
A comparison of diatoms on horizontal and vertical substrates in Georgetown Lake, Montana
by William Joseph Foris

A thesis submitted in partial fulfillment of the requirements for the degree of MASTER OF SCIENCE
in Botany
Montana State University
© Copyright by William Joseph Foris (1976)

Abstract:
Georgetown Lake is a relatively small reservoir located in southwestern Montana. Its main uses are
power production, industrial purposes, irrigation and recreation. The present study was part of a larger
limnological project to evaluate the limnology of the reservoir. This particular study was undertaken to
determine the seasonal periodicity and differences between the attached diatoms on horizontal and
vertical plexiglass plates.

Isotherms and conductivity isoclines showed that thermal and chemical stratification was non-existent
during the ice free months. During ice cover there was a slight thermal stratification and a strong
chemical stratification. Oxygen concentrations and pH values were found to be similar with the highest
measurements occurring during the ice free months and the lowest values during the ice covered
months.

The water of Georgetown can be characterized as bicarbonate with calcium as its most abundant cation.
Silica concentrations were found to be above the minimum requirement of most diatoms.

A total of 31 genera, 159 species and 168 varieties of diatoms was identified. Pseudoperiphyton
accounted for 26% of the average yearly percent cell volume on the horizontal plates and 11% on the
vertical plates. Epithemia turgida, Fragilaria erotonensis and Rhopoladia gibba were the three most
important species, respectively, according to average annual percent cell volume on both the horizontal
and vertical substrates. In terms of average yearly percent relative abundance, pseudoperiphyton
accounted for 29% on the horizontal plates and 15.4% on the vertical plates. The three most important
taxa, according to average annual percent relative abundance, on both the horizontal and vertical
substrates were, respectively, Aohnanthes Jninutissima, Fragilccria erotonensis and Stepthandiscus
astrea.

Estimates of seasonal production were based on organic weight accumulation numbers of diatoms,
volume of diatoms and chlorophyll a measurements. The organic weight estimate of seasonal
production illustrated a bimodal trend with an average accumulation rate of 47.83 mg.m^-2.day^-1 on
the horizontal plates and 17.7 mg.m^-2.day^-1 on the vertical plates. Number and volume estimates
both illustrated a unimodal trend. The average number of diatoms was 4548.cm-2.day-1 on horizontal
plates and 1444.cm^-2.day^-1 on vertical plates. The average volume estimates was 4365
ú^3.cm^-2.day^-1 on horizontal plates and 1033 μ^3.cm^-2.day^-1 on vertical plates. Chlorophyll a
production estimates illustrated a trimodal trend with an average accumulation rate of 16.83
μg.m^-2.day^-1 for the horizontal plates and 8.36 μg.m^-2. day^-1 for the vertical plates.

The chlorophyll a to cell volume ratio versus cell volume curve suggests a density dependent
relationship between chlorophyll a and cell volume.

The chlorophyll a to organic weight ratio was used as an estimate of shading differences between
horizontal and vertical substrates. At low organic weights vertical plates had a higher chlorophyll a to



organic weight ratio than the horizontal plates. At moderate to high organic weights, vertical plates had
a lower ratio than did the horizontal. Thus there is relatively more dead and non-active material on
vertical plates than horizontal plates at moderate to high organic weights. 
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ABSTRACT

Georgetown Lake is a relatively small reservoir located in 
southwestern Montana. Its main uses are power production, industrial 
purposes, irrigation and recreation. The present study was part of a 
larger limnological project to evaluate the limnology of the reservoir. 
This particular study was undertaken to determine the seasonal peri
odicity and differences between the attached diatoms on horizontal and 
vertical plexiglass plates.

Isotherms and conductivity isoclines showed that thermal and 
chemical stratification was non-existent during the ice free months. 
During ice cover there was a slight thermal stratification and a strong 
chemical stratification. Oxygen concentrations and pH values were 
found to be similar with the highest measurements occurring during the 
ice free months and the lowest values during the ice covered months.
The water of Georgetown can be characterized as bicarbonate with 
calcium as its most abundant cation. Silica concentrations were found 
to be above the.minimum requirement of most diatoms.

A total of 31 genera, 159 species and 168 varieties of diatoms 
was identified. Pseudoperiphyton accounted for 26% of the average 
yearly percent cell volume on the horizontal plates and 11% on the 
vertical plates. Epithemia tuvgida, Fragilaria orotonensis and 
Rhopbladia gibba were the three most important species, respectively, 
according to average annual percent cell volume on both the horizontal 
and vertical substrates. In terms of average yearly percent relative 
abundance, pseudoperiphyton accounted for 29% on the horizontal plates 
and 15.4% on the vertical plates. The three most important taxa, 
according to average annual percent relative abundance, on both the 
horizontal and vertical substrates were, respectively, Aohnanthes 
Jninutissima3 Fragilccria orotonensis and Stepthandiscus 'astrea.

Estimates of seasonal production were based on organic weight 
accumulation numbers of diatoms, volume of diatoms and chlorophyll a 
measurements. The organic weight estimate of seasonal production 
illustrated a bimodal trend with an average accumulation rate of 
47.83 mg.nT2.day-1 on the horizontal plates and 17.7 mg.nr2.day-1 on 
the'vertical plates. Number and volume estimates both illustrated 
a unimodal trend. The average number of diatoms was 4548.cm-2.day-1 
on horizontal plates and 1444.cm-2.day-1 on vertical plates. The 
average volume estimates was 4365 y3.cm-2.day-1 on horizontal plates 
and 1033 y3.cm-2.day-1 on vertical plates. Chlorophyll a production 
estimates illustrated a trimodal trend with an average accumulation . 
rate of 16.83 yg.m-2.day-1 for the horizontal plates and 8.36 yg.m-2. 
day"1 for the vertical plates.
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The chlorophyll a to cell volume ratio versus cell volume curve 
suggests a density dependent relationship between chlorophyll a and 
cell volume.

The chlorophyll a to organic weight ratio was used as an estimate 
of shading differences between horizontal and vertical substrates. At 
low organic weights vertical plates had a higher chlorophyll a to 
organic weight ratio than the horizontal plates. At moderate to high 
organic weights, vertical plates had a lower ratio than did the 
horizontal. Thus there is relatively more dead and non-active material 
on vertical plates than horizontal plates at moderate to high organic ' 
weights.



INTRODUCTION

Attached algal communities are known contributors to the overall 

primary production of aquatic ecosystems. Odum (1956) states that 

lotic environments have been shown to be some of the most productive 

of the aquatic systems. Of the organisms which contribute to this 

productivity the periphyton seem to be the most important. Attached 

algae also play an important role in the overall primary production of 

lentic environments, especially in the littoral zone of shallow lakes. 

Schlinder (1973), Hutchinson (1975) and Wetzel (1975) review the impor

tance of these attached communities in the overall production of lentic 

environments.

The present investigation has attempted.to develop a satisfactory 

quantitative method for measuring the changes in the attached algae 

(Aufwuchs). The great heterogeneity in the terms Aufwuchs and periphyton 

has been reviewed by Sladeckova (1962) and Wetzel (1964, 1975). The 

terms in this paper will be considered synonymous and refer to that 

assemblage of organisms that are firmly attached to the substrate but 

do not penetrate into it (Ruttner 1953). For the period from July 1974 

to September 1975 submerged plexiglass plates were used as a removable 

substrate for measuring attachment and growth of epiphytic, epipelic, 

epilithic and any other algae which may contribute to the overall net 

primary production. This study was part of an extensive limnological
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investigation dealing with water chemistry, phytoplankton production, 

sediment chemistry, zooplankton dynamics and macrophyte production of 

a reservoir in southwestern Montana.

The periphytic algae of Montana have been rarely investigated. 

Previous studies have dealt primarily with lotic environments; Jacobs 

(1950), Gumtow (1955), Boeder (1965), Jones (1967), Bahls (1971), and 

Stadnyk (1971). To my knowledge no study has been conducted on any 

lentic habitat in Montana either as a general floristic study and/or . 

production study of periphytic algae.

Differences resulting from the positioning of artificial substrates 

for the study of attached organisms is of prime interest. Newcombe 

(1949) found that the amount of attached matter per unit area was 

appreciably greater on horizontal substrates. He also noted that loss 

during removal of vertical slides may exceed the amount that remained 

while horizontal slides could be removed with a minimum of disturbance. 

Castenholtz (1960) also found that there was a minimum of loss upon 

removal of horizontal plates and, therefore, this position was satis

factory. Conversely., Sladeckova (1962, 1965) stated that horizontal 

substrates besides collecting true periphyton also accumulate large 

amounts of settling seston, i.e. detritus and decaying plankton. She 

suggested that vertical positioned slides are much better because the 

periphyton on them corresponds with the water quality in different 

depths more precisely. King and Ball (1966), working on a large stream
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in Michigan, found organic weight ratios of I to 1.15 and that loss 

of organic matter was greater on the horizontal than vertical sub

strates when they were removed from the water. They also found that 

phytopigment-organic weight ratios (corrected for organic sedimentation) 

for the vertical and horizontal substrates were in the order of I to 

1.06. They, therefore, concluded that Aufwuch production proceeded at 

about the same rate on the two types of substrates. No study, however, 

has compared the species compositional differences between vertical and 

horizontal substrates in terms of percent relative abundance and per

cent cell volume nor has anyone compared the chlorophyll a-organic 

weight ratios for both positioned substrates.

The objectives of this investigation were, accordingly, (I) to. 

describe the attached diatom community of Georgetown Lake, (2) to 

describe the seasonal periodicity of the attached diatom community and 

determine possible causes, and (3) to determine what differences exist 

between horizontal and vertical positioned substrates in terms of 

species composition and chlorophyll a-organic weight relationships.



HISTORY AND DESCRIPTION OF THE STUDY AREA

Georgetown Lake, a reservoir formed from the impoundment of Flint 

Creek, is located at latitude 46° 10' 16" longitude 113° 10' 42" in 

Sec. 16, T . SN, R. i3W, in Deer Lodge County approximately 17 miles 

west of Anaconda, Montana. Three creeks empty into the reservoir; 

Stewart Mill Creek, the North Fork of Flint Creek and Hardtla Creek.

.Contents of the reservoir are used for power production (Montana Power 

Co. [MFC]), industrial purposes (Anaconda Mining Co. [AMG]), irrigation 

and recreation.

In 1885 a small earthen dam was built across Flint Creek by the 

Montana Water, Electric and Power Company to produce power for the 

Bimetallic Mining Company. AMC purchased the dam in 1901 and built a 

masonry dam. In the same year MPC put in a power house to supplement 

its power demand. In 1925 the entire project was deeded to the MPC.

They strengthened the dam and built a two-lane highway across it in 

1966 (Beal 1953 and Georgetown Lake Pre-Study 1973). Currently rights 

to the water in Georgetown are shared by the AMC, MPC and irrigation 

concerns in Phillipsburg valley.

The masonry core structure has a crest length of 94.5 m, top width 

of 2.2 m and a maximum base width of 10 m.

At maximum pool elevation the lake is 7.05 km (4.38 mi.) long with 

a maximum and mean breadth of 3.64 km (2.26 mi.) and 1.72 km (1.07 mi.), 

respectively. The mean depth is 4.89 m (16.03 ft.) with a maximum



Georgetown Lake

Figure I. A map of the state of Montana and its major river systems showing the location
of Georgetown Lake.
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depth 10.67 m (35 ft.). Table I presents the ranges of morphometric 

data observed during the study.

TABLE I. MORPHOMETRIC DATA DURING. THE STUDY.

Full Capacity Range1

Maximum Depth 10.67 m 
(35.0 ft.) ■

9.27-10.27 
(30.4-33.7 ft.)

Mean Depth2 4.89 m 
(16.03 ft.)

3.9-4.6 m 
(13.80-15.09)

Maximum Length 7.05 km 
(4.38 mi.)

7.00-7.03 km 
(4.33-4.37 mi.)

Maximum Breadth 3.64 km 
(2.26 mi.)

3.60-3.56 km 
(2.24-2.21 mi.)

Mean Breadth2 1.72 km 
(1.07 mi.)

1.56-1.67 km 
(0.97-1.04 mi.)

Length of Shoreline 26.87 km 
(16.7 mi.)

24.6-26.2 . *
(15.3-16.3 mi.)

Shoreline Development2 2.18 2.11-2.16
Mean Retention Time Summer 804 days 

Winter 493 days
337-6112 days

1Range was maximum and minimum during 10 July 73-16 June 75. 
^Definition of these parameters in Reid (1961).

The North Fork of Flint Creek drains an area of approximately 

4895 ha (12,096 acres). Flint Creek originates in the area of Fred 

Burr Pass and flows past old mines and the most developed section of 

the lake watershed.

Stewart Mill Creek originates from a spring approximately 200-300 

m from the lake. The spring receives its flow from a drainage area of



approximately 4222 ha (10,432 acres).

Hardtla Creek, a return flume from Silver Lake, has a capacity 

of 1.13 m3.sec-1 (40 cfs) (AMC data).

Since the entire drainage area of Georgetown Lake is 13,728 ha 

(33,920 acres), the remaining area (excluding Flint Creek and Stewart 

Mill) presumably discharges ground water to the lake.

A general geological description of the study can be found in Alt 

and Hyndman (1972). Morphometric and hydrologic data associated with 

the structures on Georgetown Lake is summarized by Knight et at. (1976)



METHODS

Light

Chemical and physical data were collected at biweekly intervals 

during the summer months, June 74-August 74 and at monthly intervals 

during the period September 74-June 75. Figure 2 shows the sampling 

station location.

Total daily solar radiation incident upon the reservoir surface 

was measured with either a Kipp and Zonen Model CM-3 or a Kahl pyrano- 

meter and recorded with an Esterline Angus Model 80-M recorder; these 

were installed at the Montana Fish and Game Department cabins located 

on the North Fork of Flint Creek. Daily radiation was converted to 

Langley.day-1 as described by the Kipp and Zonen instrument manual.

A vertical profile of light penetration at one meter intervals 

through the water column was obtained by a Kahl submarine photometer 

containing a selenium photocell. The extinction coefficients were 

calculated by the method of Hutchinson (1957).

Temperature and Conductivity

Temperature was recorded at one meter intervals using a Yellow 

Springs oxygen meter equipped with an electronic thermistor.

Conductivity measurements corrected to ymhos.ciii-2 at 25° C were 

measured in the laboratory at a frequency of I kH with.a Yellow 

Springs AC Conductivity Bridge, Model 31.

I ‘



TO MCfcIPSftuftt - -C*.*.

Figure 2. A map of the study area. The location of the sampling station is indicated
by the number I .
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Water Chemistry

All water samples, with the exception of the oxygen sample, were 

collected with a three-liter polyvinyl chloride Van Dorn type water 

bottle at two meter intervals.

Immediately upon collection of water samples, one liter of water 

was filtered through a Gelman type A glass fiber filter and 0.5 liter 

was saved in an acid-washed, glass reagent bottle for chemical analysis. 

A 300 ml glass reagent bottle was filled with unfiltered water for 

alkalinity, chloride and conductivity determinations.

Concentrations of sodium, potassium, calcium and magnesium were 

determined by atomic emission-absorption spectroscopy using an Instru

mentation Laboratory AA/AE Model 131 spectrophotometer. Alkalinity 

and chloride were determined titrimetricaliy as described by APHA.(1971). 

Sulfate was determined turbidimetrically as described by APHA (1971)
Rusing Hach Chemical Company Sulfa Ver III. The pH was determined 

with a Beckman Expanded Scale pH meter, Model 76.

Concentrations of nitrogen and phosphorous were determined 

colorimetrically with a Klett-Summerson colorimeter using the following 

tests: NH^-N, hypochlorite oxidation method of Strickland and Parsons

(1972); NO^-N, reduction method of Mullin and Riley (in Barnes 1962);

total nitrogen-N, acid digestion, hypochlorite oxidation method of

Strickland and Parsons (1972); O-PO^-P, combined reagent method in.

Strickland and Parsons (1972); total phosphorous-P, acid and persulfate
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digestion, combined reagent method in Strickland and Parsons (1972).

Silica was determined colorimetrically with a Klett-Summerson 

colorimeter using the molybdosilicate complex method in APHA (1971).

Oxygen concentrations were either measured -in si-tu with a Yellow 

Springs oxygen meter or by the Winkler method described in Strickland 

and Parsons (1972.) .

Diatom Collection, Preparation and Enumeration

Hentchel (1916) was the first to use an artificial substrate 

(glass) to collect Aufwuchs from natural waters. Newcombe (1949) was 

the first to estimate Aufwuch production using total organic matter. 

Other investigators followed using various artificial substrates such 

as asbestos, slate, sterilized stones, cinder blocks, cement blocks, 

styrofoam, plexiglass and sheets of metal and celluloid (Cooke 1956; 

Slakeckova 1962). Plexiglass plates were used in this study because 

of their inert and durable nature and their non-selectivity (Peters 

1959) .

Plexiglass plates (8.5 x 17.5 cm) were suspended in open water in 

both the horizontal and vertical positions at one meter intervals from 

the surface (15 cm depth) to a depth of four meters. Upon removal the 

plates were immediately placed in a darkened, cooled container and 

transported back to the laboratory where they were frozen for three 

to four weeks. Gryzenda and Brehemer (1960) state that such treatment
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ruptures cells and facilitates extraction of pigments.

The attached material was then scraped from the plate (top side 

only for horizontal and one side for vertical) and subsequently washed 

■into a known volume of distilled water. Later the samples were shaken 

until the periphyton was homogenousIy distributed. Subsample aliquots, 

•depending upon the concentration of periphyton, were then withdrawn and 

the diatoms cleaned using the boiling nitric acid-potassium dichromate 

technique described by Hohn and Hellerman (1963). The cleaned material 

was then prepared for microscopic analysis according to the Membrane 

Filter Concentration Technique (APHA 1971). To aid in identification, 

another slide was subsequently prepared and mounted in Hyrax according 

to FWPCA (1966). A total of 152 slides were prepared. Seventy-six 

were used for quantitative purposes while seventy-six Were used for 

identification purposes.

Beginning at the edge of the coverslip the diatoms were counted 

by species in transects along the diameter of the filter. Two tran

sects or 300-400 cells were counted at magnifications of 430 X and 

980 X. In addition to identification and enumeration, the organisms 

were measured with a Whipple ocular micrometer and the cell volume of 

each counted organism was calculated. For example, if the organism 

was shaped like a sphere, cylinder, cone, oblate spheriod, etc., the 

appropriate geometric formula was used to calculate the volume of that 

particular geometric object. When only a few organisms of a certain
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species were encountered, literature values were consulted to obtain 

a realistic average.

Percentage abundance and cell volumes were used as relative per

cents of standing crop. Cell volume was determined since diatoms 

differ greatly in size; hence abundance does not give a true picture 

of the contribution of each species to the total biomass (Findenegg 

1969).

Diatoms were identified to the species level in all but a few 

instances. The taxonomic keys used for identification were Wohl (1894), 

Van Huerck (1896), Hustedt (1930), Cleve Euller (1951), FWPCA (1966), 

and Patrick and Reimer (1966).

Pigment and Biomass Estimates

Pigment concentration was determined by scraping a second plate 

(for the horizontal) or the other side (for the vertical) and washing 

the accumulated material through a Gelman type A glass fiber filter 

(.47 y diameter pore size) which was previously weighed to the nearest 

.01 mg. The filters were then placed in 15 ml stoppered centrifuge 

tubes to which 5-10 mis of 90% acetone was added. The pigments were 

extracted by placing the tubes in complete darkness for approximately 

thirty days. Studies have shown that chlorophyll extracts stored in 

the dark at this temperature remain unchanged for periods up to at least 

thirty days (Collins et al. 1975).
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At the end of the extraction period the tubes were centrifuged at 

high speed for ten minutes. The extinction of the solution was then 

determined using a Beckman DU Spectrophotometer with a I cm path length. 

Chlorophyll a and phaeopigments were estimated and reported on an areal 

basis according to Strickland and Parsons (1972). The chlorophylls b 
and q were estimated using the Trichromatic calculations of Strickland 

and Parsons (1972).

The centrifuged particulate Aufwuch material plus the glass fiber 

filter left from the pigment extraction procedure was oven dried at 

IOS0C for twenty-four hours and weighed on a Mettler Type H 16 balance. 

Biomass was then determined by calculating the weight lost upon 

ignition using a correction factor for decomposition after incineration 

at 600°C for one hour in a Thermolyne Type 2000 furnace.



RESULTS AND DISCUSSION

Light

The total daily solar radiation recorded for Georgetown Lake is 

given in Table 2. The values ranged from a low of 78 Langleys.day-1 

in December, to 712 Langleys.day-1 in June. The actual amount of solar 

radiation at the water surface is also given in Table 2. These values 

indicate the degree to which radiation was reduced by ice cover. They 

ranged from a low of 20 Langleys.day-1 in January to a high of 676 

Langleys.day-1 in June. Figure 2 illustrates the average variation of 

light to the depth of four meters throughout the course of the study.

Verdium (1964) and Odum (1971) defined the euphotic zone as 

extending to the depth at which photosynthesis just balances respiration, 

i.e. the compensation point. Parsons and Takahashi (1973) estimate that 

about five Langleys.day-1 represents the compensation point. The amount 

of light reaching each depth, calculated by using incident radiation 

and extinction coefficients, is given in Table 3. Only during the 

early winter (sampling period I) did the amount of light reaching the 

lower plates become limiting.

Temperature and Conductivity

Figures 3 and 4 illustrate the temporal variation of temperature 

to the depth of five meters throughout the course of the study. After 

ice cover left Georgetown Lake, (approximately June 6th) the reservoir



TABLE 2. MONTHLY MEAN DAILY SOLAR RADIATION, MONTHLY MEAN DAILY INCIDENT RADIATION AT 
WATER SURFACE AND MONTHLY MEAN DAILY INCIDENT RADIATION AT THE WATER SURFACE 
FOR EACH SAMPLING PERIOD (LANGLEYS.DAY"1)

Month

Monthly Mean ■ 
Daily Solar 
Radiation 
(Ly.day-1)

Monthly Mean 
Daily Incident 
Radiation at 
Water Surface 
(Ly. day-.1)

Periphyton 
Sampling Period

Mean Daily 
Incident Radiation 

at Water Surface for 
Sampling. Periods 

(Ly.day-1)

January . 97 . . 20 I
(1/7-2/2/75) 29.5

February 227 39
II

March 404 79. (2/2-3/17/75) 59

April , 654 122 III
(3/17-5/26/75) 156

May 585 268
IV

June 712 676 (5/26-7/1/75) 472

July 658 625 V
(7/1-8/29/75) 594

Augus t 593 594
VI

September 462 528 (7/29-8/27/74) 563

October 327 395 VII
(8/27-9/23/74) 439

November 97 186
VIII ■ -

December .78 36 (9/23-10/22/74) 311



TABLE 3. CALCULATED LIGHT INTENSITIES AT VARIOUS DEPTHS FOR VARIOUS SAMPLING PERIODS.

I II III IV V VI VII VIII
Depth (m) (Ly.day”1) (Ly.day-1)

0 .20 59 156 472 594 563 439 311

I 14.1 50.6 115.2 279.5 331 277 280 222

2 ■ 7.3 29 61.6 160.5 163 109 167 120

■ 3 3.7 13.9 28.6 95.1 94 . 52 68 72

4 2.0 7.2 10.5 56.3 51 27 41 51

Average 9.42 32 74.4 212.6 247 206 199 155.2
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Figure 3. Mean seasonal temperature (0C) and light intensity variation of Georgetown
Lake for five depths (0-4 meters).
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Figure 4. Seasonal isotherms (0C) for all depths in Georgetown Lake during the study.
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began to warm rapidly from absorption of solar radiation at the water 

surface. The highest surface temperature observed (20.I0C) occurred on 

July iSth. Rapid cooling began in October and on November 16th, two 

weeks after ice cover, the surface temperature was 0°C. Thermal strati

fication was non-existent during the ice free season but a very weak, 

stratification pattern was observed during the ice covered months 

(Figure 4, Knight et at. 1976).

Conductivity isoclines for the same period as temperature are shown 

in Figure 5. As with temperature, chemical stratification did not exist 

during the ice free period. However, about a month after the onset of 

ice cover, chemical stratification was observed (Figure 5 and Knight et 
at. 1976). This stratification persisted until ice melt. The greatest 

difference in conductivity between the surface water and the four meter 

depth was 201 and 283 ymhos, respectively, occurring on May 26, 1975 

(Figure 5).

Oxygen and pH

Relatively high oxygen concentrations occurred throughout the water 

column during the ice free months (Figure 6). High plant production 

coupled with vertical mixing probably accounted for these high oxygen 

concentrations. The highest oxygen concentration (10.1 mg.L-1) occur

red on November 16, 1974, when temperatures were 0°C. Anoxic conditions, 

i.e. zero' oxygen, occurred at four meters on June 3rd, May 26th and June 

7th. Near anoxic conditions, less than 1.0 mg.L-1), occurred at the 3 

meter depth on the same dates. With ice melt, increased turbulent
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CONDUCTIVITY 
(jmhoscm*1)

Seasonal conductivity isoclines (ymhos.cnr1) for all depths in Georgetown 
Lake during the study.
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Figure 6. Seasonal oxygen isoclines (mg.L"1) for all depths in Georgetown Lake during
the study.



I A H L E  4 .  R A N G E S  A N D  M E A N S  F O R  C H E M I C A L  A N D  P H Y S I C A L  P A R A M E T E R S  O F  G E O R G E T O W N  L A K E  F O R  F I V E  D E P T H S  ( 0 - 4  M E T E R S ) .

Sampling Period I I I I I I IV V VI V I l V I I l

Sp. Cond. 199-222 201-249 186-283 200-283 169-203 169-185 160-170 160-164
(m h o s , e x - 1) 208 219 225 218 187 178 166 172

Temp. 0 -2 .4 0 -3 .0 0 -3 .1 0 .4 -1 7 .1 1 6 .4 -2 0 .1 16 .4 -2 0 .1 13 .1 -1 6 .4 0 -1 3 .3
C O 1.35 1 .79 1.79 10.3 17.86 17.98 14.86 6.56

pH 7 .7 5 -8 .5 0 7 .4 8 -8 .4 0 7 .5 3 -8 .0 0 7 .6 3 -8 .7 0 8 .3 8 -9 .0 4 8 .43 -9 .0 4 8 .9 3 -9 .0 9 8 .8 1 -9 .0 9
8 .18 7.86 7.66 8.20 8.69 8.80 0 .03 8.95

Ca-H- 2 2 .2 -3 0 .0 23 -3 3 .3 1 8 .6 -3 4 .5 1 8 .6 -3 4 .5 1 9 .6 -2 8 .9 19 .6 -2 5 .7 18 .3 -2 2 .2 1 8 .3 -2 2 .-
(mg.L - * ) 24.7 27.1 29.4 27.7 24 .3 22.8 19.9 2 1 .C

Mg++ 1 0 .2 -1 1 .1 1 0 .2 -1 1 .8 7 .4 -1 5 .5 7 .4 -1 0 .8 8 .8 -1 0 .2 8 .8 -1 0 .2 8 .8 -1 0 .3 9 .6 -1 0 .3
(mg.L - : ) 10 .9 11.1 11.3 10.0 9.5 9.3 9.42 9.83

Na+ I . 5 -1 .6 I . 5 -1 .9 I . 1 -1 .9 I . 1 -2 .0 1 .6 -1 .8 1 .6 -1 .8 I . 6 -1 .8 I . 6 -1 .7
(mg.L - 1) 1.52 1.56 1.59 1.57 1.69 1.72 1.70 1.62

K-
(mg.L - ' )

1 .2 -1 .5  
1 .35

I . 2 -1 .7  
1.42

1 .0 -1 .7  
1.47

I . 0 -1 .6  
1.24

1 .0 1.0 1 .0 1 .0 -1 .3  
1 .2

SOT 6 .0 -8 .8 4 .8 -6 .9 3 .0 -5 .8 3 .0 -8 .8 5 .8 -7 .7 6 .6 -7 .7 6 .6 -8 .4 6 .6 -8 .4
(mg. L - - ) 7.22 5.57 4 .53 6 .17 6 .83 6.93 7.18 7.20

C l" 0 .5 -0 .6 0 .4 -0 .9 0 .3 -0 .5 0 .1 -0 .8 0 .1 -0 .9 0 .1 -0 .9 0 .1 -0 .5 0 .2 -2 .5
(mg.L - 1) 0 .57 0 .65 0 .40 0 .52 0.50 .50 0.33 0 .4 ’

F
( o g . i r - )

<10 <10-150
26 .7

<10 <10-270
58 .3

<10-270
105.6

30-270
153.3

<10-180
85

<10-160
40

SI 5 .2 -7 .3 4 .9 -8 .7 5 .0 -1 0 .0 3 .9 -8 .8 2 .9 -8 .8 2 .9 -4 .7 4 .7 -5 .6 5 .5 - 5 .S
(mg.L -1) 5 .78 6.26 6.89 6 .81 5.68 4.12 5.12 5.57

Fe 3 .0 -1 4 .0 6 .0 -2 7 .0 6 .0 -1 6 .0 1 0 .0 -1 4 .5 1 9 .0 -2 7 .0 2 0 .0 -2 7 .0 6 .0 -2 7 .0 6 .0 -1 8 .0
(mg.I r 1) 9 .83 10.8 43.6 31 .3 22 .3 23.3 14.3 11.5

Oxygen 
(mg. I r  1J

1 .6 8 -9 .4 6 0 .1 6 -8 .9 0 -7 .2 9 0 -8 .6 6 6 .8 8 -9 .6 9 7 .5 -9 .6 9 8 .6 5 -9 .7 9 9 .5 7 -1 0 .9
6 .32 4.24 2.17 6.59 8.29 9.01 9.17 9.77

A lk a l in i t y 1 .9 1 -2 .1 7 1 .9 2 -2 .4 8 1 .7 9 -2 .7 6 1 .7 9 -2 .7 3 1 .6 8 -2 .1 4 1 .8 3 -2 .0 7 1 .6 7 -1 .8 4 1 .6 7 -1 .9 3
fmm g.L-1) 2 .0 2 .10 2.26 2.15 1.96 1.91 1.76 1.79

T o ta l -  P 23-33 14-33 14-47 16-57 17-46 22-28 24-39 17-39
(u g .L -1) 27 24 24.1 36.4 26.5 25.2 28.3 27.8

In o rg . -  P 3-12 5-12 5-15 0-11 1-5 2-5 2-10 1-10
(ug.L— ) 6 .3 3 8.11 9 3.9 2.53 3.88 5.22 7.5

T o ta l -  N
(minus NO.) 
(S g . Ir1)

35-590 35-200 30-530 70-670 30-1005 30-1005 320-755 125-425
311 124 188 240 460 524 485 301

KH.-N 5-26 6-128 5-128 0-65 1-12 5 -1 2 .0 7-17 4 -1 7 .0
(L g -D -') 16 25.22 40.9 4 .5 6 7.44 9 .8 8.7

NO3-N 1-40 1-72 1-95 0-52 0-4 0—4 0-1 1-4
( u g . t 1) 13.5 30.55 38.5 5 .6 1.33 1.55 .56 1.83

NO2-N
(U g -L -1)

0 -3
1.16

1-5
2 .67

1-19
5.46

0 0 0 0 0
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mixing rapidly replenished oxygen to the water column.

Patterns of pH changes were similar to those for oxygen. The 

highest average pH (9.03) occurred during late summer or sampling period 

VII (Table 4) when photosynthetic processes decreased the CO^ concen

tration. Under the ice biological respiration results in a net input of 

carbon dioxide.' The lowest average pH (7.68) occurred during sampling 

period III (Table 4) when the dissolved oxygen was depleted due to re

spiratory processes. Generally, pH fluctuations are small in hardwater 

lakes due to the buffering capacity of CaCO^ (Reid 1961).

Cations and Anions

Table 4 gives the ranges and mean values of the major cations and 

anions. Georgetown Lake could be characterized as a bicarbonate water 

with calcium as the most abundant cation. Bicarbonate accounted for 

nearly all the total alkalinity since the carbonate ion concentration 

was low at the observed pH values.

Pearsall (1932) working with plankton in English lakes stated that 

a low monovalent to divalent cation ratio (M:D ratio) was necessary for 

abundant growth of diatoms. Lund (1965) noted that the majority of 

algae can flourish over a wide range of M:D ratios. Moss (1972) also 

found that M:D ratios had little effect on plankton growth. Georgetown 

Lake M:D ratios ranged from .067-.080.

Silica concentrations were above the minimum requirements of .5 mg. 

L-1 for most diatoms (Pearsall 1930). The highest value of 6.86 mg.L-1
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occurred during ice cover on sampling period III while a low of 2.9 mg. 

L-1 occurred during sampling period V (Table 4). Knight et dlt. (1976) 

found that silica as well as magnesium, iron, potassium, bicarbonate 

and sulfate concentrations were regulated by the relative adsorptive 

capacity of the underlying sediments. This means that during reducing 

conditions (low oxygen concentrations) compounds are released by the 

sediments to the overlying water while under oxidized conditions (higher 

oxygen concentrations) compounds are adsorbed by the sediments.

Nutrients

Phosphorus and nitrogen have been generally considered the two 

major nutrients which could limit primary productivity. Lately it has 

also been found that CO^ can also become limiting in certain instances 

(Kuentzel 1969, Moss 1973). Hutchinson (1957), Sverdrup et at. (1942) 

and Odum (1971) have discussed the role and recycling of plant nutrients 

in lakes. Briefly, biological productivity removes inorganic nutrients 

resulting in organic material while bacterial decomposition releases 

inorganic nutrients.

Table 4 gives the ranges and mean values of nutrients during the 

sampling period. Both inorganic phosphorus and inorganic nitrogen 

levels were very much reduced during the ice free period indicating 

extensive utilization of both nutrients by plants as well as little 

allochthonous input. Accumulation of inorganic phosphorus and nitrogen 

under ice cover suggests mineralization of organic material through



—26—

bacterial decomposition during this time plus release from the 

sediments. Organically combined phosphorus was generally slightly 

greater in the summer, reaching a high of 36.4 mg.L-1 during sampling 

period IV. Organic nitrogen also exhibited greater concentrations in 

the summer than the winter. These maximums were the result of high 

phytoplankton standing crops which contributed significantly to the 

organic content of.the water. The nitrogen organic maximum in August 

was due to nitrogen fixation by Anabaena flos-aquae (Knight et at.

1976). Patrick (1948) has reported that some species of diatoms can 

utilize organic nitrogen as sources of nitrogen. Cholnoky (I960) 

stated that the genus Nitzsehia requires dissolved organic or inorganic 

nitrogen compounds for their metabolism and that their reproductive 

rate must depend on the quantity of dissolved nitrogen compounds.

The Importance of Species at Various Seasons

Seasonal succession was based not only on percent relative 

abundance but also on percent cell volume. This manipulation was per- .. 

formed so that results could be compared not only to each other but 

also to other works. Annual percent contributions were also deter

mined. Percent annual relative abundance was determined by totaling 

percent relative abundance at each sampling date, adding these and 

averaging. Percent annual cell volume was determined in a similar

fashion.
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A total of 31 genera, 159 species and 168 varieties of diatoms 

were identified from Georgetown Lake. (Table 5). The genera represented 

by the greatest numbers of species were; Nitzsohia (25), Navioula (23), 

Cymbella (21), Fragilaria (15), Achnanthes (13), Gomphonema (12) and 

Synedra (11).

Horizontal and vertical substrates tended to show seasonal differ

ences in species composition not only in terms of percent cell volume 

but also percent relative abundance. Figures 7 and 8 show seasonal 

succession of diatoms in terms of percent total cell volume while 

Table 6 ranks their contribution on a yearly basis. It is evident that 

the pseudoperiphyton (Sladeckova 1962) Fragilaria Orotonensis3 
Asterionella fOrmosa3 Cyolotella bodanioa3 Stephanodisous astrea and 

Synedra sp. play a major role on horizontal substrates while a lesser 

one on vertical substrates. These normally planktonic species account 

for 26% of the yearly percent cell volume on the horizontal plates while 

only 11% on the vertical substrates.

Epithemia turgida, a true periphytic species, ranked first in its 

percent contribution to the yearly cell volume on both horizontal arid 

vertical positioned substrates (Table 6). Its seasonal succession 

pattern is somewhat similar for both positioned substrates (Figures 7 

and 8). Both reached their maximum during late summer or early fall 

when nutrierit concentrations were relatively low and light .and temper

ature readings were high (250* Langleys.day-1 and 17..8°C) (Figure 3).
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TABLE 5. ALPHABETICAL LIST OF. THE DIATOM TAXA FOUND IN GEORGETOWN 
. LAKE AND THEIR CALCULATED CELL VOLUMES (p3)

Genera Species
Mean Cell 
Volume p3

Aohnanthes oonspioua A. Mayer. 145
dinspioua var brevistridta Hust. 145
exigua Grun. 140
gibberula Grun. 130
grimmei Krasske 140 ..
hungarioa Grun. 170
' lanoeolata (Breb.) Grun. 523
Ianoeolata var dubia Grun. 523
lanoeolata var haynadii (Istv.-Schaarsch)

Cl. 523
linearis (W. Sm.) Grun. 70
miorooephala Kutz. 70
minutissima Kutz. 70
minutissima var miorooephala Grun.. 70

Amphora normanni Rabh. 200
ovalis Kutz. 140
ovalis var pedioulus Kutz. 140
veneta Kutz. ioo

Amphipleura pelluoida Kutz. .3819

Asterionella formosa Hassal. 235

Caloneis amphisbaena (Bory) Cl.
Iewisii Patr. 969

Cooooneis diminuta Parit. 450
pedioulus Ehr. . 1775
plaoentula Ehr. 1775

Cyolotella antiqua W. Sm. 508
bodanioa Eulenst. 2980

. oomata (Ehr.) Kutz. 610

Cymatopleura ooohlea J. Brun. 90,000
solea (Breb.) W. Sin. 39,375 .

CampylodisGus sp. — —  —
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TABLE 5. Continued.

Genera Species
Mean Cel 
Volume u

Cymbella affinis Kutz. 1900
amphioephala Naegeli 314
eistula (Hemprich) Grun. . 4260
aistula vav maaulata (Kutz.) Van Heurck 4260
oymbifomiis (Agardh. Kutz.) V. Heurck 5831
hybrida Grun. 428
Iaeustris (Agardh) Cl. 319 '
Iaevis Naegeli 336
laneeolata (Ehr.) Van Heurck 22,275
leptoaeros (Ehr.) Grun. 2951
mexieana (Ehr.) A. S. 8372
mieroaephala Grun. 85
navieulaformis Auerswald 480
obtusiuseula (Kutz.) Grun. 430
prostrata (Berkeley) Cl. 2450
sinuata Greg. 375
twnida (Breb.) Van Heurck . 4123
turgida (Greg.) Cl. 275

• turgidula Grun. 1600
ventrieosa Kutz. 188 & 459
sp. 12,469

Diatoma elongatum Agardh. 235
hiemale Roth. 1950

: hiemale var mesodon (Ehr.) Grun. 1950
tenure 396
vulgare Bory 1980
vulgare var breve Grun. 1460

Diplonevs oblongella Naeg. ex. Kutz. 4824
ovalis (Hilse) Cl. 877

Epithemia sorex Kutz. 1127
turgida (Ehr.) Kutz. 9105
zebra (Ehr.) Kutz. 3445

Eunotia aurvata (Kutz.) Lagerst. 565
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TABLE 5. Continued.

Genera Species
Mean Ceil 
Volume p3

Fvagi- lavig bioapitata A. Mayer 125
bvevistviata Grun. 90
bvevistviata vav inflata (Pantocsek) 90
accpuoina Desm. 205 & 410
oonetvuens (Ehr.) Grun. 100 .
■oonetvuens vav binodie (Ehr.) Grun. 150
oonetvuens vav ventev (Ehr.) Grun. 100 .
ovotonensis Kitton 535
ovotonensis vav ovegona Sov. 205
intevmedia Grun. 205
Iepastavon (Ehr.) Bust. 120
pinnata Ehr. 150
pinnata vav lanoettula (Schm.) Bust. 150
vauoheviae (Kutz.) Peters 276
vivesoens Ralfs 130

Gomphonema acuminatum vav oovonata (Ehr.) W. Sm. 610
angustatum vav pvoduota Grun. 650
oonstviotum Ehr. 1450
oonstvictwn vav oapitata (Ehr.) Cl. 1450
oonstviotum vav suboapita 1450
, gvaoiIe Ehr. 405
intvioatum Kutz 180
longioeps Ehr. 375
olivaoeum (Lyngbye) Kutz. 500
pavvulum (Kutz.) Grun. 375
sphaevophovum Ehr. 1450
subtile Ehr. 550

Gyvoeigma sp. 5735

Metosiva' gvanulata (Ehr.) Ralfs. 570

Mevidion oivoulave (Grev.) Ag. 605
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TABLE 5. Continued.

Genera Species
Mean Cell 
Volume y3

Navioula amevioana Ehr. 475
arvensis Hust.' 190
anglioa Ralfs. 495
oaxi . Ehr. 491 .
orytooephala Kutz. 595
auspidata (Kutz.) Kutz. 4250
exigua (Greg.) 0. Muller 575
hungax>iod Grun. 300
Ianoeolata (Ag.) Kutz. 650
Iuzonenis Hust. 225
minusoula Grun. 250
mutioa Kutz. 1225
glaoentula fo. rostrata A. Mayer 900

• pupula Kutz. 600
pupula var oapitata Skv. & Meyer 600
radiosa Kutz. 2100
reirihapdtii Grun. 810
rhynoooephala Kutz. 620
salinarium Grun. 655
salincadum var intermedia (Grun.) Cl. 655
subtillissima Cl. 310
tripunotata (0. F. Mull.) Bory 491
viridula (Kutz.) Kutz.. 2050

Neidium temperi Reim. 3819

Nitzsohia aoioularis W. Sm. 300
amphibia Grun. 539
oapitellata Bust. 590
oommunis Rabh. 420
dentioula Grun. 315
dissipata (Kutz.) Grun. 460
filiformis (W. Sm.) Bust. 696
fontioola Grun. 316
frustulum (Kutz.) Grun. 539
gracilis Hantzsch 516
holisatioa Hust. 165
intermedia Hantzch. . 200

. kutzingiana Hilse 90
linearis W. Sm. 3050
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TABLE 5. Continued.

Genera Species
Mean Cell 
Volume p3

Nitzsohia palea (Kutz.) W. Sm. 570
paleaoea Grun. 165
veota Hantzsch 378
sigma (Kutz.) W. Sm. 1300 .
sigmoidea (Ehr.) W. Sm. .17,216 .
sinuata (W. Sm.) Grun. 315
sublineavis Hust. 2000
subtilis Kutz. 463
sueioa (Grun.) Cleve. 545
vevmioulapis (Kutz.) Grun. . 8792
vitvea Norman 310

Pinnutajn-a bovealis Ehr. 504
bvebissohii (Kutz.) Rabh. 1500
nodosa (Ehr.) W. Sm. 2025

Plagiotvoipis sp. 3140

Rhoioosphenia ouwata (Kutz.) Grun. ex. Rabh. 650

Rhopalodia 'gibba (Ehr.) 0. Mull. ' 15,187
gibba vav ventvioosa (Ehr.) Grun. 15,187

Stauvoneis phoenioentevon (Nitz.) Ehr. ■———
smithii Grun. 112

Stephanodisous gstvea vav minutula (Kutz.) Grun. 102
sp.

Suvivella angustata Kutz. 1570
ovata Kutz. 1105
ovata vav.pinnata W. Sm. 1105

Synedva aous Kutz. 622
■amphioephala vav austviae Grun. 200
oapitata Ehr. 25,923
oyqlop Bratsche . 875
delioatissima vav angustissima Grun. 2455
montana Krabke 565
pavaisitid W. Sm. 135
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TABLE 5. Continued.

Genera Species
Mean Cell 
Volume p3

Synedra rumpene Kutz. 200
tenera W. Sm. 135
ulna (Nitz.) Ehr. 4105
sp. 80

Tabellaria fenestrata (Lyngbye) Kutz. 1860
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A m p h lp k ie n  pe lluckJo
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Figure 7. Seasonal periodicity of the more important diatom taxa
according to annual mean percent cell volume for
horizontal substrates based on an average of five
depths (0-4 m).
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C pilhem io  io r e i
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Figure 7. Continued.
Seasonal periodicity of the more important diatom taxa
according to annual mean percent cell volume for
horizontal substrates based on an average of five
depths (0-4 m).
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Figure 8. Seasonal periodicity of the more important diatom taxa
according to annual mean percent cell volume for
vertical substrates based on an average of five
depths (0-4 m).
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TABLE 6. RANK OF THE MAJOR DIATOM TAXA OF'GEORGETOWN LAKE ACCORDING 
TO ANNUAL MEAN PERCENT CELL VOLUME BASED ON COLLECTIONS 
FROM ALL DEPTHS ON ALL DATES.

Horizontal Vertical
Rank % ' Rank %

Epithemia turgida I 18.31 I 18.13
Fragilaria orotonensis 2 9.94 5 6.04
Rhopalodia gibba 3 8.54 3 6.88
Aohnanthes minutissimd' 4 5.46 2 . . 11.40
Stephanodiscus astrea 5 4.99 11 2.45
Cooooneis plaoentula 6 . 4.82 . 7 4.79
Asterionella formosa 7 4.68 A <1
Cyolotella bodanioa 8 4.06 16 1.25
Epithemia zebra 9 3.88 9 ■ 3.19
Synedra sp. 10 ■ 2.53 14 1.34
Synedra delioatissima 11 2.03 4 6.21
Synedra oapitata 12 1.80 13 1.56
Amphipleura pelluoida 13 1.64 6 5.54
Cymbella oymbiformis 14 1.60 10 2.95
Cymbella affinis 15 1.46 8 4.38
Synedra ulna 16 . 1.29 18 1.05
Navioula radiosa 17 1.21 12 1.58
Nitzsohia palea ' 18 1.14 A <1
Cymbella lanoeolata * <1 . ■ 15 1.33
Fragilaria oapuoina A <1 17 1.17
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Minimums were recorded in mid-June when the plates were exposed to 

high nutrient concentrations along with high light readings (279 

Langleys.day-1) but relatively low temperatures (8.9°C) (Figure 3). 

Even during the winter months when nutrient concentrations were high 

and light and temperature was low, EpithenrLa turgida made a sub

stantial contribution to the standing crop. Castenholtz (1960) found 

similar trends during the summer and early fall periods but failed to 

find a significant standing crop during the winter months.

Frdgilaria arotonensis, a pseudoperiphyton, is ranked second for 

annual percent cell volume contribution with.a value of 9.94 on the 

horizontal plates while on the vertical placed substrates it's ranked 

fifth with a 6.04 percent contribution (Table 6). Its horizontal 

seasonal distribution reached maximums in mid-winter and mid-summer 

while minimums occurred during spring and early summer. Vertical 

distributions are somewhat similar except that the winter maximum was 

depressed while the spring experienced a secondary mode. Hutchinson 

(1967) states that Fragilaria arotonensis is apparently correlated 

with temperature and reaches peak development during high simmer 

temperatures. Brown and Austin (1973), studying the interaction be

tween planktonic and periphytic species found an inverse relationship 

between the two which was seemingly dependent upon the breakdown of 

thermal stratification. No such relationship between plankton and 

periphyton was observed in this study. The Fragilaria arotonensis 
• i . '
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peak, reached.during the summer months, coincided with the plankton 

maximum and high summer temperature (Knight et al. 1976). Nitrate 

concentrations were also found to be important in the seasonal 

successional pattern of Fragilapia crotonensis by Brown and Austin 

(1973). They also found that its maximum relative abundance coincided 

with high nitrate values arid its decline was related to a sharp decrease 

in nitrate concentrations. Again no such relationship was found during 

this study.

Rhopalodia gibba,- also a true periphytic species, ranked third on 

both the horizontal and vertical substrates with percent annual cell 

volumes of 8.54 and 6.88, respectively (Table 6). On both kinds of 

positioned substrates the seasonal distribution pattern illustrated the 

same general trend, reaching a maximum during the high summer tempera

tures. Castenholtz (1960) also found a summer maximum of Rhopalodia 
gibba but of far less significance than found in Georgetown Lake.

Aohnanthes minutissima, another true periphytic species, ranked 

fourth on the horizontal substrate and second on the vertical substrate 

with a percent annual cell volume contribution of 5.46 and 11.40, 

respectively (Table 6). Its seasonal distribution, with maximums 

occurring during the winter and early spring was similar in both 

positioned substrates except that maximums on horizontal substrates 

were somewhat depressed. The somewhat lesser importance of Aohnanthes 
minutissima on the horizontal substrates may be due to the presence
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and greater percentage of pseudoperiphyton on the horizontal as 

opposed to the vertical substrates. Brown and Austin (1973) found 

that this species (along with Cooooneis plaoentula) could outcompete 

pseudoperiphyton for diminishing area if periods of exposure were long 

enough (four months).

Maximums of Aohnanthes minutissima occurred during the winter and 

early spring months when temperatures and light were low and oxygen 

concentrations ranged from 2.3-6.5 mg.L-1 (Figure 6). Fjerdinstad 

(1965) regards Aohnanthes minutissima as probably saprophilous (i.e. 

occurring in polluted waters but which may also occur in other 

communities,.

Synedra delieatissima was primarily an autumnal species. Its 

maximum on both the horizontal and vertical plates was reached during 

mid-September when temperature, light and oxygen are still quite high 

and nutrients steadily increasing (Figures 3, 6 and Table 4). Stockner 

and Armstrong (1971) working on epilithic periphyton in Experimental 

Lakes Area of northwestern Ontario found Synedra detioatissima' to reach 

maximums during June and July. While it ranked fourth on the vertical 

plates it ranked only eleventh on the horizontal plates (Table 6).

This suggests that this too is a true periphytic species.

Stephanodisous astrea, another pseudoperiphytic species, ranked 

fifth horizontally a.nd eleventh vertically with annual percent cell . 

volume contributions of 4.99 and 2.45, respectively (Table 6). Its
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maximum was reached during mid-January with a secondary peak occurring 

during July. Knight et al. (1976) found Stephanodisaus astrea to be 

an important constituent of the phytoplankton during the winter but 

neglible during summer months.

Amphipleuva pelluoida ranked sixth vertically with a 5.54 percent 

annual cell volume while horizontally it ranked thirteenth With a 1.64 

annual percent cell volume (Table 6). This true periphtic species 

again exemplifies the fact that such species play a far greater role 

on the vertical substrates while pseudoperiphyton dominate the hori

zontal substrates. Seasonal distribution patterns seem somewhat the . 

same with maxima in summer and late fall (Figures 7 and 8). Vertical 

substrates had maxima which were approximately three times greater than 

horizontal substrates. Others have recorded the presence of Amphipleura 
pelluoida (Stockner and Evans 1972) but rarely was it shown to be 

significant.

Coceonseis plaaentula., another true periphytic species, ranked 

sixth and seventh on horizontal and vertical substrates, respectively, 

with percent annual cell volumes of 4.82 and 4.79 (Table 6). Maximums 

on the vertical substrates occurred during winter to early spring and 

late summer to fall. The horizontal winter maximum was somewhat 

depressed and more diffuse than the vertical maximum while the fall 

maximum was somewhat later (mid-October) than the corresponding vertical 

maximum. As with. Aahnanthes minutissima, Brown and Austin (1973)
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found Coaooneis pZacentula to outcompete pseudoperiphyton for 

diminishing substrate area when periods of exposure were long enough 

(four months).

Asterionella formosa is another pseudoperiphytic species. It 

ranked seventh on the horizontal plates with a 4.68 annual percent cell 

volume while its contribution to the vertical plates was less than one 

percent (Table 6). Its seasonal distribution shows maximums occurring 

in late February. Brown and Austin (1973) found Asterionella formosa 
dominant in November and December and attributed it to the breakdown 

of thermal stratification.

Cyalotella bodccnioa, a pseudoperiphytic species, ranked eighth 

horizontally with a 4.06 annual percent cell volume while vertically 

it ranked sixteenth with a 1.25 annual percent cell volume (Table 6). 

Its seasonal distribution pattern was somewhat the same for horizontal 

and vertical substrates except maximums were slightly depressed on the 

latter plates. Centric diatoms usually occur during the spring and 

fall when temperatures are optimum for their growth (Hutchinson 1967). 

Spring and fall temperatures in Georgetown ranged from 1.5-10.56 and 

6.6-15°C, respectively (Figure 3). Knight et al. (1976) found 

Cyalotella bodaniaa to be of importance in the phytoplankton in the . 

fall but failed to find it significant during the spring.

The seasonal distribution patterns of Nitssahia paleay Nitssahia 
recta and Navioula radiosa occurred primarily during May and July with
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maximums during early June (Figures 7 and 8). Cholnoky (1960) stated 

that Nitssahia and some species of Naviaula require dissolved organic 

or inorganic nitrogen compounds for their metabolism and their repro

duction rate must be dependent on the quantity of dissolved nitrogen 

compounds available. In a later section possible relationships between 

the two will be discussed.

Percent Relative Abundance

Aahnanthes minutissima ranked first on both the horizontal and 

vertical substrates with 34.88 and 50.18 annual percent relative 

abundance, respectively (Table 7). Its seasonal periodicity was one of 

consistent dominance with maximums occurring in August and September on 

the horizontal substrates and January, April and October on the vertical 

plates (Figures 9 and 10). Comparing Figure 9 and Figure 10, it is 

obvious that this species was more important on the vertical placed 

substrates than the horizontal. This probably was (as with cell volume) 

due to the presence of pseudoperiphyton on the horizontal plates which 

compete for diminishing substrate area with the true periphytic species 

while doing so to a lesser degree on the vertical plates. Stockner and 

Armstrong (1971) found Aahnanthes minutissima to exhibit maximum 

densities in the littoral zone in July and August. Godward (1937) noted 

the unquestionable dominance of Aohnanthes minutissima in her exami

nation of the littoral algae of Lake Windermere and Fox et at. (1969)
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TABLE 7. RANK OF THE MAJOR DIATOM TAXA OF GEORGETOWN LAKE ACCORDING
TO ANNUAL MEAN PERCENT RELATIVE ABUNDANCE BASED ON COLLECTIONS 
FROM ALL DEPTHS ON ALL DATES.

Horizontal Vertical
Rank % . Rank %

Aohnanthes minutissima I 34,88 I 50.18
Fragilccria orotonensis 2 11.91 2 7.11
Stephanodisous astrea 3 10.49 3 4.26
Synedra sp. 4 6.62 4 4.01
Asterionella formosa 5 5.41 9 1.38
Cyrribella miorooephala 6 2.73 6 2.99
Fragilaria pinnata 7 2.00 7 1.60
Epithemia turgida 8 1.57 10 1.21
Cooooneis plaoentula 9 1.32 * <1
Synedra delioatissima * <1 5 3.12
Aohnanthes lineceris * <1 8 1.56

estimated that at maximum density in August Aohnanthes mi-nutissima 
represented fifty percent of the total diatoms enumerated from the 

epilithic.algae in the littoral zone in western Lake Superior.

Fragilccoia orotonensis, a pseudoperiphyton, ranked second on both 

the horizontal and vertical plates with 11.91 and 7.11 annual percent 

relative abundance, respectively (Table 7). Again the increased 

importance of pseudoperiphyton on the horizontal plates is demonstrated. 

Its seasonal succession was somewhat the same for both horizontally and 

vertically placed substrates with maximas occurring in late July to 

early August. Brown and Austin (1973) found that an inverse relation

ship existed between planktonic and periphytic Fragilaria orotonensis 
which was dependent upon the breakdown of thermal stratification. They
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Figure 9. Seasonal periodicity of the more important diatom taxa 
according to annual mean percent relative abundance for 
horizontal substrates based on five depths (0-4 m).
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Figure 10. Seasonal periodicity of the more important diatom taxa 
according to annual mean percent relative abundance for 
vertical substrates based on five depths (0-4 m).
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found that with a decrease in planktonic FragjLtaria orotonensis there 

was' a corresponding increase in the periphyton. No such relationship 

was found to exist during this study. Maximas of Fragitaria orotonensis 
in both the plankton and periphyton occurred at the same time (Knight 

et at. 1976) . The maximum occurred when plates were initially exposed 

to temperatures of around 13°C and retrieved at temperatures of 

approximately 17.8°C. Findenberg (1943) considers' Fragitaria orotonensis 
to have an optimum temperature range of between 12° and 15°C.

At the time of the summer maximum, nitrate concentrations were 

1.33 yg.L-1 (Table 4). Hutchinson (1944) working on Linsley Pond found 

a competitive relationship between Fragitaria orotonensis and Anaebeana 
sp. He found that if nitrates were relatively high at1 the onset of 

summer, Fragitaria orotonensis will occur before the Anabeana. When 

Fragitaria orotonensis decreases the NO^ concentration, the Anabeana 
takes over. The opposite occurs if nitrate concentrations are low at 

the onset of summer. The former seems to exist in Georgetown (Knight 

et at. (1976).

Stephanodisous astrea, another pseudoperiphytic species, ranked 

third annually on both positioned substrates with percent relative 

abundance of 10.49 and 4.26, respectively (Table 7). This species is 

another example of a pseudoperiphytonic species substantially colonizing 

a norizontal placed substrate while fewer were found on vertically 

placed ones. Seasonal distribution patterns are somewhat more
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Prenounced in the horizontal plates with maxima occurring in winter and 

early summer. The vertically placed substrate maximum also occurred 

in early summer but a winter maximum was not evident. The winter 

maximum on the horizontal substrate corresponds to the winter maximum 

occurring in the phytoplankton (Knight et at. 1976). Gardiner (1941) 

found that AsterioneVla formosa waxed around March while Stephanodisaus 
astrea waxed in early April. He found no limitation of nutrients but 

suggested that some other substance first taken up by Asterionella 
formosa was liberated and became available to Stephanodiscus. This 

could explain the summer maximum. Hutchinson (1967) concluded that 

Stephanodisous astrea and Asterionella formosa were cold water 

organisms and their incidence, though not wholly explained by. low or 

at least moderate temperature.; was in part determined by them. He 

also stated that Stephanodisaus was a genus which was most tolerant of 

low light.

Synedra sp., seemingly another pseudoperiphytic species, ranked 

fourth on both the horizontal and vertical plates with a 6.62 and 4.01 

annual percent relative abundance (Table 7). Its seasonal distribution 

was primarily winter with the maximum occurring in mid-February. This 

species seemed to tolerate low light and low temperatures. Knight et al. 
(1976) also found this species in the plankton at this time but of only 

minor importance in terms of cell volume.
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AsterioneVla formosa, another pseudoperiphytic species, ranked 

fifth horizontally and ninth vertically with annual percent relative 

abundance of 5.41 and 1.38, respectively (Table 7). Horizontal plates 

experienced a winter maximum with a gradual decline to a minimum in the 

summer. Vertical plate seasonal distribution was somewhat constant 

throughout the whole year. Brown and Austin (1973) found maximums of 

Fragilaria orotonensis and Asterionella formosa in the periphyton in

the late fall which was (as previously stated) inversely related to the
. ■: •

phytoplankton and breakdown of thermal stratification. This, however, 

was not found in Georgetown Lake (Knight et al. 1976). Lund (1949) 

working on English lakes, showed experimentally that although the 

potential division rate of Asterionella formosa in the lake can be 

influenced by temperature and illumination, the illumination is likely 

to be of far greater importance than the temperature during early spring 

when the water is rich in silicate and other nutrients. He also found 

that decreasing silicate terminated the growth period. Hutchinson . 

(1967) stated that Asterionella formosa behaves superficially like a 

cold stenotherm polyphotic species but its decline in late spring is 

usually due to silica deficiency; what prevents its later development 

in warm water in which SiOg has regenerated is obscure. Ruttner (1937) 

found two races of Asterionella formosa, one with a range of 5.1°-8.O0C 

with an optimum of 5.9°C and the other with a temperature range of 

6.7°-14.2°C with an optimum around 12.2°C. No relationship between
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silica and Asterionella formosa was found during this study. At the 

time of the maximum development, the silica concentration was 5.8 mg.L-1 

while at its minimum development the silica concentration was 6.8'mg.L-1. 

The temperature at the time of the maximum was around I.50C which was

lower than the optimum reported by Ruttner (1937). Average light

readings were also quite low with a reading of 30 Langley.day-1 at the 

time of the maximum.

Species Numbers .

The average number of species for each sampling date is presented 

in Table 8. Figure 11 illustrates the relationship between total 

species numbers and total number of cells on each sampling date. Maxi- 

mums do not coincide. The species number maximum occurs in early summer-

late spring while the total number maximum occurs in mid-summer. The

species number pattern was also found by Jassby and Goldman (1974) in 

Castle Lake in northern California using a new quantitative measure of 

succession rate in the phytoplankton. Both patterns are remarkably 

consistent with what is commonly thought to be the usual course of 

succession in ecosystems, namely a "stabilization" of the community 

composition after some external perturbation. In this case the melting 

of the ice cover and the vernal overturn constitute the major disturbance 

of the perphytic environment which initiates rapid changes in species 

composition. • The stabilization is the decrease in species numbers and
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TABLE 8. THE AVERAGE NUMBER OF SPECIES FOR EACH GENERA AND THE TOTAL 
NUMBER OF SPECIES FOUND FOR EACH SAMPLING DATE.

Genera I II III ' IV V VI VII VIII

Aohnanthes 2.75 2.50 3.70 2.60 2.60 ' 2.40 3.20 3.60
Amphora I.QO 0.50 1.33 1.00 0.60 0.80 1.20 1.60
Amphipleura 0.00 0.25 0.00 1.00 1.00 0.80 0.60 1.00
Asterionella 0.75 0.50 1.00 0.60 1.00 0.60 0.60 0.80
Caloneis 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00
Campliodisaus 0.00 0.00 0.33 0.00 0.00 0.00 0.00 0.00
Cooooneis 1.25 0.75 1.00 1.20 1.20 1.00 1.00 0.80
Cyolotella 1.00 0.25 1.00 1.20 1.20 1.00 1.40 2.40
Cymatopleura 0.00 0.00 0.00 0.00 0.00 0.40 0.40 0.20
Cymbella 3.00 4.75 6.00 8.40 8.00 5.60 4.00 5.60
Diatoma 0.75 0.25 1.33 0.40 0.00 ' 0.20 0.20 0.00
Diploneis 0.00 0.00 0.00 0.00 0.20 0.00 0.20 2.00
Epithemia 0.75 1.75 2.00 3.00 3.00 2.40 3.00 3.00
Eunotia 0.00 0.00 0.33 0.00 0.00 0.00 0.00 0.00
Eragilaria 2.50 3.50 4.00 6.20 4.40 3.20 3.80 5.00
Gomphonema 3.25 3.00 4.33 5.80 3.80 2.60 2.00 4.60
Gyrosigma 0.00 0.25 0.33 0.00 0.00 0.00 0.20 0.20
Melosira 0.00 0.00 0.00 0.20 0.00 0.20 . 0.00 0.40
Meridion 0.50 0.00 0.00 1.00 0.00 0.00 0.00 0.00
Navioula 0.50 1.50 4.00 10.80 4.20 3.20 3.00 3.20
Neidium 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.00
Nitzsohia 1.75 1.75 3.33 13.00 6.60 1.80 2.80 6.00
Pinnularia 0.00 0.00 0.66 1.40 0.00 0.20 0.20 0.00
Plagiotropis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20
Opephora 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00
Rhoioosphenia 0.00 0.00 0.66 0.20 0.20 0.20 0.20 1.00
Rhopoladia 0.00 0.00 1.00 1.00 1.00 . 1.00 1.00 0.80
Stauroneis 0.00 0.00 0.00 0.20 0.00 . 0.00 0.00 0.00
Stephanodisous 0.75 0.75 1.00 1.00 0.20 0.00 0.00 0.40
Surirella 0.00 0.00 0.33 0.00 0.00 0.00 0.00 0.00
Syndra 2.75 2.75 3.00 3.20 2.80 1.40 1.60 2.20
Tabellaria 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00

Average No. 
Genera 23.30 25.30 34.01 63.40 42.20 29.00 30.60 43.40
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Figure 11. Seasonal variation in the total number of diatoms and the number of
different species for each sampling date for horizontal substrates.
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increase in standing crop. This is brought about by elimination or at 

least a reduction of the more sensitive species leaving the more tolerant 

ones. These species then take advantage of the environmental factors 

(light, temperature and chemical conditions) and because of less compe

tition multiply substantially, resulting in a high standing crop.

Jassby and Goldman (1974) stated that species changes are the 

result of modification of the environment originating both from the 

community itself and from independent sources. The former include, for 

example, nutrients and herbivore levels and the latter include light and 

temperature. Margalef (1968) has attributed the decreasing variations 

in community structure with time to an increasing dominance of the 

dependent factors, that is, those subject to feedback control from 

organisms. In those systems which are most susceptible to independent 

disturbing influences, a stabilization of the community composition 

would thus be less expected.

Figure 12 illustrates the relationship between nutrients, light, 

species number and temperature. Both dependent and.independent factors 

seem to be operating in this case. During the ice covered months (the 

first three sampling periods) when the dependent factors (nutrients) 

are in abundance the independent factors (light and temperature) seem 

to be limiting. Thus the number of species is low. With ice melt, 

nutrients, light and temperature interact resulting in a high number of 

species in late spring (Figure 12, Table 8). The number of species
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tends to decrease with time from May and June through August, and then 

starts to increase in September and October. This late summer decrease 

and early fall increase seems to be governed, not by the independent 

factors but by the dependent factors, such as nutrients (Figure 12).

Light and temperature are high at this time, therefore, probably not 

limiting. Nutrients levels, however, are low. Increases in nutrients 

results in a corresponding increase in species numbers (Figure 12).

Thus independent factors seem to govern species numbers during the 

winter months while dependent factors govern them during the summer and 

fall months.

Table 8 also illustrates the seasonal distribution of the average 

number of species per genera. During the period of highest "diversity" 

five genera showed maximum numbers of species per genera; Mtzsoh-La (13), 

Navioula (10.8), Cymbella (8.4), Fvagilaria (6.2) and Gomphonema (5.8). 

Figure 13 illustrates the relationship between total species numbers and 

number of specie's per genera for Nitzsohia3 Navioula and Cymbella.

While Nitzsohia and Navioula are low preceding and proceeding the June 

maximum, Cymbella was relatively constant throughout the whole season.

Cholnoky (1960) stated that the abundance of Nitzsohia and certain 

species of Navioula in a diatom community were proportional to the 

quantity of dissolved nitrogen compounds. Since members of these groups, 

taken collectively, are adapted to live over a wide range of pH values 

and ecological conditions, these environmental factors will determine
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the species composition of the community while the nitrogen content of 

the water regulates the abundance of E-Ltssdhia spp. and certain 

EaviauLas. Figure 13 illustrates the relationship among amonia, 

nitrate, Eitzsohia3 Eavioula and Cymbella. Even though no correlations 

could be run because of difficulty in correlating concentrations over 

long exposure periods, it seems likely that the high dissolved nitrogen 

concentrations present during the initial exposure were responsible for 

the high numbers of Eitzsohia and Eavioula species.

Production Estimates

Estimates of seasonal periphytic production rates were determined 

by four methods; (I) organic weight accumulation, (2) total number of 

diatoms, (3) total cell volume of diatoms, and (4) chlorophyll a con

centrations (Figures 14, 15, 16, 18). Organic weight estimates of 

production showed a bimodal trend with a large peak occurring in August 

and a much smaller peak in October (Figure 14). Seasonal production 

estimates based on volume and numbers illustrated a unimodal trend with 

a large peak in August (Figures 15 and 16). Chlorophyll a estimates of 

production showed a trimodal trend with maxima occurring in June, August 

and October (Figure 18). Others have found similar production curves 

but occurring at different times of the year (Castenholtz 1960, Wetzel 

1975).
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Figure 14. Seasonal variation in the average organic weight (mg.nr^day-1) for both
horizontal and vertical substrates.
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Organic weight measurements for horizontal plates ranged from a 

low of 1.5 mg.m-2.day-1 during sampling period III at one meter depth to 

a maximum of 237.2 mg.m-2.day-1 at one meter depth corresponding to the 

August peak. The range for vertical plates was similar but slightly 

lower; 0.44 mg.nr2.day-1 to 111.7 mg.m~2.day-1 (Figure 14). The maximum 

accumulation rate of 237.2 mg.m~2.day~1 is similar to maximum rates 

measured in Falls Lake, Washington by Castenholtz in (1960) and by 

Stockner and Armstrong (1972) in the Experimental Lakes Area of North

western Ontario. Wetzel (1964) using C14 techniques obtained an average 

growth rate of over 700 mg.m-2.day-1 in the alkaline, saline Borax Lake, 

California. Considerably lower maximum organic weight estimates were 

recorded by Newcombe (1950) working in a small lake in Michigan. The 

average periphyton attachment rates for Georgetown Lake were 47.83 mg 

organics.m~2.day-1 for the horizontal plates and 17.7 mg organics.m~2. 

day-1 for the vertical plates. The value of 47.83 mg organics.m-2.day-1 

is similar to the value of 67 mg organics.mr2 calculated by Fox et al. 
(1969) on the western shore of Lake Superior.

Figure 15 illustrates that seasonal numbers of diatoms shows a 

unimodal trend with a maximum occurring in August for both the horizontal 

and vertical plates. There is, however, a discrepancy during the spring 

minimum between organic weight and total numbers. Though organic weight 

was detectable there wasa low number of diatoms. This suggests that 

other algae, possibly greens, may be important at this time (Figure 21).
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both horizontal and vertical substrates.
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Total numbers of diatoms ranged from 17 to I,964,087.cm-2 for the 

horizontal placed plates and 36 to 695,033.cm-2 for the vertical placed 

plates. Similar ranges were recorded by Fox et at. (1969) for Lake 

Superior epilithic periphyton, Stockner and Armstrong (1971) for North

western Ontario epilithic periphyton and Evans and Stockner (1973) for 

periphyton attached to buoys in Lake Winnipeg. The average production 

rate for Georgetown Lake periphyton was 4548 diatoms.cm-2.day-1 for the 

horizontal substrates and 1444 diatoms.cm-2.day-1 for the vertical 

substrates.

The seasonal volume periodicity also follows a unimodal production 

curve with a peak in August for both horizontal and vertical substrates 

(Figure 16). Winter volumes are similar to winter numbers of diatoms 

in that they are so low that differences among sampling dates were 

indistinguishable. Volume measurements ranged from 11 to 616,230 p3. 

cm-2 for the vertical substrates to 28 to 2,337,382 y3.cm-2 for the 

horizontal substrates. Somewhat higher values, 0.32 to 10 mm3.cm-2 were 

found by Evans and Stockner (1972) for the periphytic algae attached to 

buoys in Lake Winnipeg. This difference, however, could be due to the 

inclusion of Chlorophyta and Cyanophyta in their cell volume estimates. 

The maximum volumes of 39,864 p3.cm-2.day-1 for the horizontal plates 

and 10,510 y3.cm-2.day**1 for the vertical plates were recorded in late 

summer corresponding to the organic weight as well as numbers maximum. 

The daily production rate based on volume was 4365 y3.cm-2 for
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Figure 16. Seasonal variation in the average diatom cell volume (p3.cm 2.day_1) for
both horizontal and vertical substrates.
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horizontal substrates and 1033 u3.cm-2 for vertical substrates. 

Horizontal plates thus accumulate diatom numbers and cell volumes 

approximately four times faster than vertical plates.

In this study it was not possible to distinguish between living 

and dead diatoms because of the staining properties of the Lugols 

solution. However, chlorophyll a measurements corrected for phaeo- 

pigments were performed and they may closely represent the true 

periphytic production estimate. Figure 17 illustrates the seasonal 

variation in phaeopigments for both the horizontal and vertical sub

strates. The horizontal substrate showed a distinct trimodal trend 

with maxima occurring in April, August and October. These maxima 

suggest that the algal populations at these times were unhealthy and/or 

dead. Phaeopigment concentrations ranged from 0 to 68.15 yg.m-2.day-1 

on the horizontal substrate with an average of 14.2 pg.mr2.day-1. The 

vertical substrates illustrated a unimodal trend with a maximum occur

ring in August. Phaeopigment concentrations ranged from 0 to 29.9 yg. 

m-2.day-1 with an average of 4.54 pg.m-2.day-I. The absence of April 

and October maxima on the vertical substrates suggests that high 

phaeopigment concentrations on the horizontal substrates are the result 

of plankton settling out and increasing the degraded pigment concen

tration. The August maximum of phaeopigment on both substrates 

corresponds to maxima recorded by volume, numbers and organic weight 

estimates of production. This could indicate^that a substantial
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Figure 17. Seasonal variation in the average phaeopigment concentrations
(pg.m-2.day-1) for both horizontal and vertical substrates.
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fraction of the diatoms present at this maximum were either dead or in 

a nutritional poor state. Sladeckova (1960) and Brown and Austin (1972) 

have found that pseudoperiphyton or species of MeZosira3 AsterioneZZa 

and FragiZaria which are normally planktonic can at certain times of 

the year, have a substantial effect on the periphyton. This may be in 

the form of dead and/or moribund cells or cells which are healthy but 

which have become attached to the substrate. This suggests that the 

maximum production estimated by organic weight, cell volume and cell 

numbers is not indicative of a healthy community and that these esti

mates are unrealistic. Chlorophyll a, which is a measure of active 

components, would tend to give a better estimate of true production.

Figure 18 illustrates the seasonal production trends estimated 

using corrected chlorophyll a concentrations. Both the horizontal and 

vertical substrates show a trimodal trend with maxima in June, August 

and October. This is in contrast with the organic weight as well as 

cell numbers and cell volume curves which show bimodal and unimodal 

seasonal production curves, respectively. The discrepancy suggests 

that at sampling periods when chlorophyll a is high and the other 

estimates of production are low, most of the algae present are healthy 

(June, mid-August and October). However, when chlorophyll a is only 

slightly higher while organic weight, numbers and volume are very high, 

this suggests that a lot of the algae present are non-active and thus 

not indicative of true production.
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Figures 19 and 20 illustrate the relationships among organic 

weight, chlorophyll a, phaeopigment and chlorophyll a to organic weight 

ratio for both the horizontal and vertical substrates. Using the said 

ratio (Inverse Autotrophic Index) as an indicator of healthy cells, 

both figures indicate that the "true" maximum production, occurred during 

mid-August and not during sampling period V (August 1st) as indicated 

by.the other estimates of production. On the horizontal substrate both. 

the corrected chlorophyll a and the chlorophyll a/organic weight peaked 

in mid-August. This along with high phaeopigment concentrations (which 

indicate unhealthy cells) on August 1st suggests that "true" maximum 

production occurred in mid-August. The vertical substrate follows 

somewhat the same trend. Maximum chlorophyll a and chlorophyll a/ 

organic weight occurred in mid-August while maximum phaeopigment con

centrations occurred, on August 1st, again indicating "true" maximum 

production in mid-August. Therefore, the "true" maximum seasonal 

production occurred in mid-August on both positioned substrates as 

indicated by chlorophyll a concentrations.

Chlorophylls a, bs and o

The seasonal relationship between corrected chlorophylls 

and Q for both horizontal and vertical substrates is presented 

Figures 21 and 22, respectively. Corrected chlorophylls b and 

determined by multiplying the percentage corrected chlorophyll

a» b3

in

a were 
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Figure 19. The seasonal relationship between average organic weight (mg.nr^day-1), 
chlorophyll a (yg.m~2.day-1), phaeopigments (pg.nr2.day-l) and 
chlorophyll a to organic weight ratios for horizontal substrates.
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Figure 20. The seasonal relationship between average organic weight (mg.HT2-Clay-1), 
chlorophyll a (pg.m-2.day-1), phaeopigments (yg.m-2.day-1) and 
chlorophyll a to organic weight ratios for vertical substrates.
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Figure 21. The seasonal relationship between average corrected chlorophyll a} b, 
and o for horizontal substrates.
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(calculated from total chlorophyll a) by uncorrected chlorophylls b and

o. Chlorophyll a is found in all algae, whereas b and a are found only

in. certain groups of algae. It is possible to roughly estimate the

divisional composition from the relative abundance of the three types of

chlorophyll. Chlorophyll a is the only chlorophyll in the Cyanophyceae

(blue-greens) and Chrysophyceae (golden-browns). Chlorophyll b is only

found in the Chlorophyceae (greens). Chlorophyll o is found only in the
/

Bacillariophyceae (diatoms), Crptophyceae (crptomonads) and Pyrrophyta 

(dinoflagellates). ■ On the horizontal substrates chlorophyll a illus

trated a trimodal trend with maxima occurring in June, August and 

October. It predominated throughout the sampling period except during 

April when chlorophyll b reached a concentration of 6.92..yg.m“2.day-*. 

This could indicate that green algae were important at this time. 

Chlorophyll a concentrations on the horizontal substrates ranged from 

O to 63.18 yg.m~2.day-1 with an average of 16.83 yg.m-2.day“1. Chloro

phyll b showed a bimodal trend with a large peak occurring in June and 

a smaller one in October. Concentrations on the horizontal substrates 

ranged from O to 22.59 yg.m-2.day-1 with an average of 5.54 yg.m_2.day-1. 

Chlorophyll o also illustrated a bimodal trend with maxima in June and 

October. This suggests that diatoms contributed significantly to the 

standing crop at. this time since few crytomonads and dinoflagellates 

are periphytic. Chlorophyll e concentrations ranged from O to 23.47 

yg.mT.day-.1 with an average of 5.63 yg.nr^.day-1.
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The vertical substrates illustrate a somewhat different relation

ship than the horizontal (Figure 22). Chlorophyll a again exhibited a 

trimodal trend with maxima occurring in June, August and October. Un

like the horizontal chlorophyll a trend, however, the August maximum 

on the vertical sutsfrates was significantly greater than the June or 

October maximum. Also the chlorophyll a maximum in October was greater 

than the June maximum. Vertical substrate chlorophyll a concentrations 

ranged from 0 to 38.2 pg.m-2.day-1 with an average of 8.36 yg.m-2.day-^, 

somewhat lower than on horizontal plates. Chlorophylls b and o also 

illustrated bimodal trends. Again, however, these trends are somewhat 

different than their horizontal counterparts. Fall maximums on the 

vertical plates are greater for chlorophyll b while only slightly less 

for chlorophyll o. This contrasts sharply with horizontal substrate 

peaks of chlorophyll b and o in which the August maximums is signifi

cantly greater than fall maximum. Chlorophyll b concentrations ranged 

from 0 to 7.37 yg.m_2.day"'1 with an average of 1.87 yg.m-2.day-1 while 

chlorophyll o concentrations ranged from 0 to 5.43 yg.m~2.day"1 with an 

average of 2.06 yg.m-2.day-1.

Seasonal Depth Variation in Chlorophyll a and Organic Weight

Figures 23 and 24 illustrate the depth variation of organic weight 

and chlorophyll a for both the horizontal and vertical substrates during 

the entire sampling period. During the winter months there was a
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Figure 22. The seasonal relationship between average corrected chlorophyll a, £>, 
and o for vertical substrates.
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Figure 23. The organic weight (mg.m~2 .day1) versus depth 
variation for each sampling period for both 
horizontal and vertical substrates.
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Figure 24. The chlorophyll a (yg.m~2.day-1) versus depth variation 
for each sampling period for both horizontal and 
vertical substrates.
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tendency for the deeper depths to show a greater production than the 

intermediate depths. In some instances (sampling periods II and III) 

the deeper depths also have a greater production than the surface. The 

latter may have been due to the presence of increased nutrient concen

trations at the deeper depths resulting in greater production. The 

organic, matter depth variation throughout the remaining sampling period 

seems to be erratic in some instances but generally showed a tendency 

of increased production at the upper and intermediate depths as opposed 

to the lower depths. Chlorophyll a estimates of production followed 

the same trend except during sampling period VI when the chlorophyll a 
concentration was approximately twice as great at the four meter depth 

than at the surface.

Chlorophyll a Versus Cell Volume

Chlorophyll a and cell volume are both measurements used'as 

indices of standing crop. Much work has been done with possible re

lationships between the two but primarily with phytoplankton. Martin 

(1967), Soltero (1971) and Rada (1974) postulated that the relationship 

between chlorophyll a and cell volume was linear. McQuate (1956) and 

Wright (1960), however, postulated a density dependent relationship 

between optimal photosynthesis and cell volume. Ryther (1956) and 

Ryther and Yentsch (1957) proposed a model predicting photosynthetic 

activity based on a relationship that optimal photosynthesis is a
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function of chlorophyll a concentration. Hence, it seems reasonable 

that a density dependent relationship between chlorophyll a concen

tration and cell volume may exist.

Wright (1960) and Knight (1975) found a relationship of decreasing 

chlorophyll a concentration to cell volume ratios with increases in 

phytoplankton standing crop expressed as cell volume. Wright (1960) 

suggested that chlorophyll synthesis becomes increasingly limited by 

a nutrient factor, such as nitrogen, as the standing crop increases.

It seems reasonable that if a density dependent relationship is 

found in the phytoplankton the same phenonema could also occur in the 

attached algae. Figure 25 illustrates the chlorophyll a-cell volume 

relationship for both horizontal and vertical placed substrates com

bined. . The curve tends to be one with rapid initial drops and a sub

sequent leveling off. Low cell volumes have high chlorophyll a-cell 

volume patios indicating a somewhat linear relationship between the two.
CHowever, as cell volume increases this ratio decreases. Since the per

centage of dead organisms could not be determined, this curve is no 

doubt influenced to some degree by these cells. Therefore, the shape 

of this curve is probably due to a combination of two factors; (I) a 

density dependent relationship between chlorophyll a and cell volume, 

and (2) the inclusion of dead cells in the estimation of cell volume.



Figure 25. The relationship between chlorophyll a to cell volume and cell 
volume. Based on data from both horizontal and vertical substrates.
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Ghlorophyll a Versus Organic Weight

The effect of light intensity on algal populations is one of 

great interest. How they respond to varying intensities as individuals 

and as a community is still obscure. Rodhe et al. (1958) working with 

the phytoplankton of Lake Erken, concluded that they respond seasonally 

to the changing light conditions. That is the summer species are more 

typical of "sun" forms and that the winter populations are made up of 

species, which are shade, adapted and light inhibited at the surface, even 

at low intensities of 15 Langleys.d a y 1. He also stated that they are 

Able to adapt to changes in light conditions, either seasonally or 

vertically by successive adaptation. Tailing (1957) and Ichimura (1958) 

studying natural phytoplankton communities found that fresh water 

diatoms showed shade type photosynthetic curves. Ryther (1959) and 

Whitford (1960) concluded that green algae are sun adapted species 

while diatoms are intermediate to light requirements. Jorgensen (1964) 

stated that light adaptation ability is not related to the taxonomy of 

the algae. Ichimura (1960) also concluded that the photosynthetic 

curves are not determined by the taxonomy but by the environmental 

factors of light, temperature and nutrients, of which light is the most 

important.

Steeman Nielsen et at. (1962) working with ChtoveVia vutgavts and 

Steeman Nielsen and Jorgensen (1968) working with Chtovetta pyvenoidosa 
found•that these green algae adapt to varying light intensities mainly
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by varying the pigment content per cell. Jorgensen (1964a, 1964b) 

working with Chtorella found that chlorophyll a content and cell size 

decreased with increasing illumination. He however found, working with 

the diatom Cyototella menei-ghiana, that this diatom adapted to varying 

light intensities not by changing the pigment content per cell but by 

varying the maximum rates of enzymatic processes. He, therefore, con

cluded that there were two types of adaptation to varying light con

ditions in algae; (I) Chlorella type, and (2) Cyolotella type (Jorgensen 

1969). The Chlorella type.adapts by changing pigment concentrations, 

i.e. increase the chlorophyll a concentration by increasing the size of 

the photosynthetic units. The Cyolotella type adapts by varying the 

maximum rates of enzymatic processes, i.e. increasing the number of 

smaller size photosynthetic units. Jorgensen (1969) also found that 

not all algae can be classified by either one of two types, some exhibit 

intermediate characteristics.

Figure 26 illustrates the vertical relationship of chlorophyll a 

to organic weight ratio at five depths (0-4 meters) for each sampling 

date. This ratio was used as an indicator of whether or not chlorophyll 

a concentrations varied per cell with light intensity, since not all 

algae were counted. In all but a few instances (sampling periods I, VI) 

the.four meter depth had a higher chlorophyll a/organic weight than the 

other depths. This was especially evident during sampling period III 

when nutrient concentrations were high and light intensity low. This
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Figure 26. The relationship between chlorophyll a to organic
weight (--- ) depth and light (Lys.day-1) (----) for
each sampling period for horizontal substrates.
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seems to indicate that adaptation to varying light intensities did 

occur and that it tended to follow the Chloretta type of adaptation.

Figure 27 illustrates the relationship between chlorophyll a and 

organic weight for both horizontal and vertical substrates. The 

chlorophyll a to organic weight ratio should estimate the degree of 

shading occurring in the periphyton, especially at low organic weights. 

At high organic weights it estimates the percentage of active photo

synthetic organisms in a given unit of organic weight. Both curves 

follow a similar trend of rapid initial rises and a subsequent decline 

(Figure 27). As organic weight increases, shading also increases re

sulting in an increase in the chlorophyll a to organic weight ratio.

This continues until the shading becomes so great that photosynthesis 

won't support growth and chlorophyll a is bleached or degraded, thereby 

decreasing the chlorophyll d to organic weight ratio. It must he 

assumed that chlorophyll a is degraded faster than biomass or that 

bacteria and/or other sources of non-chlorophyll bearing material 

increase the organic weight, or both. Shading is much more critical 

on the vertical plates, leading to death of underlying cells much sooner 

and at lower biomasses. This is supported by a greater initial slope 

for the vertical than the horizontal, a higher chlorophyll a/organic 

peak and the initial decline at lower organic weights. At high organic 

weights the chlorophyll a/organic ratio was very low. For a given 

organic weight the ratio was higher for the horizontal than the vertical
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Figure 27. The relationship between mean chlorophyll a to organic weight and organic
weight for both horizontal and vertical substrates.
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substrate. Shading is again the reason. Since only surface cells get 

enough light to grow and shading on vertical plates leads to death of 

underlying cells much sooner and at lower biomasses than horizontal 

plates, there is in actuality a higher percentage of dead material on 

the vertical plates. Thus, contrary to previous belief, there is 

relatively more non-active material on vertical plates than horizontal 

at moderate to high organic weights.

Dry, Organic and Inorganic Weight Relationships

Figure 28 illustrates the relationship between dry weight and 

organic weight for horizontal dnd vertical substrates.. In both cases 

the percent organic decreases with increasing dry weight, from 36% to 

24% on the vertical plates and from 36% to 23% on the horizontal plates 

This indicates that both substrates contain the same percentage of 

organic material for low dry weights. King and Ball (1966) found the 

same type relationship between horizontal and vertical substrates when 

organic weight was plotted against time.

Figures 29 and 30 illustrate the relationships among dry weight, 

organic weight, inorganic weight and chlorophyll a for both horizontal 

and vertical plates. Dry, organic and inorganic weight relationships 

were similar for both positioned substrates with inorganic maxima of 

approximately 77% occurring in August for both the horizontal and 

vertical substrates. Chlorophyll .a (as mentioned previously) showed
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a distinct maxima in June, mid-August and October for both the 

horizontal and vertical plates.

Percent Chlorophyll a Variation

Correction for phaeopigments is now a widely recognized procedure, 

when studying primary production. The causes for phaeopigment formation 

are still obscure. Yentsch (1965, 1969) found that the percentage of 

phaeophytin in the phytoplankton increases with depth in the euphotic 

zone and suggested that correlations with depth are in reality corre

lations with decreasing light intensity. Lorenzen (1967) and 

Glooschenko et at. (1972) concluded that phaeopigments in the water 

column are mainly fecal products of zooplankton grazing on phytoplankton. 

Others, however, have found no such relationship (Spence and Steven 

1974). Instead they found high chlorophyll a concentrations during 

the spring phytoplankton bloom and low concentrations during the 

winter months.

Percentage chlorophyll a contained within the periphyton vs 

depth was plotted for each sampling date. Nb conclusion, however, 

could be drawn because of predominate scatter. Seasonal percent 

chlorophyll a was also plotted for both horizontal and vertical sub

strates (Figure 31). Both substrates tended to follow the same 

general trend. Winter months were characterized by low chlorophyll a 
percentages (0-20%). During mid-August the chlorophyll a percentage
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Figure 31. Seasonal variation in mean percent chlorophyll a for both horizontal 
and vertical substrates.



reached a maximum of 99% and 91% on the vertical and horizontal plates, 

respectively. Sampling period V (August 1st) also exhibited low 

chlorophyll a percentages (10-15%). As mentioned previously, phaeo- 

pigments were extremely high at this time, indicating a substantial 

fraction of dead organisms (Figure 17). Fall periods exhibit a de

crease in chlorophyll a percentages, reaching a low of 81% on the 

vertical plates and 51% on the horizontal plates.

Inorganic to Organic Weight Ratios

Inorganic sedimentation can be quite substantial, especially on 

horizontal placed substrates, in.lakes which contain a high amount of 

inorganic material such as silts, clays, carbonates, etc. Georgetown 

Lake, though containing relatively low amounts of silts and clays, 

does have a significant CaCO^ content. Knight et at. (1976) showed 

that CaCOg precipitation was occurring during the summer months.

Strickland (1960) suggested that 50% be used for the organic 

percentage of diatoms. Thus, ideally a ratio of one would occur if 

all the contributing algae to the dry weight were diatoms. Figure 32 

illustrates the seasonal variation in the inorganic to organic ratio 

for both the horizontal and vertical substrates. Winter months were 

characterized by ratios less than.one, indicating possible contribution 

of organic matter from other sources than diatoms. Summer and fall 

months exhibited ratios greater than one with maxima occurring in

- 9 0 -
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Figure 32. Seasonal variation in mean inorganic to organic weight ratios for both 
horizontal and vertical substrates.
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early August and September. This suggests that CaCO^ contribution 

to the inorganic content was significant at these times and/or the 

percentage of inorganic material from dead diatoms frustules was also 

quite substantial. The latter may have played a more important role 

at the August maxima than the September one because of the presence 

of high amounts of dead material (Figure 17). Also in late spring and 

early autumn there is significantly more inorganic matter accumulation 

on the horizontal than the vertical plates. This may at first seem in 

total disagreement with Figure 28 which shows no evidence that the 

horizontal plates accumulate a higher percentage of inorganics than 

the vertical plates. However, total weights are so small during the 

late spring and early autumn that the differences between horizontal 

and vertical substrates would not show up in Figure 28.



SUMMARY

Georgetown Lake is located approximately 17 miles west of 

Anaconda, Montana. Its main uses are power production, industrial 

purposes, irrigation and recreation. The reservoir was originally 

created by impounding Flint Creek in 1885. In 1901 and 1925 it was 

enlarged and strengthened. At maximum pool elevation its main 

morphometric dimensions are as follows: length, 7.05 km (4.38 mi.);

maximum breadth, 3.64 km (2.26 mi.); and mean depth, 4.89 m (16.03 ft.)

Isotherms and conductivity isoclines showed that thermal and 

chemical stratification was non-existent during the summer months.

With the onset of ice cover, however, there was a slight thermal 

stratification and a strong chemical stratification. This could be 

attributed to the shallow nature of the lake and the relatively strong 

winds which kept the water well circulated.

Oxygen concentrations were relatively high throughout the water 

column during the ice free months. The highest oxygen concentration 

(10.1 mg.L-i) occurred in November when temperatures were 0°C. . Ice 

covered months were characterized by low oxygen concentrations. The 

lowest oxygen concentration (0 mg.L- occurred at the four meter depth 

on May 3rd, May 26th and June 7th. The pH profile was similar to that 

of oxygen. The highest pH (9.09) was observed during the late summer ' 

when photosynthetic processes decreased the CO^ concentrations. The
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lowest pH (7.48) occurred during mid-winter when dissolved oxygen was 

depleted due to respiratory processes.

Georgetown Lake can be characterized as a bicarbonate water with 

calcium as its most abundant cation. Silica concentrations were found 

to be above the minimum requirement, for most diatoms. Monovalent to 

divalent cation ratios were low, ranging from .067 to .080.

Inorganic phosphorus and inorganic nitrogen levels were very much 

reduced during the ice free periods. This indicates that there was 

extensive utilization of both nutrients by plants as well as little 

allochthonous input. High levels of the above nutrients under ice 

cover suggests mineralization, of organic matter through bacterial 

decomposition plus release from the sediments. Organically combined 

phosphorus and nitrogen were generally greater in the summer than the 

winter. These maximums were the result of high phytoplankton standing 

crops which contributed significantly to the organic content of the 

water.

A total of 31 genera, 159 species and 168 varieties of diatoms 

was identified from plexiglass plates submerged at five depths (15 cm,

I in, 2m, 3m, and 4 m). Succession differences between horizontal 

and vertical plates were based on average annual percent cell volume 

and average annual percent relative abundance. Pseudoperiphyton 

accounted for 26% of the average yearly percent cell volume on the 

horizontal plates and 11% on the vertical plates. The five most
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important taxa, according to average annual percent cell volume, which 

occurred on the horizontal plates were, respectively, Epithemia tuvgida, 
Fragilcecia crotonensis, Rhopoladid gibba3 Aohnanthes minutissima and 

Stephanodisous astrea. Vertical plates were dominated by the same five 

species with the exception of S. astrea which was replaced by Synedra 
delioatissima. In terms of average yearly percent relative abundance, 

pseudoperiphyton accounted for 29% on the horizontal plates and 15.4% 

on the vertical plates. The five most important taxa, according to 

average annual percent relative abundance were, respectively, Aohhanthes 
minutissima, Fragilaria orotonensis, Stephanodisous astrea, Synedra sp., 

and Asterionella formosa. Vertical plates were also dominated by the 

same five species, respectively, except that Synedra delioatissima 
replaced Asterionella- formosa.

At ice melt and overturn nutrients, light and temperature inter

acted resulting in a high number of different species in late spring.

Low numbers of different species during the winter seemed to be caused 

by limited light and temperature while low numbers during the summers 

and. early fall seemed to be caused by limited nutrients. High con

centrations of dissolved nitrogen seemed responsible for the large 

numbers of different Eitzsohia and Eccoioula species during June.

Estimates of seasonal production were based on organic weight 

accumulation, numbers of diatoms, volume of diatoms and chlorophyll a 
measurements. The organic weight estimate of production illustrated a
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bimodal trend with a large peak occurring in August and a much smaller 

one in October. Horizontal plates had an accumulation rate of 47.83 

mg of organics'.m~2.d a y 1 while vertical plates had a rate of 17.7 mgs 

of organics .iir2 .day"*1. Number and volume estimates of production both 

illustrated a unimodal trend with a large peak occurring around August 

1st. The average number of diatoms on the horizontal plates was 4548. 

cm-2.day-1. Vertical plates showed an average of 1444 diatoms.cm"2. 

day-1. The average diatoms volume estimates of production was 4365 

P3.cm-2.day-1 on the horizontal plates and 1033 y.3.cm-2.day-1 on the 

vertical plates. Chlorophyll a production estimates illustrated a 

trimodal trend with maxima occurring in June, August and September for 

both the horizontal and vertical placed substrates. The average 

chlorophyll a accumulation rate.was 16.83 pg.nf^.day-1 for the hori

zontal plates and 8.36 pg.Hf2.day-1 for the vertical plates. Using 

chlorophyll a concentrations, phaeopigment concentrations and the 

chlorophyll a to organic weight ratios, it was determined that the 

"true" maximum production occurred in mid-August, as indicated by 

the corrected chlorophyll a measurements. Therefore, chlorophyll a 
measurements gave a better estimate of the true net periphytic pro

duction than did the organic weight, diatom number or diatom volume 

production estimates.

The chlorophyll a to cell volume ratio versus cell volume was 

plotted. It suggests that a density dependent relationship between



chlorophyll a and cell volume could exist not only for phytoplankton 

but periphyton as well.

Shading or the ability to adapt to limited light conditions by 

increasing the pigment content per cell was determined for depth 

differences (0-4 meters) as well as positioning differences (horizontal 

vs vertical). The chlorophyll a to organic weight ratio was used as an 

estimate of shading. ' During all sampling periods and especially during 

the winter months, the deeper depths showed a higher chlorophyll a to 

organic weight ratio than the shallow, depths. This suggests that 

under limited light conditions the algae did adapt by increasing their 

pigment concentrations. Differences between horizontal and vertical 

plates were demonstrated by plotting chlorophyll a to organic weight 

versus organic weight. At low organic weights vertical plates had a 

higher chlorophyll a to organic weight ratio than the horizontal plates 

This.suggests that shading was more prominent on vertical plates than 

horizontal. Conversely, at moderate to high organic weights, vertical 

plates had a lower chlorophyll a to organic weight ratio than did the 

horizontal. This indicates that at these organic weights shading can 

no longer compensate for the limited light conditions. Therefore, 

relatively more dead and non-active material was found on vertical 

plates than horizontal at moderate to high organic weights.

The relationship among dry, organic and inorganic weight was 

similar for both the horizontal and vertical substrates. An inorganic
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maximum of approximately 77% occurred around August 1st for both 

positioned substrates. Inorganic to organic weight ratios, which would 

measure the degree of inorganic sedimentation, also.illustrated a 

maximum around August 1st. This suggests that a substantial degree of 

the inorganic material was precipitated CaCO^•

Seasonal variation in percent chlorophyll a tended to follow the 

same general trend of maxima in January, June and August for both 

positioned substrates. Winter months were characterized by low 

chlorophyll a percentages (0-20%) while during August the average 

chlorophyll a percentage was 95%.
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