is the princi-
Pal source, and the proximity of the magma.
Another type of thermal spring, if the source of heat may be

used as a criterion for designation, 18 represented by those found in

Southeastern United States and in the Ozarks. The water for these

thermal springs is considered to be wholly meteoric, entering porous
rock 2quifers in a recharge area at a higher elevation and emerging
along fractures or faults at a lower elevation. Water entering con-
fineq aquifers and emerging some distance away is well known throughout
the Vorld, but most such water does not penetrate the earth to rela-
tively deep rock formations, or, if it does penetrate deeply, it is
c00led 8 radually as it slowly rises to the surface. The water in the
freas Mentjioned here penetrates deeply and emerges relatively fast
through ddigturbed rocks of the confining stratum.

The springs of the southeastern United States have water that

Tangeg
fxrom slightly over the mean annual temperature to a maximum of
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41.1 C at the Stout Spring of Hot Springs, Virginia. This temperature

is considered to be due to the downward increase in temperature with
depth, since the springs occur in regions of sedimentary rocks rather
than in regions of igneous rocks as in the western part of the United
States. The rate of increase with depth is unknown for any of the
thermal spring areas, but since the temperature increment is 1 F for
each 60 feet of depth, the maximum depth of the aquifer will be less
than 3,500 feet for the hottest springs at Hot Springs, Virginia.
The map of the United States, shown in Figure 1, indicates

the location of thermal springs. The greatest number is in the

geologically-young areas of the West, where recent quake and volcanic

activitieg are frequently evident. The temperatures of many western

8prings range to over the boiling point of water, due to the proximity

of the water with the magmas. The thermal springs of the East are

found in areas of folded rock, as discussed above.
The six Montana springs of this study are widely scattered,
Small, and relatively insignificant considering the large number of hot
SPrings throughout the United States; consequently, they have not been
Studieq by geologists relative to their source of water and heat. It is
highly Probable, however, that they are affected by the magma underlying
the Tegiomn. The numerous springs south of this area in Yellowstone
Park re similar in their magmatic source of heat to those studied by
Pay and A3l jen (1924,25), so these thermal springs of Montana can be pre-
funed to be heated in the same way but to a lesser degree. It may also
be pte"‘“"ed that since magmas probably heat the water, there is juvenile

Vater of
8ome small percentage emitted along with the meteoric water.
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CHAPTER IV
DISTRIBUTION AND DESCRIPTION OF THE STUDY AREAS

The thermal springs of Montana extend in a general northwest-
erly direction from Yellowstone National Park, where there 1is the
greatest concentration of thermal springs in the world. Stearms,
Stearns, and Waring (1937) 1list 40 springs in Montana with temperatures
ranging up to 85 C. The locations of the springs used in this study

are shown on the map of Montana (Figure 2).
Alhambra Hot Springs

Alhambra Hot Springs are in the southeast corner of section 9,
tomship g north, range 5 west, in Jefferson County, Montana, at an
elevation of 4,350 feet.

The water is emitted from rocks of the Boulder batholith, which
extends from a few miles south of Helena, Montana, to about 20 miles
south of Butte. This batholith is predominately quartz monzonite and
has Yikes and masses of aplite, alaskite, diorite, and other rocks ex-
tending 1rregularly throughout.

The springs at Alhambra are divided into north and south groups,
Bepargted by a distance of about 400 feet. Both groups are used to
val‘ying degrees by a nearby rest home and by a swimming pool. The
motth Serjes of springs are irregularly distributed on a hill, where

exceg
8 Water from the piped springs and small seepages flow into a
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larger hot water stream of the second order. The large areas of these
seepages and the lack of a main spring made this group of springs im-
practical to map with a transit. The temperature of the different
springs and seepages of the north group varied with their number, the
warmest being 54.4 C.

The south springs are located on a small travertine terrace,
and, judging from the position and amount of travertine, the flow from
this group must have been considerable at one time. During the summers
of 1962 and 1963, the water of all but one of these springs was effi-
ciently collected and temporarily stored in an enclosed concrete basin.
The spring that was allowed to flow freely was mapped during this study
from the source until it flowed over the terrace into a cold water
stream. The relief of this thermal stream was approximately 8.72 feet
per 100. During the summers of 1962 and 1963, the discharge of the
stream was approximately 13 gpm, the mean velocity was 41.6 feet per

minute, and the temperature at the source was 48.0 C.

Boulder Hot Springs

Boulder Hot Springs are in the east-central part of section 10,
township 5 north, range 4 west of Jefferson County, Montana, at an
elevation of 4,950 feet.

These springs are from the same Boulder batholith as at
Alhambra, but at the eastern edge near the zone of contact with sedi-
mentary rocks of the Tertiary. The nearby hotel uses all but a small
part of the water. The water that is allowed to flow is emitted from a
pipe and, as it winds down the hill, gradually drains into the soil,

the stream terminating between 315 and 350 feet from the source. The
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relief was 19.65 feet per 100. During the summers of 1962 and 1963,
the discharge averaged 47 gpm, the mean velocity was 60 feet per minute
and the temperature was 61.3 C as it flowed from the ground. A drop
of about six feet from the pipe to the rocks below caused a splashing
that quickly cooled the water to 55.0 C, after which it rejoined to
make a small stream. It was at this latter temperature that algae

were first collected.
Jackson Hot Springs

Jackson Hot Springs are in the west-central part of section 25,
township 25 south, range 15 west, Beaverhead County, Montana, at an
elevation of 6,475 feet.

The water from this spring passes up through allpvium of the Big
Hole Valley. Adjacent to this alluvium are Tertlary sedimentary rocks
which meet the surrounding mountains of argillite and quartzitic argil-
lite. It is feasible to assume that the argillite extends under the
sedimentary rocks And the alluvium of the large plane of the valley
floor and could contribute toward the heat of the water. The constant
rise of much gas in the water, however, suggests the proximity of mag-
mas to the water at a lower depth. If magmas give off more water vapor
than all the other combined gases from heated igneous rock, as stated
by Day and Allen (1924), a relatively high percentage of this water
could be juvenile.

Concrete walls 20 by 20 feet surround the spring proper and
create an open pool to retain the water for use in nearby homes and a
hotel, but enough overflows to produce a good stream for study. The

relief was 1.52 feet per 100, the discharge was approximately 244 gpm,
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and the low mean velocity of 27.2 feet per minute alternately produced
stream and pond-like habitats. The temperature in the pool was 61.5 C;

the temperature at the initial point of algal sampling was 58.0 C.
Lolo Hot Springs

Lolo Hog Springs are in the north-central part of section 7,
township 11 north, range 5 west, in Missoula County, Montana, at an
elevation of 4,100 feet.

The water comes directly from crevices in the rocks at the
eastern edge of»the Idaho batholith, consisting of gneissic quartz,
monzonite, granodiorite, and similar rocks, without passing through
soil or trﬁvertine deposits.

A covered concrete reservoir retains the water of the main
spring for use in the swimming pool. Unused water from this enclosed
pool flowed from a pipe and created the stream that was studied. The
relief for the first 125 feet from the source was 9.6 feet per 100; the
relief for the remaining distance averaged 2.5 feet per 100. The dis-
charge was approximately 21 gpm, and the mean velocity was 45 feet per
minute, The temperature of the water changed from about 44.5 to 46.0 C
at the source, depending upon whether the water from this enclosed
reservoir was being used at the time to fill the nearby swimming pool.
The water at the initial point of algal sampling was no lower than

44.5 C for the two years of study.
Pipestone Hot Springs

Pipestone Hot Springs are in the southeast corner of section 28,

township 2 north, range 5 west, of Jefferson County, Montana, at an
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elevation of 4,590 feet.

The water passes up through alluvium deposited on Tertiary sedi-
mentary rock (undifferentiated) that is adjacent to the southeastern
edge of the Boulder batholith. The water also probably passes through
an extension of the same type rock formation as is found in this nearby
batholith,

These springs are mostly in two groups. The western springs are
from three seepage areas and a spring where the water comes from an
iron pipe, which produced the most water. The relief was 1 foot per
100; the combined discharge of this group was approximately 167 gpm.
The temperature was 59.5 C at the source of the hottest spring and the
mean velocity was 22.5 feet per minute.

The eastern group of springs produced the greatest flow, the
stream used in this study having a relief of .57 feet ner 100 and a
discharge of approximately 370 gpm. The mean velocity was 33 feet per

minute and the temperature at the source was 52.0 C.

Sleeping Child Hot Springs

Sleeping Child Hot Springs are in the northeast corner of sec-
tion 18, township 4 north, range 21 east, in Ravalli County, Montana.
at an elevation of 4,575 feet.

Although the rocks of this area are not well known, it is be-
lieved the water of these springs is emitted from rocks of the border
zone of the Idaho batholith consisting of granite gneiss.

The water is emitted directly from bare rock on the side of a
mountain without passing through soil, alluvium deposits, or travertine.

The approximate relief was 18.63 feet per 100; the discharge was
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approximately 357 gpm. The mean velocity was 76.3 feet per minute,

and the temperature at the source was 52.0 C.
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CHAPTER V
METHODS
Chemical-Physical Methods

The water of the streams was tested for the chemical and physi-
cal factors at various times throughout the summers of 1962 and 1963
to check for possible changes that might have occurred during each
S8ummer or from one year to another. All tests were made at intervals
for the entire length of the streams. When it was observed that no
changes occurred for the duration of the study, mean values were com-
Puted for the many tests made.

The tests for pH, alkalinity, and oxygen were always made at the
Collection site. If time permitted, other tests were performed at the
Collection site, but whenever they could not be completed at the
3tfeam, a few milliliters of chloroform were added to the sample for
temporary preservation until returning to the Montana State University
:Biological Station, where they were completed.

Collection of all water samples was made in 250 ml. glass-
Stoppered bottles by allowing the water to enter the bottle slowly as it
Tlowed over the rocks. An effort was made to allow the water to enter
Wi thout bubbling at the surface, either with or without the use of a
Tubber tube, depending on the conditions. Wherever a pool situation

Was found, such as at the source of Sleeping Child, Alhambra, and
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Jackson Hot Springs, a Kemmerer bottle was used at the time of the
initial collection for transfer to the glass bottles.

Determinations of oxygen were performed according to standard
methods by the Alsterberg modification of the Winkler method. Tests
for alkalinity were performed by titration with 0.02 N solution of
HyS0, to the phenolphthalein (pH 8.3) and methyl-orange (pH 4.6) end
points. Nomographic determinations for the carbon dioxide were made by
the use of a conversion chart modified from Theroux, Eldridge, and
Mallman (1943).

A battery-operated Hach direct reading colorimeter was used to
test for iron, ammonium nitrogen, nitrates, nitrites, ortho-phosphate,
total phosphate, silica, and sulfate. The tests as prescribed by this
Company are taken from ''Standard Methods for the Examination of Water
and Wastewater," Eleventh Edition. Methods used for these tests are:

Iron - Phenanthroline method

Ammonium nitrogen - Direct Nesslerization method

Nitrate and nitrite nitrogen - Brucine method

Phosphate - Stannous chloride method

Silica - Molybdosilicate method

Sulfate - Turbidimetric method

A confirmation of the accuracy of the colorimeter and the
Operator was made by developing calibration curves using dilutions of
8tandard solutions. The dilutions were tested concurrently with a
110-volt Bausch and Lomb Spectronic 20 Colorimeter-spectrophotometer.

The pH was measured by a Beckman model pH-180 Pocket pH Meter
&t intervals in the stream. As a check on the accuracy of the instru-

™ment, occasional determinations were made by a LaMotte color
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comparative pH kit.
The temperature was recorded with a glass bulb mercury thermo-

meter graduated in degrees centigrade. The temperature was recorded to

the nearest tenth of a degree at each point an algal sample was taken.

The tests for sodium, potassium, calcium, magnesium, chloride,
zinc, and aluminum were performed by Leland M. Yates of the Chemistry
Department at Montana State University.

Various methods were used to determine the velocity of the
Streams, The turbulence, narrow width of the streams, and rocks or
other debris made flotation of materials unsatisfactory. Of the
various soluble substances added to the water for measuring velocity,
the best for visibility against the dark green of the algae was pow-
dered milk.

The data for mapping the streams was obtained by a surveyor's

transit and stadia rod. These instruments made it possible to precise-

1y measure the relief, direction of flow, and width of the streams at
WMeagured distances from the source. Both transit and steel tape were

Used for the distances.

A pocket-type altimeter was borrowed from the Montana State
Univera:lty Botany Department. This instrument was corrected at the

H1800\:1&, Montana, air field before using.
Sampling and Enumerating the Algae

The algae were collected from the streams at distance intervals
from the source. These were generally ten-foot intervals, but algae
Were also collected at other points if stream characteristics suggested

¥ different algal flora, as in a pool or following an inflow of cold
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water. Also, if at the ten-foot interval the stream passed under an
obstacle such as a boulder or earthern bridge, a collection was made at
the nearest point to the interval. Since the algal composition at any
point in the stream is8 a function of the chemical and physical factors,
the distance is actually irrelevant, being measured for later reference
and for subsequent plotting of these factors.

The algae were not used from the sources of several springs.
At Boulder, Lolo, and Pipestone (West) the water was emitted from pipes,
and although algae were always present on the lip of the pipe, the
environmental conditions were too variable to make a meaningful study.
As an example, water moving by capillarity a distance of 0.2 cm. at the
top edge of the pipe 1lip can have a temperature range of several de-
grees whereas at the bottom edge, where the water collects momentarily
before dripping, a distance of 2 cm. may have water in the same tem-
Perature range. The Jackson spring was surrounded by a cement retain-
ing wall to create a reservoir. The floating algae and those growing
On the reservoir sides were also living under variable conditions that
Were too difficult to measure at 61.5 C (144.5 F),

The algae generally existed in one common mass and only rarely
Were there found pure "stands.'" These algal masses were found as
Strands trailing in the streams for up to two dm. or more, as upright
C©lumps approximately 1-2 cm. wide and 6 cm. high, as masses growing
Close to the substratum, and as every conceivable intermediate form.
cmsidering the numerous forms assumed by the algal masses, the most
Llogical method of collection appeared to be by hand.

At a chosen interval, small clumps were taken at several points

to obtain a representative sampling of the algae found growing at that
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interval and the temperature was recorded. The algae were preserved in
vials of Transeau's solution (six parts water, three parts 95 percent
alcohol, one part formalin). The algal samples were taken three times,
or as often as conditions permitted, through the summers of 1962 and
1963. Samples were taken during the summer of 1961 at Lolo and Sleep-
ing Child Hot Springs during an initial survey and search for suitable
thermal springs.

The algae taken in 1962 were compared with those taken in 1963.
When the differences in algal composition from year to year were found
to be the same as from one sample to another, the samples taken in 1963
were used except for Alhambra (North). The water from this stream was
diverted for local use in 1963, making it necessary to use the 1962
algae,

From the several algal masses taken at the stream for each
vial, several smaller clumps were taken from scattered points in the
Vvial for each of two microscope slide preparations. The invariably
interwoven filaments were as completely torn apart as was deemed practi-
Cal before adding the cover glass. The algae of each slide were then
@xamined under 660 or 900 magnification for identification and survey
Of those present. All the algae encountered during this identification
*Fnd survey phase were recorded and subsequently listed (Tables III, 1V,
VII, IX, XI, XIII, XV, and XVI) although some of these may not have
been encountered during the quantitative enumeration when fewer micro-
Scope fields were used.

After careful examination under high magnification and when the
Algae could be confidently identified, they were enumerated under 440

™magnification. A Whipple ocular was used for the enumeration. Since a
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great majority of thermal algae are 1-2 y in diameter and interwoven,

a microscope field of appropriate size had to chosen to facilitate enu-
meration. Enumerating interwoven filamentous forms in an oversized
field can be exasperating and overly time consuming; in an undersized
field the results may be inadequate. After a number of trials, the
most appropriate field was found to be three laterally adjacent squares
of the Whipple ocular. A rectangular field of this size enabled more
readily the counting of filaments following tortuous courses. A rect-
angular field also obtains a more representative sampling of the algae
than a square field, if a microscope field may be compared with terres-
trial plots. There are inherent differences, of course, between the
distribution of terrestrial plants and the distribution of algae on a
microscope slide, and yet clumping will be found in both instances.
Also, in both instances, the effect of clumping on the results of enu-
meration will be reduced by rectangular plots or, rather microscope
fields.

The same three adjacent squares of the Whipple ocular were used
for each counting field. To find a field, the microscope stage was
turned to any point on the slide where the algae were counted; this was
Tepeated, moving vertically and then horizontally on the slide until
the algae in 20 fields were counted. The same process was repeated for
the algae on a second slide, from the same vial, until the algae in 40
fields were counted. If the microscope slide stopped at a point where
o algae were encountered, that field was not included since the per-
Centage of the algae was to be determined and not the density.

In computing the volume occupied by single-celled algae, the

™ean dimensions of a species’' cells in each stream were used to
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determine separate values.

The volume of filamentous forms was computed on the basis of an
estimated length of 18 microns, the width of a square on the Whipple
ocular, In the three laterally-adjacent squares of the Whipple ocular
composing the field used for counting, some filaments entered a short
distance or across a corner. Other filaments extended across the
counting field lengthwise for the entire three squares (54 microms),
while still others took a meandering course through the field. Each
filament that entered the field was counted as one. To be objective in
computing the volume of the filaments, the most logical approach was to
arbitrarily use 18 microns, the width of the field used for counting,
as the filament length for all filaments.

The various forms assumed by the diatoms presented a greater
Problem than the other algae comprised of spheres or cylinders. Dimen-
8ions and diagrams were used in estimating the volumes since convex
and concave sides, tapered cells, and generally irregular shapes were
Common. The method of cellular division by diatoms also contributed to
the difficulty.

The mean volume in micron units for a species was multiplied by
the total number of that species counted in 40 fields to obtain the
total algal volume of those counted. The sum of volumes of all algae
Counted was taken to compute percentages of the total volume contributed
by each species. In addition to volume percentages, numerical percent-

Ages were also computed for each species found from each sample.



CHAPTER VI
RESULTS

Chemical-Physical Data

Oxygen

The dissolved oxygen in surface waters has probably been studied
more extensively than any other gas. Its importance as a biological
regulator and indicator of aquatic conditions has enabled limnologists
to learn more about a body of water through its study than any other
dissolved substance. Although the oxygen content in thermal streams
may not be as decisive as in most aquatic situations, certain generali-
ties Pertaining to algal distribution in regard to its concentration
may be observed. The water of these thermal streams was generously ex-
posed to the atmosphere, enabling a rapid absorption of oxygen, so
tests were made to learn the degree and rate of this absorption.

Whereas most dissolved substances in ground water exhibit a
wide range of concentration, the oxygen content of emerging spring
waters {g generally predictable; that is, the concentration is usually
Zero. Percolating rain water gradually loses its oxygen as a result of
the respiration of subsurface organisms until by the time water reaches
the water table it 1s usually devoid of oxygen. The water table is the
top level of the ground water and, since the latter is the source for
all 8prings, the oxygen content of springs is also generally zero.

This vae illustrated during this study when the water at all the spring
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sources was found to be without measurable amounts of oxygen. Upon con-
tact with air, the water at all streams began immediately to absorb
oxygen and continued to do so until the point was reached where as much
oxygen was absorbed by the water as was given off (Figures 9-14).

This point of equilibrium, or solubility, is dependent upon the partial
pressure of oxygen in the atmosphere, the concentration of the dis-
solved substances, and the water temperature.

The partial pressure of oxygen may show minor fluctuations as a
result of local atmospheric conditions, but the major effects on the
partial pressure will be the altitude. Correction factors of the per-
cent saturation for the various altitudes (Rawson, 1944) are given be-
low and were incorporated in the accompanying oxygen curves: Alhambra,
1.18; Boulder, 1.2; Jackson, 1.27; Lolo, 1.16; Pipestone, 1.19;

Sleeping Child, 1.19.

The concentration of dissolved substances reduced the oxygen
concentration with increasing salinity. Sea water, with 35 percent
salinity, contains 1.5 cc/1 less oxygen at 15 C than fresh water (Reid,
1961). The salts in the stream with the maximum concentration of dis-
solved substances, Alhambra, would lower the oxygen content approxi-
mately 0,004 cc/1 (0.0057 ppm) at 15 C on this basis. The reduction in
oxygen concentration would be even less at the higher temperatures of
these 8treams, so the effect of salt concentration may be disregarded
for the purposes of this study.

The effect of temperature on the solubility of oxygen 1is the
Teduction of oxygen concentration with increase in temperature. The
Solubility of oxygen at a pressure of 760 mm Hg at O C in pure water is

14.16 ppm; at 10 C, 10.92 ppm; at 20 C, 8.84 ppm; at 30 C, 7.53 ppm;
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and at 35 C, 7.04 ppm (Truesdale, Downing and Lowden, 1955). This
lowering of oxygen concentration with increasing temperature is respon-
sible for the continued low concentration for the entire length of the
streams, although the usually great exposure to the air by the water
passing over rocks at shallow depths would normally allow for greater
absorption of oxygen by the water of most natural streams.

Comments pertaining to the stream profiles and other character-
istics of several streams will help to explain the rates at which
oxygen is absorbed. The gradual incline of the Alhambra stream
(Figure 3) and lack of turbulence were responsible for the relatively
slow rate at which oxygen was absorbed (Figure 9). This may be com-
Pared with the Boulder stream (Figure 4) where water splashed violently
upon rock rubble and flowed down a steep incline which allowed for a
rapid oxygen absorption (Figure 10). The oxygen curve created from the
data obtained at Pipestone (East) appears to be abnormal until the pro-
file (Figure 7) is examined and other information is provided. This
Stream flowed in a narrow, steep-sided, artificial ditch for a greater
part of the distance. The lack of riffles, confining nature of the
8tream bed, and quantity of water reduced the exposure to air and,
theref"e. tended to keep the oxygen at a lower concentration. At the
point where this stream began to widen, other flows of warm water
entered to keep the oxygen at a low level.

When the oxygen concentration of all streams, except those at
Pipestm\e. reached a level commensurate with the water temperature, the
rate of absorption was primarily regulated by the water temperature for

the Temaining length of the stream. Until the oxygen concentration in



47

*euejuoy ‘s3uyads 304 (YInos) eaiquUeY[y I 93IN0S 3Y3l WOIJ IDUEBISTP

Y3IiFm uofieinies juadiad pue wdd uy juajuod ualddxo jo a8uey)

°6 2I1n313




48

1334 NI 30¥N0S 3HL WOY4 3ONViSid

0°I1

Q o
(2] N
1 A

N3°9AXO 40 Wdd
<«

osl -OM_ .ow_ .ow_ .00_ . o.w . o.w . o..t . O.N .
:
;
n
1]
il
:L& cEmIEmIEm I -
i
NOILVYNLYS LN3JH3d "==m=mm ]
I ]
A |
.
¢
s
K4 -
o‘c~ Q
O\ .
\.\ \
XL X TF Y JF TY 07 Q7 ¥F ‘-‘.‘o‘- \
[ 11 1] ~
V.
&
\\
|“\

o

N39AXO 40 NOILVYNLVYS LN3J¥3d



49

*euejuol ‘sSujadg 3J0H IIPTNOY 3IB IDINOS aYy3l WO1J IDUBISTP

Y3ITM uofieanies juadiad pue wdd uy jJuajuod uadLxo jo aduey)

*0T 21n314



50

1334 NI 304N0S 3HL WON4 3INVISIa

O OOE 082 092 Obe 022 002 081 09 OW 02 OOl o8 09 ob o2

o [ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 | 1 1 [] 1 1 1 1 1 1 1 d
0’17

A

1

it

7 I

09¢ ._-

M Ndd = @ims m“

o NOILVYNLYS INIJYId ==m=ma _n

5 0 €+ m“

!

2 il

< il

@01 A

z .

.l.l.‘.‘ [ ]

l-'.l-l-'-'.l-l-l--.l-'-l.' -

o.n l.'.'.'.l-‘.'-'.‘-'-l.'-'--.l. .-

-l-'-‘-l-'.l-'.‘--. .

]

I\\\
o.wltll - S D G G G G 6D @D G Gb Gh &b D G & o

@ R 8 8 2 38 g o
N39AXO 40 NOILVHNLVS LN3JN3d

o
.

00!







51

*euejuoy *s3ujidg jJoy uosOE[ IB IDANOS IY] WOIJ IJUBISTP

Yy3fm uojieanies Juadiad pue mdd uy Juajuod uad4dxo jo 33uey)

*IT =2an314



52

1334 NI 304N0S 3HL WOY4 3ONV1sIa
_og.owm.OQ.o.vm_o_Nm.OR.O.QN.O.@N.O..VN.O.N.O@N-O.Q_O-w—-o_c_.o_N_ 8 OQ ow

0!

o
N
1

Q
(2]
1

N39AXO 40 Wdd

Q
<
—

o
9

Ndd mimsimim

NOILVYNLYS LNIJYAd =====

N3I9OAXO 40 NOILVHNLVS 1N3043d







53

*euBlUOK ‘s3dufadg JOH OTO] I 90INOS IJYJ WOIJ IDUBISTP

Y3tm uofjeanies juadaad pue mdd ur jusjuod usdfxo jo aduey)

*Z1 @an3y14g



54

1334 NI 304NOS 3HL WOd¥4 3IIONVISIO
0., 00V OBE O Oy Oge OOE 0B2 OR K Op2 022 OQ2 K OF ON Obl Ozl OO 08 09 Op OF
0’14
]
0’24 Ndd »'=im'm -n-
d i
M NOILVHNLYS INIIYId mmmmm .-.
[}
o 0'€- |
4_ i
Y
2 )
WMO.'-. .|.|.|.|-|.‘.|.‘.‘-
N c‘-‘-'.‘.'..-‘.‘-'.‘-‘-‘-'.
.‘.'.l-‘.'.l..‘.‘ —camimmemmen \
0'¢1 .‘.'-‘.‘.‘.‘.l.l-‘.l-‘ \\
- I-\\

0'9-

I%
!

8 ¢ 8 &8
N39AXO 40 NOILVYNLVS L1N3O¥3d

3

| 4
(<]
~

g

8




55

*s8urads 3seg (4)
¢s8utrads 3seM (v) -euejuoy ‘s3ufads JoH suo3lsadyg I8 22In0s 3IY3j WO1y IOUBR]

-STP Y3Tm uoTjeanies 3Juadiad pue wdd uy Juajuod uaddxo jo a3uey)y °¢T 2In3f4q



56

1334 NI 304NOS 3HL WOY4

09 Ob 02 00 08 09 Ov OZ
O —L—L 4 4o 0
4
m-o_
. i
”n L
\ch ON
a4
.l.l.l-l.l.'-l.'.l-'.l-‘-‘ \\
dO.NI.l.l.'.l.'-l-l.' ‘_‘\\ lom
= |||'|||l|l'l'||l'|‘
< - e - -
-Ov
Q0°¢
s e
x
S
30¢ 0o
=z
-0L
0°¢- Ndd=s msiaim
NOLLVUNLYS IN3OU3d =mmmene Lo
0'94 o6
ool

30NV 1SIa

o8 09 oOf

o 1 1 1 1 1 1 1 1 1 Ao
{ ol
0l -
m
02 b )
1 m
[/
o] il loe 3
n
s.s.- W
l.l.'.'.‘.l.l-l-‘-‘- .- lg l
0'¢e- ~~ m
4
.I‘“‘\\ F0s “—
-‘I.l."lll‘ m
o} & Los
o
n
0L O
0°G .vM
08 M
4
094 06
ool




57

*eueljuol ‘s3ujads JoH PIFYD Supdes[S Ie 82INOSs 3yl wWOIJ IDUBISFP

Y3iFm uorjeanies juadiad pue wmdd uy Jusajuod uadLxo jo aduey)

‘4T @an314



58

1334 NI 304NOS 3HL WO¥d4 3ONViSId
0% O 078 OGR 02 OX O} 072,00 OW O3 OM 040X, 0, 0P

(o] ) o0 08 09
0l
0°2-
)
2 z&& IEBIERIER
E<
NOILVYNLYS LN ====
© 0'¢- .
o 4
(@] s.s ;
2 ’ \
< .. o
0P 1 , ss
m s \
4 . S
"‘ ‘\
- ¢
0'GH -’ \\
.l.'.'.'.‘.‘.‘-\ \\
--.l-l-l.-.'.'.-.'.'.-.'-'.'--.l.'.-.'-- \‘
‘--.'.'-'-l-'.'-' “‘
oom "““
1

R 8 8 ¢
N39AXO 40 NOILVHNLYS LN3ON3d

) §

8

]
Q




.y

o



59

the water approached or reached a point of equilibrium with that in the
air, stream characteristics such as width, depth, quantity and velocity
of water, riffles, and pond-like flows created diverse situations that

allowed oxygen to be absorbed at different rates.

Carbon dioxide, Alkalinity, and pH

Carbon dioxide and its associated ions and compounds present a
more complex situation than does oxygen. Carbon dioxide in confined
water is about 25 times more soluble than oxygen at 25 C (Reid, 1961)
and five to ten times more soluble in the temperature ranges of these
streams, Agitation, however, is a very effective method of eliminating
free carbon dioxide from the water (Welch, 1935) so that as the water
of these streams flows at shallow depths down relatively steep inclines
the solubility is considerably reduced.

Water, upon combining with the carbon dioxide of the atmos-
phere and the product of respiration in the soil, forms H,CO3, carbonic
acid. This dissociates into H' and HCO3-. As these come into contact
with limegtone, CaCog4, the latter dissolves as Ca(HC03)2. The
Ca(HCO3)2 remains stable in the presence of free or equilibrium carbon
dioxide represented by that in solution plus the CO, in H2C03. The
bicarbonate content of the emerging spring water is, therefore, gener-
ally dependent on the calcium content of the soil, the rock layers
through which it passes, and on the carbon dioxide content of the
water. Carbonates may also form from the sodium, potassium, and
calcium in the feldspars of igneous rocks or be dissolved from deposits
of magnesium, sodium, and potassium carbonates.

For calcium bicarbonate to be stable, a certain amount of
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surplus carbon dioxide must remain in solution. Loss of this surplus
carbon dioxide (equilibrium CO,) as the water emerges from the ground
results in precipitation of CaCO; from the Ca(HCO3)2. When the concen-
tration of Ca(HCO3)2 is8 high enough, as at Alhambra (South) Hot Springs,
the CaCO3 precipitates on any object with which it comes into contact.
The Alhambra spring, possessing a total alkalinity of 637 ppm, has pro-
duced a travertine terrace, whereas approximately 200 yards to the
north the spring group with a total alkalinity of 430 ppm did not pro-
duce a terrace.

The waters from both of the Alhambra springs and the Jackson
spring, which had an alkalinity of 574 ppm, had high concentrations of
free or equilibrium carbon dioxide as it was emitted from the ground,
shown in Figure 15. This easily liberated excess carbon dioxide was
given off rapidly until that which was liberated originated from the
bicarbonates and carbonates and was produced at a slower rate. The
dissociation is shown in the reaction:

COp + Hy0 $H,C03 2 HY + HCO5~ 2 HY + co5”

The water in a confining aquifer has a high concentration of equili-
brium carbon dioxide resulting in a shift to the right. This shift
produces higher H+ concentrations such as the pH values of 7.3 at
Alhambra, North; 6.8 at Alhambra, South; and 7.1 at Jackson. Upon ex-
posure of the water to the air, with subsequent loss of free carbon
dioxide, there 1s a shift to the left whereby the pH is increased.
Figures 15 and 16 illustrate this reciprocal relationship of these
reactions.

The pH increased rapidly at the Alhambra and Jackson streams

during the initial exposure to the atmosphere; this is shown in the
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curves 1in Figure 16. As the emission rate for free carbon dioxide
was reduced, the pH curves approached the asymtote. The pH curves for
the Alhambra (North) stream appear to have reached the asymtote at
approximately 100 feet from the source, whereas the pH values for the
Alhambra (South) and Jackson streams indicate the asymtote would have
been reached beyond the lengths of the thermal streams. These last two
streams had the highest alkalinities and initially the highest carbon
dioxide content, so there was a rapid emission of free carbon dioxide
and accompanying increase in pH near the sources. The pH increased
from 7.3 to a maximum of 8.3 at Alhambra (North), from 6.8 to 8.1 at
Alhambra (South), and from 7.1 to 8.6 at Jackson. These changes in pH
were from 1.0 to 1.5 units. The mean of the maximum pH values attained
at all streams was 8.6, with maximum values ranging from 8.1 to 9.2.
The lower alkalinity of the water from the Boulder, Lolo,
Pipestone, and Sleeping Child springs 1s responsible for the greatly
reduced free or equilibrium carbon dioxide. The carbon dioxide in
these springs was that in equilibrium, produced as a result of dis-
sociation of the bicarbonate and carbonate ions. The alkalinity con-
centration, being relatively high throughout the length of the stream
in comparison to the concentration of the carbon dioxide, accounted for
the fact that the alkalinity was not noticeably affected by slight
losses 1in carbon dioxide. The pH in these streams was probably raised
somewhat by the loss of carbon dioxide, but the increase was not de-

tected by the two methods used to record the pH.

Dissolved substances

The chemical nature of any water is a reflection of the chemi-

cal composition of the earth;s crust through or over which it flows.
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The chemical composition of both surface and ground water can exhibit
wide ranges of concentration. Whereas the composition of surface water
can be anticipated through knowledge of the surrounding terrain, the
composition of ground water cannot be known a priori. Ordinarily,
ground water contains a higher proportion of dissolved substances than
surface water because it is exposed to soluble materials of the earth's
crust to a greater degree. The concentration of these dissolved sub-
stances in ground water will be high in the water trapped for a long
time, geologically, in isolated pockets of sedimentary rock or relative-
ly low in water that flows rapidly through fissures of rather insoluble
igneous rock.

The emerging thermal spring water will generally have a higher
concentration of dissolved substances than most springs for one or more
of the following reasons: (1) the great distance the water travels
underground, (2) dissolved substances derived from magma, (3) water
temperature.

Most thermal springs have continuous flows from artesian for-
mations which are generally more extensive than the geologic formations
responsible for other springs. In addition to some degree of horizon-
tal flow, the water may also flow to great depths where it is heated.

Thermal water, in its usually unknown course, can pass through
rocks in all ranges of solubility or through many combinations of rock
type before it reaches the surface. As a rule, the greater the dis-
tance traveled, the more dissolved substances will be absorbed by the
water,

As has been discussed in Chapter I1I, water in some thermal

springs 18 partially composed of juvenile water derived from decomposing



67

magmatic rocks. Simultaneous with the formation of juvenile water is
the formation of gases and other substances that become dissolved in
the meteoric water.

The third factor responsible for high concentration of dis-
solved substances in thermal springs is the well-known increase in
chemical activity with increase in temperature. Generally speaking,
for every 10 C increase in temperature, the chemical activity is
doubled.

A summary of the major dissolved substances found in the
streams during the summers of 1962 and 1963 is given in Table
I. The proportions of these substances do not vary noticeably from
what would be found in surface waters except for calcium and sodium,
Sedimentary rocks comprise 75 percent of the land surface (Foster,
1942) in which calcium carbonate is important as a cementing material
or as a major constituent. As a result of dissolving the calcium car-
bonate, the surface waters of North America have a mean calcium-
sodium ratio of 2.6:1 (Clark, 1924)., This may be compared with the
mean calcium-sodium ratio in these streams of 1:30,.

An explanation for the different ratios may be found in
studies conducted along the Atlantic and Gulf Coastal Plains, where the
same formations may contain both calcium and sodium waters. Calcium
bicarbonate 18 found in the shallow rocks, whereas sodium bicarbonate
is from the deeper rocks of these formations. This same phenomenon of
increasing sodium content with increasing depth appears also to be
effective in the formations of western Montana, considering that ther-
mal water comes from deep formations. Since the two springs with the

highest alkalinity, Alhambra and Jackson Hot Springs, also have the
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highest sodium concentration, it is quite probable that these ions were
dissolved as sodium bicarbonate.

For comparison with other thermal springs, the chemical compo-
sition 18 given for spring groups from widely separated areas--Iceland,
Yellowstone National Park, and Steamboat Springs, Nevada.

In a review of the literature pertaining to the chemical com-
position of Icelandic thermal springs, Tuxen (1944) lists the results
of the work by 12 investigators who analyzed the water from 34 thermal
springs. The information from his table is condensed in the following
figures to facilitate comparison with the results obtained from the six
Montana streams. To allow for individual differences in the method in
which the samples were collected and tested, the medians are given
rather than the means, since values obtained by some investigators
would completely outweigh the values obtained by others. For example,
of 33 values listed for calcium, 17 were below 10 mg/l, whereas one was
at 555 mg/l, which would result in an unrealistic mean. Use of medians
will also better take into account results listed as traces. The dis-
solved substances are followed by the ranges and then the medians. The
values are in mg/l (ppm). S10,, 685-1 (213); C1, 240-trace (72);

Na, 688-8.7 (198); K, 32-trace (12); Ca, 555-trace (8.9); Mg, 148.4-
trace (1.8).

The other area, Yellowstone National Park, contains the
greatest concentration of thermal springs and geysers in the world.
Since the area is composed of numerous spring groups, many of which
have not been analyzed, it is perhaps best to list the partial composi-
tion of a few well-known groups as given by Allen and Day (1935). The

following values are in ppm. For Lower Geyser Basin: S10,, 250;
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Cl, 298; Na, 339; K, 13.8; Ca, 3; Mg, 0. For Shoshone: 3102, 294;
Cl, 193; Na, 331; K, 17.8; Ca, 6.3; Mg, trace. For Firehole Lake:
5102, 152; C1, 55; Na, 94; K, 17; Ca, 9; Mg, trace.

The composition of some prominent ions and compounds were also
listed by Allen and Day (1935)for two Nevada thermal springs. Steamboat
Springs: §10,, 343; C1, 978; Na, 744; K, 77; Ca, 6; mg, trace.

Beowawe Hot Springs: 8102, 449; Cl, 47; Na, 239; K, 33; Ca, 2; Mg,

none.

Water Temperature

The water of artesian springs are noted for their constant
temperature, the fluctuations of this dimension being inversely propor-
tional to the distance the water travels. Although the water tempera-
ture of the springs used in this study may fluctuate throughout the
year, the temperature remained constant during the summers of 1962 and
1963 at those springs where it could be measured as the water came
directly from the ground. At Lolo Hot Springs a cement retaining wall
was built around the main spring to create a reservoir of water used to
fill a nearby swimming pool three days a week. During the time when
the reservoir was being emptied or filled, the temperature of the water
emitted from a pipe would vary from 44.5 to 46 C.

Although the water temperature remained constant at the other
sources, differences were recorded at measured distances from the
sources from one visitation to another. At the streams where these
temperature differences were noted, the temperature was recorded at
various times during the day. The temperature at any given point was
found to vary according to the air temperature, cloud cover, and the

angle at which the sun's radiation struck the water. To determine at
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which distance interval the temperature varied the most, two complete
series of water temperature measurements were made at Sleeping Child
Hot Springs. Each series consisted of 36 measurements made at five-
foot intervals. Since the measurements could not be made simultaneous-
ly for either series, they were begun at the source each time and the
median air temperature was obtained from values taken at the beginning
and end of each series. The median air temperature for the first
series was 20 C, for the second series, 28 C., In this air temperature
interval the water temperature was found to vary up to 1.5 C. This
figure is not important in itself since a different value would have
been obtained if the series had been taken during any other atmospheric
temperature fluctuation.

The amount of variance of water temperature with air tempera-
ture differed from stream to stream. At a point in the Boulder Hot
Springs stream at 9:30 A.M., the water temperature was 52,5 C with an
air temperature of 27 C. At 1:30 P.M., when the air temperature was
33 C, the water temperature at the same point was 54.5 C. At another
point farther downstream when the air temperature was 27 C, the water
was 45 C and as the air temperature rose to 33 C, the water was 49 C.

The difficulty in predicting the effect of various factors on
changing stream temperature is shown when a difference of 8 C air tem-
perature at Sleeping Child produced a change of 1.5 C in the water,
whereas at Boulder a difference of 5 C air temperature produced a change
of 4 C in the water. Therefore, the effect of a 10 C change of air
temperature in the temperature range of about 20-30 C will produce a
1.87 C change in water temperature at Sleeping Cﬁild, whereas a 10 C

change of air temperature at Boulder will change the water 6.6 C.
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Whereas a stream such as that at Boulder exhibited relatively
great changes in water temperature with air temperature, the stream at
Pipestone (East) did not change to any measurable degree at any time
during the two summers.

The temperature of each stream is controlled by characteristics
of the terrain and by the stream itself. The factors that are effective
are: width and depth of the stream, water volume, water velocity, rif-
fles, and individual characteristics such as cliffs or ravine walls at
Sleeping Child, overhanging vegetation at Alhambra (North), Boulder,
Lolo, and Pipestone, alternating fast water and pond-like flows at
Jackson and Lolo, incoming seepages of thermal water at Alhambra (North
and South), Pipestone (East and West), incoming cold water at Sleeping
Child. These factors, in addition to the angle of the sun's radiation
on the water, variations in air temperature and cloud cover mentioned
earlier, create innumerable situations that are, in all practicability,
impossible to evaluate. Whereas it may be feasible to get an approxi-
mation of the degree to which water temperature is altered by the air
temperature, it is not practical to take series of precise measurements
throughout the day or week, as was described for Sleeping Child, since
each series will vary throughout the year.

The point to present, however, is that temperatures do change
in a thermal stream, so the possible fluctuations should be considered
when an alga is reported to grow at a given temperature. Since the
temperatures were not recorded throughout each day, no precise means
could be obtained. Instead, approximate means were used of daytime
temperatures observed at the times the streams were visited. These

were taken to the nearest half degree except near the sources where
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temporal fluctuations are minimal.
Annotated List of the Species

Included in the following list of algal species found during
this study is information pertaining to their distribution along a tem-
perature gradient. Under each taxa group the streams are listed in
which an alga was found and its temperature range of occurrence. The
number of points within this range in which the alga was collected are
also given to indicate the regularity of occurrence along the tempera-
ture gradient. Rather than merely indicating that an alga was found in
a given number of samples, a better concept of its distribution can be
presented by indicating that it was found in a number of samples among
the total number of samples collected within the temperature range.
Thus, the fact that an alga was found in eight samples in a total of
eight samples within a temperature range conveys different information
from being found in eight of seventeen samples. An alga is not often
evenly distributed within a given range of occurrence, but, rather, its
occurrence will be clumped. This clumped nature is illustrated when
an alga is shown to occur in eight of seventeen samples, whereas clump-
ing 18 not as great for an alga that is represented in eight of eight
samples.

To further convey information pertaining to distribution, the
maximum numerical representation, maximum volumetric representation,
and the temperature at which these values were attained are given for
each alga at each stream. More than one value may be given for an alga
if there is an unusual difference between the maximum value and values

taken from other points in the stream. Two or more of the higher
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values may be similar, in which case they are all given. Therefore,
the temperature range, the number of samples containing an alga in a
total number of samples, the maximum representation, and the tempera-
ture at which this representation occurred are given in a concise man-
ner. More detailed information is given in subsequent sections.

Descriptions of the species have largely been omitted except
to facilitate discussion of morphological characteristics in some cases,
or to describe new species or varieties. In the event information re-
garding a species is desired, the reader may use the appropriate litera-
ture, or he may refer to the illustrations accompanying this list. The
illustrations have been limited to the Cyanophyta, a group well repre-
sented in thermal environments. Several illustrations of certain
species are given to show morphological modifications resulting from
possible environmental factors.

Every effort was made to identify the Cyanophyta and
Chlorophyta to species, but because the spores necessary for identifica-
tion of several Chlorophyta were absent, these were identified to
genus. The Chrysophyta (Bacillariophyceae) were identified to genus
since to proceed further requires the work of a specialist.

As described in the methods in the previous chapter, the per-
centage of the total algal volume and percentage of the total algae
enumerated have been computed for each algae from each sample. 1In the
following list of the algae, the numerical representation will be re-
ferred to as frequency since it is the ratio of the individuals of a
species to the totai number of all species in the sample. This mathe-
matical treatment of the term frequency should be distinguished from

the ecological. Ecologists have referred to frequency as the
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percentage of sample plots in which a species occurs. The manner in
which the algae grew in tangled masses, and the manner in which the
microscope slides had to be prepared, preclude the traditional ecologi-
cal treatment of frequency.

When the maximum and minimum temperatures are given in which
algae were found, it should be kept in mind that their ranges are
limited by the upper and lower temperatures of the stream from which
they were taken. The temperatures for each stream within which algal

samples were taken are listed here for reference:

Alhambra (North), 36.0-54.4 C Lolo, 34.0-45.5 C

Alhambra (South), 41.0-48.0 C Pipestone (West), 52.0-57.0 C
Boulder, 36.0-56.0 C Pipestone (East), 51.0-52.0 C
Jackson, 26.0-58.0 C Sleeping Child, 34.5-52.0 C

Division: Chlorophyta
Class: Chlorophyceae
Order: Ulotrichales

Family: Ulotrichaceae

Ulothrix Kuetzing

Ulothrix subconstricta G. S. West

Distrubution:
Boulder, 37.0-40.5 C
In two of three samples, with maximum frequency of 1.83 percent
and maximum volume of 1.29 percent at 37.0 C.

Jackson, 33.0-41.0 C

In six of nine samples, with maximum frequency of 43.1 percent

and maximum volume of 45.6 percent at 41.0 C. U. subconstricta



88

was not represented during enumeration in the other samples.
Lolo, 36.0 C
In three of three samples, with maximum frequency of 70.22 per-
cent and maximum volume of 25.45 percent. The frequency values
in the other two samples were 2.42 and 1.36 percent.
Sleeping Child, 34.5-42.0 C
In 15 of 15 samples, with maximum frequency of 23.71 percent
and maximum volume of 27.58 percent at 37.0 C.

Mean maximum temperature: 39.9 C

Order: Chaetophorales
Family: Chaetophoraceae

Stigeoclonium Kuetzing

Stigeoclonium attenuatum (Hazen) Collins

Distribution:
Sleeping Child, 34.5-42.0 C
In 15 of 15 samples. S.attenuatum appeared in this stream at the
junction of the warm water and an inflow of cold water. It made
a slight appearance at 42.0 C, but from 40.0 to 39.5 C in three
samples from 90 to 110 feet from the source, the mean frequency
was 93.2 percent whereas the mean volume was 92.5 percent. Al-
though the representation was lower in downstream samples, it re-

mained one of the major algae to 34,5 C.

Order: Cladophorales

Family: Cladophoraceae

Rhizoclonium Kuetzing

Rhizoclonium fontanum Kuetzing
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Distribution:
Boulder, 38.0 C
In one of one sample, with frequency of 8.37 percent and volume
of 36.57 percent.
Sleeping Child, 34.5-36.0 C.
In 8ix of six samples, with maximum frequency of 6.92 percent
and maximum volume of 50.55 percent at 36.0 C.

Mean maximum temperature: 37.0 C

Rhizoclonium hieroglyphicum (Ag.) Kuetzing

Distribution:
In five of five samples, with maximum frequency of 18.68 percent

at 27.5 C. Maximum volume of 84.7 percent was at 29.5 C.

Order: Oedogoniales
Family: Oedogoniaceae
Oedogonium Link
The vegetative filaments of Oedogonium found during the course

of this study could not be differentiated to species since the oogonium
necessary to do so was absent in each stream. Filaments within two
diameter ranges were found, 20-25 u and 11-14 u. Filaments of 20-25 ¥
were found in one stream; those of 11-14 u were found in six streams.
It is logical to assume that the 20-25u filaments are of one species.
It 18 possible that the 11-14 u filaments from six streams were also of
one species since this range in diameters is the same or less than the
range in diameters of many known species with comparable diameters.

Filaments of the latter diameter, however, were from streams of
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different environmental conditions so the possibility of two or more

species should be considered. Oedogonium filaments of the dimensions

described above have been arbitrarily placed in two unnamed species.

These have been distinguished by the mean diameters of the vegetative

filaments which follow the generic name.

Oedogonium sp. A (12.54u)

Distribution:

Alhambra (North), 36.0-37.5 C
In three of three samples, with maximum frequency of 98.3 percent
and maximum volume of 96.9 percent at 37.5 C.

Alhambra (South), 41.0-42.0 C
In four of four samples, with frequency values over 70 percent
and volume values over 93 percent in all samples.

Boulder, 37.0-42.5 C
In three of four samples, with maximum frequency of 4.44 percent
and maximum volume of 2.42 percent at 40.5 C

Jackson, 33.0-40.0 C
In five of seven samples. It was only slightly represented in
all but the sample taken at 36.0 C where the frequency was
82.7 percent and the volume was 98.38 percent.

Lolo, 36.0-37.5 C
In four of four samples, with maximum frequency of 8.23 percent
and maximum volume of 71.37 percent at 36.0 C (131 feet from the
source) .

Sleeping Child, 34.5-37.0 C
In three of 11 samples, with maximum frequency of 2.57 percent

and maximum volume of 27.04 percent at 37.0 C.
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Mean maximum temperature: 39.4 C

Oedogonium sp. B (25 p)

Distribution:
Sleeping Child, 34.5-36.5 C
In ten of ten samples, with maximum frequency of 3.18 percent and

maximum volume of 36.84 percent at 36.5 C.

Order: Chlorococcales
Family: Oocystaceae

Oocystis Naegeli

Oocystis solitaria Wittrock

Distribution:
Alhambra (North), 36.0 C
In one of one sample but was not represented during enumeration.
Lolo, 35.0 C
In one of one sample where the frequency was 0.42 percent and the
volume was 5.15 percent.

Mean maximum temperature: 35.5 C

Order: Zygnematales
Family: Zygnemataceae
Mougeotia (Ag.) Wittrock

Mougeotia sp.

Mougeotia sp. found in the following streams had a diameter of

8 u, but zygospores necessary for species identification were absent.

Disttibl&tion:

Jackgon, 32.0 C

In One of one sample, but was not represented during enumeration.
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Sleeping Child, 35.3-42.0 C

In two of 14 samples, with maximum frequency of 39.7 percent and
maximum volume of 83.93 percent at 42.0 C. The sample taken at
42,0 C was from the point where a small cold stream entered the
warm stream. Since Mougeotia sp. did not appear again until the
water cooled to 35.3 C (130 feet from the source), it is possible
short intervals of increased flow from the cold stream or small
temporary eddies of cold water cooled the alga found at 42.0 C
sufficiently to enable it to endure a higher temperature.

Mean maximum temperature: 33.6 C

Spirogyra Link

Spirogyra spp. found during this study were without the zygo-
spores necessary for species identification. All the filaments were
within five diameter ranges, with mean diameters of 27, 32, 38.5, 48,
and 54 y. Filaments with a mean diameter of 32 4 were found in two
Sstreams, whereas filaments of the other diameters were found in separate
Streams, Although filaments of a given diameter from one stream may be
of the same species with algae of a different diameter from another
Stream (i.e., 27 and 32 u or 48 and 54 u), they have been arbitrarily
distinguiahed on the basis of their size. 1In the following list the

diameters are given after the genus for differentiation.

Spirogyra sp. A (22 u)
Distribytion:

Alhambra (North), 36.0-37.5 C
In three of three samples with maximum frequency of 3.2 percent

and maximum volume of 10.0 percent at 36.5 C.
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Spirogyra sp. B (27 u)

Distribution:
Jackson, 26.0-40.0 C
In eight of 11 samples. From 32.0 C downstream to 26.0 C it was
the dominant alga, with frequency over 20 percent and volume over

60 percent in three of the samples.

Spirogyra sp. C (32 u)

Distribution:

Boulder, 36.0-42.5 C
In five of five samples. It abruptly represented 30.09 percent
of the algae and 81.24 percent of the algal volume at 42.5 C. 1In
four of the five samples it was volumetrically the major alga.

Lolo, 34.0-38.0 C
In eight of eight samples. At 38.0 C its frequency was 2.49 per-
cent whereas the volume was 95.8 percent. This discrepancy
in figures is due to the small diameters of the coexisting algae,

primarily Phormidium angustissimum, which was 82.29 percent of

the algae but 3.48 percent of the algal volume.

Mean maximum temperature: 40.2 C

Spirogyra sp. D (38.5 u)
Distribution:

Sleeping Child, 34.5-36.0
In seven of eight samples. This alga did not exceed one percent
Of the total algae but was approximately 15 percent of the algal

Volume in three samples.
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Spirogyra sp. E (48 yu)

Distribution:
Boulder, 36.0 C

In one of one sample but was not represented during enumeration.

Spirogyra sp. F (54yu)

Distribution:
Jackson, 36.0-41.0 C
In 8ix of seven samples. It abruptly represented 80.9 percent of
the algae and 99.8 percent of the algal volume in its first
appearance at 41.0 C. In four of the samples it represented
85 percent or more of the volume,

Mean maximum temperature of all species of Spirogyra spp.: 38.9 C.

Family: Desmidiaceae
Cosmarium Corda

Cosmarium obtusatum Schmidle

Distribution:
Boulder, 36.0 C
In one of one sample but was not represented during enumeration.
Lolo, 34.0-38.0 C
In eight of eight samples, with maximum frequency of 4.71 per-
Cent and maximum volume of 55.05 percent at 35.5 C.
Sleeping Child, 35.3 C
In one of one sample, but was not represented during enumeration.

Mean Maximum temperature: 36.4 C
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Division: Chrysophyta
Class: Bacillariophyceae
Order: Pennales

Family: Fragilariaceae

Fragilaria Lyngbye

Fragilaria sp.

Distribution:
Sleeping Child, 34.5-40.0 C
In 13 of 14 samples, with maximum frequency of 9.78 percent and
maximum volume of 27.9 percent at 36.0 C (160 feet from the

source). In all other samples the frequency was less than two

percent,
Family: Achnanthaceae
Achnanthes Bory
Achnanthes spp.
Distribution:

Alhambra (North), 36.5-39.0 C
In three of three samples, with a maximum frequency of 0.80 per-
cent and maximum volume of 0.07 percent at 37.5 C.

Alhambra (South), 41.0-43.5 C
In four of five samples, with maximum frequency of 0.80 percent
and maximum volume of 0.79 percent at 42.0 C.

Boulder, 36.0-51.0 C
In 12 of 16 samples, with maximum frequency of 19.11 percent at

42.5 C and maximum volume of 5.48 percent at 43.5 C.
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Jackson, 26.0-44.5 C
In 17 of 18 samples, with maximum frequency of 15.62 percent and
maximum volume of 29.1 percent at 33.0 C.

Lolo, 34.0-36.5 C
In seven of seven samples, but neither the frequency nor the

volume exceeded one percent at any point.

Sleeping Child, 34.5-40.0 C
In eight of 13 samples, but was represented during enumeration at
only 35.8 C where it attained 0.36 percent of the algae and
0.05 percent of the algal volume.

Mean maximum temperature: 42.4 C

Family: Naviculaceae
Navicula Bory
Navicula spp.
Distribution:
Alhambra (North) 36.0-36.5 C
In two of two samples, but was not represented during enumeration.
Alhambra (South), 41.5-43.5 C
In four of four samples, but was not represented during
enumeration.
Boulder, 36.0-42.5 C
In four of five samples, with maximum frequency of 13.4 percent
and maximum volume of 9.31 percent at 38.0 C.
Jackgon, 36.0-44.5 C
In seven of 12 samples, with maximum frequency of 11.11 percent
at 31.0 C, whereas the maximum volume of slightly over eight

Percent was at 37.0 and 38.0 C.
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Lolo, 34.0-36.0 C
In two of five samples, but was not represented during enumera-
tion.

Sleeping Child, 36.5 C

In one of one sample, but was not represented during enumeration.

Mean maximum temperature: 39.9 C

Pinnularia Ehrenberg
Pinnularia spp.
Distribution:

Alhambra (North), 36.0-39.0 C
In three of four samples, but was not represented during
enumeration.

Alhambra (South), 41.0-41.5 C
In two of two samples, but was not represented during
enumeration.

Boulder, 38.0-42.5 C
In three of three samples, with maximum frequency of 11.0 per-
cent and maximum volume of 9.16 percent at 37.0 C.

Jackson, 26.0-42.5 C
In eight of 15 samples, with maximum frequency of 3.17 percent
at 40.0 C, whereas the maximum volume of 27.9 percent was at
33.0 C. The volume representation at all other points was
1.39 percent or less.

Lolo, 34.0-39.5 C
In four of nine samples, but was not represented during

enumeration.
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Mean maximum temperature: 41.0 C

Pleurosigma Smith
Pleurosigma sp.
Distribution:

Jackson, 37.5 C

In one of one sample, but was not represented during enumeration.

Family Gomphonemataceae

Gomphonema Agardh
Gomphonema spp.
Distribution:

Alhambra (North), 36.5 C
In one of one sample but was not represented during enumeration.

Alhambra (South), 41.0-42.0 C
In three of four samples, but was not represented during
enumeration.

Boulder, 37.0-42.5 C
In four of four samples with maximum frequency of 22.34 percent
at 38.0 C and maximum volume of 3.66 percent at 37.0 C.

Jackson, 26.0-40.0 C
In five of 11 samples. Gomphonema sp. was present at 40.0 C but
did not reappear until the water had cooled to 32.0 C, where it
was found in five consecutive samples. The maximum frequency of
10.22 percent was at 29.5 C and maximum volume of 0.68 percent
was at 27.5 C.

Lolo, 34.0-36.5 C

In seven of seven samples, with maximum frequency of 19.54 percent
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and maximum volume of 5.44 percent at 36.0 C.
Sleeping Child, 34.5-42.0 C
In 14 of 15 samples with maximum frequency of 3.59 percent and
maximum volume of 1.14 percent at 36.0 C.

Mean maximum temperature: 39.9 C.

Family: Cymbellaceae
Amphora Ehrenberg
Amphora spp.
Distribution:
Alhambra (North), 36.0-39.0 C
In three of three samples, but was not represented during
enumeration.
Boulder, 37.0 C
In one of one sample where it represented 4.58 percent of the
algae and 10.05 percent of the algal volume.
Lolo, 36.0 C
In one of one sample, but was not represented during enumeration.
Sleeping Child, 35.5 C
In one of one sample, but was not represented during enumeration.

Me an maximum temperature: 36.9 C

Epithemia de Brébisson

Epithemia spp.
D1 stribution:

Alhambra (North), 39.0 C

In one of one sample but was not represented during enumeration.
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Alhambra (South), 41.0-42.0 C
In three of three samples, but was not represented during
enumeration.

Boulder, 36.0-42.5 C
In four of five samples. Frequency values of 2.38 and 2.91
percent were attained at 36.0 and 42.5 C. The volume was
1.42 percent or less at all temperatures.

Lolo, 36.0 C
In three of three samples, but was not represented during
enumeration.

Mean maximum temperature: 39.9 C

Epithemia sp.

This species of Epithemia was decidedly different from that
ligted above.
Digtribution:
Boulder, 36.0-42.5 C
In three of five samples, with maximum frequency of 1.94 percent

and maximum volume of 0.94 percent at 42.5 C.

Family: Nitzschiaceae
Nitzschia Hassall
Nitzschia sp.
DiStHMRMM
Alhambra (North), 36.0-36.5 C
In two of two samples, but was not represented during

enumeration.
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Boulder, 36.0-45.0 C
In five of seven samples with maximum frequency of 3.57 percent
at 36.0 C and maximum volume of 0.43 percent at 38.0 C.

Lolo, 34.0-36.0 C
In two of four samples, but was not represented during
enumeration.

Sleeping Child, 34.5-40.0 C
In three of three samples from 40.0 C downstream to 39.5 C. It
did not make an appearance again until the water cooled to
35.8 C (110 feet from the source). From 35.8 C to 34.5 C it
appeared in four of four samples. At no point was it represented
during enumeration.

Mean maximum temperature: 39.3 C

Denticula Kuetzing
Denticula spp.
Distribution:
Alhambra (North), 36.0-39.0 C
In three of three samples, with maximum frequency of 1.0 percent
and maximum volume of 0.5 percent at 36.5 C.
Alhambra (South), 41.0-45.0 C
In five of six samples, but was not represented during
enumeration.
Boulder, 36.0-50.0 C
In eight of 14 samples. The two points of highest frequency were
3.57 and 3.88 percent attained at 36.0 and 42.5 C.

Me
SN maximum temperature: 43.1 C
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Family: Surirellaceae

Surirella Turpin

Distribution: Surirella sp.

Boulder, 36.0 C

In one of one sample but was not represented during enumeration.

Division: Cyanophyta
Class: Myxophyceae
Order: Chroococcales
Family: Chroococcaceae
Chroococcus Naegeli

Chroococcus minor (Kuetz.) Naegeli

Distribution:

Alhambra (North), 36.5-37.5 C
In two of two samples, with maximum frequency of 2.1 percent
and maximum volume of 0.0l percent at 36.5 C.

Alhambra (South), 41.5-42.0 C
In three of four samples, with maximum frequency of 9.4 percent
and maximum volume of 0.1 percent at 42.0 C.

Boulder, 45.0 C
In one of one sample, with 0.88 percent frequency and 3.8 percent
of total volume.

Jackson, 31.0-41.0 C
In six of 11 samples, reaching maximum frequency of 11.11 percent
at 31.0 C and maximum volume of 1.37 percent at 38.0 C.

Lolo, 34.0-36.0 C
In two of six samples, with maximum frequency of 1.45 percent

at 36.0 C (131 feet from the source).
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Sleeping Child, 50.5-52.0 C
In three of three samples but not represented during enumeration.

Mean maximum temperature not limited by stream temperature: 42.2 C

Chroococcus minutus (Kuetz.) Naegelil

Distribution:

Alhambra (North), 36.5-39.0 C

In two of three samples but not represented during enumeration.
Alhambra (South), 41.,0-41.5 C

In two of two samples but not represented during enumeration.
Boulder, 37.0-45.0 C

In five of six samples, with maximum frequency of 31.28 percent

at 38.0 C and maximum volume of 50.42 percent at 43.5 C.
Jackson, 39.0-44.5 C

In four of eight samples but not represented during enumeration.
Lolo, 34.0-40.0 C

In ten of ten samples, with maximum frequency of 5.31 percent

and maximum volume of 7.69 percent at 36.5 C.

Me an maximum temperature: 42.0

Chroococcus turgidus (Kuetz.) Naegeli

D1 stribution:
Alhambra (North), 36.0-37.5 C
In three of three samples but not represented during enumeration.
Alhambra (South), 41.0-42.0 C
In four of four samples, with maximum frequency of 3.1 percent at
both 41.0 and 42.0 C. The maximum volume of 6.7 percent was

attained at 41.0 C.
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Boulder, 37.0-46.0 C
In six of seven samples, with maximum frequency of 6.66 percent
and maximum volume of 0.27 percent at 40.5 C

Jackson, 32.0-41.0 C
In five of ten samples with maximum frequency of 12.7 percent
and maximum volume of 8.7 percent at 41.0 C.

Sleeping Child, 35.8 C
In one of one sample but was not represented during enumeration.

Mean maximum temperature: 40.5 C

Synechocystis Sauvageau

Synechocystis aquatilis Sauvageau

Distribution:
Alhambra (North), 36.5 C

In one of one sample but was not represented during enumeration.

Synechocystis crassa Woronichin

Plate I Figure 1
Distribution:

Boulder, 38.0-40.5 C
In two of two samples, with maximum frequency of 3.35 percent
and maximum volume of 0.46 percent at 38.0 C.

Lolo, 34.0-36.5 C
In five of seven samples, with maximum frequency of 0.23 percent,
maximum volume of 1.32 percent at 36.5 C.

M
€an maximum temperature: 38.5 C
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Synechocystis minuscula Woronichin

Plate I Figure 2
Distribution:
Jackson, 31.0-46.0 C
In four of 17 samples. The sporadic appearance of this alga is
exemplified by the enumeration only at 42.0 C, where it repre-
sented 82.8 percent of the algae and 65.4 percent of the algal

volume.

Synechocystis salina Wislouch

Plate I Figure 3
Distribution:

Boulder, 40.5-42.5 C
In two of two samples, with maximum frequency of 3.33 percent at
42,5 C. The volume in both samples was less than 0.0l percent.

Lolo, 36.0-40.0 C
In 8ix of ten samples, with maximum frequency of 11.53 percent
at 36.0 C (295 feet from the source). The maximum volume of
5.63 percent was in the pool at 40.0 C.

Me an maximum temperature: 41.2 C

Microcystis Kuetzing

Microcystis densa G. S. West

Dis tribution:
Jackson, 38.0 C
In one of one sample where it represented 14.5 percent of the

algae and 16.16 percent of the algal volume.
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Microcystis holsatica Lemmermann
Distribution:
Sleeping Child, 36.0 C

In one of one sample but was not represented during enumeration.

Microcystis incerta Lemmermann

Distribution:

Alhambra (North), 36.5-37.5 C
In two of two samples, with maximum frequency of 10.7 percent and
maximum volume of 0.01 percent at 36.5 C.

Alhambra (South), 41.0-41.5 C
In two of two samples, with maximum frequency of 23.6 percent and
maximum volume of 0.1 percent at 41.0 C.

Boulder, 42.5 C
In one of one sample where the frequency was 0.97 percent and
the volume was less than 0.01 percent.

Sleeping Child, 35.3 C
In one of one sample where frequency was 4.71 percent and the
volume was 0.90 percent.

Mean maximum temperature: 38.9 C

Synechococcus Naegeli

The characteristics of cell diameter and length, degree of
curvature, and degree of granulization are often not sufficiently defi-

nite to consistently differentiate the species of Synechococcus found

in this study. Variations of each characteristic can produce a number
of combinations that often cause considerable doubt upon identification

to species. If, during the course of this study, Synechococcus spp.
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had been examined from arbitrarily chosen points in the streams without
regard given to an environmental gradient, more confidence could have
been realized in identification. By careful examination of members of
this genus along temperature gradients in several streams, however, a
number of possible ecotypes were observed that created considerable
doubt as to their true identity.

Descriptions of Synechococcus found during this study are given

to 1illustrate areas that may lead to difficulty when gradations between

characteristics arise.

Synechococcus arcuatus Copeland

Plate I Figure 4
Cells cylindrical, strongly and evenly curved, 1.5-2.0 u in
diameter, 6-11 u in length. Cells scattered among other algae or form-
ing a loose flocculent gray-green to dull blue-green stratum. Cell
contents homogenous, without prominent granules, dull blue-green.
Distribution:
Boulder, 48.0-54.7 C
In five of ten samples.
Jackson, 42.0-58.0 C
In 11 of 16 samples.
Pipestone (West), 52.0-53.0 C
In two of two samples.
Pipestone (East), 51.0-52.0 C

In three of eight samples.
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Synechococcus Cedrorum Sauvageau

Plate I Figure 5
Cells ellipsoidal, seldom cylindrical, 3-4 y in diameter, 5-10 u
in length, single or in two%, pale blue-green.
Distribution:
Jackson, 33.0-46.0 C
In eight of 15 samples.
Lolo, 39.5-42.0 C
In four of five samples.
Pipestone (West), 52.0 C

In one of one sample.

Synechococcus elongatus Naegeli

Plate I Figure 6
Cells cylindrical, straight, 1.4-2,0 y in diameter, 2-6 u in
length, single or in chains of two to four cells.
Distribution:
Jackson, 38.5-58.0 C
In 19 of 21 samples.
Lolo, 36.0-42.0 C
In seven of seven samples.
Pipestone (East), 51.0 C

In five of six samples.

Synechococcus eximus Copeland

Plate I Figure 7
Cells ovoid to subcylindrical, 1.8-2.5 u in diameter, 2.2-3.5 U

in length; cells single or during division in twos, pale blue-green,
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with homogenous contents.
Distribution:
Jackson, 48.0-56.7 C

In three of eight samples.

Synechococcus lividus Copeland

Plate I Figure 8
Cells cylindrical, usually straight or sometimes feebly curved,
1.2-1.4 y in diameter, 5-10 u in length, separating soon after division,
but frequently in linear pairs. Plant mass flocculent, livid blue-green.
Cell contents usually with one or two granules, polar in position,
sometimes absent; olive-green to dull blue-green.
Distribution;
Alhambra (North), 39.0-54.4 C
In eight of eight samples.
Alhambra (South), 43.5-48.0 C
In five of five samples.
Boulder, 43.5-56.0 C
In 17 of 17 samples.
Jackson, 33.0-58.0 C
In 16 of 25 samples.
Lolo, 38.0-45.5 C
In 8ix of six samples.
Pipestone (West), 53.0-55.5 C

In five of five samples.

Synechococcus 1lividus Copeland var. nov.

Plate I Figure 10



110

Cells cylindrical, curved; 0.7-0.9u in diameter, 4.5-7.0 uy in
length. Granules, when present, indefinite in position.
Distribution:

Boulder, 49.5-54.7 C

In four of eight samples.
Jackson, 42.0-52.8 C

In seven of 12 samples.
Pipestone (West), 52.0-53.0 C

In two of two samples.

Synechococcus lividus var. curvatus Copeland

Plate I Figure 9
Cells cylindrical, uniformly curved; 1.7 2.2 y in diameter,
6-13 4 in length. Cell pale blue-green, with usually one or two gran-
ules indefinite in position.
Distribution:
Boulder, 54.7 C
In one of one sample.
Jackson, 42.0-52.8 C
In seven of 12 samples.
Pipestone (West), 52.0-53.0 C

In two of two samples.

Synechococcus lividus var. siderophilus Copeland

Plate II Figure 2
Cells cylindrical, 1.5-1.8 y in diameter, 8-15 u in length.
Cells pale blue-green, usually with one or two granules indefinite in

position. Cells straight, or usually obtusely bent.
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Distribution:
Boulder, 52.0-53.0 C

In two of two samples.

Synechococcus vescus Copeland

Plate II Figure 3
Cells cylindrical, evenly curved up to an arc of one-fifth of a
circle or occasionally almost straight; 1.8-2.1 u in diameter, 8-26 u
in length (usually 10-20), 7-22 u across the arc. Polar granules single
or in unequal pairs, variable in shape and size, usually large and
highly refractile. When pairs are present the terminal one larger.
Distribution:
Jackson, 46.0-56.7 C

In three of ten samples.

Synechococcus viridissimus Copeland

Plate I1I Figure 4
Cells cylindrical, straight or occasionally feebly curved;
2.0-2.5 y in diameter, 4-11 y long. Cell contents light blue-green,
usually with one (0-3) small, conspicuous, flattened refractile granule
indefinite in position.
Distribution:
Jackson, 46.0-58.0 C
In 8ix of 12 samples.
Pipestone (West), 53.5 C
In one of one sample.
Pipestone (East), 53.0 C

In one of one sample.
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Synechococcus vulcanus Copeland

Plate II Figure 5
Cells cylindrical, straight or feebly curved; 2.1-2.4 u in
diameter, 7-17 u in length. Cell contents homogenous, pale yellowish-
green.
Distribution:
Jackson, 39.0-56.7 C

In four of 18 samples.

The above descriptions illustrate the overlapping of dimensions
and the reliance upon the degree of curvature and degree of granuliza-
tion for species differentiation. When individual cells were examined,
the variance of the curvature and granules created problems that could
usually be resolved. The enumeration of hundreds of cells from one
sample, however, created an entirely different situation. The granules
were often impossible to see under the magnification used during enumera-
tion and would have required a return to higher power to find, count,
and determine their position in many individual cases. The curved cells
whose arcs were vertical appeared to be straight, but in counting them
it would have been impractical to individually roll them over. It
would also have been impractical to measure or otherwise determine each
borderline modification produced by some factor of the environment.
Considering these problems, the species and varieties were grouped
under the genus for computing frequency and volume in those streams or
areas of streams where more than one species was encountered. The
streams and the temperatures at which the species have been found, how-
ever, were given in the above annotated list.

Except for S. Cedrorum, the species of Synechococcus were
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generally found at or near the upper temperature limits of the streams.
Since they can apparently exist at higher temperatures, it was not
feasible to list the maximum temperatures in the few cases where the
algae were not limited by the upper temperature limits of the streams.
The mean minimum temperature, in all but the short Pipestone streams

with lower temperature limits in the low 50's, was 38.9 C.

Aphanothece Naegeli

Aphanothece Castagnei (de Bréb.) Rabenhorst

Plate II Figure 7
Distribution:
Jackson, 33.0-44.5 C

In four of 13 samples but was not represented during enumeration.

Aphanothece saxicola Naegeli

Distribution:
Jackson, 38.5 C

In one of one sample but was not represented during enumeration.

Aphanothece stagnina (Spreng.) A. Braun

Distribution:
Lolo, 36.0-44.0 C
In eight of nine samples, with maximum frequency of 14.92 percent
and maximum volume of 9.56 percent in the small pool at 40.0 C.
A. stagnina was 0.24 percent or less of the total algae in all

other samples.
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Order: Chamaesiphonales
Family: Pleurocapsaceae
Xenococcus Thuret

Xenococcus Kerneri Hansgirg

Plate III Figure 4
Distribution:
Jackson, 26.0-32.0 C
In four of five samples, with the two high frequency values of
21.21 and 21.45 percent at 27.5 and 26.0 C. The volumes for

these temperatures were 0.19 and 0.12 percent respectively.

Family: Dermocarpaceae

Dermocarpa Crouan

Dermocarpa rostrata Copeland

Plate III Figure 6
Distribution:
Jackson, 26.0-32.0 C
In five of five samples, with the maximum frequency of 29.54 per-

cent at 29.5 C and the maximum volume of 0.28 percent at 32.0 C.

Family: Chamaesiphonaceae

Chamaesiphon Braun and Gronow

Chamaesiphon sp. nov.

Plate III Figure 5
Cells solitary or gregarious, fusiform to almost cylindrical,
straight or slightly curved; 0.3-0.5 p wide tapering to 0.1-0.3 u at
the base; pseudovagina thin and delicate. Exospores spherical,

usually 3-5, Often three-fourths of the protoplast divided into
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exospores.,
Distribution:
Jackson, 41.0-42.0 C

In two of two samples but was not represented during enumeration.

Chamaesiphon cylindricus Peterson

Plate III Figure 2
Distribution:
Alhambra (North), 36.0 C
In one of one sample but was not represented during enumeration.
Alhambra (South), 41.0-42.0 C
In four of four samples, with maximum frequency of 12.7 percent

and maximum volume of 0.31 percent at 42.0 C.

Chamaesiphon minimus Schmidle

Plate III Figure 1
Distribution:
Jackson, 29.5-36.0 C
In three of five samples but was not represented during

enumeration.

Chamaesiphon gracilis Rabenhorst

Plate ITII Figure 3
Distribution:
Jackson, 26.0-32.0 C
In five of five samples. C. gracilis was somewhat evenly dis-
tributed with frequency values ranging from 17.61 to 33.5 per-
cent and the volume from 0.08 to 0.29 percent. Both frequency

and volume maxima were at 32.0 C.
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Order: Hormogonales
Suborder: Homocystinae
Family: Oscillatoriaceae

Isocystis Borzi

Isocystis pallida Woronichin

Plate III Figure 7
Distribution:
Alhambra (North), 46.0 C
In one of one sample, with a frequency of 3.2 percent and volume
of 8.9 percent.
Alhambra (South), 48.0 C.
In one of one sample, but was not represented during enumeration.
Jackson, 39.0-52.0 C
In 17 of 20 samples. Although the presence value was high,
I. pallida attained only 4.0 percent of the total algae and
4.6 percent of the algal volume at 41.0 C.
Lolo, 40.0 C
In one of one sample, but was not represented during enumeration.
Pipestone (West), 52.0-53.0 C
In one of one sample before and after the flooding but was not
represented during the enumeration.
Pipestone (East), 51.0 C
In five of five samples, with a maximum frequency of 1.89 percent
and maximum volume of 2.06 percent.

Mean Maximum temperature not limited by stream temperature: 47.8 C
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Spirulina Turpin

Spirulina Corakiana Playfair

Plate IV Figure 1
Distribution:
Alhambra (South), 48.0 C
In one of one sample but was not represented during enumeration.
Boulder, 49.5 C
In one of one sample where its frequency was 0.27 percent and
volume 0.07 percent.
Jackson, 33.0-52.0 C
In five of twenty samples but not represented during enumeration.

Mean maximum temperature: 47.4 C

Spirulina subtillissima Kuetzing

Plate IV Figure 2

Distribution:
Alhambra (North), 36.5 C

In one of one sample but was not represented during enumeration.

Oscillatoria Vaucher

Oscillatoria amphibia Agardh

Plate IV Figure 3
Distribyution:
Boulder, 45.0-50.5 C
In five of nine samples with maximum frequency of 7.48 percent
and maximum volume of 18.51 percent at 45.0 C. The percent
frequency at other points in this stream ranged up to 1.30 per-

Cent,
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Lolo, 36.0 C

In one of one sample but was not represented during enumeration.

Oscillatoria Boryana Bory

Plate IV Figure 4-7
Similar trichomes were found at Jackson with characteristics of

Arthrospira Jenneri Stiz = Spirulina Jenneri (Stiz) Geitl.,

Oscillatoria terebriformis Ag., and Oscillatoria Boryana Bory. The
folloﬁing brief descriptions of these species are given for comparison
and to facilitate a discussion of them.

Arthrospira Jenneri. Trichome not or very slightly constricted,
sometimes fine granules at the cross-walls, 5-8 u wide, end not
attenuated, more or less regularly spiralled. Spirals 9-15 u wide and
21-31 y between spirals. Cells are as wide as they are long or some-
what shorter than wide, the end cell is broadly rounded.

Oscillatoria terebreformis. Trichomes with no constrictions at

the cross-walls, 4-6.5 u wide, end slightly attenuated, spiralled at

the end. Cells as wide as they are long or half as long as wide, the
end-cell rounded or almost truncate. Trichome is not capitate and no
calyptra is present.

Oscillatoria Boryana. Trichome constricted at the cross-walls,
often slightly granular at the cross-walls, 6-8 u wide, completely
8piralled or only at the end but many times straight. Cells are as
Vide ag they are long to half as long as wide, the end-cell rounded or
WOore or less accuminate. Trichome not capitate and no calyptra is
Present,

The trichomes found at Jackson were slightly constricted or not

constricted at the cross-walls, 5.5-6.5 u wide, end attenuated, rounded,
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or truncate, regularly spiralled the entire length or only at the ends.
Spirals from 10.3 u wide to those that are barely perceptible, 31 u
from spiral to spiral. Cells as long as wide to half as long as wide,
contents homogenous or coarsely granular.

Trichomes could have been placed in any one of the named species
depending on the point from which they were taken, since trichomes with
all variations of spirals, end-cells, granulations, and cross-wall
constrictions had common diameters of 5.5-6.5 u.

The effect of an environmental gradient on the spirals is shown
by the following figures. At 52.8 C, 100 percent of the trichomes had
spirals the entire length. At 48.0 C, 70 percent of the trichomes were
spiralled the entire length, while the remaining 30 percent were
spiralled only at the ends. At 41.0 C downstream to 37.5 C, approxi-
mately 5 percent were spiralled, the spirals ranging from those that
were readily perceptible to those that were almost imperceptible. This
change in the degree of spiralling from 52.8 C downstream to 37.5 may
be the result of the temperature change, but within this temperature
range the pH increased from 7.5 to 8.2 and the carbon dioxide decreased
from 35 to 8 ppm.

No attempt was made to quantify the degree of granulization of
cell contents. Concerning the sizes and numbers of granules, all that
can be mentioned is that cell contents became more homogenous with de-
creasing temperature.

None of the discussed species was found in samples from the
other streams so the probability of the coexistence of three such
similar forms in one stream is slight. Since there were gradations in

spirals and since the trichome dimensions were the same at all points
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in the stream, probably one species was present.

Although no mention is made of the spiral width or length in the
description for O.Boryana, the fact that the trichomes may be complete-
ly spiralled or only spiralled at the end but many times straight, is
characteristic of trichomes found at Jackson. The acuminate end-cell
of many trichomes also suggests O. Boryana.

Distribution:
Jackson, 37.5-54.0 C
In 16 of 16 samples. The two points of high frequency are at
42,5 and 54.0 C where values of 38.38 and 20.48 percent were
attained. The volumes were 95.8 and 99.5 percent for the tem-
peratures, respectively. The frequency values in the other

samples were 3.49 percent or less.

Oscillatoria brevis (Kuetz.) Gomont

Plate V Figure 1
Distribution:
Alhambra (North) 39.0 C
In one of one sample but was not represented during enumeration.
Boulder, 47.0 C
In one of one sample where the frequency was 1.73 percent and the
volume was 27.84 percent.
Jackson, 37.0-42.5 C
In four of eight samples, with maximum frequency of 1.58 percent
and maximum volume of 0.02 percent at 40.0 C.
Lolo, 34.0-36.0 C
In four of five samples, with maximum frequency of 88.23 percent

and maximum volume of 91.63 percent at 34.0 C.
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Mean maximum temperature: 43.3 C

Oscillatoria chalybea Mertens

Distribution:
Boulder, 48.0 C

In one of one sample but was not represented during enumeration.

Oscillatoria chalybea var. depauperata Copeland

Distribution:
Pipestone (West), 48.0-51.5 C
This alga was present in samples from a seepage area near

Pipestone (West) but this was not enumerated.

Oscillatoria geminata Meneghini

Plate V Figures 2-4

Plant mass dull yellowish-green. Trichomes 2.3-4.0 u in
diameter, curved. Cross walls clearly constricted, thick, translucent,
not granulated at the cross walls. Cells variable in length, as long
as wide or longer than wide, 2.3-16 u long; end cell rounded.

Trichomes with characteristics of O. geminata were found during
this study having diameters that ranged from 1.0 u to 3.5 u. Since
0. geminata is described as having a diameter of 2.3-4.0 u, trichomes
above 2.3 u were placed in 0. geminata, those 1.7-2.0 uy were placed in
0. geminata var. tenella Copeland, and those 1.0-1.6 u in O. geminata
var, tenella fa. nov.

0. geminata trichomes and its varieties have been described and
named as they were found; as a result, Copeland (1936) used the variety
tenella for those trichomes he found that were 1,7-2.0 yu in diameter.

The range of four microns (1.7-2.0) for variety tenella may be rather
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narrow, but had Copeland found trichomes down to 1.0 u, as in this
study, the size range for this variety would have been extended.

Since trichomes of O. geminata with large and small diameters
were often found in the same samples, they cannot be considered ecologi-
cal variants and must be judged for what they appeared to be at the

time of collection, O. geminata, O. geminata var. tenella, and O.

geminata var. tenella fa. nov.
Distribution:

Alhambra (North), 48.5-52.0 C
In three of three samples with maximum frequency of 13.5 percent
and maximum volume of 10.3 percent at 52.0 C.

Alhambra (South), 41.0-48.0 C
In seven of nine samples, with maximum frequency of 5.7 percent
and maximum volume of 8.9 percent at 45.0 C.

Boulder, 45.0-55.0 C
In seven of 14 samples, with maximum frequency of 21.17 percent
and maximum volume of 41.0 percent at 50.5 C. The other frequency
values were 0.61 percent or less.

Jackson, 36.0-52.0 C
In 16 of 19 samples, with highest frequency values of 23.2 and
21.7 percent at 43.5 and 51.0 C. The maximum volume of 46.9 per-
cent was at 46.0 C.

Pipestone (West), 52,0 C
In one of one sample but was not represented during enumeration.

Pipestone (East), 51.0 C
In three of three samples but was not represented during

enumeration.
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Sleeping Child, 42.0-50.0 C
In 8ix of six samples, with maximum frequency of 10.76 percent
and maximum volume of 8.12 percent at 50.0 C.

Mean maximum temperature not limited by stream temperature: 52.2 C

Oscillatoria geminata var. tenella Copeland

Plate V Figures 5, 6
Trichome diameter 1.7-2.0 u. Otherwise as in the species.
Distribution:
Lolo, 34.0-36.0 C
In 8ix of six samples, with maximum frequency of 3.63 percent
and maximum volume of 1.42 percent at 36.0 (196 feet from the

source).

Oscillatoria geminata var. tenella fa. nov.

Plate V Figures 7-10
Trichome diameter (1.0)-1.2-1.4-(1.6) u. Cells 1-4 diameters in
length. Otherwise as in the species.
Distribution:
Alhambra (North), 39.0-44.5 C
In three of three samples, with maximum frequency of 24.8 percent
and maximum volume of 6.8 percent at 44.5 C.
Alhambra (South), 41.5-48.0 C
In eight of eight samples, with maximum frequency of 47.1 percent
and maximum volume of 33.5 percent at 48.0 C. The other frequency
values were 7.8 percent or less.
Boulder, 42.5-52.0 C

In 14 of 17 samples. The two samples in which this variety was
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most abundant were obtained at 47.0 and 50.5 C, where frequency
values were 70.43 and 47.05 percent and volume values were 51.89
and 32.96 percent respectively. Frequency values of 15 percent
or less were attained at the other points of sampling.
Jackson, 36.0-43.5 C

In six of 11 samples, with frequency of 12.8 percent and volume
of 55.0 percent at 43.5. Other frequency values were 4.04 per-
cent or less.

Mean maximum temperature not limited by stream temperature: 46.6 C

Oscillatoria geminata var. fragilis Copeland fa. nov.

Plate V Figures 11-13

Trichomes short, 3-8 cells long, (1.0)-1.2-1.8-(2.2)u 1in
diameter. Cells 1-2 diameters in length. Otherwise as in the species.

These trichomes were not so variable in length as to give the
impression of pleces of trichomes broken randomly but, rather, were of
relatively uniform length. The mean trichome length was 3 cells at
Alhambra (South), 4 cells at Lolo, and 5-6 cells at Jackson. The dia-
meters of these trichomes also varied from stream to stream. The mean
diameters were 1.2 y at Alhambra (South), 1.6 y at Lolo, and 1.8 u at
Jackson.

The usual trichome diameters of 1.2~1.8 u and trichome length of
from 3 to 8 cells should be compared with the variety fragilis, which is
2.2y 1# diameter ana 6-12 cells long. Copeland (1936) found the
variety to be more common than the species in Yellowstone National Park,
whereas the converse is true for this new form.

Distribution:
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Alhambra (South), 41.5-43.5 C
In three of four samples, with maximum frequency of 4.0 percent
and maximum volume of 0.07 percent at 42.0 C
Jackson, 33.0-38.5 C
In two of five samples but was not represented during enumeration.
Lolo, 36.0-44.0 C
In ten of ten samples. The frequency was no greater than
1.5-1.8 percent found in three samples.

Mean maximum temperature: 40.6 C

Oscillatoria limnetica Lemmermann

Plate VI Figure 1
Distribution:
Boulder, 49.5-50.0 C
In two of three samples but was not represented during

enumeration.

Oscillatoria limosa Agardh

Plate VI Figure 2
Distribution:
Boulder, 36.7-43.5 C
In five of five samples with maximum frequency of 11.17 percent

and maximum volume of 39.49 percent at 38.0 C.

Oscillatoria princeps Vaucher

Plate VI Figure 3
Distribution:

Sleeping Child, 36.0 C

In one of one sample but was not represented during enumeration.
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Oscillatoria tenuis Ag. var. tergestina Rabenhorst

Distribution:
Sleeping Child, 36.0 C

In one of one sample but was not represented during enumeration.

Phormidium Kuetzing
Phormidium sp. nov.
Plate VII Figures 10, 11

Trichome curved, constricted at the cross walls, end gradually
attenuate, 0.7-0.9 y in diameter. Sheath colorless, confluent. Cells
cylindrical, 4-7 times longer than wide, generally 4.0 u long, no
granules at the cross walls, capitate end cell.

The characteristics of cell dimensions, no granules at the cross
walls, and constricted cross walls are suggestive of P. angustissimum
West and West, but may be distinguished from it by the distinct shape
of the end cell. Trichomes were observed with characteristics of

P. angustissimum from 54.7 C downstream to 51.0 C, whereas from 50.5 C

downstream to 37.5 C the Phormidium with the capitate end cell was pre-
sent. When the algae were counted, trichomes were observed that ex-
tended from the counting squares well out of view. It was impossible
to follow each trichome out of the randomly chosen counting area in an

attempt to find the end cell to determine whether this cell was the

capitate Phormidium or P. angustissimum and then again find the origi-
nal éounting area. For this reason, the trichomes from 50.5 to 37.5 C
were all considered to be the new species with the capitate end cell,
although the two may exist in this temperature range.

It is possible that the Phormidium trichomes above 50.5 C at

Boulder with the characteristics described above are also of the
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capitate species, but the characteristic end cell may not be able to be
produced above this temperature, Since the two types of trichomes were
observed, however, the enumeration was performed on the assumption that
they did exist and that the temperature of demarcation was 50.5 C.
Distribution:
Boulder, 37.0-50.5 C
In eight of 13 samples, with maximum frequency of 65.39 percent

and maximum volume of 43.4 percent at 48.0 C.

Phormidium africanum Lemmermann

Plate VI Figure 5
Distribution:

Pipestone (West), 52.0 C
In two of two samples with a maximum frequency of 10.28 percent
and maximum volume of 8.67 percent.

Pipestone (East), 51.0-52.0 C
In seven of nine samples with a maximum frequency of 56.13 percent
and maximum volume of 61.43 percent at 52.0 C. The entire tem-
perature gradient at this stream was only 1 C, from 52.0 to
51.0 C. At the emergence, 52.0 C, this algae was 1.1 percent of
the total volume, but it was not until the water had traveled
60 feet that it attained 61.43 percent. This suggests that within
this temperature interval some other factor may have been respon-
sible for the increase.

Mean maximum temperature: 52.0 C
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Phormidium angustissimum W. and G. S. West

Plate VI Figures 6-8
Distribution:

Alhambra (North), 39.0-52.0 C
In seven of seven samples, with maximum frequency of 63.8 percent
and maximum volume of 13.4 percent at 39.0 C.

Boulder, 51.0-54.7 C
In two of four samples but was not represented during enumera-
tion. The possibility of trichomes with characteristics of

P. angustissimum in this temperature range being another species

is discussed under Phormidium sp. nov.
Jackson, 33.0-52.0 C

In 18 of 20 samples. P. angustissimum had several points of

comparably high frequency and volume values sporadically scat-
tered along this temperature gradient. These are given, along
with the temperatures, to briefly show its relative importance:
35.4 percent at 52.0 C; 76.6 percent at 44.5 C; 65.3 percent at
42.5 C; and 87.4 percent at 37.0 C. The volume contribution was
often considerably less due to its small size.

Lolo, 34.0-40.0 C

In 11 of 11 samples. P. angustissimum was enumerated in ten of

the samples, with frequency values ranging from 7.48 percent at
34.0 C to 82.29 percent at 38.0 C.
Pipestone (West), 53.5 C
In one of one sample but was not represented during enumeration.
Sleeping Child, 36.0-52.0 C

In ten of ten samples from 52.0 C downstream to 42.0 C, but was not
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present again for 90 feet, where it was meagerly represented at
36.5 and 36.0 C. The occurrence changed abruptly from a high of
70.03 percent at 51.0 C to a low of 0.28 percent at 50.5 C. Other-

wise,the occurrence values ranged from approximately 11 to

45 percent.

Mean maximum temperature: 50.7 C.

Phormidium bigranulatum Gardner

Plate VI Figure 9

Distribution:
Pipestone (West), 48.0-52.0 C

In one of one sample but was not represented during enumeration.

Phormidium Bohneri Schmidle

Plate VI Figure 10

Distribution:

Lolo, 36.0 C

In two of two samples at 36.0 C. In one sample it represented

0.57 percent of the algae and 0.0l percent of the volume,

Phormidium frigidum Fritsch

Plate VI Figure 12
The trichomes of this alga usually have a granule at the cross
walls. This characteristic created some difficulty since there was a
8radation in trichomes with many granules to those with no granules.

This raiged the question as to whether these trichomes without granules

Were actually P. frigidum, Oscillatoria geminata var. nov., or P.

-3££i£2222- While it is true that the genus Phormidium has a sheath and
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Oscillatoria does not, the sheaths are very often confluent in a ther-

mal environment. The confluent nature of the sheathing material coupled
with gradation of granules created such nebulous criteria for differ-
entiation that one species could easily be faken for the other. Consi-
dering the confluency of the sheathing material and similarity of the
trichomes, separation was made, which is admittedly weak, on the basis
of granules. In compliance with the present literature, however, this
appears to be the most logical choice until such trichomes can be
cultured or examined in the field under more varied environmental condi-
tions.
Distribution:
Pipestone (West), 48.0 C
P._frigidum was found in a seepage area near Pipestone (West)
but the algae here were not enumerated.
Pipestone (East), 51.0 C
In four of four samples, with a maximum frequency of 4.3 percent
and a maximum volume of 0.6 percent.

Mean maximum temperature: 49.5 C

Phormidium Jenkelianum Schmidle

Plate VII Figure 7
Distribution:
Sleeping Child, 34.5 C.
In one of one sample, where the frequency was 4.93 percent and

volume 0.47 percent.
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Phormidium laminosum Gomont

Plate VII Figures 1-6

Phormidium laminosum has been found in thermal environments of

relatively high temperatures throughout the world. It has been found
at or near the upper temperature limits in the streams of this study,
making it impossible to approximate its maximum tolerable temperature
in combination with the other environmental factors. Tilden (1898)
found it up to 55.0 C in an overflow from a spring that issued at 91.0
91.0 C in Yellowstone National Park. She also found it at 75.0 C,
which Copeland (1936) considered too high. On the basis of many obser-
vations at Yellowstone Park, Copeland believed it existed up to 65-66 C.

This species was extremely variable in appearance, as shown by a
few examples on Plate VII, Figures 1-6. It would not be worthwhile to
comment on the many forms except to compare it with a similar species,
P. tenue. The similarity of the two was attested to by Peterson (1928),
who wrote, "To distinguish P. laminosum from P. tenue is often attended
with considerable difficulties partly because they are both possessed
of extremely thin trichomes, partly because the distinguishing charac-
ters cannot always be seen with sufficient distinctness. Therefore it
has been necessary to leave a number of specimens undetermined, although
great pains have been bestowed on the determinations."

A brief summary of the major distinguishing characteristics of
P. laminosum and P. tenue will facilitate discussion and serve as a
basis for subsequent comments.

P. laminosum is 1.0-1.5 u or up to 2.0 u (f. homogenea Wille),
has no constricted cross walls, has granules at the cross walls, and

has a pointed, conical end cell.
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P. tenue is 1.0-2.0 u wide, cross walls slightly constricted, no

granules at the cross walls, and has a long, conical end cell.

Granules on each side of the cross wall of P. laminosum produce
a translucent area, the lateral boundaries of which are difficult to
distinguish, perhaps in part due to the sheath. If granules are
present, the determination of P. laminosum is assured; if they are ab-
sent, it would be assumed the trichomes are P. tenue. Within a stream,
however, trichomes characteristic of P. laminosum were found that often
graded from granules in every cell to granules in none of the cells.

At Pipestone, trichomes which appeared to be P. tenue and P.
laminosum were found together at some points, but the granules that
were visible were very indistinct. Granuleless trichomes, probably P.
tenue, were more abundant at the higher temperatures, whereas those
with granules were more abundant at the lower temperatures.

In the Jackson stream, trichomes with and without granules were
also present in approximately the same temperature range. At 33.0 C,
the lowest temperature at which they were found in this stream, tri-
chomes of both species had only rounded end cells rather than the
characteristic conical ones. At this temperature very few trichomes
exceeded 80 u, a relatively short length for either of these species.

At Boulder, the trichomes of P. laminosum found at 46.0 C, the
lowest temperature for the species in this stream, also had rounded end
cells., If these trichomes had only been collected at 46.0 C, they
could have been placed in P. frigidum with confidence, 1f the implica-
tion of the name were disregarded, since the granules at the cross walls
constricted cross walls, and trichome dimensions are similar for both

species. The character that clearly distinguishes these species is the
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end cell--P. laminosum with a conical end cell, P. frigidum with a
rounded end cell.

The temperatures at which P. laminosum and P. tenue coexisted
were markedly similar in the investigated streams. The streams in
which they were both found and their temperature ranges to the nearest
whole degree centigrade are given as follows:

Alh(N) Bould. Jack. Lolo Pipe(W) Pipe(E)

P. laminosum 37-46 46-56 33-52 35-42 48-55 51-52
P. tenue 39-52 44-55 33-48 34-40 52-55 51
Distribution:

Alhambra (North), 37.5-46.0 C
In five of five samples, with maximum frequency of 32.4 percent
and maximum volume of 32.6 percent at 46.0 C. The frequency was
5.8 percent or less in the other samples.
Boulder, 46.0-56.0 C
In ten of 14 samples with the highest frequency values between
10.81 and 9.66 percent at four intermittant points.
Jackson, 33.0-52.0 C
In 13 of 20 samples, with maximum frequency of 18.75 percent at
33.0 C and maximum volume of 5.6 percent at 42.5 C. It did not
represent over 3.15 percent of the algae in any other sample.
Lolo, 35.0-40.0 C
In six of 12 samples, but was not represented during enumeration.
Pipestone (West), 48.0-54.7 C
In four of four samples taken in 1962, The maximum frequency of

6.55 percent and maximum volume of 10.5 percent was at 52.0 C.
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Pipestone (East), 51.0-52.0 C
In six of eight samples, with maximum frequency of 49.47 percent

and maximum volume of 39.8 percent at 51.0 C (100 feet from the

source) .

Mean maximum temperature not limited by stream temperatures: 49.7 C

Phormidium lignicola Fremy

Plate VII Figure 12

Distribution:
Jackson, 38.5-51.0 C

In nine of 15 samples, with maximum frequency of 16.99 percent at

38.0 C and maximum volume of 12.6 percent at 42.5 C.

Phormidium tenue (Menegh.) Gomont

Plate VII Figures 8, 9

Phormidium tenue was the only alga found in all the streams used

in this study, including both the north and south streams of Alhambra
and the east and west étreams of Pipestone. Comments pertaining to its
relationship with P. laminosum are given on pages 131 and 132.
Distribution:
Alhambra (North), 39.0-50.0 C
In six of seven samples, with frequency values of 13.5 to
14.9 percent in three samples. All volume values were 4.6 per-
cent or less except for 15.0 percent at 46.0 C.
Alhambra (South), 41.5-48.0 C
In 8ix of eight samples, with maximum frequency of 58.2 percent

and maximum volume of 37.2 percent at 45.5 C.
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Boulder, 46.0-55.0 C
In 14 of 15 samples, with frequency values between 17 and 40 per-
cent in ten samples.

Jackson, 33.0-48.0 C
In seven of 16 samples, with a maximum frequency of 58.2 percent
and maximum volume of 75.8 percent at 48.0 C.

Lolo, 34.0-40.0 C
In five of 11 samples. Although this alga was found at 40.0 C,
it was not until the water cooled to 36.0 C (after traveling a
distance of 270 feet) that it appeared in sufficient numbers to
be enumerated. At this latter temperature and distance the alga
reached its maximum frequency of 5.97 percent.

Pipestone (West), 52.0-55.0 C
In five of five samples but was enumerated only at 52.0 and
53.0 C. At these temperatures the frequency was 18.22 and
17.82 percent respectively.

Pipestone (East), 51.0 C
In five of six samples, with maximum frequency of 85.39 percent
and maximum volume of 76.1 percent 50 feet from the source.

Sleeping Child, 39.0-50.0 C
In six of nine samples, with maximum frequency of 5.15 percent
and maximum volume of 1.0l percent at 49.8 C.

Mean maximum temperature: 49.6 C

Phormidium truncatum Lemmermann

Plate VII Figures 13, 14

Distribution:
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Lolo, 34.0-45.5 C
In eight of eight samples. This alga was the dominant alga from
45.5 C downstream to 44.0 C and was well represented to 39.5 C.
Below 39.5 C it represented 2.74 percent or less in every sample.

Pipestone (East), 51.0-52.0 C
In seven of eight samples, with maximum frequency of 76.35 per-
cent and maximum volume of 74.75 percent at 51.0 C (20 feet from
the source).

Sleeping Child, 34.5-52.0 C
In 17 of 22 samples. For a distance of 30 feet, from 52.0 C
downstream to 50.5 C, P. truncatum represented the major alga
with frequency values from 28.79 to 98.63 percent. From 50.0 C
downstream to 34.5 C, only two samples had more than ten percent
frequency and only one sample had more than 1.25 percent volume.

Present to the upper and lower temperature of each stream. Mean tem-

perature of the upper temperature limits: 49.8 C.

Lyngbya Agardh

Lyngbya Diguetii Gomont

Plate VIII Figure 2
Distribution:
Sleeping Child, 35.8-42.0 C
In seven of 12 samples but was represented during enumeration
only at 42.0 C where the frequency was 21.06 percent and the

volume was 11.11 percent.

Lyngbya nana Tilden

Plate VIII Figure 1
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Distribution:
Alhambra (North), 39.0 C
In one of one sample where the frequency was 2.4 percent and the

volume 2.8 percent.

Pseudanabaena Lauterborn

Trichome single, without a sheath, not forming a thallus. Cells
clearly separated from one another, cylindrical and rounded or oval at
the ends.

The members of this genus do not normally form heterocysts and
on this basis Geitler (1932) placed the genus in the Oscillatoriaceae.

The indecision among phycologists as to how Pseudanabaena constricta

(Szaf.) Lauterb. should be treated is reflected in the fact that it was

first placed under Oscillatoria constricta Szaf. and then under

Anabaena constricta (Szaf.) Geitler. Lauterborn (1914-17) removed it

from Anabaena and created Pseudanabaena on the basis of the generally

heterocystless condition.

If the cells of Pseudanabaena are cylindrical, rounded at the

ends and distinctly separated from one another, then it is feasible to
add that the cell walls are constricted and very possibly possess a
thick cross wall. These characteristics may lead a student of the

group to err by placing such species as Oscillatoria geminata and its

varieties (Plate V, Figures 5-10) in Pseudanabaena since 0. geminata

has cylindrical cells and thick, translucent cross walls which can give
the impression of being clearly separated from one another.
Trichomes without heterocysts and with cylindrical to oval cells

that appeared separate from one another were found in the Sleeping
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Child Hot Springs stream for a distance of 210 feet. These had an
Anabaena-like appearance and may actually be members of this species
whose ability to produce heterocysts and akinetes have been inhibited
by the environmental conditions of this thermal stream. Although
heterocysts and akinites may form under different conditions, the tri-
chomes have been judged on the basis of their characteristics at the

time of collection, i. e., Pseudanabaena, but with reservations.

Pseudanabaena sp. nov.

Plate VIII Figure 3
Cells spherical to sub-cylindrical, end cell rounded, conical;
4,6 y in diameter, up to 7.0 u in length. Although this appears to be
a new species, the possibility of this being Anabaena sp. without
heterocysts and akinetes has been discussed above.
Distribution:
Sleeping Child, 34.5-40.0 C
In 11 of 14 samples. Its frequency exceeded 1 percent at only
36.5 C (130 feet from the source) where it reached 11.11 percent.

The volume at this point was 4.85 percent.

Suborder: Heterocystinae
Family: Nostocaceae
Anabaena Bory
Anabaena sp.
No akinetes were found, making it impossible to determine the
Species.
Distribution:

Sleeping Child, 34.5 C
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In one of one sample but was not represented during enumeration.

Anabaenopsis (Wolosz.) Miller

Anabaenopsis circularis (G. S. West) Wolosz and Miller

Trichome free-living, very short, usually spiralled, with 1-1.5
turns, very seldom straight, 4.5-6 u4 wide. Cells spherical or somewhat
longer than wide, with a large granule. Heterocysts spherical, 5-8 u

wide. Akinete unknown.

Anabaenopsis circularis var. nov.

Plate VIII Figures 5-7

Trichome short, 1-3 spirals. Cells without gas vacuoles, 2.3-
3 u wide, spherical to short cylindrical, 2.5-4 u long. Terminal
heterocysts generally spherical, sometimes slightly elongate, 1.8-
2.5 py wide; intercalary heterocysts spherical, single, 1.8-2.5 u wide.
Distribution:

Boulder, 43.5-45.0 C
In two of three samples, reaching a maximum frequency of 22.9 per-

cent and a maximum volume of 34.56 percent at 45.0 C.

Nodularia Mertens

Nodularia Harveyana (Thw.) Thuret

Plate VIII Figure &4
The filaments of N. Harveyana found during this investigation
varied somewhat from the species. Whereas the species calls for spheri-
cal or disc-shaped akinetes always removed from the heterocysts, fila-
ments were found with elongate akinetes adjacent to the heterocysts.

Since these filaments more nearly fit the description for N. Harveyana,
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it is best at this time to tentatively place them with this species
until further investigation.
Distribution:
Boulder, 36.7-47.2 C
In four of eight samples, with maximum frequency of 5.5 percent at
37.0 C; maximum volume of 16.53 percent at 43.5 C.
Sleeping Child, 36.0 C

In two of two samples, but not represented during enumeration.

Cylindrospermum Kuetzing

Cylindrospermum sp.

Cylindrospermum sp. is described as having heterocysts at the

ends of trichomes and akinetes always adjacent to the heterocysts. The
akinetes necessary for identification to species, however, were not
found in any of the samples. Heterocysts were also absent from 52.0 C,
where the trichomes made their first appearance, downstream to 41.0 C.
At 41.0 C the heterocysts began to appear and increased in number with
decreasing temperature.

The cell contents were homogenous at the higher temperatures but
became more coarsely granular with decreasing temperature. The percent
of trichomes that were coarsely granular and the temperatures at which
they were randomly counted are given as follows: O percent at 52.0 C,
10 percent at 49.5 C, 56 percent at 41.0 C, 79 percent at 38.5 C,

82 percent at 37.0 C, and 95 percent at 33.0 C.
Distribution:
Jackson, 32.0-52.0 C.

In 11 of 21 samples, with maximum frequency of 9.27 percent at
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37.0 C and maximum volume of 20.90 percent at 52.0 C.

Family: Stigonemataceae

Mastigocladus Cohn

Mastigocladus laminosus Cohn

Syn. Hapalosiphon laminosus (Kuetz.) Hansg.

Plate VIII Figure 8-10

Mastigocladus is a monotypic genus possessing a great variety of
forms ranging from filaments with Anabaena-like characteristics to tho
those with characteristics of Phormidium. Upon an initial examination
of representative forms of the species from various thermal environ-
ments, or even from one stream or one sample, an investigator may feel
inclined to create new varieties, species, or perhaps genera to cate-
gorize all that he finds. His samples may reveal cylindrical cells at
the ends of filaments primarily composed of spherical cells and hetero-
cysts, or branching filaments composed of wvariously-shaped cells. The
samples may have filaments without heterocysts and entirely of spheri-
cal cells or cylindrical cells. Also, there will be every conceivable
combination of intermediate types.

Realizing that all such filamentous types are actually one
species, investigators have created forms and varieties in an attempt
to cope with the problem of morphological differences. Peterson (1928)

recognized three basic types and created fa. typica, fa. anabaenoides,

and fa. phormidioides.

Forma typica. Branching, with distinct difference between the
primary and secondary trichomes. Primary branches with spherical to

elliptic cells, secondary branches of cylindrical cells. Heterocysts
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well developed. Sheaths usually firm, distinct, and color a pronounced
violet with chloro-zinc-iodine.

Forma anabaenoides. Without branching. All the filaments

similar with more or less spherical cells and distinct heterocysts.
Cells largest in the middle of the trichomes, generally decreasing

toward the terminal ends. Sheaths more or less confluent and color
faintly or not at all with chloro-zinc-iodine.

Forma phormidiodes. Trichomes almost similar, without hetero-

cysts, cross walls often feebly constricted. Sheaths confluent and do
not color with chloro-zinc-iodine.

Although these are the basic types, it is obvious that there
would be many intermediate trichomes, whether they are recognized as
growth forms or as distinct varieties. Peterson assumed they were

growth forms, with fa. phormidioides as the first or youngest stage and

fa. typica as the oldest; in the event conditions were unfavorable for
growth, the trichomes would remain in the first developmental stage.

Copeland (1936) created varieties of fa. phormidioides and fa.

anabaenoides on his assumption that they were not developmental stages

since they were usually found in separate springs. He also found them
coexisting which, in his judgment, eliminated the possibility of their
being ecological forms. Fremy (1936) differentiated 25 forms and sub-
forms, whereas Anagnostidis (1961) observed more than 29 forms and sub-
forms obtained from thermal springs in Greece. Anagnostidis states
that even in one microscope preparation up to five forms were esta-
blished.

If two or three clearly differentiated forms could be recognized,

it would be logical to count them for percentage determination as has
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been done for other species. With many intermediate forms within one
species, however, enumeration of these forms would be almost impossible.
Enumeration of the forms within one stream would be problem enough, but
to name and count intermediate forms from the various streams would
require constant rechecking to assure the counting of the same forms.
Since one of the main purposes of this study was to determine the per-
cent frequency and percent volume of the species along an environmental
gradient, it was considered the most practical to group all forms under
the species.
Distribution:
Alhambra (North), 39.0-54.4 C
In eight of eight samples, with the highest frequency values of
67.8 and 66.8 percent attained at 50.0 and 52.0 C. The maximum
volume of 96.3 percent was at 50.0 C.
Alhambra (South), 41.5-48.0 C
In six of six samples, with maximum frequency of 46.4 percent
and maximum volume of 83.7 percent at 45.0 C.
Boulder, 43.5-56.0 C
In 16 of 17 samples. The frequency and volume fluctuated consi-
derably in this stream. The frequency exceeded 25 percent and
the volume 70 percent at three widely separated ppints--56.0,
46.0 and 44.0 C.
Pipestone (West), 48.0-57.0 C
In seven of seven samples. The highest frequency values of
13.16 and 13.48 percent and highest volume values of 71.77 and

73.86 percent were at 55.0 and 54.7 C.
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Sleeping Child, 34.5-52.0 C

In 20 of 24 samples. It was most abundant from 50.5 C downstream
to 42.0 C, reaching a maximum frequency of 78.83 percent and maxi-
mum volume of 97.44 percent at 49.5 C. Another area of high
representation in this stream was from 36.5 to 34.5 C where a
high frequency of 55.22 percent and high volume of 6.39 percent
was at 35.8 C.

Present to the upper temperature limit of each stream. The mean of

these limits: 53.5 C

Family: Rdivulariaceae
Calothrix Agardh

Calothrix Braunii Bornet & Flahault

Distribution:
Boulder, 43.5 C

In one of one sample but was not represented during enumeration.

Calothrix Kossinskajae Poljansky

Distribution:
Boulder, 45.0 C

In one of one sample, representing 0.44 percent of the algae and

0.42 percent of the algal volume.

Calothrix thermalis (Schwabe) Hansgirg

Distribution:
Jackson, 26.0-43.0 C
In four of 17 samples, with maximum frequency of 1.45 percent and

maximum volume of 17.29 percent at 38.0 C.
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Dichothrix Zanardini

Dichothrix montana Tilden

Distribution:
Lolo, 36.0-40.0 C
In seven of seven samples, with maximum frequency of 1.67 percent
and maximum volume of 29.91 percent at 40.0 C. The type specimen

of this species was taken from this stream.

Gloeotrichia Agardh

Gloeotrichia echinulata (Smith) Richter

Distribution:
Jackson, 33.0 C
In one of one sample, representing 15.0 percent of the algae and

23,65 percent of the algal volume.
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Synechococcus
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Synechococcus
Synechococcus
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crassa Woronichin

minuscula Woronichin

salina Wislouch

arcuatus Copeland

Cedrorum Sauvageau

elongatus Nageli

eximus Copeland

lividus Copeland

1ividus var. curvatus Copeland

1ividus var. nov.
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Plate II
Synechococcus 1lividus var. nov.
Synechococcus lividus var. siderophilus Copeland
Synechococcus vescus Copeland
Synechococcus viridissimus Copeland
Synechococcus vulcanus Copeland
Aphanothece nidulans Richter
Aphanothece Castagnei (Breb.) Rabenhorst

Aphanothece nidulans Richter
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Plate III
Chamaesiphon minimus Schmidle
Chamaesiphon cylindricus Peterson
Chamaesiphon gracilis Rabenhorst
Xenococcus Kerneri Hansgirg
Chamaesiphon sp. nov.
Dermocarpa rostrata Copeland

Isocystis pallida Woronichin
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Plate IV

Figure 1. Spirulina Corakiana Playfair

Figure 2. Spirulina subtilissima Kuetzing

Figure 3. Oscillatoria amphibia Agardh

Figure 4-7. Oscillatoria Boryana Bory, 4 and 5, two types
of trichome ends; 6, trichome illustrating
the width and length of the spirals and the
degree of granulation in some cases; 7-9
illustrate the gradation from spirals readily
perceptible to those that are barely per-

ceptible and eventually disappear.



Figure 1.
Figures 2-4.
Figures 5,6.
Figures 7-10.

Figures 11-13.
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Plate V
Oscillatoria brevis (Kuetz.) Gomont
Oscillatoria geminata Menighini
Oscillatoria geminata var. tenella Copeland
Oscillatoria geminata var. tenella fa. nov.
Oscillatoria geminata var. fragilis

Copeland fa. nov.
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Figure 12,
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Plate VI

Oscillatoria limnetica Lemmermann
Oscillatoria limosa Agardh
Oscillatoria princeps Vaucher
Oscillatoria tenuis Agardh var. tergestina

Rabenhorst
Phormidium africanum Lemmermann
Phormidium angustissimum W. and G. S. West
Phormidium bigranulatum Gardner
Phormidium Bohneri Schmidle
Phormidium foveolarum Gomont

Phormidium frigidum Fritsch
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Plate VII

Phormidium laminosum Gomont

Examples showing several types of cross

wall granulation and trichome structure.
Phormidium Jenkelianum Schmidle
Phormidium tenue (Menegh.) Gomont
Phormidium sp. nov.
Phormidium lignicola Fremy

Phormidium truncatum Lemmermann
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Plate VIII

Lyngbya nana Tilden

Lyngbya Diguetii Gomont

Pseudanabaena sp. Lauterborn
Portions of the same trichome showing kinds
of cell forms that may be taken.

Nodularia Harveyana Thuret

Anabaenopsis circularis (G. S. West) var. nov.
Wolosz. and Miller var. nov.
5, Trichome with two kinds of heterocysts and
larger cells that may be developing or aborted
akinetes; 6, portion of a trichome with a
heterocyst of the same spherical form as those
that are terminal; 7, trichome showing a por-
tion of the spirals, and granulation assumed
in some cases.

Mastigocladus laminosus Cohn.
8, habit sketch; 9, 10, differences in cell
forms betweeh the main and branching trichomes.

Also shown are two methods of branching.
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Methods Used to Present Data

The complexity of many natural communities requires many
approaches in making an analytical study. Many biological communities
are composed of such a great variety of species that the number of
possible approaches to their study is often limited, for practical pur-
poses, by the time involved for each approach. On the other hand, the
various approaches may be used more readily in the study of thermal
stream algae because the communities are composed of relatively few
species. Each approach used will contribute to the comprehension of
community composition and algal distribution, and, as in the investiga-
tion of any problem, the greater the number of approaches used, the
greater the comprehension. Each additional approach used, therefore,
will create a cumulative effect toward the total comprehension.

To create this cumulative effect, five procedures of data pre-
sentation are used in addition to the annotated list of the speciles
previously presented. These procedures are: (1) presence lists of
species in communities along temperature gradients; (2) comparisons of
combined frequencies and percent volumes of species in the divisions
represented in the study; (3) dominance-diversity curves of the algal
communities along temperature gradients; (4) continuum curves showing
the percent volume contributed by the major species along temperature
gradients; (5) diversity indexes of the aigal communities along tem-

perature gradients.

Presence Lists of the Species

In reference to the first mentioned approach, a cursory examina-

tion of the presence list of algae found in the Aufwuch communities
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will reveal increased diversity with decreasing temperature (Tables
III, IV, VII, IX, XI, XIII, XIV, XV, and XVI). The algae listed on
these tables were found while observing and identifying the algae from
each community, without respect to the number of individuals for each
species. Since the time spent studying the algae of each community
was not equated in this procedure, the numbers of species found are not
as reliable for comparisons of communities as those obtained by using
predetermined slide areas. These tables, however, do give a better
representation of the species present in a community because more time
was spent with each community sample during this phase than during the
enumeration phase, resulting in a greater coverage of microscope slide
areas. This is the result of the principle of increased species repre-
sentation with the logarithm of the sample area (Gleason, 1922).

Tables of this type may emphasize the scattered distribution of the
algae but if each community had been completely examined, many more of
the intermediate points on the tables within a temperature range would
have been checked. As in most distribution studies, such a thorough

examination of all individuals would have been impractical.

Frequencies and Percent Volumes of the Divisions

Whereas the first approach to the study of algal communities
lists only the kinds of species found during the identification phase,
the four other approaches require the numbers of individuals. From
these values the frequency and the percent volume have been computed
for each species. In the second approach the sum of the frequencies
and volumes have been taken for taxa of the divisions represented in

each sampled community (Tables V, VI, VIII, X, XII, and XVII).
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Combining the percent values for the taxa of a division tends to mask
the differences between frequency and volume, but these differences
become more obvious when there are noticeable variations in the sizes.
For example, in one community, Phormidium spp., having diameters of
1-1.5 ¥ may be numerous, with high frequency values and comparable
volume when living in association with other species of small diameter;
in another community, when living in association with species having
diameters of 30-60 u, the frequency may be relatively high but the
volume contribution will be low. Although the influence of an algal
population on the total community is better demonstrated by population
volume than by frequency of occurrence, the two are listed by divisions
to permit comparisons of the two methods of population presentation.
These tables also demonstrate the temperatures at which the divisions
were first able to develop in a stream, and the degree to which they

were represented.

Dominance-diversity Curves

The third approach emphasizes the communities by the use of
dominance-diversity curves (Figures 23, 27, 30, 33, 36, and 40). The
species found in a community during enumeration are arranged in order
of their volumetric importance and plotted on a log scale. The point
at the top of a curve 18 for the species which occupied the greatest
volume and is directly beneath the temperature at which all the species
along the curve were found. Each subsequent point on the curve is the
sequence by which the species are represented in declining order of
their importance and is placed one unit to the right on the abscissa
(species sequence) from the point preceding it. Rather than using

numerous separate graphs, the curves have been placed on one graph
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so the temperatures along the top are not spaced in numerical sequence
but, rather, are arranged for the convenient spacing of the curves. In
ranking the species by importance, the unequal contribution of each
species is better illustrated. Also, by plotting the values on a log
scale, the contribution of the minor species toward the diversity of

the community is better illustrated.

Continuum Curves

Whereas the dominance-diversity curves emphasize the community,
the continuum curves emphasize the species through the presentation of
the volumetric contributions of the major species. The contributions
are illustrated by the curves produced in plotting percent algal
volume against the temperature (Figures 24, 28, 31, 34, 37, and 41).
Such graphic presentations of the continua illustrate the role of popu-
lations along a thermal gradient and in this way the effects of the
biotic and abiotic environment on the populations are better understood.
The possible stenothermal and eurythermal species are also differen-

tiated more readily.

Diversity Index

Although the presence of algae in communities along a tempera-
ture gradient shows an increase in the number of species with decreas-
ing temperature, as illustrated in the first described approach,
diversity may be shown on a more equitable basis by using the diversity
index. The value requires the number of species and the number of
individuals in the equation D = S/log N, where S is the number of
species and N is the number of individuals (Gleason, 1922). Margalef

(1958) altered this somewhat to make D = (S-1)/log N, the equation used
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Table II.--List of the taxa enumerated from algal communities in th

thermal streams at Alhambra, Boulder, Jackson, Lolo, Pipestone, and

Sleeping Child Hot Springs, Montana. The code numbers used on the

dominance-diversity curves (Figures 23, 27, 30, 33, 36, and 40) are
given after each taxa name.

e

Code Code

Taxa No. No.

Anab aena sp. Al Dermocarpa rostrata P1
Anabaenopsis circularis B1 Dichothrix montana Q1

wvar. nov.

Aphanothece Castagneil cl Gloeotrichia echinulata R1
Aphanothece stagnina D1 Isocystis pallida S 1
Aphanothece saxicola E 1l Lyngbya Diguetii T 1
Calothrix Braunii F1l Lyngbya nana U1l
Calothrix Kossinskajae G1 Mastigocladus laminosus Vi1
Calothrix thermalis H1 Microcystis densa Wil
Chamaesiphon Sp. nov. I1 Microcystis holsatica X1
c:ha-’inaes:lphon cylindricus J1 Microcystis pulverea Z1
cl-la-'-'lliaesiphon gracilis K1 Nodularia Harveyana A 2
Chr0°coccu3 minor L1 Oscillatoria amphibia B 2
Cht‘o°coccus minutus M1 Oscillatoria Boryana C2
Chl‘oococcug turgidus N1 Oscillatoria brevis D 2
CYlindrospermum sp. 01 Oscillatoria chalybea E 2
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Code Code
Taxa No. Taxa No.
Oscillatoria chalybea F 2 Phormidium tenue W2
var. depauperata
Oscillatoria geminata G 2 Phormidium truncatum X 2
Oscillatoria geminata H 2 Pseudanabaena sp. Y 2
var. tenella fa. nov.
Oscillatoria geminata I2 Spirulina Corakiana Z 2
var. fragilis fa. nov.
Oscillatoria limnetica J 2 Spirulina subtilissima A3
Oscillatoria limosa K 2 Synechococcus arcuatus B 3
Oscillatoria princeps L2 Synechococcus Cedrorum Cc3
Oscillatoria tenuis M2 Synechococcus elongatus D3
var., tergestina
Phormidium sp. nov. N 2 Synechococcus eximus B 3
Phormidium africanum 02 Synechococcus 1lividus B 3
Phormidium angustissimum P2 Synechococcus lividus B 3
var. nov.
Phormidium bigranulatum Q 2 Synechococcus lividus B 3
var. curvatus
Phormidium Bohneri R 2 Synechococcus 1lividus B 3
var, siderophilus
Phormidium frigidum S 2 Synechococcus minervae B 3
Phormidium Jenkelianum T 2 Synechococcus vescus B 3
Phormidium laminosum U 2 Synechococcus viridissimus B 3
Phormidium lignicola V2 Synechococcus vulcanus B3
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Code Code
Taxa No. Taxa No.
Synechocystis aquatilis E 3 Spirogyra sp. F V3
(54 u)
Synechocystis crassa F3 Stigeoclonium attenuatum w3
Synechocystis minuscula G 3 Ulothrix subconstricta X3
Synechocystis salina H 3 Achnanthes sp. Y3
Xenococcus Kerneri I3 Amphora sp. Z3
Cosmarium obtusatum J 3 Campyloneis sp. A4
Mougeotia sp. K3 Denticula sp. B 4
Oedogonium sp. A L3 Epithemia sp. A Cé4
Oedogonium sp. B M3 Epithemia sp. B D 4
(25 )
Oocystis solitaria N3 Fragilaria sp. E 4
Rhizoclonium fontanum 03 Gomphonema sp. F 4
Rhizoclonium P 3 Navicula sp. G 4
hieroglyphicum
Spirogyra sp. A Q3 Nitzschia sp. H 4
(22 v)
Spirogyra sp. B R 3 Pinnularia sp. I4
(27 w)
Spirogyra sp. C S 3 Pleurosigma sp. J 4
(32 )
Spirogyra sp. D T 3 Surirella sp. K 4
(38.5 u)
Spirogyra sp. E (48 u) U3
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in this study. The diversity indexes have been computed for the com-
munities of each stream and were plotted against the water temperatures
from which the communities were taken. Scatter diagrams were developed
and, where applicable, the slope of the line was computed using

y = a + bx. The slope indicates the rate at which community diversity

changes with change in temperature.
Species Distribution

Temperature ranges, frequencies, volume percentages, and other
information pertinent to the species have been presented in the anno-
tated list of the species. Additional information pertinent to the
communities has been presented through the use of the presence lists,
frequency and volume percentage of the algal divisions, dominance-
diversity curves, continuum curves, and diversity indexes by the
various tables and graphs. Since all taxa have been identified in the
tables and graphs, it was not deemed practical to consider further the
data obtained of taxa distribution, except to comment on some of the
more prominent species and the distribution of the divisions in each of
the streams. The comments under the stream titles are more often of a
general nature, in an attempt to explain the effect of the environment-
al factors, or when the distribution illustrated an ecological concept.
Also included are comments relative to stream characteristics that are
not shown, or only inferred in the graphs of the abiotic factors or in

the maps or profiles.

Alhambra Hot Springs

Figure 24 illustrates the leading roles played by several
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species in the thermal communities of the Alhambra streams.

Mastigocladus laminosus and Oedogonium sp. (12.5p ) share the dominant

role in respect to volume but at different points in the streams. In
the south stream (Figure 24A) M. laminosus is dominant from the source,
48.0 C, to approximately 44.0 C. In the north stream (Figure 24B) the
distinct dominance of M. laminosus extends from the source, 54.4 C, to
approximately 38.5 C. Oedogonium sp. assumed the dominant:role begin-
ning at approximately 42.5 C in the south stream and 38.0 C in the
north stream.

The difference of 6 C in the maximum tolerable temperature for
Oedogonium sp. at the Alhambra streams (Tables III and IV) was proba-
bly the result of a difference in habitats. It would be assumed that
the difference in maximum tolerable temperatures of this species in the
two streams would be less if one considers the similarity of their
chemical composition and their proximity. This difference in tolerable
temperatures may be explained as follows. At the north stream, the
water came from a wooden pipe and flowed in a narrow stream for 70 feet.
In this distance the water cooled from 54.4 to 48.5 C. From 70 to
112 feet the water flowed rapidly down a much steeper incline in a
shallow stream 7-9 feet wide, cooling rapidly from 48.5 to 38.5 C.
After the relatively steep incline, the water flowed more slowly to
produce habitats more suitable for Oedogonium sp. In the south stream,
the water flowed at a uniformly low velocity for the entire length of
the stream to create more uniform and suitable habitats. This uniform-
ity of flow allowed the alga to advance upstream to a point dictated
more by the temperature and chemical factors than by velocity of the

water. This is in contrast to the maximum tolerable temperature of the
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same probable species of Oedogonium in the north stream, whose distri-
bution upstream was halted at the base of the steep incline.

The steepest section of the north stream was at approximately
46.0 C. Referring to the dominance-diversity curve at this temperature
(Figure 23), it can be seen that rapidly flowing water has an obvious

effect on the algal composition. While Mastigocladus laminosus (V 1)

is the dominant species in most communities from 54.4 to 38.5 C, it is

ranked second at 46.0 C. Phormidium laminosum (U 2) makes an abrupt

appearance at this temperature as the dominant form, but as the slope
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