
Ecology of the diatom communities of the upper Madison River system, Yellowstone National Park
by Theodore Scott Roeder

A thesis submitted to the Graduate Faculty in partial fulfillment of the requirements for the degree of
DOCTOR OF PHILOSOPHY in Botany
Montana State University
© Copyright by Theodore Scott Roeder (1966)

Abstract:
The rivers in Yellowstone National Park, receiving thermal discharges from geysers and hot springs,
were investigated to determine the relationships between water chemistry and benthic diatom
communities.

Examination of diatom collections revealed distinct differences in the floristics of some of the sampling
stations. An ordination of the most abundant and frequently occurring species revealed the presence of
two distinct communities of diatoms. One was found in the Gardner River where calcium was the
dominant cation and the other occurred in the Madison River system where sodium was the dominant
cation. Similar communities have been reported from European waters.

The construction of a matrix based on the percentage similarities of the most frequently occurring
diatoms at each sampling station provided a method whereby further classification of these two
communities was possible. In the Madison River system stations of low and high alkalinity were
floristically different. Observed productivity was also greater at the stations with higher alkalinities.

Diversity indices prepared from the samples collected at each sampling station showed seasonal
changes that were related to either changing physical parameters of the environment or to competition
during the time when the environment was relatively constant. 
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ABSTRACT

The rivers in Yellowstone National Park, receiving thermal discharges 
from geysers and hot springs, were investigated to determine the relation
ships between water chemistry and benthic diatom communities.

Examination of diatom collections revealed distinct differences in the 
floristics of some of the sampling stations. An ordination of the most 
abundant and frequently occurring species revealed the presence of two 
distinct communities of diatoms. One was found in the Gardner River where 
calcium was the dominant cation and the other occurred in the Madison River 
system where sodium was the dominant cation. Similar communities have been 
reported from European waters.

The construction of a matrix based on the percentage similarities of 
the most frequently occurring diatoms at each sampling station provided a 
method whereby further classification of these two communities was pos
sible. In the Madison River system stations of low and high alkalinity 
were floristically different. Observed productivity was also greater at 
the stations with higher alkalinities.

Diversity indices prepared from the samples collected at each sampling 
station showed seasonal changes that were related to either changing physi
cal parameters of the environment or to competition during the time when 
the environment was relatively constant.



INTRODUCTION

The study of algal communities in flowing waters has been approached 

in two different ways. In the older traditional approach, the complex of 

different taxa, each considered to have definite ecological requirements, 

was taken as the basis of study. Community structure was described in 

terms of species frequency, numerical abundance and species per unit area. 

The more recent approach emphasizes biomass and productivity and is also 

concerned with the forces that introduce changes in the energy flow.

, The species structure of communities of benthic diatoms has long been 

used to evaluate conditions in streams which receive various kinds and 

rates of pollution (Eddy, 1925; Butcher, 1932; Patrick, 1948; Fjerding- 

stadt, 1950; Foged, 1954; Patrick, Hohn, and Wallace, 1954; Blum, 1956; 

Hohn and HeHerman, 1963.). However, it has been impossible to compare 

directly the work of these various investigators due to the variety of 

methods and techniques used in obtaining and evaluating their data.

Eddy (1925) attempted to correlate successive algal communities with 

the age of the habitat, i.e., "young water, middle aged water, and old 

water," each of which was-typified by particular groups of algal species.

Butcher (1932), utilizing the colonization of rglass slides by ben

thic algae, evaluated these communities in relation to pollution in terms 

of floristics and relative species abundance. A modification of this 

technique was developed by Patrick, Hohn, and Wallace (1954) who used 

populations of benthic diatoms on glass slides to indicate the degree of 

pollution of natural waters. In relatively unpolluted waters, species 

diversity is generally high and usually several species share population
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dominance. In polluted waters, the number of species is low and there is 

a great abundance of but one or a few species. The main objection to this 

type of study is the amount of time necessary to count and identify the 

large numbers of cells, a problem which precludes the consideration of 

more than just a few samples. In addition, recent work by Hohn and 

Hellerman (1963) shows that diatom growth on glass slides may not repre

sent the natural diatom community when water temperatures are low.

According to Odum (1963), in summarizing the work of others, a 

characteristic feature of communities is that they contain few species 

which are common, (i.e., represented by large numbers of individuals), 

and large numbers of species which are rare at any given locus in time or 

space; however, the actual number of rare species is variable, so the 

total diversity is also variable. Both Patrick (1948) and Gaufin (1952) 

point out that either the absence or the presence in small numbers of 

some "rare" species may be more indicative of water quality than the 

abundance of more ubiquitous species. Recognition of the importance of 

these species which may be missing or present in very small numbers will 

depend largely on the experience of the investigator.

Other workers have used species diversity measurements but have 

treated the data in a different manner. Patten (1962) used the range 

of diversity of phytoplankton to indicate seasonal changes as related to 

nutrient (pollution) changes in Raritan Bay. Margalef (1956) proposed 

analysis of natural communities by methods derived from information 

theory, by which diversity can be calculated directly from a sample.
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Species diversity is sometimes expressed in the form of an index, by 

which it is possible to compare species or community diversity directly 

in different ecosystems or in the same ecosystem at different times. 

Because “diversity indices permit the integration of large amounts of 

information about numbers and kinds of organisms, such indices may provide 

a more reliable indication of organic, chemical or thermal pollution than 

the mere occurrence or absence of certain "indicator" species.

Fjerdingstad (1950) discussed the difficulty of using some of the 

more commonly encountered indicator species in different situations. In 

most river^ pollution is seldom of a single type, and diatoms which may 

be indicative of a certain type of pollution may not be important when 

pollution is of the composite type.

Several investigators have attempted to classify benthic diatoms 

according to their pollution tolerance, but there is no agreement as to 

the true status of many organisms because of local differences in species 

and environment (Gaufin, 1952). Margalef (1961) has shown that in the 

event of a sudden increase in nutrients certain species are led to take 

full advantage of their capacity for population increase. This will 

result in a decrease in diversity and one or a few species may attain 

great abundance. "Pure" water areas are usually characterized by large 

numbers of species, each with small numbers of individuals. Hence, if a 

river is subject to a number of different situations which affect the 

aquatic environment, the diversity of the aquatic community will be
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changed as the situations change. If a stream.is sampled at a number of 

stations progressing from "pure" water areas in the upper reaches of the 

stream through regions where chemical, organic or thermal enrichment 

takes place, there should be changes in the diversities of the communities 

sampled.

Yount (1956), working in the relatively constant, unpolluted environ

ment of Silver Springs, Florida, considered a drop in diversity of benthic 

diatoms over a period of time to be the result of competition. This de

crease in diversity corresponded to an increase in productivity of certain 

taxa at the expense of others. Thus the change in diversity at any one 

station over a period of time may be related both to successional changes 

caused by competition and to the effects of the changing environment.

Jurgenson (1935), Nowak (1940), Butcher (1932'', 1940) and Patrick 

(1948) have stated that it is the attached forms (benthic organisms) 

which grow and reproduce in a given area that give the most reliable indi

cation as to whether the environment of an area is suitable for aquatic 

life.

Up to this time no one has attempted to utilize the diversity index 

concept in describing changes in communities of benthic diatoms. Patten 

(1962) applied the diversity index concept to planktonic populations 

rather than to benthic forms. Williams (1961) used only the most abund

ant planktonic forms in small samples as indicators of water quality but 

did not utilize his data for calculating diversity.
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■ The purpose of the present investigation was to determine if rela

tionships existed between the diversity and species composition' of the 

benthic diatoms and the water chemistry of rivers which receive thermal 

discharges from the geysers and hot springs in Yellowstone National Park.



DESCRIPTION OF. THE STUDY AREA

Eleven sampling stations were established on the Madison River, its 

headwater streams the Firehole and Gibbon Rivers, and on the Gardner River. 

All are located in the western and northern parts of Yellowstone National 

Park in northwestern Wyoming and adjacent Montana and Idaho (Figure I).

This region is a high plateau, deeply dissected by rivers and surrounded 

by mountains. Within this area is the greatest concentration of hot 

springs and geysers in the world today.

At an elevation of 8,209 feet (2,500 m) the Firehole River originates 

at the outlet of Madison Lake and flows generally northward for 21.5 miles 

(34.6 km) until it joins the Gibbon River at Madison Junction. As it 

passes through the Upper Geyser Basin (Old Faithful area), Biscuit Basin, 

Midway Geyser Basin and the Lower Geyser Basin, this river receives the 

discharge of a' great many geysers and hot springs. Allen and Day (1935) 

estimated that the total amount of thermal waters flowing into the Firehole 

River was 54.92 Cu ft/sec (1.55 cu m/sec). Fisher (1960) reported an 

increase in the thermal discharge of about 10 percent following the 

earthquake activity of 1959.

In the upper reaches of the river (above the Old Faithful area), . 

there is a negligible amount of thermal drainage. The river is small 

(3-8 m wide), turbulent in some areas and well aerated. Bedrock in 

this reach of the river is a relatively recent (Pleistocene) plateau 

flow of rhyolite (Boyd, 1961).
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Middle Firehole (MF) 
Lower Firehole (LF) 
Upper Gibbon (UG) 
Middle Gibbon (MG) 
Lower Gibbon (LG) 
Upper Gardner (UGa) 
Lower Gardner (LGa)

Miles

Figure I. Map of Yellowstone National Park, with location of sampling 
sites.
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The sampling station for the upper Firehole River was located at the 

bridge crossing the river on the Lone Star Geyser Road, 8.6 miles (13.8 km) 

downstream from Madison Lake and at an elevation of 7.606 feet (2,318 m).

A short distance below this site (0.5 mi or 0.8 km), a diversion dam 

directs some of the stream into the water supply system for the Old Faith

ful area. The middle sampling station was located in the Lower Geyser 

Basin just above, the confluence of the Firehole River and Nez Perce Creek. 

This site is 12.9 miles (20.8 km) downstream from the upper station and is 

accessible from the lower end of the Fountain Freight Road. The lower 

sampling .station of the Firehole River was located at the north end of 

the Firehole Canyon, 0.5 miles (0.8 km) above the confluence of the Fire- 

hole and Gibbon Rivers at Madison Junction. This site is accessible from 

the Firehole Falls Loop Road and is just above the overflow discharge from 

the water supply chlorinator for the Madison Junction area. The chlorina- 

tor periodically adds chlorinated water to the Firehole River at this 

point. Thê ,elevation at this site is 6,812 feet (2,076 m) and the dis

tance between this station and the upper station is 17.6 miles (28.7 km).

The Gibbon River starts at Grebe Lake on the Sulfatara Plateau north

west of Canyon Village. The river -then passes through Wolf Lake and over 

Virginia Cascade before entering Norris Geyser Basin. The Gibbon receives 

its greatest amount of thermal waters from the hot springs and geysers in 

the Norris area. Downstream, the river continues to receive intermittent 

drainage of thermal water from a number of smaller thermal areas until just 

above its confluence with the Firehole River. The thermal discharge, 

according to Allen and Day (1935), is 6.85 cu ft/sec (0i19 cu m/sec).
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The headwaters originate in an area of Pliocene rhyolite tuff and more 

recent Quaternary alluvial deposits (Boyd, 1961). Most of the area 

through which the river passes is composed of welded rhyolite tuff with 

the south side of the lower portion of the river bounded by plateau flows 

of undifferentiated rhyolite. The river bed is a mixture of bedrock, 

boulders, rubble, gravels, sand and silt with siliceous sinter from old 

thermal drainages found in localized areas.

Three sampling stations were located on the Gibbon River. The upper 

station was located at the bridge over the river at the Norris Canyon Cut

off Road, 0.5 miles (0.8 km) east from Norris Junction, at an elevation of 

7,480 feet (2,281 m). This is above the major thermal discharge into the 

river. The middle station was located at the Mesa Road bridge, 11.5 miles 

(18.5 km) downstream from the upper station, and at an elevation of 6,950 

feet (2,120 m). The lower station was located approximately 100 yards 

(91 m) above the confluence with the Firehole River at Madison Junction, 

16.2 miles ^26.1 km) downstream from the upper station and at an elevation 

of 6,806 feet (2,074 m).

The Madison River starts at Madison Junction at the confluence of the 

Firehole and Gibbon Rivers. The river flows in a westerly direction until 

it enters Hebgen Lake. The upper six miles (9.6 km) of the river are faced 

on the north by cliffs and hills of welded tuff. On the south side of the 

river are the more rugged cliffs and talus slopes (rhyolite flows)of the 

Madison Plateau. Downstream from the plateau the river passes through an 

area of decomposed rhyolite and tuff. The river bottom is variable, the
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river flows over boulders, rubble, large and small gravels, sand and silt 

with a partially cemented surface layer resting on a cemented base.

Three sampling stations were selected on the Madison River: The

upper station was located 1.18 miles (1,9 km) below the confluence of the 

Firehole and Gibbon Rivers (N.P.S. pullout designation, "Wild Animals at 

Home") at an elevation of 6,800 feet (2,072 m). At this site the river 

meanders between the cliffs of the Madison Plateau which lie to the south 

and large hills of tuff which lie to the north of the westward flowing 

river.

The middle station was located about 50 yards (45 m) below the 7 Mile 

Bridge, 5.7 miles (9.1 km) downstream from the upper station. At this 

point the river flows at the base of the tuff cliffs which lie to the 

north. They are considerably lower in elevation than at the upper station. 

To the south the plateau flow of rhyolite is also much lower in elevation. 

The river at this point flows over bedrock covered lightly with sands, 

gravels and rubble.

The lower station was located at the site of the old Riverside Ranger 

Station, 6.3 miles (10.2 km) downstream from the middle station and at an 

elevation of 6,640 feet (2,024 m). The sampling area is near the lower 

end of a long riffle area (approximately 5 miles or 8 km) where the river 

bottom varies from cemented materials to sand, gravel and rubble.

The sampling stations on the Gardner River were located north of 

Mammoth Hot Springs along the North Entrance Road. The upper station was 

located about 50 yards (45 m) above the inflow of the Hot River at an ele

vation of 5,760 feet (1,756 m). The Hot River arises about 50 yards (45 m)
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from the GaAner River and provides the drainage for the Mammoth Hot 

Springs terrace area. The lower sampling station was located 0.5 miles 

(0.8 km) below the upper station, just downstream from the upper bridge 

over the Gardner River. The river bottom at both stations is composed of 

rubble, large and small gravels, sand and silt.

The main runoff from the heavy snows which cover this mountainous 

area in winter occurs during late May and June. Following extremely 

severe winters, the runoff will continue into July. During this high 

water period, it is impossible to collect benthic diatom samples from 

several of the stations. In general, the heaviest rainfall coincides 

with the time of the greatest snow melt. Usually the streams start to 

recede in late June and by middle July have reached a relatively constant 

level (Surface Water Records of Montana, 1963, 1964) .



METHODS

Water Chemistry:

Water samples were collected from the river stations at varying 

ltitt̂ rva.18 dtifing the Fall8 Spring and Stimmer9 1963“1964, The samples were 

obtained in one-liter "Polypropylene" plastic screw-cap bottles which had 

been washed, rinsed once with distilled water and three times with river 

water from the sampling station before being filled with the water sample. 

Immediately after collection, the samples were placed in an ice-chest and 

refrigerated until time for analysis. Hydrogen-ion concentration (pH) 

measurements were taken with a Beckman Model G pH Meter in the field and 

were repeated at Bozeman as part of the analysis of the samples. Upon 

return to Bozeman, all samples were filtered through a medium-porosity 

sintered-glass filter to remove particulate matter. Analyses were gener

ally completed less than 48 hours after the samples had been collected.

Determinations were made of the following: sodium, potassium, calcium,

magnesium, chloride, silicate, pH, conductivity and total alkalinity. Sul

fate, phosphate and nitrate were also determined in some of the samples.

Sodium, potassium, calcium and magnesium determinations were made 

with a Beckman Model DU Flame Spectrophotometer, following the procedures 

given in the Beckman Instruction Manual #334-A. Total alkalinity, chloride, 

phosphate, silicate and sulfate determinations were made as described in 

Standard Methods for the Examination of Water and Wastewater, Ilth Edition 

(1960). Nitrate determinations followed the chromotropic acid method of

i
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West and Lyles (1960) but were successful only in showing that nitrate 

levels in these waters were too low (less than 0.0016 meq/1) for accurate 

determination by this method.

Diatom Studies:

Approximately 25 ml of diatom material were collected at each station 

at about monthly intervals. The collections were taken from the rocks, 

sticks and macrophytes found at the sampling sites. Such procedure provid

ed a composite collection from each site. A description of the materials 

sampled was made on a collection data sheet at the time of sampling. Upon 

return to the laboratory at Bozeman, Montana, all samples were examined 

with a compound microscope to'ascertain the relative numbers of living and 

non-living diatoms; this ratio (the number of living to non-living cells) 

was noted on the collection data sheet so a proportional correction could 

be made of the diatom counts. All samples were preserved by the addition 

of sufficient formalin to produce a 3-5% formalin solution in the sample 

bottles.

To make a detailed evaluation of the diatom populations, the diatoms 

were first "cleaned," using the boiling nitric acid - potassium dichromate 

technique described by Hohn and Hellerman (1963). Then permanent micro

scope slides were prepared for study.

The slides were examined for two purposes: First, the slides were

scanned to determine if any differences in floristics could be easily
'

observed when comparing slides from the different sampling stations• A

\
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species list prepared early in the study indicated there were conspicuous 

differences between the upper and lower sampling stations on all the 

rivers studied. These data were used to determine community types on the 

basis of floristics of the sampling stations. This method was used to 

provide an index of relationship for every possible combination of sampl

ing stations, based on the formula by Kulczynski (1927):

I = 2c , a + b
where c is the number of species found in common at two stations, and a 

and b represent the total numbers of species at each of stations a and b. 

Using the techniques described by MacFadyen (1957) and Whittaker and Fair

banks (1958), a trellis diagram was constructed to show the similarities 

in species structure of the various sampling stations.

Finally, a more detailed examination of each slide was made whereby 

a number of fields were observed. Starting at one edge of the coverslip, 

every diatom observed was identified to species and tabulated until approx 

imately 300 cells were counted on each slide and tabulated as to number of 

cells per species. From this tabulation, the community diversity was cal

culated for each collection, using the following equation (Margalef, 1951)

where m represents the number of species and N the number of diatom cells 

counted. This index of diversity is derived from the supposed linear rela 

tionship between,species number and logarithm of total individuals. Diver 

sity indices from the various stations were compared.

The data tabulated in the detailed counts were also used to provide 

abundance and frequency information of the species at each station.



RESULTS

Water Chemistry:

Results of the chemical analyses of water samples are given in 

Table I . Ranges of concentrations and mean values are recorded. Sodium 

was the most abundant cation in the Madison River system and was found in 

highest concentrations below the major thermal drainages along the Firehole 

River (middle and lower sampling stations). The rhyolite bedrock in. this 

area is a feldspar of sodium and potassium alumino-silicates. The thermal 

waters passing through this rock tend to leach out the sodium which re

mains in solution. Although the same process takes place with regard to 

potassium, its rate of solubilization is much slower and other processes 

tend to return it to the solid phase (Boyd, 1961) .

Calcium and magnesium were found only in small amounts in this river 

system. There are few calcium-bearing rocks in this area, hence only 

small amounts of calcium could be expected from these waters.

Both the Firehole River and the Gibbon River showed marked differences 

in water chemistry between the upper sampling station and the middle or 

lower sampling stations. Both upper stations were above major thermal 

discharges and had similar rates of flow. Both upper stations had a 

similar water chemistry.

Higher ion concentrations were found at the middle and lower stations 

of the Firehole and Gibbon Rivers than at the upper stations. ' Sulfate con

centrations were highest in the middle and lower Gibbon River due to the 

sulfate water inflow from several drainages along the lower part of the 

river. The pH was also lower below these acid drainages along the middle



Table I. Results of chemical analysis of water samples

Conduc tivity Alkalinity Calcium Magnesium Potassium Sodium Chloride Sulfate Phosphate Silicate PH
K2S x IO6 meq/1 meq/1 meq/1 meq/1 meq/1 meq/1 meq/1 meq/1 mzq/l

Upper Madison Range 274-527 1.25-2.40 0.10-0.52 0.00-0.18 0.12-0.30 2.10-5.00 1.64-2.20 0.42-0.49 0.004-0.019 2.00-2.63 7.18-7.72
Mean 429 2.04 0.20 0.09 0.25 3.61 1.69 0.46 0.013 2.39 7.42

Middle Madison Range 274-488 1.25-2.50 0.09-0.21 0.00-0.10 0.12-0.28 2.10-4.80 0.89-1.83 0.41-0.46 0.006-0.017 2.02-2.65 7.30-7.89
Mean 424 2.13 0.14 0.04 0.28 3.82 1.58 0.44 0.013 2.42 7.60

Lower Madison Range 274-484 1.25-2.30 0.10-0.70 0.00-0.11 0.12-0.28 2.10-4.40 0.94-1.75 0.40 0.005-0.022 2.02-2.50 7.80-8.39
Mean 404 1.96 0.26 0.03 0.22 3.68 1.52 0.40 0.015 2.33 8.14

Upper Firehole Range 54-128 0.20-0.52 0.05-0.48 0.00-0.10 0.03-0.10 0.22-0.82 0.19-0.56 0.10 0.008 1.52-1.85 7.00-7.69
Mean 92 0.39 0.16 0.07 0.08 0.59 0.41 0.10 0.008 1.61 7.42

Middle Firehole Range 330-581 1.25-2.60 0.10-0.50 0.00-0.08 0.12-0.27 2.70-5.20 0.33-2.40 0.14-0.17 0.009-0.025 2.18-2.76 8.30-8.63
Mean 423 1.95 0.18 0.03 0.21 4.30 1.73 0.16 0.017 2.53 8.46

Lower Firehole Range 274-640 2.20-2.90 0.08-0.50 0.00-0.12 0.11-0.27 2.25-5.15 1.03-2.26 0.34-0.45 0.006-0.027 2.06-2.71 8.10-8.65
Mean 459 2.46 0.17 0.05 0.21 4.19 1.96 0.38 0.018 2.49 8.33

Upper Gibbon Range 62-127 0.40-0.70 0.10-0.50 0.00-0.12 0.04-0.13 0.25-0.80 0.05-0.19 0.30-0.78 0.004 1.54-2.86 6.97-7.54
Mean 108 0.62 0.20 0.06 0.10 0.54 0.14 0.54 0.004 1.99 7.36

Middle Gibbon Range 169-329 0.65-1.40 0.10-0.60 0.00-0.21 0.10-0.30 1.00-3.25 0.66-1.55 0.67-0.93 0.002-0.013 1.78-2.89 7.71-7.75
Mean 283 1.11 0.22 0.09 0.22 2.15 1.16 0.80 0.007 2.21 7.65

Lower Gibbon Range 194-433 0.90-2.00 0.14-0.73 0.00-0.13 0.11-0.29 1.25-3.90 0.56-1.69 0.65-0.96 0.002-0.014 1.78-2.89 7.10-7.40
Mean 353 1.71 0.25 0.09 0.25 2.95 1.22 0.77 0.009 2.27 7.23

Upper Gardner Range 161-261 1.30-2.20 0.85-1.60 0.33-0.82 0.02-0.09 0.15-0.60 0.14-0.28 0.50-0.62 0.001-0.005 1.01-1.29 8.09-8.35
Mean 231 1.83 1.15 0.63 0.06 0.43 0.22 0.56 0.003 1.14 8.22

Lower Gardner Range 234-640 1.55-3.10 1.10-3.25 0.65-2.26 0.04-0.86 0.25-1.65 0.23-1.08 2.15-2.89 0.005-0.011 1.06-1.29 7.68
Mean 493 2.61 2.31 1.48 0.35 1.09 0.74 2.52 0.008 1.18 7.68

I
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and lower Gibbon River, as compared to the Firehole River. Figures 2 and 

3 illustrate some of the seasonal changes in water chemistry found in 

these rivers. The wide variations in concentrations were largely related 

to dilution of the rivers by the spring rains and melting snow.

Firehole River 
Upper Station Lower StationMiddle Station

3 0 0«?

8/15 4/11 5/12 6/15 10/228/15 4/11 5/12 6/15 10/228/15/63 4/11/64 5/12 6/15 10/22

Figure 2. Seasonal changes in chemical composition of the Firehole River.
Conductivity----- , Alkalinity---- , Sodium....  , Potassium
Calcium and Magnesium-—— — , Chloride---- , Sulfate v , Phos
phate*--- -, and Silicate-----
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Gibbon River

Lower StationMiddle StationUpper Station

/ \ \

-----------------1---------f ------=V=2------1----
8/15/63 4/11/64 5/12 6/15 10/22 8/15 4/11 5/12 6/15 10/22■ 8/15 4/11 512 6/15 10/22

Figure 3. Seasonal changes in chemical composition of the Gibbon River.
Conductivity---- , Alkalinity----  , Sodium...., Potassium-*-*-* ,
Calcium and Magnesium• • • • • ■ ; Chloride---- , Sulfate V V  ,
Phosphate ----- , and Silicate---- .

The water chemistry of the Madison River was similar to that of the 

lower Firehole River. Concentrations of the various ions remained quite 

constant at all three sampling stations. Seasonal changes are illustrated 

in Figure 4. Sodium was the dominant cation and bicarbonate the dominant 

anion. Chloride concentrations remained fairly high at all stations
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(0.95 - 2.00 meq/1). Silicate concentrations remained close to the

saturation level of the water (approximately 100 ppm at 25 C).
"" Madison River

Upper Station Middle Station Lower Station

8/15/63 4/11/64 E/12 6/15 10/22 8/15 4/11 5/12 6/15 10/22 8/15 4/11 5/12 6/15 10/22

Figure 4. Seasonal changes in chemical composition of the Madison River.
Conductivity---- , Alkalinity---- , Sodium.... , Potassium-"-» -» ,
Calcium and M a g n e s i u m , Chloride----, Sulfatey y ,
Phosphate----- , and Silicate-----.

The waters of the Gardner River differed noticeably from those of the 

Madison and its tributaries. Calcium and magnesium concentrations were 

greater in the Gardner due to the presence of shales and sandstones in the 

headwater areas, as well as small drainages from old travertine deposits. 

The discharge of the Hot River caused a marked increase in concentrations 

of calcium, magnesium, bicarbonate and sulfate at the lower station 

(Figure 5) .
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Gardner River
Lower StolionUpper Station

15 10/22

Figure 5. Seasonal changes in chemical composition of the Gardner River.
Conductivity-----, Alkalinity---- , Sodium...., Potassium-* ■»-» ,
Calcium and Magnesium*» , Chloride---- , Sulfatev V >
Phosphate*--- and Silicate------- .

Temperature Studies:

Temperatures were recorded at the sampling stations on the Madison 

River by means of submersible temperature recording devices. During any 

one day, the variation in mean temperatures between the three stations was 

less than 2 C from April 10 to October 2. Daily mean temperatures fluctu

ated rather widely (approximately 8 C) until late June. At this time the 

spring runoff ended and water temperatures rose rapidly to about 20 C and 

remained at a high level until mid-August. Highest mean temperatures were
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recorded in late July. In late August two snowstorms and a period of low 

ambient temperatures were reflected in temporarily lowered mean water temp

eratures and in September rather wide variations were recorded, depending 

largely on the local weather patterns (Figure 6).

AUG. SEPT.APRIL JUNE JULY

Figure 6. Daily mean temperatures of the Madison River, April 10 - 
September 22, 1964.

Temperatures in the Firehole and Gibbon Rivers were measured at 

periodic intervals with maximum-minimum thermometers and standard labora

tory thermometers. At the lower stations the general temperature pattern 

was similar to that in the Madison River. At the upper stations tempera

tures were considerably lower. During the winter the upper stations were 

ice and snow covered. The lower station on the Gibbon River was ice- 

covered only during the most extreme cold weather, whereas no ice has been 

reported at the lower station on the Firehole River. The water tempera

ture during the winter months at this station was 4.25 C at a time when 

the air temperature was about -67 C . The highest temperature recorded at 

the lower Firehole River station was 26.5 C on July 10, 1964.
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The water temperatures at all the stations were within the range 

generally reported as suitable for diatom growth.

Diatom Studies:

Number of Genera and Species:

A total of 311 species and varieties of diatoms was found in, the 

rivers studied (see Appendix A for species and distribution lists). 181

species and varieties were found in the Firehole River, 162 in the Gibbon 

River, 194 in the Madison River and 108 in the Gardner River. Table II 

gives the numbers of species and varieties at each sampling station.

Table II

Number of Species Found at Each Station

Firehole 
U M

River
L

Gibbon 
U M

River
L

Madison 
U M

River
L

Gardner
U

River
L

125 94 96 105 96 105 131 117 91 71 91

Of the total number, only 19 species were found at all eleven 

stations during the 1964 season, with an additional eight species found 

at all the stations in the Madison, Firehole and Gibbon Rivers. These 

are species with a broad ecological amplitude, and are generally widely 

distributed in North America. Undoubtedly, other widely distributed 

species would be found if sufficient material were examined from the

collections.
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The genera represented by the greatest numbers of species were 

Navicula (47), Achnanthes (39), Nitzschia (30), Cymbella (24), Pinnularia 

(23), Fragillaria (18), Gomphonema (15), Eunotia (13) and Synedra (13).

All other genera were represented by less than nine species or varieties. . 

121 species were found at. only one station and generally represented less 

than one per cent of the sample in which they were found.

The diatom flora from the Madison River and its tributaries in 

Yellowstone Park seems to be closely allied to that of more northern 

regions in Alaska, Denmark, Sweden, Norway and Finland. The flora is 

different from that found in the eastern United States, and some of the 

species seem to be restricted to the Yellowstone Park region. As more 

diatom collections are made in the Pacific Northwest and northern Rocky 

Mountain areas some of these species will undoubtedly be found to be more 

widespread. However, as pointed out by Hustedt (1937) and Patrick (1948), 

the typically rheophilic diatoms of a region contain the most character

istic or endemic species of a region.

Important Species:

The following is a discussion of the ecology and distribution of 

diatom species which either occurred most frequently in the diatom samples 

or had a unique distribution in the area sampled .
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Achnanthes minutissima Kutzing (Figure 7)

Achnanthes minutissima was one of the five most abundant species and 

was present in all the samples collected. Williams (1961) reported it as 

occurring in the plankton of well-aerated rivers. Hustedt (1930) stated 

that it was common in most waters in central Europe over a wide range of

temperature and where the pH ranged from 6.20-7.00. In the Madison 

River system it was most prominent at the lower station on the Gibbon 

River. The lowest pH values of the eleven stations were generally found 

here. The species was plentiful at the upper Firehole sampling station 

which also had a lower pH than the stations downstream. Although common

in the Madison River, no distribution pattern was discernable at the sta

tions sampled. The species was very abundant at the lower Gardner sampling

station but occurred less frequently at the upper Gardner sampling station.
Gibbon River

U M L  U M L U M L  U M L  U M L UM L UML 
11/14/63 4/11/64 5/12 7/1 7/15 8 /30 9/24

4 Or  Firehole River

UML UM L U M L U M L U M L  U M L U M L 
11/14/63 4/11/64 5/12 7/1 7/15 8 /3 0  9/24

Madison River

U M L U M L  U M L U M L  U M L  U M L  U M L  U M L  
11/14/63 4/11/64 5/12 7/1 7/15 7/29 8 /30 9/24

30 - Gardner River

2 2 0
<(/)

- r
nJj IO 

0 r nR l f h r l 0
U L  U L  U L  U L  U L  U L  U L  

10/16 4/11 5/12 Th 7/15 8/30 9/24

Figure 7. Seasonal changes of percentage composition of Achnanthes
minutissima Kutz.. U, M and L represent the upper, middle
and lower stations, respectively.



-25-

Cocconeis placentula Ehr. (Figure 8)

Cocconeis placentula was one of the most abundant and in several 

collections accounted for over 50% of the diatoms counted in one sample.

Hustedt (1942) reported it to be a temperature-independent, cosmopolitan, 

freshwater species. Foged (1954) said it was an alkaliphilic, current- 

indifferent species. Butcher (1940) used it as an indicator species since 

it disappeared where organic enrichment occurred and reappeared further 

downstream where the water was again "clean." According to Foged (1954)

the species occurs in the heavily polluted portions of several streams in

Denmark, but he did not report its abundance in the polluted areas. It is 

apparent that there is a great deal of conflicting information as to the

usage of this species as an indicator of pollution.

U M L  UML U M L UML U ML U ML UML 
11/14/63 4/11/64 5/12 7/1 715 8/30 9/24

40 Gibbon River
827

U M L  UML U M L UM L UML U M L  UML 
11/14/63 4/11/64 5/12 7/1 7/15 8/30 9/24

U J

|20
<

it

Gordner River

30,-

r rta m  ru rD
U L U L  U L  UL  UL  UL  UL 
10/16 4/11 5/12 7/1 7/15 8/30 9/24

Figure 8. Seasonal changes of percentage composition of Cocconeis placen
tula Ehr.. U, M and L represent the upper, middle and lower
stations, respectively.
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The species is frequently the first to colonize "bare" areas and is 

often found coating the leaves and stems of submerged macrophytes as well 

as the filaments of green algae, particularly Cladophora sp. Cocconeis 

placentula was very abundant at the upper station on the Firehole River, 

above the source of any artificial pollution. It was commonly found at 

the other stations on the Firehole River, but generally less abundantly.

It was also plentiful at times at the upper Gibbon River sampling station, 

but infrequent at the lower sampling stations (1% or less/sample). The 

species Increased noticeably at the lower stations on the Madison River.

The stations where this diatom was most abundant were those which 

were removed from possible sources of organic enrichment. The importance 

of the species as an indicator of pollution may be dependent upon its 

abundance rather than its presence.

Fragillaria construens (Ehr.) Grun. (Figure 9)

Fragillaria construens was found at all the sampling stations.
I

Foged (1954) lists it as a current-indifferent alkaliphil. Hustedt (1942) 

considered it to be temperature indifferent. Kolkwitz and Marsson (1908) 

stated that it was an oligosaprobe, in contrast to Cleve-Euler (1951) who 

reported that it occurred in severely polluted waters. The diatom seemed 

to grow well at all stations, which suggests that it had a broad ecological 

amplitude.
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Gibbon River

U M L  U M L U M L U M L  U M L  
11/14/63 4/11/64 5/12 V l 7/15

Firehole River

. U M L UM L U M L UM L UM L 
i4 5/12 Vl 7/15 8 /3 0  8/24

20i_ Modison River 20 -  Gordner River

z 10a
a* o I I

I i T k I
U M L U M L U M L U M L U M L  U M L  U M L  U M L

11/14/63 4/11/64 5/12 7/1 7/15 V 29 8 /30  9 /24

1-0<
Cf)
S5 0 n  m F k

U L  U L  U L  U L  U L U L  U L  
10/16 4/11 5/12 7/1 7/15 8 /30  9 /24

Figure 9. Seasonal changes of percentage composition of Fragillaria 
construens (Ehr.) Grun.. U, M and L represent the upper, 
middle and lower stations, respectively.

Achnanthes linearis (W. Sm.) Grun. (Figure 10)

Although not as abundant as were the proceeding species, Achnanthes 

linearis had a more unusual distribution. Patrick and Freese (1960) found 

it abundant in the Arctic on a number of different substrates. Hustedt 

(1930) listed it as being plentiful in mountain streams over a broad pH 

range (6.00 - 9.50). It was temperature and current indifferent, although 

common only where the temperature was less than 15.5 C.

I

IO

>°0

Firehole River

ro n red ro O E3oo ^  O H o  O
U M L  U M L  U M L U M L  U M L U M L U M L

H/14/63 4/11/64 5/12 V l V I5 8 /3 0  9 /24

y Gibbon RiverI IO 
<
£ 0 J~[l r-n 0 _ on nm ..n

U M L  U M L U M L U M L UM L U M L UM L 
11/14/63 4/11/64 5/12 V l 7/15 8 /30 9/24

I -Oh
I Jl #-L

U M L  U M L  U M L  U M L  U M L  U M L  U M L  U M L  
H/W 63 4/11/64 5/12 7/1 7/15 7/29 8 /3 0  9 /2 4

i$ o -rr-g. i— T I i— i O --  .--. O  O O
U L  U L  UL U L  U L  UL UL

10/16 4/11 5/12 7/1 7/15 8 /30  9/24

Figure 10. Seasonal changes of percentage composition of Achnanthes
linearis (W. Sm.) Grun.. U, M and L represent the upper,
middle and lower stations, respectively.
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The species was found at the upper stations on the Firehole and 

Gibbon Rivers, whereas it was seldom found in the warmer waters of the 

lower Firehole River. It did occur at the lower Gibbon River station but 

Was most abiJhdattti eafly hnd late in the season when water temperatures 

were low (under 15.0 C). It was more prominent at the upper and middle 

stations on the Madison River and was frequently missing from samples 

collected at the lower station.

Anemoneis variabilis (Ross) Reimer (Figure 11)

The taxonomy of Anemoneis variabilis has been reviewed recently by 

Reimer (1961), but information on Its ecology seems to be somewhat con

flicting. This may be due to taxonomic errors by some of the earlier 

writers. Foged (1954) considered it to be current- and pH-indifferent 

and reported its collection from acid localities. Manguin (1962) describ

ed it as occurring in the littoral zone of oligotrophic or eutrophic 

alkaline waters. Hustedt (1942) found it to be pH- and temperature- 

indifferent. Reimer (personal communication) considers it to be an 

alkaliphil which is tolerant of wide ecological variations.

The species was found to be abundant at the lower station on the 

Gibbon River and almost completely lacking from the upper stations. It 

was also rarely found in the Firehole River. It occurred in varying pro

portions at the Madison River stations, but no pattern of distribution was

discernible.
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Figure 11. ^ S e a s o n a l  changes of percentage composition of Anemoneis
variabilis (Ross) Reimer. U, M and L represent the upper, 
middle and lower stations, respectively.

Cymbella affinis Kutz. (Figure 12)

There is some question as to the correct nomenclature for Cymbella 

affinis since it is a variable species. In shape and striae count, the 

forms from Yellowstone Park were identical to C. affinis Kutz. However, 

the number of central punctae were variable from one to four; most speci

mens had two or three. Hustedt (1937) placed the forms with more than one 

central puncturn in Cv sumatrensis Hust., which was described as an endemic 

form from mountain streams in Sumatra. Reimer (personal communication) 

considers the two species to be identical on the basis of the published 

descriptions, and the present author agrees. Therefore, until slides of 

C . sumatrensis are available for examination, the species will be consider 

ed as C. affinis. Foged (1954) considered C . affinis to be a current- 

indifferent, alkalibiontic form. Patrick and Freese (1960) described it
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as being widely distributed in fresh water. Hustedt (1930) discussed the 

extremely variable nature of the species, but mentioned that its best 

development was in warm waters. However, in his Abisko paper (1942) he 

gave a temperature range for this species of 10.2 - 12.0 C. It was found 

to occur abundantly at much higher temperatures in several areas in 

Yellowstone National Park.

Gibbon RiverFirehole River

u 30
M 20

UML UML U M L UM L UM L UML U M L  
11/14/63 4/11/64 5/12 7/1 7/15 8 /30  9/24

U M L UML UM L UML UML UML UML 
11/14/63 4/11/64 5/12 7/1 7/15 8 /3 0  9 /2 4

68.8 Gardner RiverMadison River

UL U L  U L  U L UL U L UL 
10/16 4/11 5/e Vl 7715 8 /30  9/24

U M L UML UML UML UM L UML UML UML
11/14/63 4/11/64 5/12 7/1 7/15 7/29 8 /30  9/24

Figure 12. Seasonal changes of percentage composition of Cymbella affinis 
Kutz.. U, M and L represent the upper, middle, and lower 
stations, respectively.

The distribution of the species was somewhat unusual in the study 

area. At the upper stations in the Firehole and Gibbon Rivers it was 

absent or fecund in small numbers (0 to less than T L  of a sample) . At the 

lower stations it was more abundant, particularly in late August and Sept

ember comprising from 10.5% to 19.5% of the samples. C . affinis was most
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imp or tan t at the upper station on the Madison River in late July and late 

September. At these times a diatom bloom was observed, and diversity 

measurements at this station indicated the lowest diversity of the 1964 

season.

Cymbella mexicana (Ehr.) Cleve (Figure 13)

Cymbella mexicana has an unusual distribution in North America, 

generally being found only west of the Mississippi River. Stoermer 

(unpublished) found it in Lake Okiboji, Iowa, growing at depths of 20 

to 40 feet. Manguin (1961) reported the species from Lake Karluk, Kodiak 

Island, Alaska. Reimer (personal communication) considered it to be an 

alkalibiont, generally found among the benthic diatoms of alkaline lakes.

Firehole River

i 10
oLOizi O O- OOrai OO- OOn
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11/14/63 4/11/64 5/12 7/1 7/15
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8 /3 0  9 /24

y ioh Madison River

i*
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U M L  U M L  U ML U M L  U M L UM L U M L U M L
11/14/63 4/11/64 5/12 7/1 7/15 7/29 8 /30  9 /24

Figure 13. Seasonal changes of percentage composition of Cymbella mexi- 
/cana (Ehr) Cleve. U, M and L represent the upper, middle and 
lower stations, respectively.

The diatom was not found in any samples from the Gibbon River but did 

occur at the middle and lower stations on the Firehole River. Its presence 

in the Madison River samples was largely limited to collections taken in 

August and September. Although the species was not abundant in any of the 

samples (less than four per cent by number), it was one of the largest 

diatoms encountered in this study. The volume of this species may be 

greater than that provided by all the other cells in a sample in which it

occurred.
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Gomphonema parvulum (Kutz.) Grun. (Figure 14)

Gomphonema parvulum has been used as a pollution indicator by a 

number of authors (Fjerdingstad, 1950) . However, in the Yellowstone 

Park waters sampled it did not become abundant enough at any station to 

be considered an indicator species. Fjerdingstad (1950) reported it as 

occurring in the alpha-mesosaprobic zone; but he cautioned that a number 

of the species found in this zone are among the most tolerant forms and 

may also be common under oligotrophic conditions. Foged (1954) considered 

the species to be pH-indifferent and associated with running water. Hus- 

tedt (1930) described it as occurring "especially in standing waters." It 

was commonly found in the Madison River at all three stations; but it was 

most frequent at the middle station during the period of low diversity in 

late July. It comprised less than one per cent of any sample collected at 

the upper Firehole River station; but it was always present in greater 

abundance at the two lower stations on the Firehole River and at all three

stations on the Gibbon River.
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Figure 14. Seasonal changes of percentage composition of Gomphonema
parvulum (Kutz.) Grun.. U, M and L represent the upper,
middle and lower stations, respectively.
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Fragillaria leptostauron (Ehr.) Must. (Figure 15)

Fragillaria leptostauron was frequently one of the dominant forms in 

the Firehole River; but it occurred less abundantly in the Gibbon and Madi

son Rivers. Foged (1954) listed the species as having its optimum develop

ment in stagnant waters. Hustedt (1930) stated that it occurred on silty 

substrates in slowly moving waters. Patrick and Freese (1960) reported its 

occurrence at the edge of silt-bottomed streams in Alaska. Fjerdingstad 

(1950) listed it as occurring in the alpha-mesosaprobic zone. In the 

Yellowstone area its abundance on the Firehole River indicates that it

may be tolerant of conditions other than those described in the literature.

Here the water is definitely not stagnant, and there is little or no silt

deposition at the sampling stations,
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Figure 15. Seasonal changes of percentage composition of Fragillaria
leptostauron (Ehr.) Hust.. U, M and L represent the upper, 
middle and lower stations, respectively.

Nitzschia frustulum (Kutz.) Grun. (Figure 16)

Nitzschia frustulum was most abundant (5.0 - 8.0%) at the lower 

station on the Gibbon River and rarely occurred at the other stations. 

Foged (1954) listed the diatom as being pH-indifferent, occurring in
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stagnant waters and tolerating brackish conditions. Patrick and Freese 

(1960) described it as occurring with algae in tundra pools and in algal 

film (neuston) from a silt bottomed pool. Hustedt (1930) said that it 

occurred in brackish waters as well as fresh water. Reimer (1954) found

the species in both fresh and brackish water.
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Figure 16. Seasonal changes of percentage composition of Nitzschia
frustulum (Kutz.) Grun.. U, M and L represent the upper, 
middle and lower stations, respectively.

Diatoma vulgare Bory (Figure 17)

Diatoma vulgare was found only in samples from the Gardner River, 

occurring m^st abundantly at the upper station in August and September. 

Hustedt (1930) described D . vulgare as frequently occurring in standing 

water, but more commonly in flowing water, in both the planktonic and 

littoral zones. Cleve-Euler (1951) reported that it frequently occurs 

in both fresh and brackish waters. Patrick (1948) said the species was 

favored by a high percentage of nitrates in the water. Foged (1954) 

reported the species to be alkalibiontic, "having its optimum development 

in running water. Other authors have stressed its occurrence in polluted
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sbreams, although Fjerdingstad (1950) also found it in oligosaprobic 

waters (see discussion in Fjerdingstad, pp 94).
Gardner River

a-30
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Figure 17. Seasonal changes of percentage composition of Diatoma vulgare 
Bory. U and L represent the upper and lower stations, 
respectively.

Navicula avenacea Breb. (Figure 18)

Navicula avenacea was found only in the Gardner River, occurring most 

abundantly at the upper sampling station in the early spring samples.

This is the first reported occurrence of this species in North America.

Gardner River

U L  U L  U L  U L  U L  U L  U L
10/16 4/11 5/12 7/1 7/15 8/30 9/24

Figure 18. Seasonal changes of percentage composition of Navicula 
^avenacea Breb.. U and L represent the upper and lower 
stations, respectively.
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Diversity Measurements:

Madison River: When diversity indices were plotted for each station (Fig

ure 19), it was apparent that some major changes in the diatom communities 

occurred during the 1964 growing season. Early in the year the diversity 

followed an expected and typical pattern. Community density was greatest 

at the upstream station, intermediate at the middle station, and least at 

the lower station. The situation changed noticeably in late July when the 

diversity dropped to a low level at all stations. Subsequently diversity 

increased at all stations in late August. The diversity indices at each 

station changed again during late September, with the upper station show

ing the lowest diversity. The last change seems to be the reverse of what 

one might expect. However, since the same change occurred the previous 

fall (1963), it may be related to some, factor controlling growth at this 

station.

The samples from April through June exhibited a rather constant level
iof diversity despite the fact that this was the time of the spring runoff 

when there was a considerable dilution of the chemicals in the water. The 

change in diversity which took place during late July may have been relat

ed to several factors. At that time the water temperature was at its maxi

mum for the year, approximately 25 C. This was above the temperature 

considered optimal for many diatoms. Hence, the thermal waters coming 

from the Firehole River may have acted as a limiting factor for the growth 

of some diatoms, and at the same time may have stimulated the growth of 

other species which were not depressed by higher temperatures. Another
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factor operating at the same time was the effluent being added to the 

river from the Madison Junction sewage disposal plant. The major use of 

the campground occurred during July and early August, adding a consider

able amount/of effluent at this time wuich may have enriched the river 

sufficiently to affect the growth of diatoms and allow a few tolerant 

species to dominate the community. It was also observed during this per

iod that the river contained large amounts of filamentous green and blue- 

green algae, which commonly occur in warm and enriched waters.

.... v
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Figure 19. Seasonal changes of diversity indices on the Madison River.
U, M and L refer to the upper, middle and lower stations, 
respectively.

Two periods of low diversity were found at the upper station on the 

Madison River in late July and late September. During both of these per

iods Cymbella affinis Kutz. comprised 50 per cent of the samples. This 

species was also dominant the previous fall (November 1963). The species 

composition of the entire community was quite similar at these three times.
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This fact suggests that the environment was also similar at these times. 

However, considerable differences in water chemistry, temperature, light 

and rates of flow existed at these times, indicating that perhaps none of 

these parameters, by themselves, control or limit the populations of 

diatoms. Instead, it is highly probable that it is some combination of 

variable environmental conditions that is responsible for the diversity 

differences or similarities.'

The middle and lower stations on the Madison River also exhibited a • 

drop in diversity at the late July sampling period. However, the species 

of diatoms present at these stations differed noticeably from those at the 

upper station. Cocconeis placentula Ehr. became one of the. most abundant 

species and Cv affinis dropped to less than one per cent of the total 

sample. According to Butcher (1947), Cv placentula normally appears 

abundant where a stream is recovering from organic pollution, an observa

tion which supports the suggestion that organic enrichment may have been 

responsible for the drop in diversity at the upper station. The tempera

ture factor may have been superimposed and important in the diversity drop 

at the lower stations.

It should not be assumed that the presence in great numbers of Cv 

affinis at the upper station at these times, and its small numbers at the 

lower station, provide an indication of pollution. Rather, it might be 

assumed that Cv affinis is an extremely variable species capable of grow

ing and reproducing rapidly under a variety of conditions.
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Firehole River: Diversity changes in the Firehole River were different

from those in the Madison River (Figure 20) . Early in the year the middle 

and lower stations maintained a fairly constant level of diversity that 

increased slightly during the spring run-off and then dropped during July 

and August. The decrease from mid-July to late August was not as promi

nent as in the Madison River samples. This was probably due to the mis

placement of some of the samples from the July 30 sampling period. At the 

lower sampling station Cymbella affinis was the most abundant diatom durr 

ing the last two periods, a situation similar to that which occurred in 

the upper Madison at the same 'time.

A P R IL '6 4N O V. *6 3 JU N E JULYM A Y A U G . SEPT.

Figure 20. Seasonal changes of diversity indices on the Firehole River. 
U, M and L refer to the upper, middle and lower stations, 
respectively.



The diversity index at the upper station fluctuated more widely than 

at the lower station. The first collection taken in mid-May showed rather 

low diversity. Since the snow depth at that time was in excess of four 

feet and tiM ice-snow cover over the stfSSfft had recently collapsed, it may . 

be that the algal growth was just getting started. Cocconeis placentula 

Ehr. was the most abundant species (60%). This species is frequently the 

first to populate newly exposed substrates. The same species was present 

in November 1963 at this station, although it accounted for only 30% of 

the sample; diversity at this time was also very low (5.77) . This was 

probably due to the poor growing conditions in the late fall. Snow and 

ice were present in the stream and the water temperature was extremely low 

(2.0 - 5.0 C). In late September the highest diversity in the entire Mad

ison river system was found at the upper Firehole River (12.5) . Of a total 

of 318 cells counted, 73 species and varieties were found. 33.4% of the 

sample was composed of the five most dominant species, while 51 species 

were represented by only 1-2 frustules. The dominant species remained the 

same throughout most of the growing season at this station, in strong 

contrast to the downstream stations.

Gibbon River: The diversity indices of the Gibbon River (Figure 21) dif

fered noticeably from those of the Firehole River. In early May, diversity 

at the upper station was rather low (7.5), probably due to the adverse en- . 

vironmental conditions similar to those found on the upper Firehole River 

at that time. The low level of diversity at the upper station in late 

August (3.9) seems to reflect the influence of some yet unknown factor
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which did not noticeably affect diatoms at the lower stations. A number 

of the living diatoms collected in that sample exhibited a bright green 

color when examined under the microscope. According to van der Werff 

(personal communication), this color change frequently occurs in dying 

cells which have been affected by metal poisoning. The same situation had 

been noted in early September 1962. The factor which causes the color 

change in the diatoms is unknown. However, Smith and Kendall (1922) re

ported the presence of some "toxic" material coming from a small thermal 

drainage which is located about 6 miles upstream from the sampling station 

It may be tĵ at the material coming from this area remains toxic for vary

ing distances downstream depending on the volume and rate of flow of the 

river. During late August and early September the flow was at a relative

ly low level, which increased slightly late in the fall. At the end of 

the season diversity at this station again increased to a maximum level

(9.9).

..
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Figure 21. Seasonal changes of diversity indices on the Gibbon River.
U, M and L refer to the upper, middle and lower stations,
respectively.
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During the early part of the season, the samples from the middle 

station had a pattern of diversity similar to the upper station. In July, 

the diversity dropped considerably and remained low throughout the remain- 

4©5? of EhS IlaflSpllng periods Durihg Ehefle sampling periods a diatom bloom 

was observed at this station. Anemoneis variabilis (Ross) Reimer, Cymbel- 

Ia affinis Kutz. and Achnanthes minutissima Kutz. were the most abundant 

species at this time.

The diversity indices at the lower station on the.Gibbon River seemed . 

to be more constant than at any of the other stations sampled during the 

1964 season. This relative stability may be due to the small amplitude of 

pH changes reported at this station (pH range 6.9-7.5) during the growing 

season. Daily fluctuations in pH usually ranged between 6.9 and 7.1 pH 

units. According to Cholnoky (1960), the magnitude of pH change is of 

prime importance in determining diatom growth and species composition; and 

in a well buffered aquatic environment diversity changes may not be great.

Gardner River: Diversity indices of samples from the Gardner River were

noticeably different from those.of the Madison River system (Figure 22). 

Diversity was lowest at the upper station throughout the sampling period. 

This may be due to the constant influx of effluent from the Mammoth commun

ity. Diatom growth at both stations was poor during most of the growing 

season. However, at the lower station the yellow-green alga Vaucheria sp. 

and the green alga Enteromorpha intestinalis were extremely abundant during
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most of the growing season. These two species of algae did not occur at 

the upper sampling station. The poor growth of diatoms in the calcium- 

rich waters of the lower station is unexplained at this time.

—  —  U
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Figure 22. ^Seasonal changes of diversity indices on the Gardner River.
U and L refer to the upper and lower stations, respectively.

Derived Measures:

Indices of Similarity: The indices of relationship for every combination

of sampling sites, based on percentage floristic similarities of all 

possible combinations of the eleven sampling stations, were entered in a 

Kulczynski triangle or matrix (Table III). As shown in the table, the 

grouping provides a classification into two floristically similar groups 

(outlined with double lines on Table III). Group I included the stations 

on the Gardner River only, while group 2 included all the stations in the 

Madison River system. It is apparent that some of the stations were more 

closely related to each other than to the remainder; however, there was a 

high degree of interrelationship between all the stations sampled in each

group.
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Table III.

LGa

Matrix of percentage similarities of diatom community samples, 
based on floristic similarities of eleven sampling stations.
U, M and L refer to upper, middle and lower stations, respect
ively. The rivers are symbolized as: Gardner - Ga, Gibbon,-
G, Firehole - F , Madison - M.

UF UM UG MG LM MF MM

UGa

LGa

UF

UM

UG

LG

MG

LF

LM

MF

Js*!1,
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In measuring relative similarity in terms of species composition, 

each species, whether rare or ubiquitous, had the same value. As a conse- ■ 

quence, the rare species may be overvalued as compared to those occurring 

with high frequency and relative abundance. If the percentage frequency 

of the six species with the highest relative abundance in each sample is 

tabulated, the same breakdown into two floristically similar groups is 

evident (Table IV).

Further clarification of the floristic relationships indicated in 

Table IV results when indices of relationships are computed on the basis 

of these dominant species. Examination of the resulting matrix (Table V) 

clearly reveals a high degree of similarity of dominant species between 

the upper Gardner and lower Gardner and between the upper Firehole and 

upper Gibbon. Also evident, is a close relationship between all stations 

within the Madison River and between the Madison River and the middle and 

lower stations in the Firehole and Gibbon Rivers.■ The middle and lower 

stations within the Gibbon and Firehole Rivers, respectively, are also 

closely allied floristically. The resemblance between the upper Gibbon 

and Firehole River stations however,is much greater than that between the 

upper stations and the respective downstream stations on the two rivers. '

Floristic Ordination: A total of 74 samples from the eleven sampling

stations was used in compiling an index of joint occurrence between species 

pairs. A number of the species reported in the samples occurred rarely, 

or were found in only one sample. Since these species would not be reli

able in the formation of this kind of classification system they were
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UG MG LG ■ UF MF LF UM MM LM UGa LGa
100 86 100 100 100 100 75 100 100 29 14
100 100 100 100 20 43 100 89 83 71 71
100 - - - - 100 100 71 63 78 83 29 57
20 71 43 33 20 29 38 33 33 43 29
— — 86 100 . —  — 20 14 75 66 50 —  — —  —
20 43 43 —  — 60 14 63 44 50 57 57
■ — — 86 71 17 - “ 43 75 55 17 43 14
40 29 14 33 — - - 38 11

13 - “ 17 — —

—  — 14 — — 17
20 29

- -  1 1  - -  

13 11 --

-- -- 29
20 —  — —  

-- 29 --

..........- —  17
40 -- , -- 11 33
—  14 —  —  33

20 14

20
60

-- -- 13 33 17
20 29 13 -- --

57 --
29 29

43 14

43 29

Table IV. Relative frequencies of the 6 most abundant diatoms from each
___________sampling station.

Species
Fragillaria construens 
Achnanthes minutissima 
CocGoneis placentula 
Synedra ulna 
Anemoneis variabilis 
Gomphonema parvulum 
Cymbella affinis 
Achnanthes linearis 
Anemoneis serians 
Achnanthes Kryophila 

" lanceolate
" microcephala

Ceratoneis arcus 
Cocconeis pediculus 
Cyclotella compta 
Cymbella microcephala 

V ventricosa 
Denticula tenuis 
Diatoma vulgare 
Epithemia argus

" • turgida 
" zebra 

Eunotia arcus
" pectinalis

var.. minor 
Fragillaria capucina

" crotonensis
" intermedia
" leptostauron
" pinnate

Gomphonema herculeanum 
" intrieaturn
" olivaceum

Melosira,fennoscandica 
" sp. (Italica?)

Navicula avenacea
" cryptocephala 
" gracilis 

Nitzschia dissipate 
" frustulum 
" palea

Rhoicosphenia curvata 
Rhopalodia gibba 
Synedra mazamaensis 

" pulchella 
" tenqra 
" vaucheria

- 43 83 —  43 25 —— ■ 17 —  - —
—  —  —  —  gO —  —  — '■ 17 —  - -
-- ..............- 29 —  -- —  14 --
20 —  —  17 —  —  —  —  -- —  —
—  ................... . .........  43 43
-- -- 43 -- -- —  ' -- 22 -- ■ -- --
40 —  —  67 —  29 —  —  —  —  —
....................................  57 14
-- -- -- • -- 20 -- —  -- -- 29 43
-- ........................... - -- 14 --
.....................29 -- -- -'- -- --
-- -- -- . -- 40 100 ............. - —
—  ............- -- —  1 1 ...........

- -  29 - -
-  14 14 60 14 —  13 —  14 43
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Table V. Matrix of percentage similarities between stations based on the 
most frequently occurring diatoms in Table IV. U, M and L refer 
to upper, middle and lower stations, respectively. The rivers 
are symbolized as: Gardner - Ga, Gibbon - G, Firehole - F,
Madison - M.

LGa UM LM MM . I* MF UF UG MG LG

.76 .60 .39 .40 .52 .48 .43 .34 .43 .44 UGa

.56 .36 .38 .42 .45 .40 .45 .33 . .41 LGa

.68 .71 .62 .52 .54 .52 .54 .64 UM

I .68| .55 .57 .44 .43 .44 .54 LM

.60 .59 .54 .52

I.64| .37 .50

.62 .67
)

.52 I .62

MM

LF

.32 .46 .48 .50 MF

'I .721 .58 .52 UF

.48 .50 UG

I .701 MG

I
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omitted from the early part of the procedure (Swindale and Curtis, 1957).. 

Consequently, all species which had a relative frequency of less than 1% 

of those counted in a sample and those which occurred in less than 10 

samples were dropped from consideration. An index of, joint occurrence was 

then calculated for the remaining 35 species of diatoms. The number of 

samples in which two species occurred is expressed as a percentage of the 

number of samples of occurrence of both species.

Species of pairs which did not occur jointly were placed at opposite 

ends of a list and species of pairs with high joint occurrence were placed 

near each other (Guinochet, 1955; from Swindale and Curtis, 1957). An 

order was thus obtained for the 35 species which was considered to be the 

species reaction to the complex of environmental factors. Then the 

species were divided into five groups in the order of their positions in .
i

the joint occurrence list (Table VI). For each sample, the relative fre

quency of a species was multiplied by the number of the joint occurrence 

group to which the species belonged. The products for each species con

sidered were then summed to provide a compositional index for each sample.

The relative frequency of each species in each sample was then 

plotted against the compositional index of that sample, giving a family 

of curves (Curtis, 1959). When the curves of 14 species, some from each 

joint occurrence group, were plotted, the graph in Figure 23 resulted.

The graph shows that when the samples were arranged according to the assoc 

iative tendencies of their constituent species, the relative frequencies 

of the species form curves which overlap and whose peaks are distributed 

throughout the arrangement.



-49-

Table VI. Joint occurrence groups.

I.
Diatoma hiemale var. mesodon 
Melosira fennoscandica 
Epithemia zebra 
Eunotia arcus 
Fragillaria crotonensis 
Gomphonema olivaceum v
Nitzschia dissipata

2.
Cymbella ventricosa 
Cocconeis pediculus 
Nitzschia palea - 
Achnanthes lanceolate 
Navicula cryptocephala 
Nitzschia frustulum 
Synedra ulna

3.
Cocconeis placentula 
Gomphonema parvulum 
Achnanthes minutissima 
Fragillaria construens 
Synedra vaucheria 
Cymbella affinis 
Fragillaria leptostauron

Anemoneis variabilis 
Melosira sp.
Achnanthes linearis 
Fragillaria intermedia 
Synedra rumpens 
Rhopalodia gibba 
Fragillaria pinnate

5.
Synedra mazamaensis 
Ceratoneis arcus 
Epithemia turgida 
Achnanthes Kryophila 
Achnanthes gibberula 
Denticula - thermalis
Synedra tenera
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ISO 2 0 0
COMPOSITIONAL INDEX

Figure 23. Relative frequency (smoothed curves) of taxa plotted against 
the compositional index.
I. Achnanthes minutissima, 2. Cymbella affinis, 3. Cocconeis 
placentula, 4. Fragillaria construens, 5. Synedra ulna, 6. 
Diatoma vulgare, 7. Anemoneis variabilis, 8. Ceratoneis arcus, 
9. Cymbella ventricosa, 10. Navicula cryptocephala, 11. Fra- 
gillaria crotonensis, 12. Synedra mazamaensis, 13. Rhopalodia 
gibba, 14. Gomphonema parvulum.
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However, the curves for the species Cymbella affinis Kutz., Achnan- 

thes minutissima Kutz. and Fragillaria construens (Ehr.) Grun. completely 

cover the curves representing the other species found in the Madison River 

system. All of the samples collected from the Madison River and its trib

utaries had a compositional index greater than 120, and the abovementioned 

species seemed to cover this range of the compositional index and conse

quently could be used to indicate the community of diatoms found in the 

Madison River system. The other curves represent species whose presence 

was more sporadic, and as such were not as important in describing the 

diatom communities occurring here. The curve of Diatoma vulgare Bory., 

a species found only in the Gardner River, indicates the presence of a 

second major community of diatoms; although the Gardner contains some of 

the same ubiquitous species of the Madison River system, it is floristic- 

ally different from that area.

Despite the variation in species abundance and frequency noted in the 

different samples, the presence ofthe most ubiquitous species Achnanthes 

minutissima Kutz., Gocconeis placentula Ehr. and Fragillaria construens 

(Ehr.) Grun. in almost all the samples collected from the Madison River 

system indicates that there is only one somewhat variable community of 

benthic diatoms in that area. Butcher (1947) described a similar commun

ity as one of two distinct communities occurring in English rivers, par

ticularly from slightly eutrophic areas. It should be realized that these 

species may not always be abundant or even present in all samples, but that 

they generally do occur abundantly throughout the year.
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In the calcium-rich waters of the Gardner River, a second community 

of diatoms was found which was characterized by the presence of Diatoma 

vulgare Bory, Cocconeis pediculus Ehr., NavicuIa avenacea Breb. and a 

species of the filamentous Ghrysophytie Vaucheria» This community has also 

been previously described as occurring in the Ardennes region of Belgium 

(Symoens, 1957; in Blum, 1960).

Thus there were two communities of benthic diatoms in the area under 

study, from rivers which differ in geological history, water chemistry, 

and diatom speciation. It must be realized that a number of variations 

occurred in the diatom populations, which might be related to changes in 

water chemistry. Such changes may determine the presence or absence of 

certain species. However, the ubiquitous species found in the area were • 

still the best indicators of the community, as these are species able to 

grow and reproduce rapidly in the particular environment.

\



DISCUSSION

In the study of diatom populations, whereby an index of diversity is 

proposed in order to compare changes at different stations or at the same 

station over a time interval, it is well to clarify What is meant by 

diversity and how the diversity index can be used.

Patrick, Hohn and Wallace (1954) have shown that natural communities 

of benthic diatoms are composed of relatively large numbers of species 

(50 - 150). A few species are very common or very rare; and a great many 

species are common but not abundant. The distribution of all of the spe

cies that are present may be plotted as a lognormal curve. A curve calcu

lated from a smaller sample from the same area will have the same general 

form, but will be decapitated since the rare species'will be missing. 

Patrick uses this lognormal distribution as the basis for her studies on 

the effects of pollution on the benthic diatom flora. Changes in diver

sity are reflected by a change in the shape of the lognormal curve. There 

are a number of other methods for representing diversity of plant or ani

mal communities, but in general all are based on some kind of mathematical 

progression which attempts to approximate the growth of the natural commun 

ity. However, there is a regularity of distribution of individuals by 

species in any taxonomic grouping so that an empirical mathematical expres 

sion can be used to describe the distribution (Margalef, 1957). A para

meter for each community which expresses the way individuals are distribu

ted among species is called an index of diversity.
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The diversity index represents the wealth of species in the community. 

While there have been a number of diversity indices proposed, the one used 

in this work d = is based on a presumed linear relationship be

tween the number of species and the logarithm of the number of individuals. 

It should be realized that expressing diversity in this manner is not the ■ 

same as the lognormal distribution used by Patrick (1954), which is biolo

gically realistic in relation to natural growth; whereas the diversity 

index expressed above is not. The application of the diversity index con

cept in the present work was to provide a method by which, changes in the 

structure of communities of benthic diatoms could be readily measured and1 

comparisons could be made with other communities at different times and 

locations. The index is also indicative of the environment in which the 

diatoms are found. If an environment becomes restrictive, a reduction in 

diversity should occur, for species which cannot grow in that environment 

would drop out, and thus a low diversity index would result. An environ

ment in which competition is intense should also have a low diversity in

dex since only a few species would be successful in occupying the area.

In such an environment, a decrease in diversity may be related to an in

crease in productivity. According to Yount (1956), productivity is one 

of the main factors determining the species variety of an area; and con

versely, the species composition of an area, may also determine the produc

tivity.

The original hypothesis upon which this investigation was based was 

that changes in the water chemistry of rivers in Yellowstone National Park 

would be reflected by changes in the communities of benthic diatoms found
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in these rivers. It was speculated that these changes would involve 

floristic differences as well as differences in biomass and productivity. 

From the results, it appears that there are only two communities of ben

thic diatoms present in the waters studied. One is found throughout the 

Madison, Firehole and Gibbon Rivers and the other in the Gardner River.

If this interpretation is correct, the question arises as to why the diar 

tom populations are so similar in this rather extensive area, despite some 

noticeable differences in the water chemistry of the rivers studied.

Boyd (1961) mapped the rhyolite lava flows (plateau flows) of Yellow

stone Park. The Madison River system occurs almost completely within the 

area covered by the plateau flows of lava. As a result, it might be 

expected that the chemical composition of ground water arising from this 

area would be somewhat uniform. Examination of the water analyses from 

the upper Firehole and upper Gibbon Rivers shows that this is essentially 

correct. The diatom floras of the two areas were also similar in species 

composition, although a greater number of species were found in the upper 

Firehole River samples.

As the Firehole and Gibbon Rivers flow toward Madison Junction, they 

are enriched by the discharge of a number of geysers and hot springs. How 

ever, the thermal features which are found along the Gibbon River differ 

chemically from those found along the Firehole River (Allen and Day, 1935) 

Consequently, the middle and lower sampling stations on both rivers show 

noticeable differences in water chemistry. Concentrations of sodium and 

chloride ions are much higher in the Firehole River, while sulfate concen

trations are much higher in the Gibbon River. According to Lund (1965)
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sodium and chloride ions may determine the species present rather than the 

quantitative development of the community. ' Variation in the concentration 

of these ions may account for the restricted occurrence of species such as 

Gymbella microcephala Grun., Denticula tenuis Kutz. and Svnedra tenera W. 

Sm. which were at times relatively.abundant in the Gibbon River; and Epi- 

themia turgida (Ehr.) Kutz., E . zebra (Ehr.) Kutz., Fragillaria pinnata 

Ehr., Gomphonema herculeanum Ehr., Nitzschia frustulum Kutz. and Synedra 

mazamaensis Soyer which occurred most abundantly in the Firehole River 

only. However, these species comprised only a minor part of the diatom 

community, appearing as sporadic "blooms" at various times during the 

year, or in smaller numbers only at certain stations on these rivers.

Differences in pH and alkalinity were also evident, but these may be 

considered as indicative of the total chemical environment rather than 

determining species composition. Generally, a pH range from 5.50 - 9.00 

is considered suitable for algal growth, although different species may 

be present in different pH ranges (Lund, 1965). The rivers in Yellowstone 

Park had a pH range of 6.97 - 8.63 which is well within the range consid

ered suitable for diatom growth.

Although calcium was present in small amounts in the Madison River 

and its tributaries there was no evidence that it limited the growth of 

diatoms. Pearsall (1932), after working with the plankton in English 

Lakes, stated that a low monovalent-to-divalent cation ratio (M:D ratio) 

was necessary for abundant growth of diatoms. Droop (1958) concluded that 

tolerance to sodium ion might be the decisive parameter for diatom specia- 

tion, but that many species were indifferent to M:D or CazMg ratios. This



tolerance to sodium may account for the noticeable similarity in the diatom 

flora of the Madison River system. Lund (1965) noted that the majority of 

algae can flourish over a wide range of M:D ratios. The M:D ratios in the 

Madison river complex ranged from 2.89 to 27 .'60, but there was no indica

tion that diatom growth is inhibited by these high ratios.

Phosphate and nitrate have been considered the two major ions which 

could limit primary productivity. However, in the rivers investigated, 

phosphate was always present in the water samples, although at low levels 

during the spring runoff. There was an enrichment of phosphate by the 

thermal discharge which was not depleted sufficiently downstream so as to 

become limiting. Lund (1965) maintained that low phosphate levels may 

be important in stimulating diatom growth, while higher levels produced 

better growth of bluegreen algae,

Nitrate determinations were unsatisfactory due to the low sensitivity 

of the method of analysis, and nitrate levels never exceeded 0.10 mg/1. 

Nitrogen sources in the Madison River system would include ammonia from 

the thermal discharges, nitrogen compounds leached from the soils of the 

watershed and possibly nitrogen fixed by bluegreen algae that is subse

quently released in organic form. Patrick (1948) has reported the utili

zation of organic nitrogen by diatoms. Both Patrick (1948) and Lund (1965) 

mentioned that although nitrogen determinations in unpolluted waters have 

been largely unsuccessful, these waters may still show abundant growths of 

diatoms. This may be the situation in Yellowstone Park waters, as diatom
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growth was noticeably abundant m u c h  o f  t h e  t i m e .  More work needs to be 

done on nitrogen availability and especially on the nitrogen requirements 

of the species of algae found in these waters.

There are a number of additional elements necessary for the growth 

and reproduction of diatoms, about which little is known at this time.

It is possible that the differences in productivity observed at the var

ious sampling stations are related to seasonal changes in the availability 

of some of these trace elements, several of which may be released in the 

thermal waters (Wright, 1964, unpublished).

If the seasonal changes in water chemistry (Figures 2 - 5) are com

pared with seasonal changes in diversity (Figures 19 - 22) it is noticeable 

that the lowest ionic concentrations preceded the decrease in diversity by 

over a month, suggesting that\there was a rapid increase in diatom produc

tivity -in July due to the increase in mineral concentration of the water. 

Since the greatest influx of chemicals was due to the constant discharge 

of the geysers and hot springs (Allen and Day, 1935) it is apparent that 

more minerals will be available as the total volume of flow decreases. The 

period of high relative productivity (low diversity) continued in the low

er Firehole and Gibbon Rivers until the end of August, but was modified in 

the Madison River slightly earlier in the season. At this time the dis

charge was approaching the lowest level for the summer, and concentrations 

of the various- ions increased to the high levels which had been noted in 

the spring prior to the spring runoff.
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Wright (1964, unpublished) determined net photosynthesis in the 

Madison River from changes in carbon dioxide concentrations associated 

with in situ changes of pH (Method of Beyers and Odum, 1959). Figure 24 

shows the net photosynthesis for the three stations on the Madison River 

for July and August. It is apparent that two periods of high photosyn

thesis occurred, one reaching a maximum on July 14 and the other on August 

10. The first maximum corresponded with a benthic diatom bloom which was 

noted during field observations on July 15. The diversity dropped slight

ly at the two lower stations at this time, but remained high at the upper 

station. At the end of July however, diversity indices at all stations 

dropped noticeably. This low diversity corresponded with either the low 

point between the two photosynthetic peaks or the beginning of the second 

increase in photosynthesis. It seems there was a lag period between the 

time when the diatom bloom was first observed (when photosynthesis was 

high) and the time when samples with low diversity were collected. This 

same time-lag was noted in the data presented by Yount (1956) whose sample 

with the highest productivity (as measured by chlorophyll content) showed 

greater diversity than.succeeding samples which were slightly less produc

tive. If a time-lag period is postulated for diatom growth whereby peak 

productivity may occur prior to the lowest diversity, it is apparent that 

the increase in diversity in late August on the Madison River (with lower

ed productivity of diatoms) should correspond to the second photosynthetic 

peak in Wright's data. This second increase in photosynthesis was correla

ted with a rapid growth rate of macrophytes (Chara and mosses) and a growth 

of filamentous algae (Zygnema and Spirogyra).
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Figure 24. Average daily net photosynthesis at three stations, Madison 
River. U, M and L represent the upper, middle and lower 
stations, respectively. (Taken from Wright, 1964)

The diversity changes at stations on the Firehold and Gibbon Rivers 

were somewhat similar to those on the Madison River, except there was no 

increase in diversity (with a drop in productivity) noted in the samples 

collected at the end of August. These differences in the river may be due 

to several factors, although no data were collected to support these sug

gestions. During this time of the year the rates of flow of these streams 

were relatively constant. Influx of thermal waters was also constant, and 

as a result, major ions seemed to be present in amounts suitable for diatom 

growth. In this relatively stable environment it could be expected that 

the growth of diatom communities over a period of time would result in in

creased competition which in turn would result in a decrease in diversity.
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This may be what happened in the Firehole and Gibbon Rivers until the 

environment was changed in September, when water temperatures dropped 

noticeably.

The situation on the Madison River may be somewhat different, due to 

the presence of a sewage treatment plant which discharged effluent into 

the river a short distance above the upper stampling station. The output 

from this.treatment plant would be greatest during July and early August 

when visitation to the Madison Junction Campground was highest. In late 

August use of the campground decreased and, as a result, effluent dis

charge should also drop. Diatom growth during July should follow the 

expected pattern of increasing competition in a stable environment result

ing in a decrease in diversity and increase in productivity. With a de

crease in the amounts of nutrients entering the river .in August those

species which were able to grow best in the' enriched environment may de-
i

crease and other species better able to grow in the "new" environment 

would appear. Diversity would temporarily increase until competition 

caused a few species to become dimihant. It might be expected that the 

diatoms from the upper sampling station would be most affected due to the 

close proximity to the sewage discharge.

The diatom Cocconeis placentula Ehf. (See Figure 8), which occurred 

most abundantly in the sample collected early in July, showed a decrease 

in abundance from mid-July to late July, increase in late August and then 

decreased again in the September sample. This diatom species was used by



-62-

Butcher (1947) as an indicator of organic pollution, because it decreased 

noticeably in relative abundance when the streams he studied were organic

ally enriched.

The Gardner River presents a completely different picture from the 

Madison River system in regard to water chemistry, diversity and product

ivity. The geology of the region drained by the Gardner river is consid

erably different from that drained by the Madison River, and the water 

chemistry is likewise different. The addition of calcium-rich water of 

the "Hot River" which drains Mammoth Hot Springs further intensified the 

differences between these two areas. In general, calcium, magnesium, pot

assium and sulfate were more abundant in the Gardner River; while sodium, 

chloride, silicate and phosphate were more abundant in the Madison River.

When the floras of the sampling stations were compared it was evident 

that the two sampling stations on the Gardner River were more similar to 

each other floristically than to any of the sampling stations in the Madi

son, Firehole and Gibbon Rivers. The ordination procedure further substan

tiated the floristic differences since the dominant species of the Gardner 

were generally found only in a restricted portion of the compositional 

index (0 - 120 compositional units). The dominant species of the Madison 

River system showed a much wider distribution along the compositional 

index. The influence of water chemistry was evident at both sampling

stations in the Gardner River. The abundant diatom species: Diatoma
■ it

vulgare Bory, Navicula avenacea Breb., Cocconeis pediculus Ehr. and the 

filamentous Chrysophyte Vaucheria have all been previously described as 

occurring in,calcium-rich waters in Europe (Blum, 1960).
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In the Gibbon, Firehole and Madison Rivers, it was observed that 

community diversity was generally highest at the upstream stations and 

less diverse at downstream stations. In the Gardner River, the reverse 

was found to occur. The upper station was consistently less diverse than 

the lower station. The lower station did show a decrease in diversity in 

late June, but there was no observable increase in diatom productivity at 

that time. Diatom growth was sparse at both stations until late August 

and September, when diatoms became more abundant. However, large masses 

of Vaucheria and Enteromorpha were present throughout the growing season 

at the lower station, indicative of a greater total productivity than 

occurred at the upper station. Vaucheria and Enteromorpha are both 

characteristic genera of calcium-rich waters (Blum, 1960) . The scarcity 

of diatoms in this area seems to be quite unusual, and it would be well 

to examine this area in greater detail to see if any indications as to 

causality could be found.

The differences between diatom communities seem to be related to the 

high concentrations of calcium in the Gardner River or to the low concen

trations of calcium with high concentrations of sodium found in the Madi

son River system. It was also apparent that there were differences within 

these two broad community categories. It was observed early in the study 

that there were'considerable variations in the total amounts of plants 

growing in the streams at different sampling stations (including both 

algae and macrophytes). The middle and lower stations on the Firehole 

River, all three stations on the Madison River and the lower station on
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the Gardner River had large quantities of plants growing in the water. 

The other stations frequently appeared to be almost devoid of all plants 

of the plants were scattered, and no large masses of algae were apparent. 

Greater plant growth occurred where the alkalinity or conductivity was 

greatest.

The eleven sampling stations can be arranged as shown in Figure 25 

to illustrate the relationship of the diatom communities to the water

chemistry. The arrangement is further supported by the presence and ab

sence data of the various species which appear as the most abundant in the 

samples collected at all eleven stations (See Table 5).

LOW ALKALINITY 
LOW CONDUCTIVITY 
LOW PRODUCTIVITY

HIGH ALKALINITY 
HIGH CONDUCTIVITY 
HIGH PRODUCTIVITY

CALCIUM ALKALINITY

Upper Gardner River

Lower Gardner River

SODIUM ALKALINITY

Upper Gibbon River 
Middle Gibbon River 
Lower Gibbon River 
Upper Firehole River

Middle Firehole River 
Lower Firehole River 
Upper Madison River 
Middle Madison River 
Lower Madison River

Figure 25. Relationships of water chemistry and diatom communities at 
the various sampling stations.



SUMMARY

Composite samples of diatoms were collected periodically from a 

series of sampling stations on the Madison River and its headwater streams, 

the Firehole and Gibbon Rivers, in Yellowstone National Park. Three samp-
I 1ling stations were located on each of the above-mentioned rivers. For 

purposes of comparison, two sampling stations were also established on the 

Gardner River. The upper stations on the Firehole and Gibbon Rivers were 

located above most of the thermal features; while the middle and lower 

stations were located further downstream, below the influx of waters from 

the geysers and hot springs. 'The upper station on the Gardner River was 

located above the discharge of the Hot River into the Gardner; while the 

lower station was located a sufficient distance downstream so that complete 

mixing had occurred.

Water samples were analyzed for conductivity, alkalinity, pH, sodium, 

potassium, calcium, magnesium, chloride, sulfate, phosphate, nitrate and 

silicate. Results of the analyses indicated that none of the ions could 

be considered to limit the growth of diatoms. Rather, the relatively high 

concentrations of some of the ions would tend to allow some species of 

diatoms to grow and reproduce better than others. Seasonal changes in 

water chemistry were noticeable; the lowest concentrations occurred during 

the spring runoff, and highest concentrations early in the spring and late 

in the fall.

Microscope slides were prepared from "cleaned" material from the 

diatom collections. Approximately 300 cells were identified to species 

from each slide. From these data a diversity index was calculated for

. ) /
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each sampled Diversity indices were relatively high early in the season, 

but dropped noticeably in late July. This decrease in diversity, as shown 

by the diversity indices, was related to a period of high primary product

ivity which had occurred two weeks earlier. A lag-period was postulated 

which would explain the low diversity following the period of greatest 

productivity. The low diversity and high productivity occurred when the 

aquatic environment was relatively constant. The constancy allowed com

petition to develop between the species present, with the result that 

some species were crowded out.

There were noticeable differences in the species of diatoms found at 

the different sampling stations. An ordination of the 35 most frequently
C

appearing species showed distinct differences in species distribution be

tween the stations in the Madison River system and the stations on the 

Gardner River. The distribution of the dominant species in the ordination 

indicated that two major communities of diatoms existed in the area studied. 

Similar communities had been described previously by European authors. A 

matrix based on floristic similarities between the eleven station's support

ed the above conclusions. Another matrix based on the frequency of occur

rence of the six most abundant species in each sample was constructed.

This matrix showed that a secondary breakdown of the two major communities 

could be made: The upper station on the Firehole River and all the sta

tions on the Gibbon River were closely related, as were the middle and 

lower stations on the Firehole River, and all three stations on the Madison
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River.



When the results of the water analyses were correlated with the
. /  '

diatom distribution, it was apparent that the eleven sampling stations 
■

could be grouped into four categories depending upon whether calcium or 

sodium was dominant and whether alkalinity was low or high. The upper 

Gardner River was characterized by low calcium alkalinity and the lower 

station by high calcium alkalinity. The. upper Firehole River stations 

and all stations on the Gibbon River had relatively low sodium alkalinity: 

whereas the middle and lower Firehole River stations and the stations on 

the Madison River had high sodium alkalinity. It was observed that the 

stations frpm which7high alkalinities and conductivities had been reported 

also showed the greatest primary productivity. Evidence from this research 

conclusively demonstrates that the distribution of diatom communities is 

related to water chemistry.
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APPENDIX



Appendix A. Alphabetical list of diatom species identified from the sampling stations.

Species
Firehole

River
Gibbon

River
Madison

River
Gardner

River
U M L U M L U M ‘ L U L

Achnanthes aapaiarensis A. Cleve. X X
amphicephala Host. X
antigua nomina nuda X
arenata A. Cleve. X
austriaca Hust. X
Bergiani A. Cleve. X X X X X X
Biasolettiana (Kutz.).

Grun. X X X X X
bicapitata A. Cleve. X
Clevei Grun. X X X X X X X X X
conspicua A. Mayer X X X X X

" v. brevistriata
Hust. X X

curta (A. Cl.) A. Berg. X X X X
delicatula Kutz. X
dicephala nomina nuda X ,
didyma Cleve. X X X
diverse A. Cleve. X
exigua Gruri. X X X . X X X X \ X X

" v. lanceolate
nomina nuda . X

exilis Kutz. X

gibberula Grun. X X X X X X X
Hawkiana Grun. X ' X
Kolbei Hust. X
Kriegeri nomina nuda X
Kryophila B . Pet. X X X X X X X X X X X
Iacunarum Hust. X
lanceolate Breb. X X X X X X X X X X X

" v. elliptica
Schulz. X X X
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Appendix A. (Continued)

Species
Firehole

River
Gibbon

River
Madison

River
Gardner

River
U M L U M L U M L U L

Achnanthes ' laterostrata Bust. - X X
. Lemmermanni Hust.' X
linearis W . Smith X X X X X X ' X . X X X X
marginulata Grun. X X X X
microcephala Kutz. X
minutissima Kutz. X X X X X X X X X X X
montana Krasske X
plonensis Hust. X
praerupta nomina nuda X
saxonica Krasske X X I
scutellum nomina nuda X
sp. X

Amphipleura pellucida Kutz. X X X X

Amphora delicatissima Krasske X
Normanni Rabh. X X X X X X ?
ovalis Kutz. X X X X X X X ' X X

" v. pediculus Kutz. X X X X X X X X X X X
1 yeneta (Kutz.) X X X X X X X X X X

sp. X X

Anemoneis serians (Breb .) Cleve. X
" v. brachysira

Hust. X X X X X X X
spharophora (Kutz.) X
variabilis ' (Ross) Reimer X X X X X X X X X X X

Caloneis bacillum (Grun.) Meresch. X X
silicula (Ehr.) Cleve. X



Appendix A. (Continued)

Species
Firehole

River
Gibbon

River
Madison

River
Gardner

River
U M L U M L U M L • U " L

Ceratoneis arcus Kutz. X X X X X X X X . x X

Coeconeis Cholnokyana A. Cleve X X
diminuta Pant. X X X X X X
disculsus Schum. X X X X X X
Hustedtii Krasske X .
pediculus Ehr. X X X X X X X X
placentula Ehr. X X X X X X X X X X X
scutellum Ehr. X X
Thumensis A. Mayer X

Cyclotella compta (Ehr.) Kutz. X
Kutzingiana Thwaites X X
stelligera Cl. u. Grun. X X
sp. X X X X X X X

Cymatopleura solea (Breb.) W. Sm. X

Cymbella aequalis Smith X
affinis Kutz. X X X X X X X X X X X
alpina Grun. X
capitata Grun. X
Cesati (Rabh.) Grun. X X X X
cistula (Hempt.) Grun. X X X X X
cuspidate Kutz. X
cymbiformis (Kutz.)

v .Heurck X X X X
delicatula Kutz. X X
gracilis (Rabh.) Cleve. X X
hybrida Grun. X
Iaevis Naegeli X X
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Appendix A. (Continued)

Species
Firehole

River
Gibbon

River
Madison

River
Gardner

River
U M L U M L U M L U L

Epithemia argus Kutz. X X X X X X X X
Muelleri Fricke X
Reicheltii Fricke X
sorex Kutz. X
turgida (Ehr.) Kutz. X X X X X X X X X X X
zebra (Ehr.) Kutz. X X X X X X X X X

Eucocconeis lapponica Hust. X X

Eunotia ’ alpina (Naeg.) Hust. X
arcus Ehr. X X X X X X X
diodon Ehr. X
exigua (Breb.) Grun. X X X X X X X
faba (Ehr.) Grun. X X
gracilis (Ehr.) Rabh, X X X
incisa W . Smith X X X X X
lunaris (Ehr.) Grun. X X X X X X X X X
monodon (Ehr.) X X X X X
pectinalis v . minor

(Kutz.) Rabh. X X X X X X X X X
polydentula (Brun,)

A. Berg X X X
septentrionalis Oestrup X X X X X ,
suecica A. Cleve X

Fragillaria aequalis Heib. X X
alpestris Krasske X
amphicephala nomina nuda X
brevistriata Grun. X
capucina Desm. X X X X X X X X



Appendix A. (Continued)

Species
Firehole

River
Gibbon 

River
Madison

River
Gardner

River
U M L U M L U M L U L

Cymbella mexicana (Ehr.) Cleve. X X X X X
microcephala Grun. X X X X X X X X x
naviculiformes Auerswald X X X
parva (W. Sm-) Cleve. X
prostrata (Berk.) Cleve. - X X
rupicola Grun. X
sinuata Gregory X ■ X ■ X X X X X X
stuxbergei v . siberica

(Grun.) Wisl. X
tumida (Breb.) v. Heurck. X X
turgida (Greg.) Cleve X
ventricosa Kutz. X X X X X X X X X X X

v. silesiacia
- (Bleisch.) Cleve X X X

Denticula I!elegans Kutz. X X X X X X X
tenuis Kutz. X X X X X X X X X
thermalis Kutz. X X X X X X X X X

Diatoma anceps (Ehr.) Grun. X ■ X X
elongaturn Agardh X
hiemale (Lynghye) Heib. X X X X X X

" v. mesodon -
. (Ehr.) Grun. X X X X X X X X X

vulgare Bory X X

Diatomella halfouriana Greville X X X X X- X X

Diploneis elliptica (Kutz.) Cleve X
finnica (Ehr.) Cleve X
ovalis (Hilse) Cleve X X X X X
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Appendix A. (Continued) '

Species
Firehole

River
Gibbon

River
Madison

River
Gardner 

River
U M L U M L U M L U L

construens (Ehr.) Grun. X X X X X X X X . X X X
" v. exigua
(W. Sm.) Schultz X

" v. subsalina
Hus t. X X

" v. venter
(Ehr.) Grun. X X

crotonensis Kitton X X X X X X X X X X

intermedia Grun. X X ■ X X X X X X X X

Iapponica Grun. X X

Ieptostauron (Ehr.) Rust. X X X X X X X X X X X

nitzschioides Grun. - X X

Pantocsekii A. Cleve X

pinnata Ehr. X X X X X X X ' X

virescens Ralfs. X X X X

sp. X

rhomboides (Ehr.) de Toni X X X X X

" v. crassenerva I

(Breb.) v. Heurck X X X X X X X X

acuminatum Ehr. X

angustaturn (Kutz.) Rabh. X X X X X

bohemicum Reich. & Fricke X X X

cons trieturn Ehr. X

gracile Ehr. X X X
herculeanum Ehr. X X X X X X X

intricatum Kutz. X X ' X X X

Ianceolatum Ehr. X X X X

Ipngiceps Ehr.' X X X X X X X X X

Fragillaria

Frustulia

Gomphonema
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Appendix A. (Continued)

Firehole Gibbon Madison Gardner
Species River River River River

U M L U M L U M L U L
Gomphonema olivaceum (Lyngbye) Kutz. X X X X X x X X X X

" v. calcarea
Cleve X X

olivacioides Hust, X X
parvulum Kutz. X X X X X X X X X X X
ventricosum Gregory X X
sp. X X

Hantzschia amphioxys (Ehr.) Grun. X X X

Mastogloia Braunii Grun. 
Dansei Meist„

X
X

Grevillei W. Sm. X X
Smithii Thwaites X X X X X X X

Melosira distans (Ehr.) Kutz. X X X •
fennoscandica A. Cleve X ' X X X X X X
granulate (Ehr.) Ralts X X  X X X
italica (Ehr.) Kutz. X X X X
Jurgensii C . A. A^. 
undulata (Ehr.) Kutz. X X

X
X X X

sp. X X X X X X X X X X X

Meridion cirCulare Agardh X X X

Navicula aboensis Cleve X
atomus (Naeg.) Grun. X
avenacea Breb. 
bacilliformes Grun. 
bacilium Ehr. 
befringens nomina nuda X

X
X

X X



Appendix A. (Continued)

Navicula

Firehole Gibbon Madison Gardner
Species River River River ' River

U M _ L U M L U M L U L
bicapitellata Hust. X
bryophila B . Pet. X
cari Ehr. X X X X X X
cincta Grun. X X X X X
cocconeiformis Greg. X X
contempta Krasske X
cryptocephala Kutz. X X X X X X X X X X X
detenta Hust. X
dicephala (Ehr.) W . Sm. X X X X X
falaisiensis Grun. X
gracilioides A. Mayer X
gracilis Ehr. X X X X
gregaria Donk. X
hassiaca Krasske X
hungerica Grun. X
Kotschyi Grun. X
Iongirostris Hust. X X
minima Grun. X X

" v. atomoides Cleve X ;
minimoides Manguin X
minisculus Schum. X
mollisima Hust. X
muralis Grun. X
mutica Kutz. X X X X
oblonga Kutz. X
pelliculosa (Breb „) Hilse X
pseudoscutiformis Hust. X X X X X X
pupula Kutz. X X X X X X X X X X
radiosa Kutz. X X X X X X
rhynchocephala Kutz. X X X X X X X X X
Rotaena (Rabh.) Grun. X X X
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Appendix A. (Continued)

Navicula

Neidium

Nitzschia

Firehole Gibbon . Madison
Species River River River

U M L U x.M L U M L
subatomoides Hust. 
salinarum Grun. 
simplex Krasske 
tenelloides Hust. X

X

tripunctata (Mull.) Bory X
variostriata Krasske X X
verecunda Hust= 
viridula Kutz. X
vitrea (Oestrup) Hust. X

affine (Ehr.) Cleve X X X X X
bisulcatum A. Cleve 
iridis v. amphigomphus

X

(Ehr.) v . Heurck X X X
" v. ampliata Ehr'. X

producturn (W. Sm.) Cleve X

acuta Hantzsch X X X
amphibia Grun. X X X X
amphioxoides Hust. X
capitalists Bust, 
communis Rabh.

X
X X

denticula (Grun.) Bust. X X X
dissipata (Kutz.) Grun. X X X X X X X
filiformis (W. Sm.) Hust. X X
fonticola Grun. X X X X X X X
frustulum Kutz. X X X X X X X • X X

" v . subsalina 
Hust.

gracilis Hantzsch x x

Gardner 
River 

U L

x
x

x
x x

x
x

X x

X X 

X

I

I



Appendix A. (Continued).

Nitzschia

Opephora

Pinnularia

Fifehole Gibbon Madison Gardner
Species River River River River

U M L U M L U M L U L
Hantzschiana Rabh„ X X X
Heufleriana Grun. X
ignorata"Krasske X X X X X X X
Kutzingiana Hilse 
linearis W= Sm. X X

X
X ■ X

microcephala Grun= X X X X X X X
obtusa W= Sm. X X .
ovalis Arnott X X X X
palea (Kutz.) W= Sm. X X X X X X X X X X X
paleacea Grun= X X ' X X X X X
recta Hantzsch X
romana Grun= X X
sigma (Kutz.) W= Sm. X X
Stagnorum Rabh= X X
sublinearis Hust= X X X
thermalis Kutz. 
tryblionella Hantzsch 
vitreae Norman

X
X -

X

Martyi Heribaud X X X X X X X X

aestuari. Cleve 
appendiculata (Agardh)

X

Cleve X X
Balfouriana Grun= X X
borealis Ehr.
Braunii v = amphicephala

X X X X X X X

(A. Mayer) Hust= X
divergentissima (Grun.)

Cleve X X X



Appendix A. (Continued)

Species
Firehole

River

Pinnularia gibba Ehr.‘
intermedia (Lagst.) Cleve 
interrupta W. Sm. 
Lagerstedtii (Cl.)

A. Cleve 
leptosoma Grun. 
mesolepta fo. augusta 

Cleve
microstauron (Ehr.)

Cleve
minutissima Bust. 
molaris Grun. 
nodosa Ehr. 
pulchra tistrup 
stauroptera Grun. 
stomatophora Grun. 
streptoraphe Cleve

pygmaea Krieger 
Smithii Grun.

x
x
x
x

subcapitata Greg. X
viridis (Nitzsch.) Ehr. 
sp.

X
X

Rhoicosphenia curveta (Kutz.) Grun. X X X

Rhopalodia gibba (Ehr.) 0. Muller 
gibberula (Ehr.)

X X X

0. Muller X X X

Stauroneis anceps Ehr. 
phoencenteron Ehr. X

Gibbon Madison
River River

U M L ____ U M L
x x
X
X X

X

X X

X X X  X X

X
X

X
X

X

X X
X

X X X

X X  X X X

X X X  X X X

X X 
X

Gardner 
River 

U L

x

X X

X

X

“7 9 “



Appendix A. (Continued) .

Firehole
RiverSpecies

U M L
Stephanopyxis sp.

Surirella

Synedra

angustata Kutz. x
biseriata Breb. x
delicatissima Lewis 
linearis W . Sm.

" v . constrieta
(Ehr.) Grun.

ovata Kutz.
" v. pinnata (W. Sm.) 

robusta v . splendida Ehr. 
simplex A. Cleve x

acus Kutz. X
amphicephala Kutz. X
mazamaensis Sover X X
minuscula Grun,
parasitica W . Sm. X
pulchella Kutz. X X
rumpens Kutz. X X X
tenera W. Sm. X
ulna (Nitzsch) Ehr. X X X
" v. danica (Kiltz.)

Grun. X
" v. oxyrhunchus Kutz.' X
" v. Ramesi (P.& H.)

Hus t.
vaucheri Kutz. X X X

Gibbon Madison Gardner
River River River

U M L _____U M L  . U L
x

x
X

X

X

X
X X

X

X X  X
X X X X
X X X  
X X X  X

X X  X
X

X X X  X

X X 
X

X

X X
X

X X  X
X X  X

X X  X X

X
X X

X
X X  X X

I
CO01



Appendix A. (Continued)

Species
Firehole

River
Gibbon

River
Madison

River
Gardner

River
U M L U M L U M L U L

Tabellaria fenestrata (Lyng.) Kutz „ X
vC •

X X X
fiocculosa (Rabh.) Kutz. X x ‘ X X X X X

Tetracyclus lacustris Ralfs X X X
' / rupestris (A. Br.) Grun. X X X
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