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ABSTRACT 

Measurements of primary production and phytoplankton 

biomass were determined in 1975 and 1976 in the Big Eau 

Pleine Reservoir, Wisconsin. The data was collected to 

provide an information base of the phytoplankton dynamics 

in the reservoir for the calibration of a computer model. 

Primary production analysis was accomplished using the 

carbon-14 and oxygen light and dark bottle techniques. 

Phytoplankton biomass was measured by chlorophyll a analysis 

and by the determination of phytoplankton volume. 

The average rates of carbon-14 productivity for 1975 

and 1976 were 1.3 and 2.8 g C/m2/day, respectively. The 

estimated annual productivity was 300 g C/m2 in 1975 and 

605 g C/m2 in 1976. The average surface phytoplankton 

volume measurements for the summer periods (June-September) 

of 1975 and 1976 were 32.2 and 53.0 mm3/l, respectively. 

Correspondingly, the mean chlorophyll a concentrations for 

these periods were 53.2 and 103.0 ~g/1, respectively. 

Phytoplankton volume paralleled changes in chlorophyll a 

throughout the study. 

The observed increase in primary productivity and 

phytoplankton biomass in 1976 were attributed to increased 

solar radiation, water temperature, and internal phosphorus 

loading in the summer months of 1976 as compared to the 

previous summer period. Surface water temperatures were 

warmer in the summer of 1976 in response to increased solar 

radiation. The timing and magnitude of the summer drawdown 
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influenced the release of phosphorus from the reservoir 

sediments. An earlier and more extensive summer drawdown 

in 1976 provided higher levels of total reactive phosphorus 

than the previous summer period. The release of phosphorus 

from the reservoir sediments during the summer months 

provided a significant source of phosphorus for phytoplankton 

production. 

The phytoplankton biomass was dominated by a bloom 

forming blue-green alga, Aphanizomenon flos-aguae. Results 

of nutrient enrichment bioassays and the determination of 

the chemical composition of A. flos-aguae indicated that 

phosphorus was the primary limiting nutrient. A discussion 

of computer model coefficients for algae is presented. 
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INTRODUCTION 

The Big Eau Pleine Reservoir has been the focus of 

several research projects within the last several years. 

The reservoir was investigated by the U.S. Environmental 

Protection Agency National Eutrophication Survey in 1972 

to determine the factors responsible for its trophic state 

(U.S. EPA 1974). Additional data on the Big Eau Pleine 

Reservoir environment was compiled in 1972 and 1973 by a 

Student-Originated Studies Program (National Science 

Foundation) at the University of Wisconsin - Stevens Point 

(Bartelt et al. 1973). The impact of water level manipu-

lation of the aquatic macroinvertebrate and zooplankton 

communities have been studied by Kaster (1976) and Buchanan 
' 

(1976), respectively. 

The primary goal of this research was to provide an 

information base of the phytoplankton dynamics in the 

reservoir for the calibration of a computer model by fellow 

graduate students. This included an analysis of the envi­

ronmental factors regulating the phytoplankton community 

in the reservoir and a comparison of techniques used to 

measure primary production and phytoplankton biomass. 

The Big Eau Pleine Reservoir is located in southern 

Marathon County in north central Wisconsin (Fig. 1). The 

reservoir was constructed by the Wisconsin Valley Improve-

ment Company (WVIC) in 1939 and is used primarily for flow 

augmentation of the Wisconsin River (Martin and Hanson 1966). 

The Big Eau Pleine River, the major tributary, has a mean 
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Figure 1. The Big Eau Pleine Reservoir indicating sampling stations. 
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annual flow of 4.81 m3/s (USGS 1976). Two smaller tribu­

taries, Fenwood and Freeman Creek, contribute approximately 

16 percent of the flow of the Big Eau Pleine River (U.S. 

EPA 1974). Physical and limnological data of the study 

area are summarized in Table 1. 

Table 1. Physical and limnological data of the Big Eau 
Pleine Reservoir (U.S. EPA 1974). 

Surface Area* 27.6 km2 

Max Volume 131. 5 x 106m3 

Mean Depth* 4.8 m 

Length* 

Breadth* 

24.8 km 

4.5 km 

*At maximum volume. 

Shoreline* 

Watershed Area 

Mean Detention 
Time 

Total Alkalinity 
(mg Caco3; 1) 

106.2 km 

945.4 km2 

0.4 yr 

17-35 

Water level fluctuations of up to 9.0 mare common 

during a normal year of regulation. The reservoir reaches 

its maximum volume in April or early May (Fig. 2) after 

spring runoff. The WVIC usually draws down the reservoir 

in July and August, and November through March, and stores 

water at other times of the year (Wiley 1977). The actual 

pattern of water level manipulation changes from year to 

year because of changes in seasonal or annual precipitation. 

Abnormally low precipitation (Fig. 2), coupled with 

reservoir discharge in the summer and fall periods of 1976, 

resulted in a marked reduction in reservoir volume in the 

latter part of 1976 and early 1977. 
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The reservoir is eutrophic and experiences dense blooms 

of algae in the summer months and fish kills in the winter 

when dissolved oxygen concentrations and water levels are 

low (Kloppenburg 1974). The reservoir is usually unstrat­

ified for most of the open-water period; however, weak 

thermal stratification may be established during periods of 

hot, calm weather. 

The watershed is characterized by gentle rolling hills 

and by fine textured soils that are subject to runoff 

(Kaminski 1977). Nitrogen and phosphorus loading from 

agricultural activities account for a large portion of 

nutrients sources for the reservoir, particularly during 

spring runoff (Shaw 1976). 



MATERIALS AND METHODS 

Primary Production 

Measurements of primary production were determined by 

in situ incubations from May 1975 to January 1977 using the 

oxygen and the carbon-14 methods. Measurements were made 

biweekly during the open-water periods and less frequently 

during the winter season. The actual number of sites 

sampled on any sampling day varied with the time available 

and the method used. Two stations, 19 and 23, (Fig. 1) 

were sampled from May through September 1975 using the 

carbon-14 method. The oxygen method was run in parallel 

with the carbon-14 technique at station 23 from June 1975 

through October 1976. Production measurements were normally 

made on days with minimal cloud cover in order to estimate 

photosynthetic rates under optimal light conditions. Samples 

for photosynthetic-depth incubations were collected from the 

surface and at depths of 0.5, 1.0, 1.5, 2.0, 3.0, and 5.0 

meters using either a van Dorn sampler or peristalic pump. 

One dark and two light bottles (300 ml) were incubated at 

their respective collection depths. Sample bottles were 

suspended horizontally from a calibrated chain that was 

attached to a metal bar at the surface. The metal bar was 

supported by two buoys that were anchored at the sampling 

station. The exposure period varied from 3 to 5 hours 

during the hours of 1000 to 1500. 

The azide modification of the Winkler analysis was 
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used to determine gross and net production of dissolved 

oxygen (APHA 1976). The oxygen samples were fixed in the 

field and titrated within 6 hours in the laboratory. A 

photosynthetic quotient of 1.2 was used to express oxygen 

production in terms of carbon assimilated (Strickland 1960). 

Three to five 11Ci (0. 2 ml) of NaH14co3 were added with a 

Hamilton syringe to light and dark bottles in the carbon-14 

method. These samples were packed in ice and transported 

back to the laboratory in the dark at the end of the incu­

bation period. They were prepared for liquid scintillation 

counting within 12 hours. The activity of fixed carbon-14 

was determined on all samples by the membrane filtration 

technique (Lind 1974) and less frequently by the acidifi­

cation and bubbling procedure (Schindler et al. 1972). In 

the filtration technique, 25 ml samples were vacuum filtered 

through 47 mm diameter Millipore filters with a 0.45 11 pore 

size at less than 150 mm of mercury. The wet filters were 

placed directly into scintillation vials and dissolved in a 

scintillation cocktail described by Schindler (1966). In 

the acidification and bubbling procedure, 10 ml samples were 

acidified to a pH of 3.0 to 3.4 and bubbled with air that 

was passed through lON NaOH to remove carbon dioxide. Two 

milliliter aliquots of the resulting samples were placed in 

scintillator vials and counted using the same fluor used in 

the filtration technique. The absolute activity of fixed 

carbon-14 was determined by internal standardization using 

liquid scintillation analysis (Packard Instruments Model 3320). 
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Total carbon assimilated during the incubation period was 

determined by the procedure of Lind (1974). 

Total areal production (integral photosynthesis) for 

the incubation period in both the carbon-14 and oxygen 

techniques was estimated by determining the area enclosed 

by the photosynthetic-depth profile. Daily integral photo­

synthesis was estimated by multiplying the incubation period 

values by the ratio of the total daily solar radiation to 

the solar radiation for the incubation period (Schindler and 

Holmgren 1971). 

Additional daily integral production measurements for 

4 other stations were obtained by collecting samples from 

sites 14, 16, 19, 20 (Fig. 1) at the depth of maximum 

photosynthesis and incubating them at station 23 at the 

same depth. The depth of maximum photosynthesis (pmax) was 

normally 0.5 m. The approach to these integral production 

measurements is an empirical one and utilizes the relation-

ship discussed by Vollenweider (1965, 1974). The equation 

is 

Pmax ( ) Ip = · F i · Lf 
e 

where Ip is the daily integral photosynthesis (g C/m2/day). 

The value pmax represents the maximum photosynthetic rate 

(g C/m3/period) at optimal light. The parameter, e, is the 

vertical extinction coefficient of photosynthetic active 

light. The F(i) term is a function of photosynthetically 

active radiation. A light factor, Lf. adjusts the rates 
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obtained for the exposure period to daily rates. This 

empirical approach was normally determined with the 

carbon-14 method. The oxygen technique was utilized in 

June and July of 1976 because of a delayed shipment of 

carbon-14. The function F(i) was determined empirically 

from the integral photosynthetic rates determined for site 

23. 

Phytoplankton Biomass 

Phytoplankton biomass was determined by the trichromatic 

chlorophyll method and was not corrected for pheophytin 

(APHA 1976) and also by direct phytoplankton enumeration. 

A Palmer counting chamber (Palmer and Maloney 1954) was used 

to make quantitative phytoplankton counts at. 400X. Phyto­

plankton samples were concentrated by sedimentation and 

were preserved with merthiolate (APHA 1976). Cell counts 

were transformed into volumetric units by determining the 

average cell, colony, or filament size of the particular 

taxa (Vollenweider 1974). The taxonomic keys of Smith 

(1950) and Prescott (1973) were used to identify algae. 

Samples for phytoplankton biomass analysis were 

normally collected biweekly with a van Dorn water sampler 

during the open-water periods of 1975 and 1976 and less 

frequently during the winter months. Phytoplankton samples 

were collected by staff members of the Environmental Task 

Force (University of Wisconsin - Stevens Point) during 

biweekly water chemistry sampling. Chlorophyll samples 
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were also collected by the Environmental Task Force and 

also when primary production measurements were made. 

Phytoplankton samples were collected from surface 

(0.5 m), middle (mid-depth), and bottom (1.0 m above 

sediment) depths at stations 13, 16, and 23 in the open­

water period (April-November) of 1975. Only surface 

samples were collected during the remaining study period 

(December 1975-April 1977). Additional surface phyto­

plankton samples were collected at stations 14 and 20 

during the winter months (November-March) of 1976-1977. 

Chlorophyll samples were collected from surface, 

middle, and bottom depths at stations 13, 14, 16, 20, and 

23. In addition, surface chlorophyll samples were obtained 

at stations 12, 18, 22, and 24 when reservoir stage was 

high enough to permit sampling at these sites. The inflow 

and outflow stations, 6 and 25 respectively, were sampled 

infrequently during the two year study period. Additional 

surface chlorophyll samples were taken at stations 14, 16, 

19, 20, and 23 when measurements of primary production were 

made. At this time, the depth distribution of chlorophyll 

at the surface and at depths of 0.5, 1.0, 1.5, 2.0, 3.0, 

and 5.0 meters were usually determined at sites 23 and 19. 

Algal Bioassays 

Laboratory algal bioassays were performed on samples 

collected on June 8, July 7, and October 26, 1976 to 

determine the response to various treatments and nutrient 
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additions. The bioassay methods followed the Algal Assay 

Procedure (AAP) Bottle Test which is summarized by Weber 

(1973). The test alga used was the green alga, Selenastrum 

capricornutum Printz. Measurements of growth were determined 

by monitoring the optical density at 750 with a spectro­

photometer (Bausch and Lomb Spectronic 88) for the June and 

July bioassays. The October bioassay was monitored with a 

Turner fluorimeter (model 111) set up for in vivo chlorophyll 

analysis. The growth response to the various treatments was 

measured several times over a two week period. 

Water samples were collected from sites 23 and 14, and 

23 and 16 for the June and July bioassays, respectively. 

A composite of sites 13, 14, 16, 20, and 23 was used in 

the October bioassay. Water samples were prepared for the 

various treatments in triplicate immediately upon return 

to the laboratory. Treatments for nutrient additions (N, 

P, N & P) were first filtered through a 0.8 ~ diameter 

pore size glass fiber filters (Whatman GF/A) and next 

through a 0.45 ~ diameter pore size membrane filters 

(Millipore Corp.). Nitrogen and phosphorus additions 

were 0.587 and 0.029 mg/1, respectively. Treatments were 

also prepared on autoclaved and double filtered samples. 

In the October bioassay an autoclaved (not filtered) 

treatment was added. Controls were made on double filtered 

samples as described above. The growth response of the 

various treatments was compared to a standard culture media 

described by Weber (1973). 
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Ancillary Measurements 

Daily solar radiation measurements were determined 

with a star pyranometer (Weather Measure Corp.) located 

in Stevens Point, Wisconsin approximately 55 km from the 

Big Eau Pleine Reservoir. Additional daily solar radiation 

measurements were obtained from the U.S. Weather Bureau 

located in Madison, Wisconsin which is located about 180 km 

from the reservoir. A regression equation (r2 = 0.825) 

between the Madison and Stevens Point stations was used to 

estimate missing solar radiation measurements for the 

Stevens Point station. 

Total light extinction was determined with a Whitney 

submarine photometer (Montedoro Corp.) during in situ 

primary production studies at stations 14, 16, 19, 20, and 

23. Additional data on light penetration was collected 

with a 20 em diameter Secchi disc. 

Water chemistry analysis was performed by the Environ­

mental Task Force at the University of Wisconsin - Stevens 

Point. The parameters measured were pH, conductivity, 

alkalinity, total hardness, calcium hardness, dissolved 

oxygen, BOD5 , total reactive phosphorus, total phosphorus, 

ammonium nitrogen, nitrite+nitrate nitrogen, and Kjeldahl 

nitrogen and followed the procedures listed in Standard 

Methods, 14th Edition (APHA 1976). An exception was 

inorganic nitrogen determination where ammonium and nitrite+ 

nitrate nitrogen were measured by the method of Bremner and 

Keeney (1965). A field pH meter (Beckman Instruments) was 
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used to determine in situ pH for primary production studies. 

Composite phytoplankton samples were collected with 

a Wisconsin plankton net during the summer of 1976 (June­

August) to determine the nutrient and pigment content of 

Aphanizomenon flos-aquae, the dominant alga in the reservoir. 

These samples were passed through a 0.5 mm sieve to remove 

large zooplankton. Subsamples were filtered on glass fiber 

filters (Whatman GF/A), folded in half and placed in plastic 

petri dishes (Millipore Corp.). These samples were stored 

in a freezer until analysis of total phosphorus, Kjeldahl 

nitrogen, and chlorophyll a content could be performed. 

Analysis of these parameters followed the procedures recom­

mended in Standard Methods, 14th Edition (APHA 1976). 

The maximum specific growth of Aphanizomenon flos-aquae 

was determined under laboratory conditions using an inorganic 

media defined by O'Flaherty and Phinney (1970). Individual 

trichomes of A. flos-aguae were isolated from reservoir 

samples in June of 1976 to obtain a pure culture (not axenic) 

for growth studies. Cultures were grown in an environmental 

chamber in aerated 250 ml erlenmeyer flasks at 20 °C using 

cool white fluorescent lighting which provided 4000 lux at 

the base of the flasks. Growth was monitored by turbido­

metric analysis using a spectrophotometer (Bausch and Lomb 

model 88) at 750 nm. 

Statistical Procedures 

All of the statistical procedures used in this research 
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were available as statistical packages on a Burroughs 6700 

digital computer. One-way analysis of variance, Pearson's 

product moment correlation, and regression analysis were 

available through the use of the "Minitab" package (Ryan 

et al. 1976). The Statistical Package for the Social 

Sciences (SPSS) was used for stepwise multiple regression 

analysis (Nie et al. 1975). Dependent and independent 

variables used in regression analysis are presented in 

Table 2. 
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Table 2. Dependent and independent variables used in 
linear regression analysis. 

Dependent 
Variable 

Chlorophyll a 
(llg/1) 

Integral 
Photos~thesis 

(g C/m2/day) 

pmax 
(g C/m3/hr) 

Independent 
Variable 

BODs* 
NOz+N03 Nitrogen 
Kjeldahl Nitrogen 
Ammonium Nitrogen 
Total Phosphorus 
Total Reactive Phosphorus 
Dissolved Oxygen 
Organic Phosphorus* 
Organic Nitrogen* 
Alkalinity (CaC03) 
Temperature 
Vertical Extinction 
Coefficient* 

Chlorophyll a 
Solar Radiation 
Vertical Extinction 
Coefficient 
Temperature 
Ik** 
F(i)*** 

Chlorophyll a 
Solar Radiation 
Vertical Extinction 
Coefficient 
Temperature 
Ik** 
F(i)*** 

Unit of 
Measurement 

mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 

oc 
1/m 

mg/m2 
Langleys/day 

1/m 
oc 

Langleys/day 
dimensionless 

llg/1 
Langleys/hr 

1/m 
oc 

Langleys/hr 
dimensionless 

*Not used in multiple regression analysis 
**A value that is about two times the onset of light 

saturation (Vollenweider 1965). 
***A function of photosynthetic active light (Vollenweider 

1974). 



RESULTS AND DISCUSSION 

Primary Production 

Current research on aquatic primary production is 

centered on the flow of carbon in aquatic ecosystems 

(Vollenweider 1974 and Megard and Smith 1974). This 

approach involves a measurement of the photosynthetic rate 

of the aquatic flora. The development of the carbon-14 

primary production technique by Steemann Nielsen (1952) 

has facilitated rate determinations of photosynthesis and 

is now a common method in limnological research. The 

carbon-14 technique is widely used because it offers one 

of the best methods available for the regional classifi­

cation of lakes (Rodhe 1958). A major objective of primary 

production research is not to establish the magnitude of 

production, but rather to determine the factors responsible 

for controlling productivity (Lund 1964). 

A discussion of the primary production of the Big Eau 

Pleine Reservoir is somewhat simplified since only the 

phytoplankton community need be considered. Aquatic 

macrophytes are absent as a result of the continual water 

level manipulations. Primary productivity was determined 

mainly during the ice-free season (April-November) because 

phytoplankton biomass was largest during this period and 

because of difficulties in measuring production during 

winter conditions. Results of primary production and 

associated data are presented in Appendix A. 

16 
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Seasonal Trends of Primary Production 

A definite seasonal pattern in carbon-14 productivity 

measurements was apparent during the two year study period 

(Fig. 3). Production exhibited a bimodal form with a 

maximum spring rate in May of 1.5 to 2.5 g C/m2/day, and 

a summer maxima in July of 3.0 to 4.5 g C/m2/day. In 

general, changes in primary productivity paralleled changes 

in surface chlorophyll~ (Fig. 3). A similar relationship 

between chlorophyll and primary production has been 

reported for Lake Ontario and Lake Erie (Glooshenko et al. 

1974). The maximum spring productivity in the reservoir 

was associated with a small bloom of diatoms and cryptomonads 

(Fig. 8). The summer bloom was attributed mainly to the 

blue-green alga, Aphanizomenon flos-aguae. 

The seasonal distribution of primary production and 

phytoplankton biomass correlated with seasonal changes in 

solar radiation (Fig. 3). Maximum production occurred 

during the greatest insolation. A similar relationship 

between production and solar radiation has been reported 

for Lake Wingra, Wisconsin (Baumann et al. 1973). The 

rapid decline in productivity in the fall period (September­

November) was attributed to decreasing phytoplankton biomass, 

solar radiation, and water temperature. Photosynthetic 

rates were minimal or undetectable during the winter periods 

(December-March) because of the high light attenuation of 

ice and snow. 

Productivity measurements derived from photosynthetic-
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depth profiles at site 23 were similar to those determined 

empirically at sites 20, 19, 16, and 14 (Table 3). Primary 

production measurements at station 23 were considered to be 

representative of the entire reservoir. There appeared 

to be a slight decline in integral photosynthetic rates 

from the southeastern to the northwestern reservoir area. 

Table 3. Integral photosynthetic rates (g C/m2/day) 
determined at five stations from April to October 1976 
using the carbon-14 method. Data derived from 10 days 
when all five sites were sampled. 

Site 

23 20 19 16 14 

Mean 

S.D. 

2.67 

1.40 

2. 72 

1. 40 

2.54 

1. 32 

2.53 

1. 49 

2.46 

1. 22 

However, the average integral production measurements for 

the five stations were not significantly different when 

analysis of variance was applied to the data. The trend, 

if real, may be attributable to increased attentuation of 

light by algae (Sakamoto 1966) since chlorophyll ! concen­

trations increased along this transect (Table 9). 

The mean carbon-14 productivity during the open-water 

period in 1975 and 1976 was 1.3 and 2.8 g C/m2/day, respec­

tively. This increase in production in 1976 over that of 

1975 was significant at the 0.01 percent probability level. 

The average production in 1975 and 1976 correspond to an 
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approximate assimilation of 340 to 685 g C/m2 for the open­

water period (244 days) of 1975 and 1976, respectively. The 

total production for these periods are probably overestimated 

since photosynthetic rates were determined on days with 

minimal cloud cover. 

·A multiple regression equation (R2 = 0.757) was used 

to estimate total production during the open-water period 

of 1976 that considered daily changes in water temperature, 

chlorophyll !!_, solar radiation, and light extinction (Table 4). 

Table 4. Results of forced variable multiple regression 
using integral photosynthesis (g C/m2/day) as the dependent 
variable and physical and biological parameters as the 
independent variables. Combined data of the open-water 
period of 1975 and 1976. 

Intercept N 

-2.95 17 

Independent 
Variable 

Temperature 
(OC) 

Chlorophyll a 
(mg/m2) 

Solar 
Radiation 

(Langleys/day) 

Light 
Extinction 

(1/m) 

**Significant at 0.01 level. 

b 

0.077 0.757** 

0.003 

0.004 

0.783 

Daily values for water temperature, chlorophyll ~. and light 

extinction were obtained from interpolation between sampling 
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dates. The adjusted total production for the open-water 

period of 1976 was 605 g C/m2, a reduction of 11.6 percent. 

By applying a similar percent reduction on the 1975 period, 

the total production was approximately 300 g C/m2. These 

seasonal estimates of total production are probably below 

annual productivity since winter rates are not included. 

However, it is doubtful that a consideration of winter 

production would significantly increase the production 

determined for the open-water season. Seasonal estimates 

of primary production indicate that the Big Eau Pleine 

Reservoir is highly eutrophic. Eutrophic temperate lakes 

are reported to have annual productions of 300 to 640 g C/m2 

(Wetzel 1975). 

Photosynthetic-depth profiles and chlorophyll ~ 

profiles for the open-water periods of 1975 and 1976 are 

illustrated in Figure 4. Maximum volumetric rates of 

photosynthesis usually occurred at 0.5 m on clear days 

and at the surface on cloudy days. The trophogenic zone 

was normally less than 2.5 m deep during the summer months 

(June-September). Production occurred in deeper water 

(4.0 to 5.0 m) in late May when phytoplankton biomass was 

low (Fig. 3). The trophogenic zone remained compressed to 

only a few meters in the fall period (October-November) 

even though chlorophyll ~ concentrations were lower. The 

compensation depth was reduced in the fall season because 

the light attenuation of water increased (Table 21). This 

was probably associated with an increased suspension of 
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detritus during the fall period as a result of reservoir 

drawdown and wind mixing. The amount of abiotic turbidity 

present may be an important factor retarding primary 

production in reservoirs (Osborne and Marzolf 1972 and 

Murphy 1962) because of its depressing effect on light 

penetration. The combination of increased light attenu-

ation and decreased insolation in autumn may be an 

important factor restricting production during the fall 
I 

period. 

Light, Nutrients, Temperature, and Primary Production 

The essential regulating factors of phytoplankton 

productivity are light, nutrients, and temperature (Murphy 

1962). The results of stepwise linear multiple regression 

indicated that surface temperature, light extinction, and 

solar radiation explained 74.8 percent of the variation in 

the daily rates of primary production observed during the 

1975 and 1976 open-water periods (Table 5). The relation-

ship between nutrients and productivity could not be 

established directly since nutrient concentrations were 

not determined during in situ photosynthetic studies. ---
Light extinction considers changes in phytoplankton biomass 

since light attenuation and chlorophyll ~ concentrations 

are directly_ related (Bindloss et al. 1972, and Ganf 1972, 

1974). Chlorophyll a concentration is normally directly 

related to total nitrogen or phosphorus concentration 

(Sakamoto 1966 and Dillon and Rigler 1974) and therefore 
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the multiple regression equation was not independent of 

nutrient concentrations. Brylinsky and Mann (1973) have 

shown that when nutrients and solar energy are considered 

in a multiple regression equation, an accurate estimate of 

primary production is possible. 

Table 5. Results of stepwise multiple regression using 
integral photosynthesis (g Cjm2/day) and pmax (g Cjm3/hr) 
as the dependent variables with various physical and 
biological variables as independent variables. Combined 
data for the open-water periods of 1975 and 1976. 

Independent 
R2 Intercept N Variable b 

Integral Photosynthesis 

-3.08 17 Temperature** 0.098 0.748** 

Light 
Extinction** 0.901 

Solar 
Radiation* 0.004 

pmax 

-8.99 17 Chlorophyll a** 0. 783 0.612** 

*;significant at 0.05 level. 
Significant at 0.01 level. 

The concentration of chlorophyll ~ was the only signifi­

cant variable describing variation of maximum specific 

photosynthesis (pmax). Chlorophyll a levels explained 61.2 

percent of the variation of pmax (Table 5). 

The importance of solar energy as a regulating factor 
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in aquatic primary production has been established by 

Brylinsky and Mann (1973). These authors have demonstrated 

that on a global scale, factors related to solar energy 

input are most important in explaining variations of 

primary productivity. However, they believe nutrient input 

becomes more important on a regional scale. Their finding 

supports the work of Sakamoto (1966) and Dillon and Rigler 

(1974). It is believed that light may limit primary pro­

duction through the rapid attenuation of light by high 

phytoplankton biomass (Sakamoto 1966). With reduced light 

energy input during high phytoplankton biomass, phosphorus 

deficiency may develop as a result of lower phosphorus 

uptake (Megard and Smith 1974). 

The mean solar radiation for the summer periods (June­

September) of 1975 and 1976 were 401 and 524 langleys/day, 

respectively. The observed increase in the mean daily 

insolation in the summer of 1976 over the summer of 1975 

was significantly higher (p = 0.01). Correspondingly, 

precipitation was considerably lower (Fig. 2) and water 

temperatures were warmer (Fig. 9) in the summer of 1976 as 

compared to the previous summer period. Seasonal changes 

in solar energy input may be an important factor regulating 

primary production. Wetzel (1975) attributed a 25 percent 

reduction in annual primary production in Lawrence Lake, 

11ichigan in 1972 to "abnormally high cloud cover and 

rainfall". Increased productivity in Lake Washington in 

the summer of 1968 was attributed to increased solar 
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radiation at a time when the annual phosphorus loading was 

declining (Edmundson 1972). Jonassen (1977) presented 

annual solar radiation and primary production data for an 

18 year period for the eutrophic Lake Esrom, Denmark. A 

regression of his data indicated that annual productivity 

correlated significantly (p = 0.01) with annual insolation. 

In addition, 46 percent of the variation of annual primary 

production could be· explained by changes in the annual 

irradiance. Solar radiation input is important because it 

supplies the light energy input for driving photosynthesis 

and also plays a major role in heating surface waters. This 

latter factor is important because photosynthesis may proceed 

at a faster rate with increased temperature since the photo­

synthetic process is more temperature sensitive when light 

intensity and C02 concentrations are saturating (Salisbury 

and Ross 1969). 

The effects of nutrient loading, particularly phosphorus, 

are also very important at regulating rates of primary pro­

duction. Levels of total reactive phosphorus increased 

immediately after the onset of reservoir drawdown during 

the two summer periods (Fig. 6). The relationship between 

phosphorus concentration, drawdown, and phytoplankton growth 

are considered in more detail in the discussion of factors 

affecting the summer phytoplankton biomass. 

~aximum Specific Photosynthesis 

Maximum specific photosynthesis (Pmax) is an expression 
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of the maximal rate of photosynthesis per unit volume 

divided by a unit of phytoplankton biomass (Megard and 

Smith 1974). The value Pmax is a production to biomass 

(P/B) quotient and has also been termed the "assimilation 

number" or "activity coefficient" (Vollenweider 1974). 

Maximum specific photosynthesis is a measure of the photo-

synthetic capacity of the phytoplankton. Values of Pmax 

that utilize chlorophyll a as a measure of biomass are 

normally greater than 3.0 in enriched environments 

(Glooschenko et al. 1974 and Hickman 1973). The Big Eau 

Pleine Reservoir can be classified as eutrophic since the 

average spring and summer Pmax's are greater than 3.0 

(Table 6). Maximum specific photosynthesis was usually 

Table 6. Seasonal changes in photosynthesis (mg C/mg 
Chlorophyll a /hr). Combined data of 1975 and 1976 using 
the carbon-14 method. The winter data was determined 
in an environmental chamber at 2.0 oc using cool white 
fluorescent lighting at 3,000 lux. 

Mean 

S.D. 

N 

Spring 
(April-May) 

10.3 

8.1 

14 

Summer 
(June-Sept) 

6.2 

2.9 

24 

Fall 
(Oct-Nov) 

1.5 

0.6 

9 

Winter 
(Dec-March) 

1.4 

1.2 

4 

greatest in the spring (Fig. 5) when the phytoplankton 

community was composed of small celled organisms, mainly 

diatoms and cryptomonads. Small phytoplankton are believed 
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to exhibit a large photosynthetic capacity because the 

surface area to volume ratio is larger in small cells 

which facilitates nutrient assimilation (Findenegg 1965). 

Maximum specific photosynthesis declined during the initial 

bloom of the blue-green alga, Aphanizomenon flos-aquae in 

1975 and 1976. A similar inverse relationship between Pmax 
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Figure 5. Seasonal changes in maximum specific photo­
synthesis. Each sample represents a mean of all sites 
sampled using the carbon-14 method. The (o) indicates 
a value estimated from a regression of the oxygen 
technique. 

and phytoplankton biomass has been reported by Findenegg 

(1965), Wright (1959), Bindloss et al. (1972), and Megard 

and Smith (1974). The drop in the photosynthetic capacity 

during increases in phytoplankton biomass may indicate 

nutrient deficiency (Megard and Smith 1974 and Hickman 

1973). Inorganic nitrogen and total reactive phosphorus 

concentrations were at very low levels during the decline 
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in Pmax in June (Fig. 6). Maximum specific photosynthesis 

exhibited a second peak in September (Fig. 5) .when chloro­

phyll a concentrations were high and the phytoplankton 

flora remained dominated by ~· flos-aguae. Glooschenko et 

al. (1974) have reported a similar bimodal pattern in Pmax 

for Lake Erie. The increase in Pmax in the reservoir in 

September may be associated with increased nitrogen and 

phosphorus concentrations in the late summer period (Fig. 6). 

The photosynthetic capacity of the phytoplankton declined 

rapidly in the fall of 1975 and remained low during the 

winter period. The decline in Pmax during the latter 

seasons can probably be attributed to decreasing water 

temperature, light energy, and changes in species compo­

sition (Hickman 1973, Bindloss et al. 1972). Maximum 

specific photosynthesis was higher in the early winter 

period (November-January) of 1976-1977 than compared to 

the previous winter. This response was attributed to 

increased phytoplankton biomass (Fig. 3) in response to 

increased light availability. Light was more available 

in the second winter period because the attenuation of 

light by the ice and snow pack was considerably lower than 

the first winter studied (Marano 1978). 

Photosynthetic Efficiency 

Photosynthetic efficiency is a measure of the light 

utilization by plants. The efficiency of light utilization 

by the phytoplankton cormnunity was estimated in this work 
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by assuming 1 gram of carbon .assimilated was equivalent to 

10 kcal of energy (Tilzer et al. 1975). The caloric equiv­

alent of daily integral production was divided by the total 

solar radiation (kcal) which gave an estimate of photo­

synthetic efficiency. The average summer efficiency derived 

from carbon-14 production measurements at site 23 were 0.4 

and 0.7 percent in 1975 and 1976, respectively. The maximum 

efficiency recorded was 0.9 percent on September 29, 1976. 

Efficiencies determined for the reservoir are in the range 
~ 

of data presented for eutrophic temperate lakes (Wetzel 1975). 

Wetzel has indicated that the highest photosynthetic effi­

ciencies (2.0 to 3.0 percent) are reported for productive 

tropical lakes; where as, eutrophic temperate lakes have 

efficiencies of 0.4 to 1.0 percent. Photosynthetic effi­

ciency is controlled mainly by the phytoplankton biomass 

present at the surface layers of lakes (Tilzer et al. 1975 

and Wetzel 1975). This is a result of greater light 

absorption by phytoplankton pigments with increases in 

phytoplankton biomass. Surface chlorophyll ~concentrations 

were significantly greater in the 1976 summer period (Fig. 3) 

and probably accounted for the increased efficiency of light 

utilization by the phytoplankton at that time. 

Comparison of Primary Production Techniques 

The results of primary production measurements are 

presented in Appendix A. In situ measurements of primary 

production were made. on 25 days from May of 1975 to 
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November of 1976. The carbon-14 and oxygen methods were run in 

parallel on 13 days during the open-water periods of 1975 and 

1976. A summary of the two techniques is given in Table 7. 

Integral production determined by the filtration and the 

acidification and bubbling carbon-14 methods were identical 

(Table 7) and an excellent correlation was found (r = 0.986) 

between the two techniques (Table 8). 

Table 7. Primary production measurements using the filtra­
tion and acidification and bubbling carbon-14 techniques, 
and the gross and net oxygen methods. The data is expressed 
as g C/m2/day. 

Carbon-14 Method Oxygen Method 
Acid. & 

Filtration Bubbling Gross Net 

Mean 2.10 2.10 1. 34 1.10 

S.D. 1.45 1.44 1.13 0.74 

N 13 13 13 13 

Table 8. Results of linear regressions of the carbon-14 and 
oxygen methods used to measure primary production. 

Dependent Independent 
Variable N b Variable Intercept r 

Filtrationl 13 0.818 Bubblingl 1.010 0.986** 

Bubblingl 13 0.980 Filtrationl 0.456 0.986** 

Bubblingl 13 1. 601 Net (02) 1 0.350 0.810** 

Bubblingl 13 0.818 Gross (02) 1 1.010 0.600* 

Bubbling2 72 1.028 Filtration2 -3.764 0. 973*~~ 

lg C/m2/day. 
2mg C/m3fhr. 
*Significant at 0.05 level. 

**Significant at 0.01 level. 
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Sehlinder et al. (1972) found the filtration method 

consistently underestimated·total carbon assimilation when 

compared to the acidification and bubbling technique. It 

is believed the filtration procedure should yield lower 

results because the method omits released extracellular 

products of photosynthesis (Fogg et al. 1965). Schindler 

et al. (1972) found the two techniques were similar when 

they corrected for a filtration error according to the 

procedure of Arthur and Rigler (1967). Arthur and Rigler 

believed the filtration correction was necessary to correct 

for the loss of extracellular products that arise from cell 

rupture during vacuum filtration. In contrast, Schindler 

et al. (1972) believed that colloid retention of labelled 

extracellular products necessitated the filtration correction. 

Further, these later authors have shown that the retention 

of labelled extracellular products by colloidal material 

occurred only when algae were present in the sample. A 

filtration correction was not applied in the present work; 

however, the two carbon-14 methods gave similar results 

(Table 7). It was not definitely established why these 

methods were identical without the use of a filtration 

correction. A possible explanation may be associated with 

the trophic nature of the water body under investigation. 

The relative amounts of released extracellular products may 

be lower in eutrophic environments (Fogg, in Vollenweider 

1974). Schindler's group conducted their research in the 

Ex~erimental Lakes Area in northwestern Ontario. These 



34 

lakes are located in the Canadian Precambrian Shield 

(Johnson and Vallentyne 1971) and are rather oligotrophic 

when compared to the Big Eau Pleine Reservoir. Another 

factor that may influence a comparison of the two carbon-14 

methods is the vacuum pressure used during membrane filtra­

tion. The recommended maximum pressure differential across 

the membrane in the filtration technique is 0.4 to 0.5 

atmospheres (Vollenweider 1974 and Arthur and Rigler 1967). 

The maximum vacuum pressure in this work did not exceed 0.2 

atmospheres. Therefore, the loss of extracellular products 

due to cell rupture was probably reduced and the retention 

of labelled colloidal material was probably enhanced. 

The carbon-14 method gave results that were 57 to 91 

percent larger than gross and net photosynthesis, respec­

tively (Table 7). The carbon-14 acidification and bubbling 

method correlated best with net photosynthesis (r = 0.810) 

rather than with gross photosynthesis (r = 0.600) (Table 8). 

It has not been definitely established whether the carbon-14 

method measures net or gross photosynthesis or something 

between the two techniques (Vollenweider and Nauwerck 1961, 

Goldman 1968, and Fogg 1963). An underestimation of gross 

photosynthesis may arise in eutrophic waters that are 

supersaturated with dissolved oxygen (Wrobel 1972). Gross 

photosynthesis is underestimated during periods of intense 

photosynthetic activity since oxygen bubbles may form in 

the light bottles during the incubation period (Strickland 

1960). Measurements of gross photosynthesis in the reservoir 
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were probably too low during periods of intense photosyn­

thesis because of oxygen supersaturation (Fig. 6). Gross 

photosynthesis may also be underestimated if the respiration 

rate in light bottles exceeds that in dark bottles. Ryther 

and Vaccaro (1954) believed the respiration rate is greater 

in light bottles because of increased metabolism of newly 

formed photosynthetic products. Increased respiration in 

light bottles has also been attributed to increased oxygen 

tension (Vollenweider 1974 and Strickland 1960). Arguments 

supporting increased respiration in dark bottles have been 

discussed by Steemann Nielson (1952) and Saigo and Ichimura 

(1961). 

Additional sources of error that influence a comparison 

of the carbon-14 and oxygen methods are associated with the 

sensitivity of the two techniques and variation in the photo­

synthetic quotient. The sensitivity of the carbon-14 method 

is about 40 times the oxygen technique (Ryther and Vaccaro 

1954). A comparison of the two methods during low photo­

synthetic activity may not be possible for this reason. A 

further difficulty may arise from the use of a constant photo­

synthetic quotient for the expression of carbon assimilated 

from oxygen production. Photosynthetic quotients have been 

found to range from 0.9 to 1.4 (Fott 1972). Therefore, carbon 

fixation estimates derived from the oxygen technique would 

vary accordingly. 

Phytoplankton Biomass 

The determination of phytoplankton volume and chlorophyll 
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a concentrations were used to measure phytoplankton biomass. 

Phytoplankton enumeration and identification allowed for the 

determination of phytoplankton volume. Direct counting of 

phytoplankton flora was important to establish the signifi-

cance of various taxa to the overall community composition. 

Knowledge of the general composition of the phytoplankton 

community offers an excellent indicator of the water quality 

and the trophic nature of a lake (Vollenweider et al. 1974). 

A second approach to biomass analysis was accomplished by 

chlorophyll ~analysis. This latter technique required less 

time and effort. 

In this research, phytoplankton volume measurements 

were used mainly to determine changes in the floristic 

composition of the phytoplankton; whereas, chlorophyll a 

analysis was used to assess fluctuations in phytoplankton 

biomass. The dominant phytoplankton taxa observed in this 

work are presented in Appendix B. The abundance and percent 

composition of the phytoplankton biomass, determined from 

volume measurements, are summarized in Appendix C and 

illustrated in Figure 7. Chlorophyll~ data are presented 

in Appendix D. 

In general, phytoplankton volume paralleled changes 

in chlorophyll a (Fig. 3) during the two year study period. 

Measurements of phytoplankton volume were more variable 

than chlorophyll~ analysis (Table 9). The average coef­

ficient of variation for chlorophyll ~ and volume measure­

ments were 69.2 and 127.9 percent, respectively. Measurements 
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Table 9. Mean and.standard deviation of chlorophyll a 
(llg/1) and phytoplankton volume (mm3/l) measurements.-
The data was combined for the summer periods (June-
August) of 1975 and 1976. 

Chlorophyll a Volume 

Station N Mean S.D. N Mean S.D. 

12 11 123.3 96.0 

13 9 142.6 83.8 12 61.4 60.2 

14 11 102.6 91.4 

16 9 54.6 47.5 12 73.4 112.0 

20 6 89.1 31.6 

22 11 60.1 45.4 

23 11 65.8 49.2 13 44.7 45.7 

24 10 78.6 49.5 

All Data 78 89.3 61.8 37 59.4 76.0 

of phytoplankton volume were not very accurate fqr this 

reason. This can be illustrated from the phytoplankton 

volume data collected on July 28, 1975 (Appendix B). On 

this day the average volume was 239 mm3 I 1. The volume at 

station 16 was 411 mm3/l on this day which greatly inflated 

the average biomass determined. The mean phytoplankton 

volume was 153 mm3/l when site 16 was omitted. 

The average surface chlorophyll ~ concentrations for 

the 1975 and 1976 summer periods (June-September) were 53.2 

and 103.0 11g/l, respectively. Correspondingly, the mean 

surface phytoplankton volumemeasurements for the summer 
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periods were 32.2 nnn3/l in 1975 and 53.0 nun3/l in 1976. 

Vollenweider et al. (1974) have indicated that chlorophyll 

a concentrations that exceed 9 ~g/1 and volume measurements 

that are larger than lO·mg/1 (10 mm3/l) are indicative of 

eutrophic lakes. Phytoplankton volumes exceeding 10 mm3/l 

are classified as hypereutrophic according to the scheme 

of Wetzel (1975). The biomass data for the reservoir are 

indicative of a highly eutrophic aquatic environment. 

Phytoplankton Composition and Succession 

The percent composition of the phytoplankton community 

was normally very similar at sites 13, 16, and 23 but 

differed slightly during the early spring and fall periods. 

There was a tendency for the spring and fall phytoplankton 

communities to develop about 1 week earlier in the north­

western section of the reservoir (Site 13) as compared to 

the southeastern area (Site 23). The response was probably 

due to an earlier warming and cooling of the northwestern 

reservoir area in the spring and fall seasons, respectively. 

The percent composition of surface and mid-depth samples 

were usually identical. Phytoplankton samples collected from 

bottom waters were usually dominated by centric diatoms even 

during the bloom of blue-green algae in the surface waters. 

The reservoir was normally well mixed during the ice-free 

season. The lack of a strong thermal stratification was 

responsible for the observed homogenous distribution of 

phytoplankton in the upper 3 to 4 meters. In addition, 
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there was apparently sufficient mixing down to the sediments 

in order to keep large centric diatoms, particularly 

Stephanodiscus niagarae and Melosira !E·, suspended in the 

lower tropholytic zone. 

The spring flora (April-May) was represented mainly 

by centric diatoms (Cyclotella !£· and Stephanodiscus !£.) 

and by cryptomonads (Cryptomonas !£.) (Figure 8). The 

maximum biomass of the spring community occurred in the 

middle or the latter part of May. The productivity and 

biomass of the spring flora declined rapidly in late May 

(Fig. 3). Buchanan (1976) found the concentration of 

zooplankton was greatest in the reservoir in late May. 

Increased predation by zooplankton might have diminished 

the phytoplankton community at that time. However, Lund 

(1964) and Verduin (1952) believe the impact of grazing 

pressure by zooplankton is not an important factor regu­

lating spring diatom growth. Phosphate phosphorus and 

particularly silica have been implicated as primary 

limiting nutrients in the late stages of spring diatom 

blooms (Lund 1964). It was observed that total reactive 

phosphorus concentrations, which includes phosphate 

phosphorus, were normally at very low levels in late May 

(Fig. 6). A weak thermal stratification is usually 

established in the reservoir in mid-May. A decline in the 

spring diatom community may also be associated with reduced 

circulation which would lead to increased sinking loss of 

the diatom flora. All of the above factors may be involved 

in regulating the spring phytoplankton community. Jonasson 
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taxa volumes at site 23 using "spherical curves" {Schwoerbel 
1970). 
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(1977) believed zooplankton grazing, diatom sedimentation, 

and nutrient depletion were responsible for the decline in 

the spring bloom in the eutrophic Lake Esrom, Denmark. 

The low phytoplankton biomass and nutrient concentra­

tions in late May set the stage for the development of the 

summer blue-green algae bloom (Fig. 7). The reason for the 

development of a blue-green algae bloom at a time when 

inorganic nitrogen and phosphorus are lowest is obscure, 

but is a common phenomenon in eutrophic lakes (Fogg et al. 

1973). These authors believe that excess cellular storage 

of nitrogen and phosphorus in the form of phycocyanin and 

polyphosphate, respectively, may allow for rapid blue-green 

algae growth in waters seemingly low in nutrients. The sum­

mer bloom was comprised almost exclusively of Aphanizomenon 

flos-aguae (Appendix B). This species developed rapidly and 

represented 95 percent or more of the entire phytoplankton 

biomass in July and August. Aphanizomenon flos-aguae 

usually dominated the summer flora from June through Sep­

tember and remained as a sub-dominant member in the fall 

(October-November) community (Fig. 8). The rapid growth 

and prolonged dominance of this species is common in 

eutrophic lakes (Barica 1975, Grandall and Lundgren 1971, 

and Hammer 1964). The maximum biomass of~· flos-aguae 

occurred during maximum water temperature (Fig. 9). In 

addition, periods of maximum biomass were responsible for 

periods of maximum oxygen saturation (Fig. 6). as a result 

of increased photosynthetic activity. Hammer (1964) 
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indicated that the optimal temperature for ~- flos-aquae 

growth ranges from 23.5 to 26.5 °C. He attributed a marked 

reduction in summer biomass of this species to low water 

temperatures in June and August. The higher biomass and 

productivity observed in the 1976 summer period, when. 
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Figure 9. Mean surface water temperature. 
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1977 

compared to 1975 (Fig. 3), were associated with a longer 

period of optimal water temperature (Fig. 9) and increased 

total reactive phosphorus concentrations (Fig. 6). Water 

temperatures were warmer in the summer of 1976 in response 

to increased solar radiation as compared to the previous 

year (Fig. 3). Total reactive phosphorus levels increased 

earlier and were higher in the summer of 1976 in response 

to an earlier summer drawdown. 

The summer phytoplankton conmlUnity was replaced mainly 
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by centric diatoms and cryptomonads in October and November 

(Fig. 8). The centric diatom, Stephanodiscus niagarae was 

the most important species in the fall phytoplankton flora. 

Hammer (1969) noted that this species usually replaced 

Aphanizomenon flos-aquae as the dominant taxa in October in 

Buffalo Pond, Saskatchewan. The occurrence of Stephanodiscus 

!R· in surface waters in July and August of 1976 (Fig. 8) 

was attributed to a redistribution of these diatoms from the 

sediments and lower waters as a result of wind mixing. Cor­

respondingly, the surface bloom of A. flos-aquae was reduced 

during these mixing events. The absence of this phenomenon 

in July and August of 1975 may indicate that mixing processes 

were reduced in that summer period. 

The winter phytoplankton community was rather diverse 

and variable for the two year period (Fig. 7). Phytoplankton 

biomass was minimal during the 1975-1976 winter period. 

Cryptomonads were the dominant phytoplankton in the early 

winter period (December-January) and were replaced by green 

algae in February. Schults et al. (1976) have reported that 

green algae dominated the late winter phytoplankton community 

in the eutrophic Shagawa Lake, Minnesota. The phytoplankton 

biomass was significantly greater in the 1976-1977 winter 

season. In addition, blue-green algae dominated the late 

winter phytoplankton flora rather than green algae (Fig. 7). 

Light penetration and dissolved oxygen concentrations may 

have influenced the composition and abundance of the winter 

phytoplankton community during the two winter periods. 
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Light penetration through the ice and snow pack was consid­

erably greater in the 1976-1977 winter period (Marano 1978). 

The percent oxygen saturation at the surface dropped to 

lower levels in the second winter season as well (Fig. 6). 

Water below. the 0.5 m layer was anaerobic for most of this 

winter period. It was observed that the winter phytoplankton 

were concentrated just under the ice in aerobic waters 

(Table 10). Therefore the 1976-1977 winter phytoplankton 

flora were restricted to the upper aerobic layers where 

light was available for photosynthesis .. Surface phytoplank­

ton biomass was lower in the 1975-1976 winter period because 

light penetration through ice and snow was minimal. In 

addition, the levels of dissolved oxyg~n in surface waters 

did not drop as severely in the first winter studied. There-

fore, a thicker aerobic layer may have allowed for a greater 

distribution of the phytoplankton in the 1975-1976 winter 

period. 

Table 10. Dissolved oxygen (mg/1) and chlorophyll a (~g/1) 
concentrations at two depths using 5 samples collected near 
station 20 on February 18, 1977. 

0.0 m l.Om 
Sample 

DO Chlorophyll a DO Chlorophyll a -

1 4.4 89.2 0.0 5.6 
2 1.6 98.0 0.0 13.7 
3 0. 7 48.2 0.0 8.0 
4 3.4 235.6 0.0 8.0 
5 1.3 69.1 0.0 11.2 

Mean 2.3 107.9 0.0 9.3 
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Aphanizomenon flos-agua~ 

A special discussion of the occurrence of the blue­

green alga, Aphanizomenon flos-aguae is warranted since 

this species may comprise 95 to 100 percent of the total 

phytoplankton biomass during the summer months (AppendixB). 

This species contributes the greatest input to the annual 

production of phytoplankton biomass in the reservoir. 

Lakes that experience dense blooms of A. flos-aquae have 

several environmental factors in common that help to explain 

its presence in the reservoir. Summer algal blooms of-this 

species are typical in water receiving agricultural runoff 

(Barica 1975, Me Lachlan et al. 1963, Jones and Bachmann 

1975, and Hammer 1969) and high phosphorus loading (Sager 

1971 and Vanderhoef et al. 1974). There is evidence to 

suggest that iron is a "soil-born factor" that is required 

for growth of this speci~s (Me Lachlan et al. 1963). 

Further, O'Flaherty and Phinney (1970) have shown iron to 

be a critical factor controlling the development of A. 

flos-aquae in laboratory cultures. This species is asso­

ciated with unstratified lakes (Jones and Bachmann 1975, 

Schults et al. 1976, and Barica 1975), with short hydrologic 

residence times (Jones and Bachman 1975 and Heath and Cooke 

1975), and in lakes where anaerobic hypolimnetic waters 

develop (Schults et al. 1976). All of the above factors 

seem to fit the description of the Big Eau Pleine Reservoir 

and probably account for the profuse development of A. flos­

aguae observed during the summer months. 
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Environmental Factors Affecting the Summer Biomass 

The magnitude of nutrient loading into lakes, partic­

ularly nitrogen and phosphorus, is the primary factor 

responsible for the eutrophication of lakes (Vollenweider 

1968). The input of phosphorus into lakes is .singled out 

as the most important factor regulating algae growth in 

lakes (Schindler 1971, Schindler et at. 1971, Vollenweider 

and Dillon 1974, and Knauer 1975). Sakamoto (1966) and 

Dillon and Rigler (1974) established that an estimate of 

summer chlorophyll a concentration can be obtained from 

total phosphorus levels determined at spring turn-over. 

Average total phosphorus concentrations at the surface of 

the reservoir during the spring mixing period (April) were 

0.156 and 0.260 mg/1 in 1975 and 1976, respectively (Envi­

ronmental Task Force 1977). Dillon and Rigler's prediction 

equation for summer chlorophyll a gave an estimate of 110 

to 230 ~g/1 for these respective total phosphorus levels. 

The maximum surface chlorophyll ~ concentration measured 

was approximately 160 ~g/1 for the two summer periods 

(Fig. 3). Apparently, the increase in total phosphorus 

levels observed during the spring turn-over in 1976 did 

not affect the maximum phytoplankton biomass but may have 

influenced the summer (June-September) average biomass. The 

average surface chlorophyll ~concentration was 53.2 and 

103.0 ~g/1 for the summer periods of 1975 and 1976, respec­

tively. Dillon and Rigler's prediction equation for 

chlorophyll a was more accurate when the total phosphorus 
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levels at spring turn-over were averaged for 1975 and 1976. 

The mean total phosphorus concentration was 0.208 mg/1 for 

the two mixing periods. This corresponded to an estimated 

summer chlorophyll ~ concentration of 167 ~g/1 which was 

similar to the maximum chlorophyll a levels reported for 

the two summer periods. 

Total reactive phosphorus (TRP) concentration (Fig. 6) 

increased during June through September at an average rate 

of about 0.7 ~g/1/day for the two summer periods. The. 

timing of TRP increase coincided with the onset of reservoir 

drawdown in both summer periods. It was believed the rise 

in TRP resulted from sediment release of dissolved phosphorus 

and "colloidal-bound" phosphorus (Abbot 1957) and was pro­

moted by wind mixing with reservoir drawdown. Reservoir 

drawdown was earlier and more extensive in 1976 than in 1975 

(Fig. 2). The average reservoir volume was 110.6 and 

84.6 x 106m3 for the summer periods (June-September) of 

1975 and 1976, respectively (Vennie 1978). Surface TRP 

concentrations increased earlier and were higher in the sum­

mer of 1976 than in 1975. The average surface TRP levels 

were 0.039 and 0.054 mg/1 in the summers of 1975 and 1976, 

respectively (Environmental Task Force 1977). The reduction 

in the mean reservoir volume in the summer of 1976 by 23 

percent as compared to th~ previous summer may have been 

important at decreasing the dilution capacity of the 

reservoir. With reduced reservoir volume internal release 

of phosphorus from the sediments may have been more effective 
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in increasing the phosphorus concentrations in the water 

mass. However, this hypothesis explained only part of the 

observed increase in TRP since the average TRP concentrations 

increased by 38 percent in the summer of 1976 as compared to 

the summer of 1975. External loading of phosphorus from 

tributary streams or precipitation was not important in the 

summer of 1976 since there was very little inflow or precip­

itation during this period (Fig. 2). This indicated that 

internal phosphorus lo_ading from sediments was more important 

in the summer of 1976 than the previous summer period. 

Increased internal loading of phosphorus in the summer of 

1976 was probably facilitated by a more extensive reservoir 

drawdown in combination with wind mixing. 

The timing and magnitude of the sunnner reservoir draw­

down is a critical factor controlling the release of phos­

phorus from the reservoir _sediments. Release of phosphorus 

from the reservoir sediments may be a critical factor 

regulating the development of the summer blue-green algae 

bloom. The earlier increase and higher levels of TRP in 

the sunnner of 1976 supported more phytoplankton growth than 

the previous summer. Larsen et al. (1975) h<:lve found that 

internal loading of phosphorus from sediments in Shagawa 

Lake, Minnesota during the summer period was responsible 

for continued algal blooms, even after a 70 percent reduction 

in external phosphorus loading. 

Phosphorus assimilation is an active metabolic process 

and is promoted in light because of its dependency on photo-
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synthetic phosphorylation (Fogg 1973). The significant 

increase in solar energy (Fig. 3) and water temperature 

(Fig. 9) in the summer of 1976 may have stimulated phos­

phorus uptake .by ~· flos-aquae and its associated flora. 

Megard and Smith (1974) hypothesized that the phytoplankton 

bloom in Shagawa Lake collapsed because phosphorus uptake 

couldn't keep pace with chlorophyll synthesis under low 

light intensities. Light availability was reduced in 

Shagawa Lake as a result of increased attenuation of light 

by high phytoplankton biomass. The impact of algae self­

shading in the reservoir on phosphorus assimilation may 

have been offset by increased photosynthetic activity in 

the summer of 1976. 

The total inorganic nitrogen concentration dropped to 

very low levels during the summer bloom.of A. flos-aguae 

and its associated flora (Fig. 6). However, it is not 

likely that nitrogen was limiting the growth of A. flos-aguae. 

This species is able to satisfy its nitrogen requirement 

through nitrogen fixation provided phosphorus is not limiting 

(Healey and Hendzel 1976). Reduced inorganic nitrogen levels 

during the summer months restricted the development of other 

non-nitrogen fixing algae. There was no apparent correlation 

between the onset of reservoir drawdown and the inorganic 

nitrogen levels. The abrupt increase in inorganic nitrogen 

concentrations in September of 1975 and 1976 may have 

resulted from nitrogen fixation, decay of algal biomass, 

sediment release, or combinations of these processes. 
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Analysis of Environmental Factors Affecting Biomass Using 
Regression: Techniques · 

The results of stepwise multiple regression using 

chlorophyll ~ as the dependent variable and· various envi­

ronmental parameters as independent variables are presented 

in Table 11. Correlation coefficients for chlorophyll a 

and environmental factors are listed in Table 12. 

In the spring (April-May), dissolved oxygen concen-

tration and inorganic nitrogen levels expl~ined about 56 

percent of the variation in chlorophyll a concentration 

(Table 11). Dissolved oxygen and chlorophyll~ exhibited 

the highest correlation (r = 0.485) during this period as 

compared to chlorophyll~ and inorganic nitrogen (Table 12). 

A direct and significant relationship between dissolved 

oxygen and phytoplankton biomass. was expected for the spring 

season. During this period the oxygen saturation was 

recovering from very low winter levels (Fig. 6). In addition, 

phytoplankton biomass increased during the spring and led 

to elevated photosynthetic activity (Fig. 3). The greatest 

correlation (r = 0.711) for the spring period was between 

chlorophyll a and light extinction (Table 12). This is a 

result of increased attenuation of light with increases in 

phytoplankton biomass. 

Dissolved oxygen and nitrate+nitrite nitrogen concen­

trations were also important factors in the summer period. 

These variables, in addition to the total phosphorus 

concentration, explained 74 percent of the variation in 
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Table 11. Results of.stepwise multiple regression usi~g 
chlorophyll a (~g/1) as the dependent variable and var1ous 
environmenta:I parameters as the independent variables for 
various seasons. The results are for surface samples 
collected from June 1975 to April 1977. 

Intercept N 

-20.18 26 

-53.27 61 

-26.28 56 

26.68 47 

Independent 
Variable 

Spring (April-May) 

02** 

NH4+-N** 

N02+N03-N** 

Summer (June-August) 

Total-P** 

Fall (Sept-Nov) 

Kjeldahl-N** 

Total ... P** 

Temperature** 

Winter (Dec-March) 

Reactive-P** 

Kjeldahl-N** 

*Significant at 0.05 level. 
**Significant at 0.01 level. 

b 

3.16 

-39.23 

28.20 

0.66 

0.39 

~0.22 

39.98 

-92.24 

1. 50 

-152.22 

6.96 

0.556** 

0.740** 

0.564** 

0.264* 



Table 12. Correlation coefficients with chlorophyll ~ (~g/1) as the dependent variable 
using various environmental parameters as the independent variables. The results are 
for sur~ace samples collected from June 1975 to April 1977. · 

r r r r 
Independent Spring Sunnner Fall Winter 

Variable N (April-May) N (June-Aug) N (Sept-Nov) N (Dec-March) 

BODs 26 0.354 61 0.645** 56 0.758** 47 0.520** 
Kjeldahl-N 26 -0.060 61 0.585** 56 0.697** 47 0.272 
N02+N03-N 26 0.211 61 -0.540** 56 -0.163 47 -0.375** 
NH4+-N 26 -0.202 61 -0.363** 56 -0.048 47 -0.022 
Total-P 26 -0.204 61 0.711** 56 -0.057· 47 -0.296* 
Reactive-P 26 -0.364 61 0. 514*")'( 56 0.042 47 -0.394** VI 

DO 26 0.485* 61 0.388** 56 -0.062 47 -0.137 
.. UJ 

Alkalinity 26 0.161 f)l 0.572** 56 -0.218 47 0.258 
Temperature 26 0.179 61 0.432** 56 0.235 47 -0.044 
Organic-P ND 61 0. 743** ND ND 

Organic-N ND 61 0.605** ND ND 

Extinction 
Coefficient 14 0.711** 29 0.822** 9 0.416 ND 

*Significant at 0.05 level. 
**Significant at 0.01 level. 
ND = Not determined. 
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chlorophyll a for this period (Table 11). The most signif­

icant correlation (r = 0.743) observed was between the 

organic phosphorus (Total P - TRP) and chlorophyll a 

concentration (Table 12). This finding further supports 

the important relationship between phosphorus and the 

magnitude of the summer blue-green alga bloom. It was 

observed that chlorophyll a correlated signi~icantly with 

all measured environmental variables during the summer 

period (Table 12). This phenomenon is a reflection of. 

the impact the blue-green alga bloom has on the overall 

water quality. In particular, levels of inorganic nitrogen 

dropped to very low levels during the summer months (Fig. 6). 

and were inversely related to algal biomass (Fig. 3). 

The greatest correlation associated with the fall 

phytoplankton was with the Kjeldahl nitrogen concent~ation 

(r = 0.697) (Table 12). Kjeldahl nitrogen, in combination 

with total phosphorus and water temperature, explained 56 

percent of the chlorophyll~ variation (Table 11). The 

strorig correlation between Kjeldahl nitrogen and chloro­

phyll~ concentration reflects.the decline in phytoplankton 

biomass and change in the phytoplankton flora during the 

fall period (September-November) (Fig. 7). During this 

time. the phytoplankton community changed from one dominated 

by ~- flos-aquae with high biomass to diatoms and crypto­

monads with lower biomass (Fig. 8). In addition, the 

decline in ~· flos-aquae biomass may represent a signifi­

cant loss in the organic nitrogen fraction since this 
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species has a nitrogen content of about 10 percent per dry 

weight (Prescott 1960 and Birge and Juday 1922). 

The relationship between various environmental variables 

and the winter phytoplankton biomass was obscure. Total 

reactive phosphorus and Kjeldahl nitrogen were the most 

important variables but explained only 26 percent of the 

chlorophyll~ variation (Table 11). It is likely that light 

availability was the primary factor regulating winter phyto­

plankton biomass, but this data was not available for 

regression analysis. 

Phytoplankton Volume and Chlorophyll a 

The relationship between phytoplankton volume and 

chlorophyll a concentration for various.periods is presented 

in Table 13. A direct and significant relationship was 

found between these two estimates of phytoplankton biomass. 

Table 13. Average phytoplankton volume (mm3/i)·and · 
chlorophyll a (llg/1) concentrations at various periods 
of the year.-

(1) 
Chloro- (2) 

r2 Period phyll ~ Volume (2) I (1) N 

Spring (Apr-May) 8.4 3.0 0.36 14 0.829** 

Summer (Jun-Sep) 56.6 42.8 0.76 55 0. 755** 

Fall (Oct-~~ov) 34.5 6.0 0.17 30 0.416* 

Hinter (Dec-Mar) 17.3 1.7 0.10 30 0.558** 

*Significant at 0.05 level. 
**Significant at 0.01 level. 
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Therefore, measurements of chlorophyll a were considered to 

be a. reason.able estimator of phytoplankton biomass for 

regression analysis. 

The ratio of phytoplankton volume (tmn3/l) to chlorophyll 

a (llg/1) ranged from 0.10 in ·t:he winter period to 0.76 in 

the summer period. Wright (1959) and Bindloss et al. (1972) 

reported ratios of 0.5 to 0.25 respectively, for periods 

without ice cover. The change in the ratio at different 

periods was attributable to.changes in the size and species 

of the phytoplankton flora. A high phytoplankton volume to 

chlorophyll ratio was observed during the bloom of·the large 

blue-green alga, ~· flos-aquae i:n the summer period. In 

contrast, lowest ratios were found in the winter-period when 
\ 

small coccoid greens, coccoid blue-greens, and cryptomonads 

were present. The ratio was fairly similar in.the fall and 

spring seasons when centric diatoms were abundant members 

of the phytoplankton community. 

Algal Bioassays and Nutrient Limitation 

The results of nutrient enrichment studies using the 

Algal Assay Procedure Bottle Test in the summer of 1976 

are presented in Figure 10. It was evident that both 

nitrogen and phosphorus additions stimulated the greatest 

growth of the test alga, Selenastrum capricornutum, in the 

bioassays performed in June and July. The addition of 

nitrogen alone was more stimulatory than the addition of 

phosphorus in 3 out of the 4 bioassays conducted. These 
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results indicated that both nitrogen and phosphorus were 

limiting in June and July, but nitrogen was apparently more 

critical than phosphorus. The very low leyels of inorganic 

nitrogen observed during the summer period (Fig. 6) lend 

support to this finding. Bioassay data collected by the 

National Eutrophication Survey on the Big Eau Pleine 

Reservoir in 1972 indicated borderline nitrogen limitation 

(U.S. EPA 1974). However, they obtained the greatest algal 

growth when both nitrogen and phosphorus were added together. 

Although nitrogen may have limited the green alga, S. 

capricornutum, in laboratory assays, it is doubtful that 

nitrogen restricted the growth of the blue-green alga, 

Aphanizomenon flos-aquae, in the reservoir. Aphanizomenon 

flos-aguae is a nitrogen fixer (Stewart et al. 1968) and its 

development in eutrophic lakes is more dependent upon the 

phosphorus supply rather than inorganic nitrogen availa­

bility (Healey and Hendzel 1976, Jones and Bachmann 1975, 

and Vanderhoef et al. 1974). Further, the response of the 

test alga to various nutrient additions in bioassay work 

may vary with the test species used. Shirogama et al. (1976) 

found a definite nitrogen limitation when ~· capricornutum 

was used and phosphorus limitation when Anabaena flos-aguae 

was used as test algae. Their comparison work was conducted 

on samples collected from Shagawa Lake, Minnesota. Inter­

estingly, Shagawa Lake experiences blooms of Aphanizomenon 

flos-aguae and Anabaena ~· during the summer months and 

phosphorus is believed to be the critical nutrient controlling 
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phytoplankton prqduction (Powers et al. 1972 and Megard and 

Smith 1974). 

The control yield of the June bioassay was about. twice 

as great as the control in July which indicates higher 

potential algal growth iri the reservoir in June. The 

autoclaved-filtered treatments stimulated additional growth 

over controls in the June bioassay but retarded growth in 

the July bioassay. The reason for this response was not 

known. Inhibition by algal toxins in the July bioassay is 

not probable since autoclaving should destroy these compounds 

(Shirogama et al. 1976). The soluble phosphorus supply may 

have formed a precipitate during autocl-aving that was removed · 

during filtration (Jadlocki et al. 1976). However, the latter 

authors indicated the problem of phosphorus precipitation 

is usually restricted to waters of high hardness ( >200 mg/1 

as Ca co3) which is about 3 times the hardness of the reservoir 

water. 

The results of the October bioassay indicated initially 

that phosphorus was the critical limiting nutri~nt (Fig. 11). 

The nitrogen treatment was identical to the response of the 

control. The addition of both nitrogen and phosphorus 

stimulated the greatest growth than either nutrient alone. 

This may suggest that nitrogen eventually became limiting 

in the phosphorus treatment. The alga responded with higher 

growth in the autoclaved-filtered treatment when compared 

to the control yield. An autoclaved (not filtered) treat­

ment resulted in rapid growth that was similar to the 
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response of the AAP media for the first week of the bioassay. 

The difference in the algal response to autoclaved and 

autoclaved-filtered treatments suggested the filtration 

procedure was removing a significant portion of the avail­

able nutrients. A review of the total reactive phosphorus 

concentrations in the water sample collected for the 

October bioassay indicated that 82 percent of the total 

reactive phosphorus concentration was removed upon filtra­

tion. This finding, and the results of the bioassay work, 

suggests a significant part of the available phosphorus 

supply may be tied up on particulate and colloidal material 

that is removed upon filtration. Thus, the phosphorus 

limitation response observed may be an erroneous result 

brought on by sample pretreatment. It is not known if the 

summer bioassays were influenced by a similar phenomenon. 

It is not likely that filtration removed a large portion 

of the available phos.phorus supply during the summer months. 

The amount of available phosphorus was probably very low 

since the bioassays were performed during the bloom of 

Aphanizomenon flos-aquae which was limited by phosphorus. 

Analysis of the nitrogen and phosphorus content of 

Aphanizomenon flos-aquae in June through August 1976 

indicated phosphorus deficiency (Table 20). The nitrogen 

content of this species was 9.0 percent (dry weight) on 

June 5 and 8.3 percent on August 9, a reduction of only 

8.4 percent. Birge and Juday (1922) reported an average 

nitrogen content of 9.3 percent for this species which is 
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only 12 percent larger than the lowest nitrogen composition 

found in the present work. During this same period, the 

phosphorus content of A. flos-aquae fell from 0.25 to 0.04 

percent, a decline of 84.0 percent. Healey (1973) indicated 

the mean phosphorus content of algae is about 1.1 percent 

dry weight which is 27.5 times larger than the lowest phos­

phorus content determined for ~- flos-aquae in this work. 

The very dramatic drop in the phosphorus composition, while 

the nitrogen content remained relatively steady, indicated 

that phosphorus was the major limiting nutrient. 

Computer Model Coefficients 

One of the primary goals of this research was to provide 

an information base of the phytoplankton dynamics in the Big 

Eau Pleine Reservoir for the calibration of a computer model. 

Computer modeling of phytoplankton communities present an 

arduous but rewarding challenge for the limnologist. Modeling 

enables the investigator to study the combined impact of 

physical, chemical, and biological interactions that regu­

late phytoplankton in aquatic ecosystems (Thomann et al. 

1975 and Lehman et al. 1975). Model coefficients are required 

for the mathematical expression of phytoplankton dynamics and 

associated environmental factors. In this research, model 

coefficients were derived empirically from the data base when 

possible and also obtained from the literature. Most of 

these coefficients were determined for the Baca and Arnett 

(1976) model but are also applicable to models described by 
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Thomann et al. (1975), Lehman et al. (1975), and Di Toro 

et al. (1971). 

Maximum Specific Growth Rate 

The maximum specific or saturation growth rate coef­

ficient is used in the formulation of the gross specific 

growth rate in the computer model (Baca and Arnett 1976). 

The gross rate considers the combined effects of light, 

temperature, and nutrients on phytoplankton growth. The 

maximum specific growth rate is temperature dependent and 

species specific (Fogg 1965) and is normally determined in 

laboratory conditions under saturating light intensities 

when temperature and nutrients are optimal for growth. 

Specific growth can be expressed by the exponential growth 

relationship: 

t 

where, Nt is the population at time t, N0 is the population 

at time zero, t is the time interval in days, and k is the 

specific growth rate per day (Fogg 1965). Measurements of 

phytoplankton populations can be determined in various ways: 

cell numbers, optical density, cell carbon, chlorophyll, 

dry weight, etc. (Thomas 1963). 

Specific growth rates of various taxa are presented 

in Table 14. It is evident that the specific growth rates 

determined in the laboratory for a single species, Aphani­

zomenon flos-aguae, are quite variable and leave some doubt 



Table 14. Specific growth rates, k, in natural log day units, of various phytoplankton 
taxa. 

k 
Taxa (divisions/day) Comments Reference 

Aphanizomenon £los-aquae 1. 28 20oc, 5000 lux, ASM-1 Gentile and 
Moloney 1969 

Aphanizomenon flos-aguae 1. 50 230C, Determined in field Lorenzen and 
Mitchel 1975 

AEhanizomenon flos-aq,uae 0.50 20°C, 4000 lux, ASM Present Work 

AEhanizomenon flos-aq,uae 0.18 15-200C, 860 lux, ASM No. 8a O'Flaherty and 
Phinney 1970 

Blue Green Algae 2.5 Used in Model Lehman et al. 
1975 

Green Algae 3.0 Used in Model Lehman et al. 
1975 

Diatoms 3.0 Used in Model Lehman et al. 
1975 

Lake Ontario Phytoplankton 2.5 Used in Model Thormann et al. 
1975 

0\ 
.p. 
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as to what constitutes the maximal rate. Clearly, exper­

imental variation of nutrients, light, and temperature 

influenced the growth rates obtained for Aphanizomenon 

flos-aquae. 

Specific growth rates used in various models are often 

presented for the dominant phytoplankton community present 

(Lehman et al. 1975 and Baca and Arnett 1976). However, 

these models fail to describe how specific growth rates, 

which are species specific, are determined for mixed 

phytoplankton communities. A possible solution to this 

problem may be possibly obtained by determining k values 

from maximum specific photosynthetic rates (Pmax) (Table 6) 

from in situ exposures. Thomas (1963) describes how 

specific growth rates can be obtained from photosynthetic 

measurements. His method involves the expression of popu­

lation changes in terms of phytoplankton carbon. A sample 

calculation for the average Pmax determined for the carbon-14 

method on August 29, 1976 is illustrated in Table 15. The 

reservoir was dominated by blue-green algae on this day 

(Fig. 7). The k value determined was equal to the maximum 

specific growth rate assigned for the blue-green algae in 

the model of Lehman et al. (1975) (Table 14). Measurements 

of specific growth rates for various phytoplankton commu­

nities derived by the above rationale are presented in 

Table 16. These rates are not maximal rates since the data 

are averaged over the various seasons for the two year 

period. However, the information should facilitate the 
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Table 15. Calculation of a maximum specific growth rate 
from a maximum specific photosynthetic rate. The carbon 
content was estimated from the relationship: carbon = 
0.10 x phytoplankton volume (Vollenweider 1974) using 
Table 13. 

Pmax = 8.2 mg C/mg chlorophyll a/m3/hr 

Carbon/Chlorophyll ratio = 77 mg/mg 

Pmax = 0.11 mg C/mg C/m3/hr 

N0 = 1. 0 mg C/m3 

Nt = 1.0 mg C/m3 + 0.11 mg C/m3 

t = 1 hr 

k = ln(l.ll) - ln(l.O) = 0.104 hr-1 
1 

= 2.50 day-1 

Table 16. Mean specific growth rates, k, in natural log day 
units, of the major phytoplankton communities in the reservoir. 

Phytoplankton 
Pmaxl Carbon/Chl2 Pmax3 Community k 

Diatoms, Cryptomonads, 10.3 36 0.29 6.10 
Green Algae 
(April-May) 

Blue-Green Algae 6.2 77 0.08 1. 85 
AEhanizomenon flos-aguae 
(June-September) 

Diatoms, Cryptomonads 1.5 17 0.09 2.07 
(October-November) 

Cryptomonads, 1.4 10 0.14 3.14 
Green Algae 
(December-March) 

lPmax = mg C/mg chlorophyll/m3/hr. 
2carbon to chlorophyll ratio (mg/mg). 
3Pmax = mg C/mg C/hr. 
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mathematical description of the major phytoplankton coliDilu­

nities found in the reservoir. The specific growth rates 

determined are within the ranges used in computer modeling 

(Baca and Arnett 1976 and Lehman et al. 1975). 

Death Rate 

The death rate coefficient is fractioned into two 

components in the Baca and Arnett (1976) computer model. 

A phytoplankton respiration rate coefficient accounts for 

respiration losses in the euphotic zone and a decay or 

decomposition rate term is used to express the mortality 

rate in the aphotic zone. Both rates are corrected for 

temperature by a standard Qlo formula. The impact of 

zooplankton grazing is also considered in the death rate 

formulation. 

Lorenzen and Mitchel (1975) found a specific respi­

ration rate of 0.3 per day at 25 °C for Aphanizomenon 

flos-aquae. Thomann et al. (1975) reported a maximum 

specific death rate of 0.25 per day in August in their 

phytoplankton model of Lake Ontario. They indicated this 

was primarily due to zooplankton grazing. Lake Ontario 

has a diverse summer phytoplankton flora with blue-green 

algae comprising a maximum of about 40 percent of the 

biomass in August (Vollenweider et al. 1974). The 

remaining portion of the phytoplankton coliDilunity in Lake 

Ontario included diatoms, green algae, and cryptomonads 

which may have supported zooplankton predation.· The 
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effects of zooplankton predation on Aphanizomenon flos-aquae 

the dominant summer alga, is considered insignificant for 

modeling purposes because of its large size (Baca and Arnett 

1976 and Lorenzen and Mitchel 1975). The impact of zooplankton 

grazing on phytoplankton mortality may need to be considered 

in the reservoir during the spring, fall, and winter periods 

when the phytoplankton flora is more diverse. 

Specific respiration measurements of phytoplankton were 

estimated from dark bottle measurements from in situ photo­

synthetic studies (Table 17). The specific rates determined 

overestimate the respiration of phytoplankton since zoo­

plankton and bacteria are included in the estimate. The 

average community respiration rates ranged from 0.6 to 2.6 

mg 02/mg Chlorophyll ~/hr. The respiration rates determined 

are within the ranges reported in the literature. Bindloss 

et al. (1972) found values of community respiration ranging 

from 0.1 to 3.5 mg o2/mg Chlorophyll a/hr for Loch Leven, 

Scotland. Ganf (1972) reported a range of 1 to 4 mg o2/mg 

Chlorophyll a/hr for Lake George, Uganda. 

The specific respiration rates were about 12 percent 

of the specific growth rates (Table 16) for the spring, 

summer, and fall seasons. This is in agreement with the 

respiratory to photosynthetic ratio of phytoplankton at 

light saturation. Respiration of algal cells is normally 

10 percent of photosynthesis at light saturation (Thomas 

1963). The specific respiration rate of the winter flora 

was 31 percent of the specific growth rate. This may 



.Table 17. Mean community respiration rates based on dark bottle dissolved oxygen 
analysis and chlorophyll a concentrations. 

Phytoplankton 
Community 

Diatoms, Cryptomonads 
and Green Algae 
(April-May) 

A hanizomenon flos-aguae 
June-Septem er) 

Diatoms and Cryptomonads 
(October-November) 

Cryptomonads and Green Algae 
(December-March) 

Respiration/Chlorophyll a 
mg 02/mg Chl a/hr 

2.6 

1.8 

0.6 

1.1 

Specific Respirationl 
mg C/mg C/hr 

0.027 

0.009 

0.013 

0.041 

lDetermined using a respiratory quotient of 1.0 and 
presented in Table 16. 

the carbon to chlorophyll 

0.64 

0.22 

0.31 

0.96 

ratios 

2Specific respiration rate in natural log day units 
Table 15. 

calculated by the procedure in 

0'\ 
\0 
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indicate that the specific respiration rate of the winter 

flora was overestimated. For modeling purposes, it may be 

best to use a specific respiration rate that equals 10 

percent of the specific growth rate. 

Light Limitation 

There are two light limiting terms used in the model 

to describe the nature of the photosynthetic-depth profile. 

The approach used in the Baca and Arnett (1976) model was 

obtained from a photosynthetic model described by Vollen­

weider (1965). Estimation of the coefficients needed for 

Vollenweider's approach is rather difficult and may require 

the use of numerical optimization by least squares analysis 

as described by Fee (1969). 

A low light coefficient is used to describe the adap­

tation of the phytoplankton to low light intensities and 

is inversely related to Ik, an experimentally measurable 

light intensity (Vollenweider 1965). Empirical measure­

ments of Ik are presented in Appendix A. The latter data 

are required to use the optimization approach given by 

Fee (1969). A photoinhibition coefficient incorporates 

the effect of photosynthetic inhibition at high light 

intensities. Lorenzen and Mitchel (1975) found a low 

light adaptation factor of 0.00045 per lux for Aphanizo­

menon flos-aquae. A photoinhibition coefficient for 

A. flos-aquae or other algae was not found in the liter­

ature surveyed. 
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Nutrient Limitation 

The Michaelis-Menton formulation is used in the model 

to determine if nutrient limitation of either nitrogen or 

phosphorus is present. The nutrient in least supply controls 

the growth factor used in determining the gross specific 

growth rate of the phytoplankton (Baca and Arnett 1976). 

This approach requires the use of half-saturation constants 

for nitrogen and phosphorus. The half-saturation constant 

is defined as the concentration supporting one-half the 

maximal uptake or growth rate (Eppley and Thomas 1969). 

These constants are species specific and may vary in lakes 

with the degree of eutrophication (Thomann et al. 1975). 

Half-saturation constants for uptake and growth are not 

necessarily similar. Eppley and Thomas (1969) suggest that 

half-saturation constants for uptake are greater than those 

for growth. They believe this arises since nutrient uptake 

"can be separated in time or uncoupled from cell division". 

Further, the uptake velocity may vary with the nutritional 

status of the cell. A listing of half-saturation constants 

for nitrogen and phosphorus of various phytoplankton com­

munities are presented in Table 18. 

The reported half-saturation constants for nitrogen 

are fairly similar for the various phytoplankton, although 

the blue-greens have a larger nitrogen requirement than 

other algae. Toetz et al. (1973) found the half-saturation 

constant for uptake of nitrate nitrogen was 0.043 mg/1 for a 

mixed blue-green algae community containing Aphanizomenon !£· 
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Table 18. Half-saturation constants for (uptake) and 
growth of nitrogen and phosphorus by various phytoplankton 
conmrunities. 

Phytoplankton Nitrogen Phosphorus 
Community (mg/1) (mg/1) Reference 

Anacystis, Anabaena 
ano AEhanizomenon 

(0.043) Toetz et al. 1973 

Blue-Green Algae (0. 070) 0.010 Lehman et al. 1975 

Diatoms (0. 021) 0.001 Lehman et al. 1975 

Green Algae (0.028) 0.003 Lehman et al. 1975 

Lake Michigan 0.015 0.0025 Canale et al. 1976 
Phytoplankton 

Lake Ontario 0.025 0.001- Thomann et al. 1975 
Phytoplankton 0.010 

This value would appear to be appropriate for the reservoir 

since the summer flora is dominated by AEhanizomenon £los­

aquae. The reported half-saturation constants for phos­

phorus are more variable. Half-saturation constants for 

phosphorus are likely to be below 0.010 mg/1 for most algae 

since growth rates are independent of phosphorus concentra-

tions that exceed 0.010 mg/1 (Thomas and Dodson 1968). The 

heterocystous blue-green algae may require higher levels of 

phosphorus in order to sustain nitrogen fixation during 

periods of low inorganic nitrogen concentrations. Stewart 

and Alexander (1971) found saturation of nitrogenase acti~ 

vity in Anabaena at0.020 mg/1 of phosphorus. Therefore, 

the half-saturation constant for phosphorus for AEhanizomenon 

flos-aquae is probably below 0.020 mg/1, but above those 
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reported for other non-heterocystous algae. 

Chlorophyll to Carbon Ratio 

The ratio of chlorophyll ~ (~g/1) to phytoplankton 

carbon content (mg/1) is very critical since the model uses 

this relationship to determine the carbon content of the 

phytoplankton biomass (Baca and Arnett 1976). Measurements 

of the phytoplankton carbon content were estimated from 

phytoplankton volume determinations. The carbon content was 

assumed to represent 10 percent of the total volume by weight 

(Vollenweider 1974). A summary of the chlorophyll to carbon 

ratios determined in this work are presented in Table 19. 

Table 19. Average chlorophyll ~ (~g/1) to carbon (mg/1) 
ratios for various phytoplankton communities. Each sample 
represents a mean of 3 to 6 samples collected from surface 
and middle depths. 

Phytoplankton 
Connnunity 

Diatoms, Green Algae, 
and Cryptomonads 
(April-May) 

Alhanizomenon flos-aquae 
B ue-Green Algae 
(June-September) 

Diatoms and Cryptomonads 
(October-November) 

Cryptomonads, Green Algae 
and Blue-greens 
(December-March) 

Ratio 
Chl/ C 

28 

13 

58 

101 

S.D. N 

6.1 14 

6.3 14 

14.3 6 

66.6 11 
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The relationship between chlorophyll a and phytoplankton 

carbon was quite variable. This is attributable to changes 

in the cell size of the dominant flora. Largest chlorophyll 

a to carbon ratios (~g/mg) were found in the winter period 

when the phytoplankton community was dominated by small 

cryptomonads and green algae. Smallest ratios were found 

in the summer when the large filamentous blue-green alga, 

Aphanizonienon flos-aguae was dominant. These ratios should 

facilitate conversions of chlorophyll a and phytoplankton 

carbon data for the major phytoplankton communities found 

in the reservoir. 

Nitrogen, Phosphorus, and Chlorophyll a content of 
Aphanizomenon flos-aguae 

The nitrogen and phosphorus composition of the phyto­

plankton are important because they are used to establish 

the relationship between algae and nutrient cycles (Baca 

and Arnett 1976). The model requires nitrogen to carbon 

and phosphorus to carbon ratios of the phytoplankton flora. 

These ratios were determined for the dominant summer alga, 

Aphanizomenon flos-aguae (Table 20). The carbon content 

was not determined directly but was estimated from phyto­

plankton volume measurements as discussed previously. A 

ratio of 13 ~g chlorophyll ~ per mg carbon (Table 19) was 

used to estimate the carbon content from chlorophyll data. 

The average chlorophyll ~ composition of ~- flos-aquae was 

8.7 mg/g-dry wt or 670 mg C/g-dry wt. Correspondingly, 

the nitrogen and phosphorus to carbon ratios were 0.133 and 
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Table 20. Nitrogen, phosphorus, and chlorophyll a content 
(mg/g-dry wt) of Aphanizomenon flos-aguae in the summer of 
1976. 

Date Nitrogen Phosphorus Chlorophyll 

June 5 90.0 2.50 6.7 

June 30 97.0 0.94 11.0 

July 16 1.00 11.0 

August 9 83.0 0.41 7.6 

August 29 87.0 0.49 7.2 

Mean 89.2 1. 07 8.7 

S.D. 5.9 0.84 2.1 

a 

0.002, respectively. The mean nitrogen content of A. £los­

aquae was 8.9 percent per gram dry weight. Birge and Juday 

(1922) reported a similar value of 9.3 percent for this 

species. The mean nitrogen to chlorophyll a ratio found 

was 10.2. Thomann et al. (1975) used a similar ratio of 10 

for their phytoplankton model of Lake Ontario. The mean 

nitrogen to carbon ratio found in this work is within the 

range suggested by Baca and Arnett (1976). The average 

phosphorus content of A. £los-aquae was 1.1 mg/g-dry wt. 

Healey (1973) has indicated the mean phosphorus content of 

algae is about 11 mg/g-dry wt and ranges from 0.5 to 33.0. 

The phosphorus content of A. £los-aquae did not exceed 

2.5 mg/g-dry wt and declined steadily during the summer 

period. The mean N/P ratio was 83.4 which indicates a 

cellular imbalance of these two nutrients. The ratio of 
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N/P is normally between 9 and 17 when neither nutrient is 

limiting (Sakamoto 1966). Therefore the data suggests 

phosphorus deficiency. However, the N/P ratio was 36 on 

June 5 prior to the bloom of Aphanizomenon flos-aguae. It 

was unlikely that phosphorus was limiting on June 5 because 

this was during the exponential growth phase of this species. 

This may indicate that the phosphorus content was under­

estimated as well. It was difficult to determine a phos­

phorus to carbon ratio from these results. If one assumes 

a phosphorus content of 11 mg/g-dry wt (Healey 1973) then 

the phosphorus to carbon ratio is 0.016. However, the 

ratio was not constant since the phosphorus content of the 

alga declined steadily during the bloom. The phosphorus 

to carbon ratio for A. flos-aquae may range from 0.002 to 

0.016 from these results. 

Algal and Water Attenuation Coefficients 

An algal attenuation term or self-shading factor is 

used in the Baca and Arnett (1976) model to determine the 

attenuation of light with respect to the phytoplankton 

concentration present. The Lambert-Beer equation is used 

to define light extinction. The formulation for light 

extinction considers the attenuation due to algae and that 

associated with the water which includes detritus, zoo­

plankton, and dissolved compounds. The extinction coef­

ficient of the water and the algae were determined by 

regressing tota1 light attenuation against a unit of algal 
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biomass (Ganf 1974) and are presented in Table 21. Measure­

ments of algal biomass were made using chlorophyll a data 

and an estimation of the carbon content of the phytoplankton. 

The carbon content was determined using the chlorophyll to 

carbon ratios presented in Table 19. 

Table 21. Extinction of water and algal attenuation 
coefficients based on chlorophyll a and phytoplankton 
carbon content. 

Extinction Extinction of Algae 
of Water 

Chlorophyll Carbon 
Period (1/m) (1/m-mg chl/1) (1/m-mg c/1) 

Spring 0.91 0.032 0.85 
(April-May) 

Summer 1.18 0.014 0.20 
(June- September) 

Fall 1. 95 0.019 1. 05 
(October-November) 

The attenuation of coefficients for chlorophyll a 

compare with those reported by Ganf (1974), Bindloss et al. 

(1972), and Megard and Smith (1974) for eutrophic lakes. 

The light extinction coefficient for water was high during 

the summer and fall periods. Megard and Smith (1974) 

reported much lower values of 0.7 and 0.9 1/m for eutrophic 

Lake Minnetonka and Shagawa Lake, Minnesota, respectively. 

The higher extinction coefficients for water for the 

reservoir may result from a greater suspension of detritus 
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when compared to. natural lakes. Increased levels of parti­

culate material are expected in the reservoir as a result 

of summer and fall drawdown. Ganf (1974) found very high 

attenuation coefficients for the water fraction (2.6-2.8 

1/m) for a shallow well mixed equatorial lake (Lake George, 

Uganda). Correspondingly, resuspension of chlorophyll and 

particulate material occurs daily in Lake George as a result 

of wind mixing (Ganf 1972). 

A prediction equation was needed to explain changes in 

the extinction coefficient of the water with respect to 

water level manipulations. Measurements of the attenuation 

of water were determined and compared to the reservoir 

stage on eight days during the open water period (May-October) 

of 1976 (Table 22). An excellent correlation (r = 0.942) 

Table 22. Extinction of water and reservoir stage on eight 
days during the open water period of 1976. 

Extinction of lvater Reservoir Stage 
Date (1/m) (ft) 

May 14 1. 04 1145 
May 26 1. 07 1145 
June 19 1.10 1145 
July 8 0.92 1142 
July 27 1. 88 1140 
August 9 1. 76 1139 
August 29 2.74 1136 
October 22 3.05 1132 
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was found by regressing the extinction coefficient of the 

water against the re~ervoir stage in feet. The prediction 

equation is: 

Extinction of Water (1/m) = 189.4 - 0.165 (Stage in ft) 

By incorporating this equation with the self-shading coef­

ficients for chlorophyll or carbon (Table 21), a reasonable 

estimate of the total light attenuation coefficient is 

possible. 

An approximation of the total light extinction can also 

be obtained from Secchi disc measurements. Measurements of 

the total light attenuation using a submarine photometer 

were taken in parallel with Secchi disc readings on 42 

samples during the two year open-water period. The mean 

vertical extinction coefficient and average Secchi disc 

were 2.64 1/m and 0.8 m, respectively. The average light 

intensity at the limit of Secchi disc visibility was 12 

percent of the surface light intensity. This is in agree-

ment with the data reviewed by Vollenweider (1974). The 

realtionship between Secchi disc readings and total light 

extinction using Vollenweider's approach is: 

Extinction Coefficient (1/m) = Constant 

Secchi disc (m) 

The constant determined for the reservoir was 2.1. Vollen-

weider (1974) reported an average value of 2.2 and a range 

of 1.4 to 3.0. 



CONCLUSIONS 

1. Annual primary productivity of the Big Eau Pleine 

Reservoir was indicative of a hypereutrophic lake. The 

estimated annual productions for 1975 and 1976 were 300 

and 605 g C/m2, respectively. The mean daily integral 

photosynthetic rates were 1.3 and 2.8 g C/m2/day for 1975 

and 1976, respectively. The marked rise in productivity 

in 1976 was attributed largely to increased solar radiation 

and water temperature in the summer of 1976 as compared to 

1975. Surface water temperatures were warmer in the summer 

of 1976 in response to increased solar radiation during 

that period. Warmer water temperatures provided a longer 

period of optimal water temperature for the growth of the 

dominant blue-green alga, Aphanizomenon flos-aquae. An 

earlier and more extensive drawdown provided higher levels 

of total reactive phosphorus in the 1976 summer period. 

The combination of increased solar energy, water tempera­

ture, and phosphorus concentrations in the summer period 

of 1976 provided optimal conditions for phytoplankton growth. 

2. The timing and magnitude of the summer reservoir 

drawdown influenced the release of phosphorus from the 

reservoir sediments. An earlier and more extensive summer 

drawdown in 1976 resulted in higher levels of total reac­

tive phosphorus than the previous summer period. It is 

believed internal phosphorus release from the sediments is 

promoted by wind mixing with low water levels. Phytoplankton 

biomass and productivity increased sharply innnediately after 

80 
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summer drawdown began in 1975 and 1976. Reservoir drawdown 

apparently provides a significant source of phosphorus for 

phytoplankton growth during the summer months. 

3. Measurements of carbon-14 primary production 

determined with the filtration procedure were identical to 

those measured with the acidification and bubbling procedure. 

The carbon-14 method correlated best with net photosynthesis 

rather than gross photosynthesis. 

4. Measurements of phytoplankton volume paralleled 

changes in the chlorophyll a concentration. The mean 

surface chlorophyll a concentrations for the summer periods 

(June-September) were 53.2 ~g/1 in 1975 and 103.0 ~g/1 in 

1976. Correspondingly, the average surface volume measure­

ments for these periods were 32.2 and 53.0 mm3/l respectively. 

These biomass measurements are characteristic of eutrophic 

temperate lakes. 

5. The summer phytoplankton biomass is dominated by 

blue-green algae, particularly Aphanizomenon flos-aquae. 

Centric diatoms and cryptomonads were the dominant taxa in 

other seasons. 

6. Results of algal bioassays indicated that both 

nitrogen and phosphorus were limiting phytoplankton growth 

in the summer and fall seasons. Phosphorus was believed 

to be the main limiting nutrient since the phosphorus 

content of ~- flos-aquae declined as the bloom developed. 

A reduction in the external phosphorus loading from spring 

runoff and internal loading from the sediments in the summer 
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will decrease the summer phytoplankton growth. In particular, 

a delayed suimner drawdown should reduce the magnitude of the 

summer blue-green algal bloom since the phosphorus flux from 

the sediments would be reduced. 

7. An information base was collected on the seasonal 

changes in primary production and phytoplankton biomass for 

the reservoir computer model. In addition, model coefficients 

were derived from the data base where possible. This infor­

mation should facilitate the calibration of the computer model 

of the Big Eau Pleine Reservoir. 
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APPENDIX A 

Primary production data and associated measurements 

Clrbon·14 Techntque ~!;'C,~i:':l ... 
lncubltton 

("' C/ol/hr) 

Period 
Lf1 

Depth '""· Acid. & Chlorophyll !. 
F(i)l lp4 1,5 6 

Solar a.dtatton7 
Date Sfte (h•) (•) ("C) Ffltratton Bubbling Gross ... (ug/1) .z I opt (Ungleys/dly) 

05/r./75 23 3.0 34.1 0.0 12.2 103 261* 
0.5 11.5 85 
1.0 u.s 34 
1.5 11.0 2 
3.0 u.o ,.a. o:sh 

05!20/75 23 3.0 34.1 0.0 18.4 115 224* 
0.5 18.3 146 
1.0 18.3 97 
1.5 18.2 55 
3.0 17.5 4 
5.0 16.0 I 

I.S• l.8f6 

19 3.0 34.1 0.0 19.2 78 
0.5 19.1 57 
1.0 19.1 53 
1.5 18.8 33 
3.0 18.8 • 5.0 16.0 

I.S• a.$ 
:oti/16/75 23 3.0 13.9 o.o 16.0 47 4.0 144* 

1.0 16.0 • 5.0 
(Raini 1.5 16.0 2 

3.0 16.0 I 1.6 
5.0 16.0 I 

tp&. D.TI6 
1.6 

19 3.0 8.8 0.0 16.0 27 9.4 
1.0 16.0 16 5.8 
1.5 16.0 3 
3.0 16.0 I 2.2 
5.0 16.0 I 

Ip8. ll.m 
1.4 

(,6;25/75 23 3.0 31.4 0.0 24.0 41 tes* 
0.5 24.0 33 
1.0 24.0 27 
1.5 24.0 22 
3.0 24.0 • 5.0 20.0 

Ips= tr.dt 
19 3.0 33.2 0.0 22.0 28 

0.5 22.0 63 
1.0 21.5 36 
1.5 21.0 34 
3.0 21.0 • 5.0 19.0 

,p&. o.;h 
07/10/75 23 3.0 21.9 0.0 22.0 131 120 35.5 1.55 2.39 0.086 0.232 414"' 

0.5 22.0 160 157 
1.0 22.0 125 156 37.3 
1.5 22.0 75 58 
2.0 22.0 30 2 36.3 
3.0 21.0 I I 36.8 

,pa. nos 2.ID 

19 4.0 29.6 o.o 22.0 178 61.9 2.21 2.94 
0.5 22.0 164 
1.0 21.5 126 52.6 
1.5 21.5 59 
2.0 21.0 17 43.8 
3.0 20.0 

IpS,. 2.3~ 
45.4 

1Perc.entage of dl11y solar radiation occurring during the incubation period. 

2E11tinction coefficient (1/m) 

3A flll'lction of the photosynthetic active incident light (Vollenweider 1969} : f(1) ,. (lp · e)/PIIIIJI .• 

4 Integra1 phOtosynthesis (g C/.Z/day) detel'lllined e.pirically : lp = (PNx/e) · f(t} • (100/Lf). 

SAn eaperi~~e~~t.illy lleiiSurlble light intensH:y (UngleJS/Riinute). The onset of light saturation begins 1.t 1bout l~r./2 (Vollenweider 1965). 

'-dg~t ~ntenstty (Lingleys/n~inute} at the depth of QJitiiiUI photos)'nthesis (PNX). 

7Arr asterisk indicltes dlys whet~ ~olar radiation was estillllted ustr19 a regression equ~.tion bued on solar radiation data collected 
frC# filadison. Wisconsin. 

e!'ltegral photosynthesis (g C/rftl/day) detei'Wiined from the photosynthetic-depth proftle. 
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APPENDIX A continued 

Primary production data and associated measurements. 

C•rt:·~jJi:jfque 
lnc:ubltton 

Pertod 
Lf1 

Depth r...,. Actcl. & 
ilote Stte (hr) (•) (Pel Filtration Bubbling 

1}7/22/75 Z3 4.0 51.8 o.o 80 87 
0.5 I86 210 
I.O 176 I96 
I.5 I20 118 
2.0 .. 50 
3.0 6 5 

I,S. 2.'ffl 2.411§ 

08/05!75 23 4.0 33.6 o.o 25.0 10I I49 
0.5 25.0 132 I64 
I.O 25.0 .. .. 
I.5 25.0 36 30 
2.0 25.0 5 6 
3.0 25.0 

I,S. r.ok 2 
r.nr 

19 3.25 16.0 o.o 25.0 195 
0.5 25.0 I24 
I.O 25.0 27 
1.5 24.0 10 
2.0 24.0 4 
3.0 24.0 3 

I,S. 2.334 

09/12175 <3 4.o co2J 58.9 o.o 16.0 196 108 
0.5 16.0 I43 119 

4.0 (C-14) 51.0 1.0 16.0 84 86 
1.5 22 30 
2.0 I9 7 
3.0 3 4 

I ... r.!R ~ 

10/16/75 23 4.o co2J 60.6 o.o 10.5 68 64 
0.5 10.5 64 47 

4.0 (C-14) 58.1 1.0 10.5 46 32 
1.5 10.5 26 12 
2.0 10.5 8 6 
3.0 10.5 Ip8•~ 5 

o:m-
19 4.0 58.3 0.5 u.o 86 47 
:6 4.0 58.3 0.5 u.o 108 64 

ll/!4/75 23 4.0 co2J 63.3 o.o 5.0 20 22 
0.5 5.0 12 II 

4.0 (C-14) 58.8 1.0 5.0 7 7 
1.5 5.0 4 5 
2.0 5.0 3 4 
3.0 5.0 I I ,,..o.m if.'ID 

19 4.0 58.8 0.5 5.0 2I 32 
16 4.0 58.8 0.5 5.0 32 42 

01/05(75 Z3 5.0 70.0 o.o D.O 2.3 
0.5 D.5 I.2 
I.O 1.0 , ... ~ 

CLz;·7e 23 5.0 65.0 o.o 0.0 I.O 

1=e~etlta;e of daily solar radiation occurring during the incubation period. 

ZE.-~iooction coefficient (lf•~ 

OXygen Tecllntque 
(og C/&3/hr) 

Gross ... 
I48 I02 
211 180 
I64 133 
133 .. 
86 55 

"2.n' T.ii2' 

125 .. 
I 56 I25 
I02 70 
55 39 
39 31 
8 I 

'T.T5 "J':J5 

125 I25 
125 117 
78 62 
39 24 
24 8 
16 1 

"T.lii 0,81 

20 I6 
31 35 
30 30 
20 20 
12 12 

Q.ff "'Q.ff 

27 27 
24 24 
I4 14 
14 I4 
I I 

I -= o:n 

3.-, fun::t~or. of the phOtosynthetic active incident light ( Vollenweider 1969): F(;) " {Ip • e)/P118x. 

4:r.:.egrai onotosyfttnesis (g C./,;/day) deter.ined empirically : Jp = (l)llllx/e) · f(i) · (100tL1 ). 

Ch1oropft711 I 
(ug/1) - ,2 F(i)3 Ip4 

33.0 1.69 2.60 

41.0 

35.4 
38.3 

94.0 I.96 2.21 
101.3 
70.6 
71.7 
77.5 

138.8 3.07 
145.6 
134.2 
103.1 
94.8 

30.3 2.24 2.79 
30.3 
30.3 
30.3 
30.3 
30.3 

29.1 2.10 2.78 
19.8 
30.4 

21.3 
22.3 

31.6 2.72 0.33 
34.5 3.24 0.38 

22.1 2.09 1.90 
23.3 

22.0 
19.8 

38.7 2.87 0.14 
29.2 3.83 o.u 
10.4 

2.8 

·:, .. ~ri~~enttlly -etsurable light intensity tlangleys/mfnute). The onset of light saturation begins at about 1.,12 {Vollenweider 1965). 

s._ i;~o: ;.,:ensity (langleys/•inute).at the depth of optimum phOtosynthesis (pnax). 

~...,. uterisk indicates days Wflen solar radiation was ntimated using a regression eqU~tion bas~ on solar radiltiOJ'I dati collected 
F~ -.uison, WiSCOfiSir, 

5: .. -:.e-~;rai ])hOtos.rsthesis {g Ctffil./day) detenrined from the photosynthetic-depth profile. 

I,5 Iaot6 

0.084 0.342 

0.!110 0.202 

0.088 0.290 

0.073 0.728 

o.soo 

Soler Jtediltton7 
(Langleys/dly) 

369° 

379* 

414* 

301* 

204 

178. 

218. 
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APPENDIX A continued 

Primary production data and associated measurements. 

Cal"bon·lC Technique 

Incuhltion 
(og ttolthr) 

Period 
L 1 

Depth '"""· Acid. ' 
Dlte Site (hr) 

f 
(o) ('c) Ffltratfon Bubbling 

DI./Z7/76 23 4.o co21 49.0 0.0 8.5 83 95 
0.5 8.5 107 132 

4.0 (C-14) 43.1 1.0 8.5 68 15 
].5 8.5 35 33 
3.0 8.5 14 l5 
5.0 8.5 

1,0• n:ls- 3 
1.670 

!9 4.0 46.0 0.5 8.0 220 
16 4.0 46.0 0.5 8.0 124 
14 4.0 46.0 0.5 9.0 l1Z 

05/14/76 23 3.0 co2 ) 36.8 o.o 14.0 120 m 
0.5 14.0 149 149 

3.0 (C·14) 36.0 1.0 150 139 
1.5 123 111 
3.0 " 93 
5.0 

lp .. ~ 8 
2.!6T 

" 3.0 36.1 0.5 12.8 126 
19 3.0 36.1 0.5 13.8 124 

" 3.0 36.1 0.5 13.8 159 
14 3.0 36.1 0.5 12.5 185 

05/26/76 23 4.o co21 45.0 o.o 18.0 " " 0.5 18.0 30 32 
4.0 (C·I4) 43.5 1.0 28 32 

1.5 30 42 
3.0 34 34 
5.0 

Jp8• o:ih- 15 
lr.JiA" 

20 4.0 47.2 0.5 19.0 " 19 4.0 47.2 0.5 18.0 124 
16 4.0 47.2 0.5 18.0 49 
14 4.0 47.2 0.5 18.0 84 

06/09/76 23 4.0 so.o o.o 24.0 
0.5 24.0 
1.0 24.0 
1.5 24.0 
2.0 24.0 
3.0 23.0 

1.S• 

20 4.0 50.0 0.5 24.0 
19 4.0 so.o 0.5 24.0 

" 4.0 50.0 0.5 24.0 
14 4.0 so.o 0.5 24.5 

06/30/76 23 4.0 46.9 o.o 
0.5 
1.0 
1.5 
2.0 
3.0 

Ips= 

1Pero:eo-uge of daily solar radiation occurring during tne ·incubation period. 

2rath•ction coefficient (1/11) 

~.: ci~;:;lue 

Gross Net 

42 40 
62 55 
46 43 
25 " J 2 

1 1 .....-m T."5i 

39 33 

" 45 
34 41 .. 40 
17 10 
13 1 
~ T.1!! 

29 16 
21 13 
14 10 
25 15 

1 6 

D.1r ""1f.1l 

33 28 

" 54 
79 52 
15 52 

" 49 
11 9 

"T.53 T.OI 

185 150 
ISS 132 
140 115 
169 116 

218 173 
379 334 
Z55 m 

" 6 
27 1 

-r.;o T.E 

3A f~ction of the photosynthetic ac.the incident light (Yollenwider l%9) : F(i) • (Ip · e)/JIIIIx. 

4tntegra: ~tosynthests (g Ctrnltday) cletennin~ etnpirically : lp = (p~~~~X/e) · f(i) · {100/Ltl· 

Chl(~~~ll!. .z F(t)3 

20.2 1.84 2.52 
17.6 
17.6 
16.6 
18.9 
17.9 

Z3.8 2.19 
23.9 2.09 
19.4 2.04 

1.48 3.06 
23.8 

22.8 1.40 
26.3 ).51 
28.0 1.54 
33.0 1.63 

6.4 0.92 2.20 
3.7 
4.7 
7.7 
8.1 
3.2 

6.4 0.93 
5.7 1.02 
3.0 1.00 
2.5 0.94 

22.2 1.11 2.69 
24.2 
24.5 
22.0 
24.6 
18.7 

59.9 1.23 
51.3 1.84 
43.5 1.54 
39.3 1.59 

105.9 3.07 3.70 

116.4 
109.0 
98.0 

104.4 

5.&n e...;.eri-entally ~~Usurable light intensity (langleys/lltnute). The onset of light saturation begins at about It/2 (Vollenweider 1965). 

6:..!;": 'i~tensity (Langleys/mtnute) at the depth of opti1111l pf'lotosynthesh (p~~~.x). 

1~.r. uterhk indiutes days when solar radiation wu estilt•ted using a regression eq~Mtion blsl!d"" solar radiltion data collected 
fr-o- IP.IG15on, Wisconsin. 

8 r,.teo;"'t:~ t'hOtosynthesis (g CJrftlt•yl detenni~ed frc-. tiM! ptiOtosyntl'letic·depth profile. 

1p4 15 • lopt6 

0.389 0.445 

2.20 
1.30 
1.20 

0.080 0.530 

2.29 
2.09 
2.62 
2.88 

0.188 0.589 

0.68 
1.12 
0.44 
0.94 

0.106 0.350 

z.so 
1.47 
].54 
1.50 

0.082 0.257 

Solar Rad1atton7 
(langleys/di.Y) 

61.9 

553 

516 

511 

597 
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APPENDIX A continued 

Primary production data and associated measurements. 

Carbon·l4 Te:.hntque 
(111q C/•lthr} 

Jncubetton 
Pertod 

'•I 
Oeoth T-. Actd. & 

~te Site (hr) (•) (OC) Filtration Bubblino;~ 

07/"J8/76 23 4.0 39.5 o.o 26.0 
0.5 26.0 
1.0 25.0 
1.5 25.0 
2.0 25.0 
3.0 24.0 

to8" 

20 4.0 42.4 0.5 25.8 
19 4.0 42.4 0.5 25.8 
16 4.0 42.4 0.5 25.5 
14 4.0 42.4 0.5 25.0 

07/l7!76 23 4.0 46.7 o.o 25.8 ... 528 
0.5 25.2 613 693 
1.0 24.9 159 143 
1.5 24.7 24 20 
2.0 24.6 9 e 
3.0 24.2 

Ips .. ~ 1 
4":1"f! 

20 4.0 46.7 0.5 24.7 943 986 
19 4.0 46.7 0.5 24.7 1010 1068 
16 4.0 46.7 0.5 25.0 1124 1350 
14 4.0 46.7 0.5 24.2 1052 1246 

08/')9!76 23 4.0 48.5 -u.o 23.0 263 271 
0.5 23.0 439 466 
1.0 23.0 216 201 
1.5 22.5 " 24 
2.0 22.5 5 2 
3.0 22.0 

InS... 3.1}2 
1 

J.Mil 

20 4.0 48.0 0.5 23.5 485 462 
19 4.0 48.0 0.5 24.5 720 640 
16 4.0 48.0 0.5 22.0 615 636 
14 4.0 48.0 0.5 23.5 688 723 

t:YJ/29/76 23 4.5 co2) 55.9 0.0 22.0 459 215 
0.5 21.8 564 m 

4.5 (C-14) 54.0 1.0 21.2 245 231 
1.5 21.0 92 221 
2.0 21.0 28 38 
3.0 21.0 t.a-cl 1 

04l! 

20 4.5 55.2 0.5 22.0 690 911 
19 4.5 55.2 0.5 22.0 761 796 
16 4.5 55.2 0.5 21.5 575 668 
14 4.5 55.2 0.5 21.5 583 62A 

09/24/76 23 4.0 co2) 35.3 o.o 14.0 401 294 
0.5 14.0 904 8!3 

3.0 (C·14) 42.4 1.0 14.0 188 148 
1.5 14.0 42 40 
2.0 13.0 l2 22 
3.0 13.0 

1p. 
1 I 

n;o ~ 

20 3.0 42.4 0.5 13.5 "'0 711 
19 3.0 42.4 0.5 13.0 799 782 
16 3.0 42.4 0.5 13.5 570 660 
14 3.0 42.4 0.5 12.0 648 1!4~ 

~;er-c.enuge of daily solar r-adiation occurring during the incubation per-iod. 

Zr.~tinc.tion coefficient (1/m) 

axr.;n ,j~r.,:.1ue 
Gross .. , 

208 170 
252 241 
228 J73 

65 25 
I 20 
I I 

T.1J ~ 

200 183 
lll 247 
293 190 
248 J73 

265 197 
367 306 
157 100 

'" 4 
18 I 

1 1 ...,..,., 
2.27 

244 172 
324 229 
168 134 
30 I 

1 1 

T.3S ""1M 

214 191 
253 235 
131 111 
43 24 
8 I 
.L I 

1.86 -r:lr 

138 Ill 
220 201 
60 68 
21 24 

7 12 
_]_ I 

Loti T.1!l 

3A function of the phOtosynthetic active incident light (Vollenwider- 19691, F(i; = liP · elll*'l•· 

": .. tegral photosynthesis (g CJm2Jday) detennined ellltliricallJ ; Ip = (ptriU./e' · F:i} · ~100/Lf). 

Chlorophyll a 
(ug/1) - .2 F(t)l 

90.3 2.30 2.87 
110.8 
100.9 
103.8 
90.9 
34.6 

97.5 2.56 
152.1 3.29 
101.8 2.09 
71.3 2.09 

114.2 3.34 2.48 
128.5 
145.0 
136.8 
118.7 
102.5 

3.03 
149.9 3.68 
179.9 4.18 
151.7 4.18 

103.0 2.56 2.06 
114.5 
110.3 
62.1 
50.8 
27.9 

87.4 2.39 
132.3 2.71 
129.8 2.90 
180.7 3.12 

59.6 2.00 1.92 
74.0 
55.6 
54.9 
51.5 
52.8 

68.4 2.30 
73.0 2.42 
99.0 3.07 
80.0 4.19 

116.0 2.88 1.57 
116.2 
105.6 
110.8 
114.2 
102.2 

104.6 3.07 
108.7 3.54 
84.3 3.84 
55.8 4.19 

5Ar e~perimentally measurable light intensity (Langleys/minute~. :ne o'lset of light saturation begins at about It/2 (Vollenweider Jg65). 

~.,;nt intensity (Langleys/minute) at the depth of optimt.ll' p~tosyntr~es~s :ONI~':. 

':..r. aster-isk indicates days when solar radiation was esti~ted uSi'l:: a r-eqressiO'l ~uation based Ofl solar radiltiOfl data collected 
•ron- ~dison, Wisconsin. · · 

=: .. ~egral photosynthesis (g CJm2tday) detef"''llir.l!d frOIJ' the photosyr.tt!e":.ic-:!.e;:tl'. ~rtlf"i1e. 

lp4 I 5 • Jopt6 

0.075 0.239 

2.62 
2.42 
4.29 
2.59 

0.147 0.199 

6.91 
6.16 
6.86 
6.32 

0.151 0.281 

3.31 
4.04 
3.76 
3.97 

0.160 0.348 

4.27 
4.32 
4.06 
3.41) 

0.222 

4.13 
2.10 
2.26 
1.89 

Solar Rildiation 7 
(Lanoleys/dav) 

454 

538 

497 

471 

395 
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APPENDIX A continued 

Primary production data and associated measurements. 

Car=·~~.Jfhrtu;1que 
JftCubat1on 

Period 

'•' 
..... 1Bt'l· Acid. I 

Date Site ( ... ) (•) Filtration Bubbling 

liJ/22/76 23 4.0 (0,) 67.5 o.o 4.0 24 11 
o.s 4.0 76 51 

3.0 (C-14) 47.8 1.0 4.5 34 so 
1.5 4.5 I 20 
2.0 4.5 I I 
3.0 4.5 

IpS.. o.ir;g o:m 
2<l 3.0 47.8 o.s 5.0 81 80 ., 3.0 47.8 0.5 s.o •• lOS 
16 3.0 C7.8 0.5 4.5 114 79 
;A 3.0 47.8 0.5 5.0 116 78 

11/21/76 :6 3.0 o.o 0.0 81 

12ill/76 23 4.0 o.o 0.0 51 

uva'n 23 5.5 o.o 0.0 

lpe .. :r!.l9e of dail1 solar radiation occurring during the.fncubatior: period. 

2E.~~t·'IC':~::l" coef~ictent {l/111) 

Oxygen Technique 
(119 C/ml/hr) 

Gross Net 

4 4 
36 33 
20 12 
8 3 
4 2 

D.!5 
I 

D.T1 

Ja .,...A:-:~:>• of the photosynthetic act he inctdent light (Voll~tder 1969). f(i) = (Ip · e )/PMill­

ci~e-;"'1!- ~tosyf1thMis (g t/.:Zt4ay) determined efi!Pirically : Ip = (PI'IIX/e) • F(i) · {100/lf ) 

Chl(~~fl.!. .2 F(l)3 

55.8 2.09 1.69 
53.8 
52.8 
59.1 
53.1 
56.1 

49.6 3.00 
59.5 3.20 
58.7 3.00 
!»3.2 3.40 

38.4 

17.9 

14.0 

5.a .. ~.oe-·~~':ally ~~~easurable light intensity (langleys/~ninute). The onset of light saturation ~ins at about Ik/2 (Vollenweider 1965). 

!!_.; .. -:. ·•.-:ens tty lLinglQ"S/I"Iinute; at the depth of optill"lllll photosynthesis (p~~~~.x). 

7At- u-:er•u ;rtdicates diys wnen solar radiation WIS estimated using a .-egression eQuation blsed on sollr radiation dillta collected 
.. ~ "-:~s.or. •~sconsin. 

5:•-:.'!';""1" :l'IDtOS.tntnes'is (g C/.Z/diy} detennined fr0111 the photosyntnetic-depth profile. 

lp4 I s 
k 

Iopt6 

0.078 0.284 

0.28 
0.28 
0.35 
0.25 

Solar Radilt1cm7 
(Langleys/dly) 

306 



APPENDIX B 

Dominant phytoplankton cell numbers and volume measurements for April 30, 1975. 

Slto 13 Site 16 Site 23 

Dominant Taxa Surface Middle Bottl>ft Surface Middle Bottom Surface Middle Bottom 
(O.Stn) (4.0111) (9.0111) (O.Sm) (3.5111) (7.0m) (O.Stn) (4.01n) (8.0m) 

No." Vol.+ No.• Vol.+ llo. • Vol.+ Uo."' Vol.+ No. • Vol.+ No.• Vol.+ llo.• Vol.+ tto.* Vol.+ Ro. • Vol.+ 

Cyanophyta (bl..,-green) 

Anobaeno '!J!.· 19 32 19 19 
AofiiiiTI~non .fl.'!!::_a_q_'!!!,•• 

o~::oc~:r e:"' O*;r 
Chroocnccus !!!.· 
Mtcrocxstls !1!.· 
(set llatorla !I!.· .. l7 19 19 242 48 410 82 317 60 

Chry<ophyto (yPilnw-qroen) 

Astertonella !!!.· 

2~!:f:! 13r!~ 37 18 56 26 19 9 112 53 93 44 56 26 112 53 149 70 
761 36 354 50 336 47 298 42 205 29 56 

Moloslra ~· 19 78 19 78 

r~•.!L!.<.!'.~ !!!.; 19 448 18 448 

PyrrophyU (yet low-brown) \0 
"'-J 

~:&roth'" hlrundlnelh tlii'•-···!1!.·---
~t .... nas !P.· 19 47 19 22 37 45 19 47 19 22 336 839 186 224 75 90 

Chlorophyta (9reon) 

AnktstrodeSIIIUS !J!.· 75 12 19 75 12 94 13 19 37 186 298 15 429 21 
thlamxdOIIWinas .!1!: 
chloretlo !!!.· 19 
Ciosterluon !!!.· 

v·~~·~· !!!.· an r na !1!: 
Jlii!1"iiiiijia !!!.· 
SCenedisn~~s !!!. . 37 45 
Schroedirla !!!.· 19 37 14 93 35 19 19 
Sphaerocys(ts !!• 

Euglenophyta (eu9lenolds) 

~!!!.· 19 19 37 32 
•• CIIIIOfiiS !!!.· 19 32 

rlogellttes (untdenrtrted) 37 131 75 224 13 242 14 56 

Total n-r of gon•r• 
19 I 

6 
Other till No., Vol. 19 200 19 100 
Toto I tua No., Vol. 485 123 486 675 486 14~ 749 481 504 178 131 51 1,190 1,450 1,270 409 1,0110 351 

•con .-.. ,., .. 
'Phytoplonkton vol..,. as ,..3,.,3, 

.. Only ftl .... nts countttd. 



APPENDIX B continued 

Dominant phytoplankton cell numbers and volume measurements for May 6, 1975. 

Site 13 Site 16 Site 23 

Dolltnant Taxa Surface ?J~&!r 
Bottom Surface Middle BOttOII Surface Hlddle Bot tool 

(O.Sm) (5.0nl) (0.5m) (4.0nl) (7 .Om) (O.!iol) (4.0111) (8.0.) 
No.• Val.+ No. • Vol.+ Uu. • Vol.+ flo~* Vol.+ tao. • Vol.+ Ho. * VoLt Uo.* Vol.+ flo.* Vol.+ llo. • Vol.+ 

tyonopl1yla ·(b I ue-9reen) 

Anabaena !2.. 
AphantzOIHP.non flos~d9Ude•• 

~r~=:~~:r!~· o~~r 
Chroococcus !J!.• 19 75 
Hicrocysfh !!• 
Dsct 1 !•tori a .!!.· ** 19 19 19 19 19 149 30 60 60 336 67 

Chryoophy ta (yelluw-9rccn) 

Aoterlon•l h !.!!.· 

k~!:t:! 10 .. ~~ 671 316 485 228 373 17~ 1,640 771 1,980 429 280 132 783 368 895 421 149 70 
149 26 205 29 186 26 149 21 131 18 149 21 93 13 56 8 

Hcloslra fi· 19 78 93 392 93 392 
Ste;1hanod St!!! !!!.· 37 895 19 446 37 895 37 895 

f.tyf'rnphyta ("yelluw-h,.nwu) 
\0 
00 

Cerat tu.1n hlrundtnelld 
QirO .. IIOOd! !J!.• 112 6 Ill 6 56 3 37 2 19 I 19 I 
(ryptOIIORIS !J!, 224 ~60 410 492 37 45 149 179 205 246 504 1,260 298 746 

thlorophyto (green) 

Ankh trodesmus !e.· 149 131 23 150 21 75 12 242 43 19 168 8 100 13 94 
~fila•taoiiOnas .!2· 

168 chloreila !I!· 373 56 448 13 75 186 56 
tloster1u•l !E.· 
~ jg !I!· 
andor1na ~· 

Pedlastrum !!!· 
19 !kenedisiiiUs ~. 6 I~ 22 19 22 19 22 19 6 

Schroeder•• !!· 93 35 149 57 37 14 75 28 56 21 37 14 112 42 37 14 
SeJ!aeroc~shs ~· 19 16 16 16 

Eu9lenophyta (eu9lenoids) 

~~::::.iJi~as !£~ 19 2 19 16 56 48 
19 32 19 32 19 32 19 32 

flagellate$ (unidentified) 93 317 19 ~~ 205 12 56 19 56 75 19 

Totll n~r of geuerd 13 16 12 19 10 10 II 8 
Other tou llo. , Yo I. 112 10 169 300 75 20 280 70 56 1 38 200 
Tnt• I tau No., Vol. 1,830 1,010 2,420 1,180 1,060 1,290 3,170 1,620 2,800 807 729 1,500 2,070 1,780 1,720 1,500 859 1,450 

•cell "\1.:::"''"1. •Phytop1 nUon volun~V n 11111l/nd. 
u(lf•h ftla~~ents countt•tt. 





APPENDIX B continued 

Dominant phytoplankton cell numbers and volume measurements for June 3, 1975. 

SHe 13 Stte 16 Stte 23 

O.tnant Tua Surface Hiddle Bott~>~~ Surface Htddle Bot tOll Surface Htddle Bott .. 
(0.511) (4.1R) (B.Ooa) (0.511) (3.5no) (7.011) (0.5•) (5.0.) (10.0.) 

No.• Vol. • ,JJO .• Vol. • flo. • Vol. • Uo. * VoL+ tlo. * V~l. t flo. • Vol. • flo.* Vol. t No.* Vul. + rro. • Vol. • 

Cyanophyta (bloe-green) 

11 19 22 38 
22 118 75 392 37 194 37 59 11 59 

37 32 160 40 22 13 60 12 71 17 60 15 45 10 

Chry5ophyt• (yellow-green) 

A5turlnnull• .!I!· II 4 

2~!·:f:! •o,a¥;. 134 6l 60 28 48 23 22 11 22 II 619 291 
II II 2 134 19 22 3 123 17 

Helo51ro r,· 11 47 37 157 11 47 75 3)3 
St Dhlnod scu• 11!.· 22 538 11 269 86 .2,060 

t-A 
Pyrrophyto (yellow-brown) 0 

Cerolhd loirundlnt•lla 0 
ChrOOIIIOIIiS !J!• 11 97 5 11 I 112 6 II 
Crrptomonos !J!· 71 177 48 58 172 429 34 55 123 308 

thlorophyto (.green) 

Antdstrodesuaus !J!.· 
chla!ll:a .... nas !!!· II 19 11 19 II 19 
chi ore I h !!!• 22 37 
clo5terlllll !!!· 
~ ls1 I !!!· 
a do !J!· 

II II II 11 II II 48 Pedl .. tl'lllll !!!· II 11 46 
Sceneilis1111s !J!. II ] 11 13 22 27 
~cliroeaerla !!!· 298 Ill 421 160 37 14 429 163 272 104 60 23 310 117 298 113 22 85 
Sph1erocrs tis !!. . 22 19 22 19 22 2 11 10 11 10 11 10 

Euglenophyta (euglenotds) 

\~Z~I:ioii~as !!· 11 19 11 19 

Flagefllles (unidentified) 

Tot11 n...tJer of generdl 10 II 10 8 
Other tUI No .• Vnl. 22 80 22 50 149 200 
Totti 1111 No., Vol. ~0& 513 706 375 505 1,240 943 952 469 573 152 110 809 719 37!i 136 1,050 2,870 

'tell n-rs/ml. 
+Phytopl•nUon VOIUIIIIt 1$ 111Rl/11l, 

"Oroly fll1110nts counted. 



APPENDIX B continued 

Dominant phytoplankton cell numbers and volume measurements for June 18, 1975. 

stte 13 Site 16 Stte 23 

(b_Rtnant Tdxa Surface ~J?&!f Bottom Surface Htddle OottiHII Surface Hlddle Bottllll 
(0.5m) (IO.Om) (0.511) (4.511) (9,()n) (0.511) (4.0.) (9.1111o) 

No.• VoJ,+ No.* Vol.+ flo. • Vol.+ No.* Vol.+ No. • Vol.+ No. • Vol.+ No.* Vol.• No. • Vol.+ No •• Vol.+ 

Cyonophyta (blue-green) 

Anabaend ~· 63 lOB 11 19 11 19 
~ph1 fZOrnenon flos-aguae** 4,b80 38,900 93 792 112 950 1,490 11,400 37 287 310 1,620 11 59 

s2haerlum !f· 
Chr-oococca1es Order 37 
Chroococcus !£!.· II 11 II 
lllcrocysth !I!· 
llsdl1atorh !I!.·** 86 17 19 37 11 10 11 60 15 22 45 10 

Chr·ysophyto (yellow-green) 

Aster1onelld !1!.· 

2~!:\:! 1&rH~ II 86 40 216 102 86 40 75 35 101 47 II 60 28 160 75 
22 67 9 153 21 37 5 48 7 37 5 22 3 

Heloslro ~· 19 78 11 47 11 47 11 47 22 94 
lliJ!~nod.!.<.'!.!. !I!· II 268 11 269 22 538 11 269 

....., 
.,yrr·ophvt.t (yt•llnw·hrowu) 0 

l.l't'.Jllunt f•lrurutint•l ld 
....., 

gli·OOO§~-~j~------ II I 48 2 186 10 II I 
f!~!!!!~ ~~· 60 102 II 28 671 806 86 132 321 blO 37 40 

lhloroph)'ltl (green) 

Ankhtrodcsntus ~· 11 
Chlatii.Ydonaona5 .!:£· 
thlorella !!· 
tlosteriun• !E.· 
frud''\"h !!!· 

37 164 
'dn or na !J!. 
Pedlas·trum !!!· 37 35 19 18 11 11 11 11 37 35 22 21 
ScenedesRJU,. .!!!.· 22 27 30 9 II 9 
Schroeder•• !2· 186 71 75 28 67 25 138 52 48 18 86 33 45 17 60 23 54 21 
S2haeroclstu !I!· 22 94 48 42 19 16 11 10 37 32 11 10 

Euglenophyta (eu9lenoid•l 

'~!~::Joi~~as !!· 

flogellates (unidentified) 22 18 11 101 48 11 
II 13 

Total number of generd 13 10 11 13 8 12 
Other ta•• llu., Vol. II 20 26 6 11 I 22 5 
Total tuo No., Vol. 5,140 39,600 502 1,140 705 1.520 2,660 12,400 401 534 290 675 !155 2,210 315 517 303 221 

•c.:ull nunwur,.,/ull, 
•PIIytoplenUnu volume " 11111l/ud. 

uonly Ultlllfmt\ tount•d. 



APPENDIX B continued 

Dominant phytoplankton cell numbers and volume measurements for June 30, 1975. 

Pnmln~ant fax• 

C:yann••hyta (hiU(I·qrrrn) 

thrysnphyto (yollnw-g,...•n) 

AstP.rtonella !E.· 

f~~~:f:! 1&ra~ 
Melosira S£. 
StOpliiiiOdlscus !E.· 

Pyrrophyta (yellnw-brown) 

Ceratiun• htrundtnella 
throomon·as~ 
Cryptomonas !P..· 

lhlnrophyta (green) 

£uglenophyto (ouqlenolds) 

\~!~h~f£as ~· 

f loqellotes (unidentified) 

Total numbrr ot genera 
Other taxa rto., Vol. 
Total taxa No., Vol. 

•t•ll ..-.. , .... 
•Phytoplankton vol,... as .,.3,,.3 . 

.. Only filaments countfd. 

Surface 
(O.~no) 

Nn.• Vol.• 

26 44 
6,900 40,600 

3,030 91 

II 

II 
II 

26 

556 
10,600 

784 
I 

10 
41,500 

Slto 13 

rt~T 
No. • Vol.+ 

3,470 20,400 
II I 
75 2 

26 10 

II 

3,600 20,400 

Botten 

No~ • ~ol. • 

93 

56 

37 

90 
II 
II 

75 

II 
384 

548 

5 
I 

47 

20 
635 

Surface 
(O.SIII) 

No. • Vol.+ 

MISSING 
DATA 

Site 16 Site 23 

Middle Bot tOll 
(3.5111) (7 .Oin) 

No. • Vol. • No .. * Vol." 

Surface Middle 
(0.5111) (4.01n) 

flo. • Vol. t No. • Vol. t 

104 548 2,300 12,100 86 450 
II 47 
II I 422 13 
48 2 19 

60 19 II 10 22 

II 5 104 49 22 II 
II 2 19 3 II 2 II 2 
II 47 II 47 

261 13 111 I 
30 50 86 214 284 340 

II II II II II II II II 

30 II 470 179 II 
II 10 II 10 

II II 

14 10 9 
358 20 37 2 II 20 
658 755 261 86 3,190 12,600 969 872 

8ott0111 
(8.01n) 

Ito. • Vol. • 

22 

22 

123 58 
11 2 

134 584 
56 1,430 

~ 
0 
N 

22 27 

8 

390 2,090 



APPENDIX B continued 

Dominant phytoplankton cell numbers and volume measurements for July 15, 1975. 

Site 13 Site 16 Site 23 

Domtnant Taxa Surface Hiddle Bott0111 Surface Middle Bott001 Surface Middle J!ottoon 
(0.5•) (S.Oin) (IO.Oin) (O.Sm) (3.5m) (7 .Oin) (O.Sm) (4.0no) (B.S.,) 

No. • Vol.• No •• Vol.+ rio. • Vol.+ t•o. • Vol.+ Ho. • Vol.+ no. • Vol.+ Ito. • Vol.+ Ho.• Vol.• no.* Vol.+ 

Cyanophyta (blur-grren) 

Anabarna SJ!. II 19 II 19 
~iiiliOmrnun floS-IIt(UIP."' 6 4,150 18,200 67 ?94 84 36ft 7.120 37,800 3,470 18,400 56 297 2,540 13,300 3,360 17,600 112 . 588 

lii1J!li·;;.;r~;;,. -.·-. - · - 48 2 11 I 97 3 
fliriHiioCc'i1f._\_or1'ttr 9?1 ?R 47 I 4,480 134 448 13 67 3,730 11? 
~I':U\.~. 373 11 67 37 I II I 37 11 336 37 

c w.m• •.1!· «t<L "-f,ii:iJ• ~J!.- •• 16 19 48 41 30 II 10 48 17 

ChrYSOfJhyta (y•llnw-green) 

Astertonella ~- 56 22 

~~~!:f:! 10 .. ~~ II 5 104 49 186 88 II 37 18 48 23 134 63 
II 2 121 26 75 10 9 13 

Ml!lostra ~- 11 47 9 39 9 39 30 125 11 47 
[ijip')i_a!i.OJI_t_s_r,u_s_ !!!.· 11 269 ...... 

~yrrophyta (yellnw-brnwn) 
0 
w 

Ct!ratttlll hhundtnella 48 3,400 9 651 II 704 22 1,570 48 3,400 
tfiroii)nai"· ~f.----- 571 28 11 I 
~.!~lOIIIOO!!_ SJ!. 63 76 11 13 26 31 45 83 II 13 

lhlorophyta (9rPen) 

41 

19 18 19 18 
11 13 9 11 

598 227 242 92 93 35 101 38 48 18 30 11 45 17 22 11 
26 22 19 16 28 24 11 10 19 16 

[uglennphyU (euqlenoids) 

l-m¥."' ~-___ ,,ii}J!!t!.J!I.I_S. SP.. 

f lagollatn (unidentified) 7S 47 19 249 IS 236 14 82 

total ~r of gentorl ll 14 14 10 11 n 8 
Othor tua No., Vol. 9 I 55 2 11 I 19 3 II 20 
Iota! taxa No., Vol. 6,S30 7.2,100 1,080 565 653 1,280 12,100 38,800 4,280 18,500 472 519 6,380 15.100 3,600 21,400 375 1,000 

•cell n.mtrs/11!. 
•PhytoplanUon volumt as nnl/m3 . 

.. Only fUamrnts cnuntttd. 



APPENDIX B continued 

Dominant phytoplankton cell numbers and volume measurements for July 28, 1975. 

Site 1l Site 16 Stte U 

Omltn~~nt laxe Surface rJ~~r Bott ... Surface Middle Bott ... Surface Middle BotiOII 
(U.S..) llo~• ) (O.SOI) No~P"'~ol.' (7 .Ono) (O.Son) (4.0on) (8.0on) 

No. • Vol. • No. • Vol. • Vol.' No. • Vol.' flo. • Vol.' flo. • Vol. • No.• Vol.• No. • Vol.+ 

r.y•nophyt• (hiUP·9•••n) 

Anobaono '..1'.· 2,460 4.180 I 19 
~Ti'iincnon flos-~ae•• 32,800 179,000 48 272 58,100 388,000 2,950 19,500 140 928 22,400 118,000 1,140 5,990 60 313 

ffi-o~~~~~~;r - 246 9 25 I 246 1,030 93 3 19 I 37 I 
1,930 58 140,000 4,200 11,900 357 65 2 21,000 631 1,590 18 22 

Chroococcus !1!.· 6 2 

tcfj"jYf tis !2· 466 792 112 190 
__ c I orfa !2.• •• 1,490 1,270 79 62 466 396 56 48 23 

Chrysophyto (yellow-green) 

Asterlonel la .!!!.· 

2~!:f:! '&,~; MISSING II 5 48 23 
II 2 OATA II 2 

Melosira ~· II 47 19 78 II 47 
It_•.!!.'!•!!.'!! ~CIJ.~ !1!.· II 269 

Pyrrophyta (yellnw-brown) ...... 
0 

Cerattum hfrundtnella 246 17,200 19 1,300 .J:'-ChroomonaS SJ!..--···-- 12 112 6 
ki!P_tomon~ '.I!.· 112 280 

Chlorophyt.a (green) 

Ank tstrodes111us !2.· 
Chle~~nas !P.· 
CliTOre • ~: · · 
Oost_err.m. SJ!. 19 439 

r·~~ii?!I!i!-
• • '.1!.· 

II ~-~. II II II 
Stonrdosiiftis !1!.· 

112 43 50 19 8 Stli rooilii'll !P.. 112 101 38 28 II II 
. ~!ii!.!'.!'J.•.i.t! -~. II 10 II 10 

[uglpnophytl (ruglenotds) 

~·s1 rt !1!.· 
-!.!f...!_Of!!."~ ~.!!.. 246 418 

rt19ellatps (unldentHied) so 1,490 90 112 75 

lotel number of genPre 8 II 10 
Other taxa No. , Yo I . 373 900 II I 

43,400 119,000 TOte~ tua No:, Vol. 38,200 187,000 2,250 494 61,500 411,000 15,400 22 .ooo 405 1,030 2,740 6,050 152 610 

•cell numbers/mi. 
'PhytoplanktO!I volume as nm3/,.3 . 

.. Only fthmrnts cnunttod. 



Appendix B continued 

Dominant phytoplankton cell numbers and volume measurements for August 11, 1975. 

Site 1J Site 16 Site 23 

Dominant TaXI Surfac• "I !Idle 8ott~>n Surface Middle Bot tOOl Surface Middle Bot tOOl 
(O.!ilo) (4.0111) Ito~· ) (O.SIII) (4.0111) (8.01n) (O.Soo) (6.011) (12.011) 

No. • Vol.+ ""·. Vol.• Vol. • ""· • Vol.+ Ho. • Yo1. • _no. • VoL+ #' llo. • Vol.+ No. • Vol.• No.* Vol.• 

Cyanorhyto (hlue -gr••n) 

Anabaeno •l!· 
~JT~:~t~'! o;_-~_qt!_a~•· 298 1.710 224 1,280 4,330 19,700 448 2,350 75 340 26,700 140,000 768 4,030 284 1,490 

II I 26 I 26 I Chr~Joc~c:Cale'S-o*"'"' 6,260 188 3,620 108 4,680 141 1,780 53 235 5,970 179 235 683 21 
Chroococcus !J!· 37 I 26 I II II I 
Alcroc¥Stls ~· II 19 II 19 
Osd Ill torlt !I!: •• 26 22 149 127 126 107 II 10 119 25 86 17 

Chrysophyto (yellow-green) 

Astertonolla !1!.· 
MISSING ~;~!:f:! 'G,.*; 19 37 18 II 5 198 93 

56 OATA II 2 22 3 22 3 
Moloslra ~· 47 47 II 47 II 47 48 204 
r~!i-•!'..'!!!.~.!..!1!.· II 269 60 1,430 

t-' 
Pyrrophyta (yellow-brown) 0 

Ceratl~~n hlrundlnello 11 784 
VI 

throomonas !1!.. - 75 4 48 
£rypt0010n_ll.!J!.· 

thlorophyto (green) 

Anklstrodeosmus !2· 
~~;amyvr~ .'..1!· 48 82 

ore 1 !1!: 
Closter!.,. !1!.· 

F~~·!l!.· •an or na ".!· 
II II 19 18 II 11 22 21 Pedllsfriin s_e. 

fcfiieifis..,.- !1!.· II 13 
rchroo-aei'ii s_e. 37 14 112 42 86 33 86 33 138 37 14 II 4 

}J'!•.a.•.o:.n..c.VJ t_l! 'P..· II 10 

luqlenophyto (euqlenolds) 

!!!!!lena '.l!· 
!•·aif~~t~_n_l_i SJ!. 

lloqellat•s (unidentified) II II 86 

loti I mlllbflr of genr.ra 10 8 10 10 
Other , ... No., Vol. 75 II I II 3 II 3 
Total texa No., Vol. 6,670 1,970 4,160 1,470 9,410 20,80o 2,580 2,600 615 428 32,700 140,000 1,270 4,490 1,420 3,300 

*CP.11 numbers/Ill. 
+Phytoplankton volump liS nnl/Pil . 

.. Only rtldunrnts countpd. 



APPENDIX B continued 

Dominant phytoplankton cell numbers and volume measurements for September 3, 1975. 

Slto 13 Site 16 Site 23 

Dominant Taxa Surface Hlddlo rottom Surface Nlddlo Bott ... Surface Nlddle Bottooo 
(0.S111) (4.0111) 8.01n) (0.511) (3.5on) (6.0111) (O.Son) (4.011) (8.0or) 

No. • Vol. • No. • Vol. • Plo. • Vo1. + No. • Vol.+ No. • Vol.+ No.• Vol.+ rao. • Vol. • No. • VoL+ No. • Vol.+ 

Cyanophyto (blur-grren) 

Anabaena !1!.· 4,400 7,480 26 44 130 526 II 19 22 38 

@£:f:!'h~u,/!o~-qtl.!! .. 2,670 5,300 1,120 2,220 1,190 2,360 3,530 12,900 2,260 8,290 48 178 2,510 18,800 1,420 10,600 48 364 

Chronc~cules O~r II I 
235 1 436 13 298 9 213 II 545 16 

Chroococc.us !J!.· 485 14 272 8 75 186 6 160 123 
Alcroc~s[h !!· 
[sclllotorlo !1!.· .. 63 42 26 22 26 II 10 26 22 37 16 48 41 172 146 

Chrysophyto (yellow-green) 

Asterlonello !1!.· 272 109 63 25 

k~!:e:~;~~ 26 12 26 12 324 152 63 30 II 5 86 40 149 70 48 23 48 23 
26 4 26 4 ISO 21 48 7 22 3 48 7 22 3 22 3 

I!Ploslra •P.· 26 110 63 266 II 47 86 360 22 94 48 204 149 626 
~t.oJ?.I\iil<i.d_~ '~<-'!'. !.!'.· II 269 198 4,74.0 

~ 
~yrruphyt.a (yrllnw-hrnwn) 0 ; 0\ teral tum hi runrltne1la 22 1,570 

~fi!oomoE!! 5£~ -~-- 48 2 63 3 II I 97 5 48 123 6 
trl.J!.l.!!."'!'."!.~ !.!'.· 48 58 75 186 48 121 37 93 48 107 48 58 

thlornphyto (groen) 

II 
22 38 

101 443 II 49 101 443 

II II 22 21 22 21 
II II II 13 II 13 

II 4 26 2~ 26 10 II 4 22 8 22 8 
138 119 II lo 

Eu9lenophyto (e119lenolds) 

~r!~h:1o~~IS ~· II 19 26 44 II 19 

rtagellotes (unidentified) 26 101 198 101 63 149 75 

Total n\lnbP.r or grnPn lfi 13 12 16 13 II 10 
Other t111 No., Vol. 149 70 48 5 II 2 
Tot1l till Nn., Vol. R,fiOO 13,700 2,370 2,620 2,370 3,980 4,500 13,100 3,010 8,800 546 631 3,490 19,000 1,900 12,600 659 5,910 

•coli nunohen/ml. 
•Phytnplanktnn volulftP •~ ~t~nl/ml, 

.. Only rtlalhPnh cnuntfl'd. 



APPENDIX B continued 

norninant phytoplankton cell numbers and volume measurements for September 23, 1975. 

SHe 11 Site \6 Site 23 

Omnlnant laxa Surface ?A~~!l Bottom Surface Middle Bot tOll Surface Middle Bott011 
(O.Soo) (9.0.) (O.Soo) (3.0.) (6.0m) (O.Soo) (4.0.) (B.Oo) 

Nn. 411 Vo1. • No. • Vol.• no. • Vol.+ No. • Vol. • No. • Vol.+ No... Vo1. • No.* Vol.• No. • Vol. • No. • VoL+ 

r.y•nnphy 11 {hlm•·grt"f'n) 

Anabaena •t· 2,900 4,930 634 \,080 37 63 4,530 7,700 2,460 4,\80 \,640 279 22 38 
~~!~'!'·f.! fh~·_!l.q".!'!'. .. 1,150 6,760 634 3,710 522 3,050 6,240 50,900 5,070 4\,400 4,910 40,\00 4,090 32,700 4,180 33,500 2,940 23,500 

26 I II I 298 10 II I II I ~ro!~~c::l~s!'!O~~r 645 19 140 4 48 2 10,400 312 6,640 199 5,970 179 213 7 149 4 37 
ChnKICOCCUS •.!· 63 2 37 I 186 6 II I 63 2 37 I 
~stisS.J!.. 4e 82 112 190 48 82 
sc a tort a·!!·** II 10 It IZ 26 zz 86 73 101 85 164 139 63 54 It 10 26 22 

Chrysophyta (yellow-green) 

Asterlonella 1£· 

~'~!:f:! 1 Ora¥~ 48 Z3 26 12 26 12 11 52 22 It 11 5 
48 7 26 4 11 2 37 5 It 2 26 4 

Melosira n· 75 95 75 313 37 157 175 1,230 101 423 63 266 63 266 75 313 86 360 
~L.e.J?.fi.anod_~£!!.~ 11!· 11 269 

...... 
ryrrophyt• (yellow-brown) 0 

terattOMR hlrundlnelia 
..... 

CJlr'iQi;;'iiaS Sj":---···-
rriit.Y.~n~ 'P.· 86 zoo 97 179 liZ 246 86 197 75 186 37 93 26 31 

lhlni"OIIhyt• (qrrPII) 

Ankh trodesMus ~· 

~CI"'"'\'FnK•.P.· 
ore 1 '.2.· 

74 1,760 26 ClostertUI0 .. 1J!. 616 

rrwr.~· 37 164 123 542 1~ 328 112 492 II 49 

'I!· 26 II 11 II II II II II II 22 21 II II PedlntrUM· !!!· 25 
S"cooedrsonus •.P.· 26 8 II 13 II 13 
Sihrottderh Sf!. 75 28 37 14 II 4 48 18 II 
~!~YTI~~ ·~.!· 75 64 175 151 175 151 II 9 II 10 

(uglt!flophyta (•uqlenolds) 

~'··· 11!· _!f~T...,n~ •.P.· 37 63 37 63 II 19 37 63 II 19 

flaqollatos (unldontlflod) 212 16 160 10 112 48 160 10 48 22 

Total · nUIIIber of gentra 16 16 18 12 II 10 13 8 8 
Other tiX• No., Vol. II 40 37 60 149 5 
Total tlxa No, Vol. 5,610 14,300 2,140 6,130 1,480 4,200 21,900 60,900 15,100 46,700 12,900 41,000 4,560 33,500 4,540 33,900 3,160 23,900 

*Cpll numbPr!>/ml. 
•Phytopl•nkton voliJIIIP as ,.Jhnl. 

u0n1y f-t laMents COlin ted. 



APPENDIX B continued 

Dominant phytoplankton cell numbers and volume measurements for October 7, 1975. 

Site 13 Site 16 Site 23 

Do.ntn•nt rau Suddte Middle 8ottiJI Surface Mlddlj Botto• Surface Middle BottiJI 
(O.~m) (3.5m) (7.~) (O.Sm) (2.511 (5.011) (O.S.) (3.S.) (7.0111) 

IJo, • Vol.+ r.o. • Vol.+ No. • Vol.+ No. • Vol.+ flo. • Vol.+ No.* Vol.• No. • Vol.• No.* VoJ.+ No. • Vol. • 

-·----·-------·-- ·-
ly•IIUIIIIVloi (hlut•·ljfl!t!ll) 

Afhllh"mfld ~, 1~ Ill zz 38 

~~:zc:~i~n/ !o:•:.!!'!!!1!u 26 137 205 1,1180 26 137 101 399 37 148 1,180 4,280 496 402 1,360 1,110 
II I II I 26 I II I lhrnOc:Ccalos 0~•~,- 2,950 88 2,!»!.10 77 709 21 1,820 55 162 5 1,310 39 272 172 209 6 

Chroococcus !J!· II I 26 I I I II I 147 4 
Alcrocys(ls !1!.· 
Oscillator Ia !I!.· u 19 16 19 13 74 63 37 32 22 12 

thrysophyt& (yellow-green) 

Aster tone! h .!!!· 

~~~!:f:! 10r¥e; 26 12 19 II 5 II 22 10 60 28 
26 4 48 1 II 2 37 5 

He lost ra tt· 48 304 37 157 75 313 26 110 26 324 37 242 37 157 II 47 II 47 
S"ijjiliiriiid scus !1!.· 37 895 26 626 II 268 37 895 63 1,520 22 538 II 269 48 1,160 

...... 
f'yrrot•hvta (yellowwbrowtl) 0 

00 
r.erdt1um htrundtnelld· 
ChroOtnOnds !f. 
Crxpto110nas !f!· 698 1,520 67 168 63 158 90 224 37 45 

lhlorophyto (green) 

11 II 

63 1,500 37 880 48 1,140 II 410 II 264 
112 492 26 115 II 49 

26 31 
26 25 19 18 22 21 II II 22 21 II II II II 
37 11 19 22 63 358 II lJ II ·u II lJ 
48 18 37 14 48 18 26 10 

123 106 198 170 26 22 22 19 

luylenophyto (euglenold>) 

\~J~h:iJirias !!!· 37 63 11 19 26 44 II 19 11 19 

flogellotes (unldent if ied) 310 19 19 26 26 37 22 

Total number of gener.t 11 13 16 11 lJ 10 
Other taxa Uo., Vol. II 200 26 I 
Total tua No., Vol. 4,510 4,100 3,210 3,890 1,440 3,110 2,150 1,560 447 1,480 1,440 2,100 1,660 5,130 845 797 1,910 2,400 

*Cell nuatbers/ml. 
•Phytop1anUon volun~e •~ 11111l/mJ. 

**Only ftta~~ents counted. 



APPENDIX B continued 

Dominant phytoplankton cell numbers an4 cell volume measurements for October 21, 1975. 

Site 13 Site 16 Site 23 

Do•dnant Tax• Surface 7~~s!~ aou .. Surface Middle Bott011 Surflce ?J~r Bot-
(O.Soo) (7 .Ool) (0.5•) (2.5m) (5.011) (O.Soo) (7.0.) 

No.* Vol,+ No.* Vol.' No.* VoL+ No.* Vol.+ No.* Vol.+ No.* Vol.+ No.* Vol.+ r,to. * Vol.+ No,* Vol.+ 

Cyanophyta (blue-green) 

Anab111en1 !J!.· II 19 710 1,910 
~ROll fl~!9,~11 • ll4 1,230 123 646 175 Y21 12 I 198 533 48 1l1 594 208 501 2,120 149 631 
~haorl ... ~ 37 I II I 1,940 b8 II I 12 I 

o4ffiii-llr r 340 10 63 2 86 3 8 24 345 10 12 
~hroucoccu• !I!. 53 2 48 2 37 I 
·lcrocxslh .ut· 
o.clilolorla !J!.· .. II 10 26 22 89 52 II 12 10 37 8 

Chrysophyto (yellow-grL..,n) 

Asterlonella !!!· 

k!!:f:P&raf~ 41 19 37 18 175 02 50 24 48 23 67 J2 52 24 93 44 
53 8 37 5 63 9 26 4 28 4 32 4 II 2 

Melosira*" 12 52 II 5 26 110 27 114 12 50 26 110 28 116 37 157 
Ste2honod ~eus !J!.· 02 1,970 75 1,790 48 1,160 167 4,000 131 3,140 112 2,680 158 3,800 112 2,700 198 4,740 

1-' 
Pyrrophyta (yellow-brown) 0 

\0 
Cerath• hlrundinella 
ehro-nas .!lt· 26 I 101 5 
Crypt...,nas .ut· 193 428 261 556 101 252 78 159 39 84 75 152 40 99 80 96 48 58 

Chloropllyto (green) 

Ank tstrodesmus !J!.· 12 II 
elilallxiliiiiiiinas .!lt· 
chlorello .!lt· 
elostertlllll !I!• 53 1,260 112 2,640 26 616 27 642 52 1,220 II 264 

~ I" Ia .ut· 
29 126 26 115 II 49 

•n 0 • .!l!· II 13 12 432 
Pedlastr""' .!Jt· 29 27 37 35 12 II 20 19 
Sceneaes ... s .ut· 29 9 26 31 26 8 
Schroedirla .ut• 12 5 101 38 86 33 27 10 12 11 12 II 4 
SP!Iaerocxs t t s .ut. 299 257 II 10 II 10 

£uglenophyto (euglenoids) 

~.ut· ! 0110nn !1!.· 12 21 II 19 39 66 12 20 37 63 12 20 II II 

flagellotes (unidentified) 164 10 86 48 50 12 48 28 20 II 

Total nUIIIbtr of genero 18 18 20 13 II 10 12 
Other t .. • No. , Vo I. 258 bO II 3 3,180 70 24 70 33 3 
Total to .. No., Vol. 1,910 5,490 1,120 5,020 4,260 3,440 3,240 7,110 487 5,080 798 3,230 991 4,290 853 5,420 661 5,940 

*Cell nUIIber>/111. 
•Phytoplonkton volUIIII! os m3/ml . 

.. Only filaments counted. 



APPENDIX B continued 

Dominant phytoplankton cell numbers and volume measurements for November 4, 1975. 

Site 13 Stte 16 Site 23 

IJoRiir1ant lax• Surface !Iiddle Bot tOll Surf iCe Middle BottOII Surface Middle Botto. 
(0.511) (l.Sm) (7.0m) (0.511) (2.0..) (4.0m) (0.5•) (4.0m) (7.511) 

No.• Vol.+ No.* VoJ.+ tlo. • Vol.+ No.* VoJ.+ No.* YoJ.+ No.* YoJ.+ No." Vol.+ No.* Vo1.+ No. • Vol.+ 

Cyonophyto (blue-gr.een) 

Anabaena !!.· 
~non flos~aguae** 22 liB 22 118 11 59 160 635 37 148 11 44 

ch~~,,:r!:"o*;,. 11 26 110 11 I 22 I 
II 250 8 86 86 

Chroococcus !1:!.· II I 22 I 86 3 22 
M1crocxstis !J!.· 11 19 11 19 
Oscltlatorta !2: u 22 19 22 12 26 22 II 10 22 19 

Chrysophyto (yellow-green) 

Asterionel h !£· 

2!!:t:! 'a .. 5f~ 861 408 1,320 619 880 414 22 II 63 30 123 58 209 98 149 70 
31 5 63 9 91 14 11 2 11 2 22 3 60 8 37 5 48 1 

Hetostro *' 22 94 11 47 22 94 11 47 63 266 22 94 37 157 22 94 
~~SCUS!Jl. 496 11,900 324 1,190 422 10,100 410 9,850 235 5,640 235 5,640 2,240 5,370 284 6,800 384 922 

~yrruphyl• (yo lluw·lll'own) ..... ..... 
trnthlll h1rundlnella 0 r.lfriiiiiiiiiioqj!:------ 212 14 522 26 160 8 48 2 II I II I 

~JII!.L...,n .. !I!· 123 216 123 148 224 462 86 214 63 158 75 97 116 149 179 

lhloruphyto (gree11) 

48 48 22 

48 I 
11 264 22 528 12 529 11 264 11 264 11 264 22 529 

138 607 149 656 123 542 
11 13 11 13 

II II 11 11 11 II 11 23 11 11 11 11 
II 3 37 45 II 13 

91 37 138 52 123 47 11 22 8 
37 32 11 10 II 10 

[uglenophyto (euglenolds) 

~~~~h:i ~~as !2. 37 63 22 38 37 63 II 19 II 19 

flogellotes (unidentified) 22 37 22 11 22 

Total nllllber of genera II 19 IU 14 JJ 12 12 
Other tuo No. , Vol. 183 I 224 so lSI 30 JJ4 5 J4 8 
Totol t••• No., Vol. 2,410 Jl,UOO 3,110 10,200 2,410 12,300 1,220 10,600 376 5,920 643 6,200 2,720 6,460 800 7,910 851 1,370 

•cell •-r•J•I. 
'Phytopl•nkton vol- 11 .,.3/lll . 

.. Only ffiiMnts counted. 





APPENDIX B continued 

Dominant phytoplankton cell numbers and 
volume measurements 

Dolllfnant Tua 

Cyanophyta (blue-groen) 

Chrysoph1to (yellow-green) 

Astertonella !!· 

~:~!:f:! '3..!; 
Melostro !I!· 
lliiffi.iiiD'dlici.~~ !I!· 

Pyrrophyto (yolhow-hr""") 

Ceratl,.. hlrundtnella 
throooonos1i!_-:---
~~~J!: 

Ch 1 oroph1ta ( gro•n) 

[uglenophyta (euglenotds) 

~~~IS!J!.. 

flagellates (untdenttfted) 

Total numbrr of gttnera 
Other taxa No., Yol. 
Total taxa ""•, Yo I. 

•tell n ... bers/Ml. 
+Phytoplonkton volUIIII 11 nol/11l, 

••Only ftla111nts counted. 

Stte 13 

Surface 

No. !0.5m~ol. • 

662 

62 
75 

II 

48 

19 

29 
10 

2R 

II 49 

II 

840 138 

for December 18, 1975. 

Stte 16 

Surface 

No. so.5m~ol.' 

II 

137 

3,540 
771 

II 

25 

II 

II 

1,050 

10 

64 

177 
R4R 

30 

10 

19 

63 

48 I 
5,620 1,220 

Stte 20 

Surface 

No. i0.5"~n1. + 

186 

101 
75 

63 

26 
467 

88 

5 
90 

13 

I 
202 

Dominant phytoplankton cell numbers and 
volume measurements for January 6, 1976. 

DoMinant Taxa 

Cyanophyta (blue-green) 

Anabaena !£· 
~0111enon flos-aquae** 

osp aer1• !!· 
Chroococcafes OnJer 
Chroococcus .!1!: 
A1crocxst1s !2.· 
Osd11etor1a !1!.· ** 

Chrysoph1to (yellow-green) 

Astertonello !£· 

~~~!:t! 13..¥; 
Melosira !I!· 
nepliiiiiidTScus !1!.• 

Pyrrophyta (yellow-brown) 

terottUIII htrundtnella 
thro~MK~nos !I!· 
~·!I!· 

Chlorophyta (green) 

Euglenophyto (euglenotds) 

Flagellates (unidentified) 

Total nUIIIber of genera 
Other taxa No., Yol. 
Total taxi No., Vol. 

•eel 1 nUIIbers/111. 
'Phytoplankton volUIIII as ..,3/113. 

**Only ftla~~ents counted. 

Stte 13 

Surface 
(0.5m) 

No. • Vol.+ 

186 

II 13 

1,060 53 

87 

1,340 77 

Stte 16 

Surface 
(O.Son) 

No.* VoL+ 

261 
348 

224 
373 

37 

883 

II 
2,140 

13 
595 

II 
48 

63 

53 

I 
784 

Site 23 

SurfacP. 
(O.SIII) 

No.* Vol.+ 

8 

56 

131 
19 

lg 

233 

26 

6 
2? 

56 

...... 

...... 
N 



APPENDIX B continued 

Dominant 
volume 

phytoplankton cell numbers 
measurements for January 20, 

Dnmti1ant TIIXI 

Cyanophyta (blUf'-greoo) 

~noboenl !2· 
=cnrnon fiD!t"!!J..U.!..~** 

chrC:!c~:J!~ o~~r 
Chroococcus !2· 
AICrDciiffi' !2· 
Oscllfaloria !I!.· •• 

Chrysophytl (yellow-green) 

Asterfonello !2· 

2~!:f:! 13r~~ 
Melosfro !J!.. 
stOpliiiiOdTScus .!2· 

Pyrrophyta (yellow-brown) 

terotf1111 h1rundfnelh 
ChrootnOnas !2· 
CryPtoiiiOnis !1!.· 

Chlorophyta (green) 

[uglenophyta (euglenolds) 

=!I!.· - OIIIOIIaS !1!.· 

Flogelhtes (unldentfflod) 

Totl1 nuntl:ter of genen 
Other tiKI No., Vol. 
Total tiKI No,, Vol. 

•tell n-rs/11l. 
+Phytoplankton vol..,. as m3/113. 

.. On1y fflanents counted. 

Site 13 

Surface 
10.5!1) 

No. Vol. • 

4R 29 

410 27 

11 19 

37 

II I 
519 81 

Site 16 

Surface 

No. !O.Soo~ol. • 

62 
123 

149 

50 

384 

3 
162 

16 

184 

and 
1976. 

Site 23 

Surface 

No. !O.Soo~ol. + 

NO 
PHYTOPLANKTON 

OBSERVED 

numbers and 
4, 1976. 

Dominant phytoplankton cell 
volume measurements for March 

Site 13 Site lfi Site 23 

Dominant Taxa 

Cyonophyto (blue-green) 

~aboeno !2· 
~CJIII!non flos ... aquae** 

c:ero::c~:f!:' oi!;r 
Chroococcus .!2· 
Mtcrocrstls !2· 
Osd llatorh ~- •• 

thrysophyta (yellow-green) 

Asterfonella .!2· 

~..1; 
Melostro !1!_.· 

Stejjliiiiiidlscus .!2· 

Pyrrophyta (yellow-brown) 

Ceratfon hlrundlnella 
throoononas !1!.· 
crxpt01110nas !2.· 

Chlorophyta (green) 

[uglenophyta (euglenolds) 

f"'1:T .!2· OIIIOOU!J!_. 

Flagellates (unidentified) 

Tota1 number of genera 
Other taxa No. , Vol. 
Total taxa No., Vol. 

•tell nonbers/•1. 
+Phytoplankton vol..,. as 11113/113 . 

..Only ff laments counted. 

Surface 
(O.Soo) 

No. • Vol.+ 

; 

MISSING 

MTA 

Surface 

No.io.s..~ol.• 

25 

II 

II 48 

199 40 

II 49 

257 140 

174 
100 

11 

4,720 g4s 

5,000 955 

....... 

....... 
w 



APPENDIX B continued 

Dominant phytoplankton cell numbers and Dominant phytoplankton cell numbers and 
volume measurements for February 6, 1976. volume measurements for February 16, 1976. 

Site 13 Site 16 Site l3 Site 13 Site 16 Site l3 

Onlltnant Tua Surface Surface Surface Dominant Taxa Surface Surface SurfaCe 
jO.Sm) No.JO.Soo~ol. + 

jO.Soo) 10.511) Nn_JO.Sm~ot.+ No.JO.S!n~o1.+ No. Vol.+ No. Vol.+ No. Vol.+ 
_____ ...,_M ___ 

Cy•nophyt.e (blUI'·groon) Cyanophyta (blue-green) 

174 s 311 lS 
75 174 385 12 Chroococcus !1!.· 1,540 46 

Microcxstis !1!.· 3,440 103 
II 10 OSct ltatorta !1!.· ** 48 41 

Chrysophyta (yellow-green) Chrysophytl (yellow-green) 

Asterlonella !1!.· Asterlonella !1!.· 

k~!:f:! 1 iJr~ II f!n!:t:! '6..!~ II 
37 18 

Moloslra SJ!. Moloslra ft 37 158 
i~J!!!anod I s.c'!.~ !1!.· S tephanod scus !1!.· 

I-I 
~yrrnphyta (yPilow-br'""') Pyrrophyta (yellow-br""") I-I 

Ceratl111 hlrundlnella Ceratlllll hlrundlnella 
~ 

throoononas !I!· 37 2 Ch1"00110ftas !I!• 
9:lJ!..l_'!!!!!!!'!!. !I!· 75 186 37 22 Zl 41 trxpt01110nas !2· 25 30 73 IOl 

Chloroph1ta (green) Chlorophyta (green) 
; 

l73 42 3,790 759 137 l8 Ankl s trodes ... s !I!· 3,890 778 10,600 2,120 14g 30 
chlamydiliiiOilis !1!.· 
Chiarella !1!.· 
ClostenUII !1!.· 
~ a!gt I !I!· 

!1!.· 
Pedlasti"UUII !1!.· 

II SCenedi!s111s !I!· 
schi'Oidi!rla !I!· 
Sphaerocystts !I!· 

[uglenophyta (euglenolds) Euglenophyta (euglenolds) 

~!I!· c umonas !2.· =!I!.· -n•s !I!· II 19 

flagellates (unidentified) 112 l86 17 flagellates (unidentified) 25 l' 

total numbf'r or grnen Total nUIIber of genera 
Other lUI No., Vol. 50 5 Other taxa Mo., Vol. 

4,140 Total tawa No., Vol. 546 247 4,340 RIO 594 R6 Total taxa Mo .• Vol. 880 14,500 2,530 210 52 

•cell nl.lllbers/ml. *Cell numbers/Ill. 
+Phytoplankton val,... IS 01113/ml. 

-*Only ftla~~~ents counted. 
+Phytop hnkton vo 1,... as m3/113. 

**Only filaments counted. 



APPENDIX B continued 

Dominant phytoplankton cell numbers and Dominant phytoplankton cell numbers and 
volume measurements for April 13, 1976. volume measurements for April 26, 1976. 

Site 13 Site 16 Stte 23 Site 13 Stte 16 Site 23 
Oolltnent Taxa Surface Surface Surface Dominant Taxa Surface Surface Surface jO.S..) No.jO.S..~ol.' No_jO.Son~ol. • No. iO.!ioo~ol.• (O.!ioo) 

No. iO.!ilo~l. + No.. Vol. • No. • Vol.+ 

Cyanophyta (blue-green) Cyanophyta (blue-green) 

Anaboent !I!.· II 20 
~non flos-aguee•• 

crn::c::r!:m O~r 
Chroococcus !I!.· 48 62 
Hlcrocxstls !I!.· 
Oscfllatorla !2: .. 149 30 22 

Chrysophytl (yel tow-green) Chrysophyta (yellow-green) 

Astertonetla !I!.· Asterlonello !I!.· 199 80 

~~!:f:! •a,.~; 50 23 II 22 10 ~~!:f:! 15,.~~ 1,140 537 2,250 1,060 1,660 782 II 3 37 50 7 370 59 110 18 160 29 
Melosira ~· Helostra !I!.· 48 189 37 168 
~foiiliaJ!.o.d . .'.<l'.!. !I!.· ~..!i•nochsc~ !I!.· II 170 22 340 

Pyrrophvte (y• t low-brown) Pvt·rophvta (vellnw-hrown) 
...... 
...... 

CeratftiO htrundtnella CerattUIR hirundinP11a IJI 
ChroOIIMinu •P.· II I II I throoononas !I!.· - 174 9 II I 75 4 ku.t .... nas·•.P.· 47 187 2? 27 50 60 trypt01n0nas !.1!.· 310 331 609 975 200 297 

Chlorophyta (green) th torophyta (green) 

100 5 249 12 338 18 Ank istrodesmus !I!.· 48 22 8 34 12 323 1,290 37 34 chlamydOiiiOnas .!P.· 22 20 II 10 
Chlorella !I!.· 
~!I!.· 

II 
II 392 

~!I!.· 49 II 22 
!I!.· 

Ped11>lrt10 !I!.· 
II 13 Scenedis1111s !1!.. II 13 

22 8 Schroeder11 !P: 48 18 149 57 112 42 
Sphaerocystts !2· 100 86 

Euglenophyto (euglenotd•) Euglenophyta (euglenoid•) 

\~:~r.t.!~ .. !I!.· t1 19 ~!I!.· c e omonas !E.. II 19 

rlogelhte• (untdenttfted) 261 16 37 87 Flagellates (unidentified) 199 12 249 15 162 10 

To_tll fttllllber of genera II 10 lota1 nURiber of genera 19 18 17 
Other t••• No. , Vol. 82 300 72 II 290 4 Other taaa llo., Vol. 445 100 334 70 370 60 Total tu1 No., Vol. 907 1,850 498 117 1,020 148 total taxa No., Vol. 2,960 1,210 3,980 2,620 2,900 2,190 

•ttll ntiObtrs/otl. •tell nUIIIbers/ml. 
•PhytoplonHon vol- •• no3/ot3. •Phytoplankton volume l!li mml/m3. 

.. Only ft laiiP.nts c:ountH. **Only ftlamPnts cnuntP.d . 



APPENDIX B continued 

Dominant phytoplankton cell numbers and Dominant phytoplankton cell numbers and 
volume measurements for May 10, 1976. volume measurements for May 24, 1976. 

Stt• ll Stte 16 Site 23 Site 13 Site 16 Site 23 

Dollltnant Tau Surface Surf tee Surface Dominant Taxa Surface Surflct Surface 
j0.5m) 

No. Vol. • 
jO.!ioo) 

No. Vol. • NO.j0.5m~l.' No_!0.5m~ol. • No.1°·5oo~ol. • No.jO.!ioo~ol. • 

Cyanophyta (blue-green) Cyanophyta (blue-green) 

Anabaena !I!.· Anabaena !I!.· II 10 
~dlenon f1os-aquae•• Aphin1zC'JIII!non flos-aguae .. 75 224 22 54 

chro::c~:l!~ oi:!;r ~:"r!:::::1!~ o!;r II 48 62 
Chroococcus !I!.· 124 11.800 354 2,980 90 Chroococcus !I!.• 87 
Mtcrocrstts q. Mtcrocrstis !I!.· 
0Sct11elorta· !2.· .. II OScfilatoria .!!.· •• 22 10 

Chrysophyta (yellow-green) Chrysophyta (yellow-green) 

· Asterlonellt !I!.· 721 288 800 318 I,JOO S22 Asterlonella !I!.· 149 60 

~~:f:!'O~~ 8g6 421 870 409 2,680 1,180 ~r~; 48 23 11 s II 
484 106 123 27 162 30 22 3 

Melosira~· 37 224 199 6S6 7S 246 Melosira~· 274 2,300 II s 
it!J!!i_a.!!jjd scu~ !J!.· 2? 538 112 2,680 100 2,380 Stephanod scus !J!.· 100 3,400 48 1,660 37 1,280 

Pyrrophyta (~llow-bro..,) Pyrrophyta (yellow-brown) ...... 
...... 

Ctrttlum hlrundlnella Cerattum hlrundlnello 0\ 
thr....,nti ![.""----- 771 38 1,120 86 1,360 118 throomonas !I!.· 611 34 II I 22 I 
CrtptOIIIOftas .•.P· II ll 286 343 410 541 Crtptomonas !I!.· 161 242 48 SA 199 319 

Chlorophyta (grern) Chlorophyta (green) 

22 4 36 I II I Ank 1 s trodes..,s !I!.· 
37 34 100 90 62 56 ch1t!!!l'dillli0nas !I!.· 

S41 16 87 3 ch1ore11a !I!.· II 
II 168 11 4S Closterlum !1!.· 

37 164 ~ a!~' !1!.· 
II 4S 

!1!.· 11 ll 423 507 
22 21 Pedlas trum !1!.· 

48 58 62 7S 100 30 SCenediSIIUs !1!.· 22 27 
124 41 48 18 so 19 schroedirlt !1!.· 37 14 37 14 

31 32 sphaeroctstts !I!.· 48 42 

Euglenophytt (euglenolds) Euglenophyta (euglenolds) 

~r.!~T~~a. !I!.· f~:!~=t~as !I!.· II 10 
37 63 

Flagellates (unidentified) 249 IS 448 21 149 Flagellates (unidentified) 249 IS 22 II 

Total numbor of genert 26 21 21 Total numbor of genera ll IS 10 
Other taxa No .• Vo1. 888 19 612 200 30S 40 Other taxa No .• Yol. 48 30 22 40 37 lO 
Iotti tl•• No., Vol. 5,080 5,8SO 11,300 S,460 10.800 5,360 Totti tua No., Vol. 1,780 6,190 486 2,040 883 2,220 

•tell n...,.rs/•1. •cell n.-rs/•1. 
•Phytopltnkton voh• 11 .,.l/•3. 

.. Only fll11110nh counted. 
+Phytoplankton vol- IS •3/M3 . 

*'Only fllanients countl'd. 



APPENDIX B continued 

Dominant phytoplankton cell numbers and 
8, 1976. volume measurements for June 

Omtnant Taxa 

Cyanophyta (blue-green) 

Anabaena !1!.· 
~mienon _flos .. aquae•• 
tCiilOspliiii'li"ioa. !1!.· 
Chroococules Ordf!r 
Chroococcus !1!.· 
MlcroclStts !1!.· 
Oscl Ita tort a !1!.· .. 

Chrysophyto (yellow-green) 

Asterlonello !1!.· 

2!!:f:.! 'a~; 
Melosira !1!.· 
F•.P!i.anodlJ..ill !1!.· 

Pyrrophyta (.yellow-brown) 

Ceretl,.. hlrundlni!lll 
thrOOIIDnl,. !1!.· -·-
0.J!.t_,".! !1!.· 

thlorophyto (green) 

Euglenophyto (euglenold•) 

~~:~::T J£~., !P.. 

flagellate• (unldentHied) 

Total nun~bttr of genrre 
Other taxa No. , Vol. 
Total taxa No., Vol, 

•co ll n....,.rs/11!. 
. •Phytoplankton vol- as ,.,.3/lll. 
.. Only ff lawnts cnunted. 

SHo 13 

SurfacP 
j0.5no) 

No. Vol. • 

75 
5,070 

48 

11 
22 
37 
11 

100 
49 

37 

37 
37 

37 
5,570 

127 
13,700 

13 

4 
10 
5 

IOJ 

5 
73 

45 

II 
14 

10 
14,100 

SHe 16 

Surface 

No. j0.5'"Jol. • 

II 
4,370 

62 
186 

22 

II 

313 
445 

11 

75 

37 

72 
5,6RO 

76 
22,300 

2 
6 

12 

268 

lg 
549 

11 

28 

40 
23,300 

SHe 23 

Surfacp 

No. !0.5m~ol. • 

22 
2,080 

174 

11 

186 
237 

11 

75 

11 

75 

34 
7,920 

28 
10,900 

11 

9 
lRI 

11 

28 

19 

60 
11,100 

'Dominant phytoplankton cell 
volume measurements for June 

numbers and 
21, 1976. 

Dolllinant Taxa 

tyonophyta (blue-green) 

Anoboeno !1!.· 
~non flos-aguae .. 

chro::c~:r!~ o~r 
Chroococcus ~· 
Microcxstfs !!.· 
Osc111atorfa !I!.· •• 

Chrysophytl (yellow-green) 

Asterlonella ~· 

~~!:f:! 1&,1; 
Melosira !J!.. 
Stephanodlscus ~-

Pyrrophyta (yellow-brown) 

Cerathn hlrundlnella 
tllroomnas ~· 
CryPtoiiiiiiiis !1!.· 

Chlorophyta (greon) 

Euglenophyta (euglenolds) 

~~· 
C OIIORIS .!J!.• 

Flagellates (unidentified) 

Total n....Wr of genera 
Other t111 No., Vol. 
Total t111 No., Vol. 

*Cell n....,.rs/Ml. 
•Phytoplankton vol..., os ml/103 . 

.. Only ffllllle'nts counted . 

Site 13 

Surface 
!O.S..) 

No. Vo1. • 

MISSING 

pAT A 

Site 16 

Surface 
{O.!ion) 

No. Vol. • 

23,000 

995 

37 
]7 
37 
37 

37 

112 

37 
37 

88,300 

30 

18 
9 

168 
895 

2,610 

134 

45 
35 

224 85 

37 

11 

24,6oo q2,3oo 

Site 23 

Surface 
{O.Sno) 

No. Vol. • 

560 60 
20,600 91,400 

87 

37 

37 18 

37 22 

37 45 

37 164 

8 

21,400 91,700 

..... 

..... ...... 



APPENDIX B 

Dominant 
volwne 

phytoplankton cell numbers and 
measurements for July 8, 1976. 

Onmlnant Tua 

Stte ll 

Surfac@ 
sn.sm) 

No. Vol.' 

Stte 16 

Surface 
10.SIII) 

No. VoL • 

Site 23 

Surface 
1D.St•) 

No. Vol. • 

---·-·------------------------
l._y .. nnphylft (blur·qrPPn) 

Anabet!'na ~· 
~mfr.F~lim r!o~:.!_Cf!tl~·· 
throoc!cca~o*rr 
Chroococcus !J!.· 
fitcrocxstls ~­
bSctllatorla !P. .... 

f.hrY"'IJhyta (yrl lnw-gr•on) 

Astrrtonrl Ia ~· 

~~:f:! 1 0r~; 
Moloslra sp_. 
~~idlscu'- ~· 

,.._y,-rnphyta (yr.llow·brnwn) 

Clirattum hlrundlnella 
Chroomonas !1!.· 
f!l.f!.!!!!'!1!!!! ~-

thlorophyta (green) 

l.uqlonnphyto (ouqlrnotd<) 

rliiJ"llltes (omldentlfled) 

T,tal nUIIIbr.r of qenP.ra 
Other taxa llo. , · Yo I. 
Total t.aXa Nn •• Vol. 

•tPII number·s/ml. 
•PhYtoplankton volume as ~r~~l/ml, 

.. Only ftla~~~rmts countett. 

45,400 117,000 
485 17 

2,860 06 

112 
112 

112 

1,760 
492 

199 600 
49,300 ·120,000 

597 1,010 
55,3110 118,000 

2,090 63 

112 
37 

224 

52 
5 

II 

1,240 ll4 
59,600 119,000 

497 54 
8,890 34,700 

1,490 45 
37 I 

zz 19 

75 10 

II 22 

zz 19 

37 

11,1110 34,900 

continued 

Dominant phytoplankton cell numbers and 
volume measurements for July 20, 1976. 

Domtnant Taxa 

Cyanophyta (blue-green) 

Chrysophyta (yellow-green) 

Asterlonella !1!.· 

2~!:f:! 1&rl~ 
Melosira ·!1!.· 
S'ijji!iinOdTScus .!.!!.· 

Pyrrophyta (yellow-br....,) 

Cerath"" hlrundinella 
thi'OCIIIOnas .!.!!.· 
Crypt-..as !1!.· 

Chlorophyta (green) 

£u9lenophyta (eu9lenotds) 

~!I!.· ..., ... !l!.· 

Flagellates (unidentified) 

Total n-r of genera 
Other taxa No. , Vol. 
Total taxa No,, Vol. 

•cell nuoobers/•1. 
•PhytoPlankton vol._ os nn3/on3. 

**Only ftla~~ents counted . 

Stte ll 

7,7.JO 6,660 
20,300 43,800 

5,470 164 
3,730 liZ 

373 

373 

liZ 
373 

175 

8,950 

34 
142 

8 

38,400 60,000 

Site 16 

IS,300 51,4110 

4,970 149 

liZ 95 

224 105 

liZ 106 

100 

224 56 
21,000 51,900 

Site 23 

3,480 3,010 
29,5110 61,900 

224 190 

112 
liZ 

112 

622 
226 

112 

112 

liZ 

12 

52 
16 

2,680 

31 
268 

31 

492 

liZ 

112 300 
34,800 69,100 



APPENDIX B continued 

Dominant phytoplankton cell numbers and 
volume measurements for August 3, 1976. 

Onmlnant. Tua 

CyonOtJhyto (bl..,-green) 

Anoboeno !I!· 
finl'l0111enon flos~a!l!!!!,.. 
oelospi11Prtuai !1!_. 

Chroococcales OrdP.r 
throococcus .!1!.· 
IUcrocystts !I!· 
OScillator Ia .!2.· .. 

·r.hry•ophyto (yellow-green) 

AUerlonella !I!· 

~~~!:t:! 'a,.~~ 
Melo•lro !I!· 
~t~·.!!.~'£1!! !I!· 

Pyrrophyto (yellow-brown) 

CerattUM htrundtnella 
Chr001110nas S.f. 
Cryptnmoll_!! .!!!.· 

lhlorophyto h•••n) 

Ank IUrod•smu• !I!· 
Ch lo~~~ydumonos .!I!. 
Chlorell• !I!· 
tTOsl:P.i'Tum !I!. f ~tg'i to !I!· 

Pedhstr ... ~. 
S<iiiiTeiiiiUs !I!. 
schroedirh !I!· 
Sphaerocystts !!· 

Fuql•nophyta (euql•notds) 

~J4i~as ~· 

Floq•llate• (untdenttrted) 

Total numbrr of geneora 
Other tua flo .• Yo I . 
Total taxa No., Vol. 

•tP11 nuntbers/ml. 
•Phytoplankton volume as nwn1/m3. 

.. Only fl1amrnts counted. 

Stte 13 

4,970 4,300 
36,100 137,000 

25,500 764 

112 

224 

112 

497 

485 

7,830 

269 

492 

845 

29 

68,000 152,000 

Site 16 

Surface 
!O.!ion) 

No. Vol.+ 

23,600 69,400 

11,900 358 

224 268 

448 26 

448 400 
36,600 70,400 

Stte 23 

Surface 
10.S•) 

No. Yol. + 

MISSING 

DATA 

Dominant phytoplankton cell numbers and 
volume measurements for August 17, 1976. 

Dominant Taxa 

~yanophyta (blue-green) 

Anabaeno !I!· 
~«nenon nos-aquae .. 

c~ro:~:c~:l;~ o*;,. 
Chroococcus .!2.· 
f.ticrocystfs !e.· 
osct llatona !2: .. 

Chrysophyta (yellow-green) 

Astertonel Ia .!I!· 

~~~!:f:! 1&r~~ 
Melosira !I!· 
srephaitO'discus !1!.· 

Pyrrophyta (yellow-br...,) 

Ceratlum hirundtnella 
Chroomonas !I!.· 
Crypt01110nas !1!.· 

Chlorophyta (green) 

AnktstrodeSORUS !I!· 
chialll)'dOiiiOnas .!I!· 
Chiorella !I!· 
clostert ... .!I!· 

~ a•~ • .!I!· 
PediastrUOI~. 
5Ceiiidiiiiiis !I!. 
Schroederu !!!.· 
Sphaerocysfts ~-

Euglenophyta (euglpnotds) 

~Ji~as !£· 

Flagellates (unidentified) 

Tota I niMiber of genera 
Other taxa Tlo., ilol. 
Total taxa No., Vol. 

•cell numbers/ml. 

I 

+Phytoplankton volume as mml/m3. 
..Only filatnents counted . 

Site 13 

Surface 
10.5oo) 

No. Yol. + 

653 
16,600 

19,300 
7,460 

11,200 
653 

• 

93 
373 

373 

186 

886 
29,400 

II 

578 
224 

1,200 
555 

1,400 
1,640 

142 

317 

466 200 
57,400 36,500 

Site 16 

Surface 
10.5oo) 

No. Yo!.+ 

100 
4,720 

286 
3,790 
2,100 

86 

40 

37 

II 

37 
48 

37 

584 

86 
16,200 

16 

10 
114 
63 

66 

8gs 

13 

560 
213 

14 

35 

1,090 300 
13.000 18,600 

Site 23 

3,230 12,200 

7,460 224 

9,700 6,710 

112 2,680 

112 6 
112 134 

112 22 

112 1,760 

112 42 

112 190 

14 
i ,410 5,300 

23.600 29,300. 

...... 

...... 
\0 



APPENDIX B continued 

Dominant phytoplankton cell numbers and Dominant phytoplankton cell numbers and 
volume measurements for August 30, 1976. volume measurements for September 22, 1976. 

Stte 13 Stte 16 Site 23 Site 13 Site 16 Site 23 

Oofntnant taxa Surface Surface Surface Dominant Taxa Surface Surface Surface 
JO.Sm) No.1°· 5M~ol. • No. JO.Sm~ol. • jO.!ioo) !U.Sm) 

No. JO- !ioo~ol. • No. Vol. • No. Vol. • No. Vol. • 

Cyonophyto (blue-green) Cyanophyta (blue-green) 

10,600 3,850 1,180 430 6,650 li,ZOO Anabaena !1!.· 6,840 738 6,220 671 li,JOO 1,220 
14,900 47,900 3,230 12,900 3,ll0 14,400 JDiiiiiT'i"""ollllmon flos·aguae•• 870 3,240 4,350 16,600 13,100 46,600 

497 17 c::O:oc;:r e~ O*;r Z,liO 74 1,490 52 
24,200 727 12,700 382 24,900 746 21,100 634 22,400 671 36,100 1.260 

995 30 1,860 25 fiZZ 19 Chroococcus !2.· 9,320 280 6,220 671 ll,800 354 
flicroc.rstis !1!.· 56,900 6,150 

56 1,490 373 Osct llatorh !l!.· .. liZ 28 

Chrysophyto (yellow-green) Chrysophyta (yellow-green) 

Astertonella !1!.· Asterionella !1!.· 

k~!:f:! 13.-1; ~~~!:f:! I Or~; 224 105 
56 8 liZ 16 ll2 16 

Melosira ~- 57 239 Melosira ~-
r~_anod.!_<;!!!.!l!.· 56 1,340 56 1,340 S tephanod scus !P.· 

Pyrrnph_yta (yellow-brown) J•yrrophyta (yellow-brown) 
......, 
N 

Coratium htrundtnello 56 3,920 Cerattum hirundinella 0 
Chro01110n1i"~-
C_ryp{....,no! s11.. II? ZRO 485 592 

throomonas !1!.· 
224 ~ryptomonas !£· 560 112 134 

Chlorophyta (greon) lhlorophyta (green) 

5G II Ank tstrodesmus .!!!.· 
112 101 · Chlamydomonas !1!.· liZ 101 224 202 

560 17 Chiarella !2: 746 22 
112 1,680 56 840 56 840 ·~!l!.· liZ 1,680 

1,490 6,560 ll2 492 242 1,060 ~!£- 373 1,640 
!£· 1,490 1,290 

l'ediastrum !1!.· 112 106 
Sc:enedesnus !E.. 112 liZ 

liZ 42 5fi 21 Schroeii'r•a !1!.· 
224 193 1,300 1,120 Sphaerocys t h !1!.. 

[uglenophyto (euglenotds) Euglenophyta (euglenoids) 

~!P.-0111111111 !P.· 5fi 95 373 634 ~·~!~h:i~~u ~- 485 824 

rtogellotes (unidentified) 112 56 373 22 Flagellates (unidentified) 224 13 224 13 224 13 

Tota1 nUIIIber of genera 15 16 Total n&Mtber of genera 16 
Other taxo No. , Vol. liZ 300 988 2,200 Other taxa flo. , Vo 1 . 485 100 485 400 
Total toxo No., Vol. 52,700 61,200 21,600 21,900 4C,100 33,800 Total taxa No., Vol. 101,000 16,900 41,800 19,400 73,100 51,200 

•toll n.-rs/•1. 'Ce It· nutnbers/ml. 
+PhytoplonUon ¥01- IS ..,3/.,3. •Phytoplankton volume as nnl/m3. 

.. On1t ftlliR!'nts counted. ..Only ftla.nents counted . 



APPENDIX B continued 

·Dominant phytoplankton cell numbers and Dominant phytoplankton cell numbers and 
volume measurements for October 6, 1976. volume measurements for October 25, 1976. 

Stte 13 Stte 16 Stte 23 Stte 13 Stte 16 Site 23 

Dolnlnant Tua Surface Surface Surface Donltnant Taxa Surface Surface Surface 

No.1°· Son~ol. + No. !D. Son~ol. + No)O.Son~ol. + No.iD.SonJol.' !D.Son) 
No. Vol.' 

!O.Son) 
No. Vol.+ 

Cyonophyto (bluo-vr•on) Cyanophyta (blue-green) 

Antbtena !I!: 97 OJ 75 64 
~tnhGNnon- flos-aquae .. 696 2,760 323 1,040 19 56 37 112 100 298 

cr.!::z~l!!o'ftr 30,500 1,070 29,100 1,020 E,340 220 9,010 315 11,300 396 10,200 355 
1,240 40 1,620 4ft 214 ~ 

~h..-occus ~· 1.240 40 3,260 98 647 19 
lcmfl;Eis •.!!.· 76,700 2,890 6,810 5,790 

l!f • orr~.!!·~· 72 19 75 63 

Chrysophyta (yellow-green) Chrysophyta (yellow-gr•en) 

Asterlonella !I!· liZ 45 75 30 45 18 Astertonella .!1!· 37 15 

~:!:f:!~2~ 373 175 75 35 124 511Z Ve~!:t:! •a'"*~ 2,050 964 87 41 75 35 
?l4 31 45 6 22 3 37 5 60 12 

·Melosira ~· 224 1,010 97 436 22 94 Melosira~· 224 772 100 597 37 84 
~Jq.!!.onod ..!f.U.! .!1!. 112 2,680 75 1,790 97 2,330 Stephanod scus .!1!· 317 7,530 186 4,430. 87 2,090 

~ 

ryrrophyta (yelloll-brown) Pyrrophyta (yel1011-brown) N 
~ 

Cerathn htrundtnella Cerathn htrundtnella 
th-••.!1!· (hrGOIIIOIIaS .!J!• 19 I 22 I 
crut-nas .!1!· 622 746 199 238 22 27 Cryptonoonas .!1!· 280 336 137 164 62 75· 

Chlorophyll (green) Chlorophyta (green) 

112 22 504 106 60 13 
373 336 45 40 22 20 93 84 11 10 
622 18 97 3 97 3 690 21 112 3 22 7 
112 1,680 97 1,520 45 672 19 279 22 336 62 930 

149 656 12 52 11 49 
22 Z1 249 215 
22 21 75 71 48 46 

112 34 22 7 67 67 22 22 
112 42 75 28 

22 19 75 64 560 481 62 53 124 107 

tugl•nophyta (ouglenotds) Euglenophyta (euglenotds) 

=!I!· OIIOfiiS!J!.· 485 824 45 76 \"~X:fJ!~as !!· 560 952 62 106 11 19 

rt•gellates (untdonttffed) 870 57 97 323 13 Flagellates (unfdentf fled) 130 8 62 

Tota 1 numbP.r of gP.nera lR 21 16 Tota 1 nllnber of genera 25 20 16 
Other tul No., Vol. 485 48 45 100 Other taxa No .• Vol. 728 400 134 40 11 20 
total taXI No., Vol. 64,600 11,800 31,200 8,900 9,390 5,330 Total tlxa No., Vol. 25,400 18,300 13,400 6,610 11.100 4,100 

•cell nlnbers/otl. *Cell nUIIIbers/1111. 
+Pbytoplonkton Yol- 11 ..,3/~tl. 

••Only ftl ... nts cotmted. 
+Phytoplankton voiUIN! as WB~l/m3. 

••0n1y ft laments counted. 



APPENDIX B continued 

Dominant phytoplankton cell numbers 
and volume measurements for November Dominant phytoplankton cell numbers and volume 
21, 1976. measurements for December 6, 1976. 

~It~! ll Stte 16 ~HP ?Q \itt•/.1 Sitf' 20 Stte lfi ~tte 14 Stte U 

O..lnant tua Surhct> Surfar.e Sur fact> flomlnant Tau '•urf<lCP. $urfacP Surface Surface S.rfau , .... , , .... , , .... , l··~··l !"-'••) lfo.1D.Snl~ol. • l"·"'l JU•) No. Vol. • No. Vol.' Nn. Vnl.' lfu. Vol No. Vol. • No. Vo1.' flo. Wo1.• 

lynnphrti lblltfl·qr·nn) tyanophyla (bJur-.grpen) 

Anabaena !1!.· 
f~'.!'.-~-qu•.~~:'• 

.1,110 1.11 ?,nr.o 100 1,1111 
~fine.non flo5-1.9!!!!,•• 

1,1,!,11 II'• l,',llfl " ],4111 II• ,.. 
I~S~r 1111 t:'"n:~n~~r ,. 1~120 , 

~hrctOUK(U' \e. 1,1111 II I lifo ChraotiKCUS !1!:· J11 II 1.1?0 ·" qf&\f~~~ ;~~- u ;u_u]ffi~~ ~~- u 

r.h'Y~IIIrhrta (pllrN·Q'""") rhty'>t'*Jhyl• (yrllnw-lftc>PII) 

A c. :J:nJJ.I·i ~P.· no R% '/? A\lf'rinnpll• ":JL '" ,. Jllq 1111 '"' 190 m 90 
1),1111 f.,41fl " 10 "' IIIII ~~11;~!~· :.<I ,,,., o1411 .'II .1,1.10 1,4111 4,140 I.CJ~ I,ZIO ),JIM't nn• ., ·a,lr II II i' 

~~'l~!~ !1! .. 
II " ~L~'J.!! '!2· 
II ;>f,l) '!_t_r.p_f!dftE!t!f.~~ !2-

Pyrrntlhyh fyPIInw brntM) l•yrmphytll (ypJ)ow-brOWII) 

Ctu·at 111111 htrunfllnt"lll Ctoratturn htrumtlnclll 
tliiiiiiliit'iilli' \.!- -· -- " • 161 IR II I Lhro01110nes ~- ·-- lOti ~ " • m " 1.370 &a 
tr,rp,tt~~!: .'-9· l,r,qo 7,7110 I,'JfJI) 7,4"11 Ill 141! tryptciiiDflas !2.· liTO I,!.JII ;'5<1 ])q 1,960 2,5111 II? IS7 1,090 2,570 

~ 

thlorOIIhytl {!lrf'Pnl thlornphyta (qrePn) N 
Z24 4S J7 7 J1 I Jl I 299 •• .., ~I 

N 
m zz 

311 .116 ... '" '" " (,;? !•b 100 "" 124 111 
1,'4 • 19 I 

II .. 
2,710 1,)40 ... I 'oil 1,230 1,480 

l'cd1astr'U111 .!!_- 19 IR 
11?. " ScenediSIIIJS !2.· II 

II • schroeaern !E.- ,'? 37 14 373 "" ,., 17:: ~acrocys fu !£. )tift ::~. 

lUtJitnophytl (tutl•nolds) £uglenophyta {f•uglenotds) , 
\~:::t~-1 ~~- ~~%~h:T~~as ~.2- a ,. II • J1l ... 1116 '" 41l lli' lit' I'IA li'4 <'IJ S6· .. '" •s l7J 614 

Flt.,...lhiP!I luntdfOntlflr-d) 1,710 , .. ,.. " n:· rJaqrllatrs (unidentified) lOll Ill ... ;or. "' 4,100 ?.46 

Iotti n(lllbpr of ,,. .... ,. I. 10 '" Total nlllltlrr of 'Jf'flf"r.t II " ,. 
" IZ 

Othtr t111 llo •• Vnl . l,:t'O HUll " ID " I Othtor t1111 llo., Vol. Hll !oiln ll\i' IOU J,J!JO . !illf1 3R6 ?00 99S I,ZIIO 
lot.tl Uxl 'flo. • Vnl. 1R,i'IN1 11,/011 A,l'lfl o1,47M 4,J',r) 1,1);'11 Tntal tau No., Vol. •,,qm ?,(,;•n 1,7,'M l,.''lll l;;,r,oo fo. 1rfoll ro,rtiO '1,1sn IIJ,IOO 8,400 

---------------
•r..,JI ,.,.....,,.,.,, •trll nlllllhPr\/1111. 
•Phytn•l•nUon vohiiiP n 11111111111. •rhytnplenktC'n vnlrlnl.' ao; ml/ml. 

uanly fllllllflftt• tnr~ntlld. unnly ftla••nt<s lntJnlPd. 



APPENDIX B continued 

Dominant phytoplankton cell numbers and volume 
measurements for December 20, 1976. 

5ttP. 2l Slteo zn SltP 16 SttP 14 ~tto IJ 

Onlllnant Tau Surfaceo Surfece Surface Surface Surface 
jO.S.o) jO ..... ) j0.5oo) jO.!>M) i0.5oo) 

No. Vol.• No. Vol.• .,o, Vol.• No. Vol. • Nn. Vol.. 

ty•nnphyte ( b hlf ·greeon) 

1,9R9 70 ?,llll? 70 I,IJO 40 634 7? 

37 ?61 

Chrysophyta (yP.IInw-g~Nn) 

Aste,.lon~rlla !1!.· 149 60 149 60 

~~f:! '&,.Sf; 174 R2 162 1,070 50? 1,6110 789 3,850 1,810 

t!Ph!~:C.*~UI tt• 

Pyrrophyte (~llow-bi"''Wff) 

Cerltflll hlrundlnella t-' 
ChroOIIIOOIS !1!.· 448 2Z 22 I 100 5 75 4 373 19 N 
C,.ntDIIIOniS !J!: 321 385 398 996 533 654 421 520 5,070 5,710 \.to) 

Ch l·orophytl ( gr"@ltn) 

48 10 II 2 162 J2 112 22 
48 43 31 34 62 56 1:!4 112 995 896 
4n I 15 2 137 4 224 7 1,620 48 

10 ""'!I!.· 100 120 199 239 II IJ 
hdltst,. .!2· 
Sunedisnus !1!.· 

?? 112 42 ~!!· 
Sphi.roustls !I!.· 

fu9lenophyta (eugl•nolds) 

fr.~z:T£., Y!_· 22 3R II 19 75 128 22 38 

rlaqellat•s (untd•nttfted) IJ7 81 106 II 7.49 15 3,850 231 

Tot1l nllllber of gen.ra 14 17 IR 15 
Other taxa No., Vol. 142 60 305 100 599 10 568 400 709 548 
foUl uxa No., Vol. 3,470 R39 3,340 1,440 4,500 1,580 4,150 1·,910 16,700 9,330 

•t•11 nUIIIbers/•1. 
+Phytopl1nl:ton volUIIII! as ..l/111l. 

••0n1y _ftl~W~ents counted. 



APPENDIX B continued 

Dominant phytoplankton cell numbers and volume 
measurements for January 4, 1977. 

Stte l3 Sfte 211 Sfte 15 Site 14 Site 13 

DoMinant Taxa Sur flee Surface Surface Surface Surface 
!O.Sto) 

No. Vol.. 
!O-Slo) 

No. Vol.+ No.!O.Son~oJ.+ !O.S..) 
No. Vol. • 

1o.5•) 
No. Vol.+ 

Cyanophyta (blue-green) 

3,480 122 2,140 74 2,200 77 
186 fi 75 2 8,830 264 

Chroococcus !J!.· 1,990 

3!ci\'l''u1 !!· 87 17 75 15 336 36 4,350 459 c a tor a !I!.·** 

Chry\ophyta ( yellow-qrren) 

Asterton.lla !P.· II 4 

~~!:e! 'a,.I~~- Hl6 R7 22 10 ?II 99 3,4RO 1,640 1,860 876 

Melosira '2· 
.{f!i!.~a_nodl scu~ .!!.· 

Pyrrophyta (YtJIIow-brmm) 

Cerathlll hlrundtnella ..... 
throomone~-- 100 5 746 37 87 4 ?24 II 373 19 N 
trlJ!..~U!J!.. 14R ?41 783 9R7 535 fi42 4,q5n 6,130 2,740 3,2110 .J:"-

r.hlorot>hyto (gr ... ) 

IZO 21 146 28 75 15 112 22 
62 Sfi 746 671 746 671 

ZZ4 7 

(uglenophyta (eut)lenoldl) 

'~~=:T£es !!.· 
liZ 95 

186 316 62 105 37 63 ZZ4 381 

Flaqellates (unidentified) 75 1,300 49 149 2,610 130 994 50 

Total nUI!Mr of genera II 14 16 9 16 
Other taxa No •• Vol. 357 29 2.390 218 428 200 8,570 1,940 12,300 2,170 
Total taxa No., Vol. 4,840 R31 7,690 1,340 3,930 1,180 ?.2.900 10,700 32,900 8,300 

•ce 1 1 nUIIMrs/•1. 
•Phytopltnlton volume n 111111/•1. 

••anty ftta-.ntt countftd. 



APPENDIX B continued 

Dominant phytoplankton cell numbers and volume 
measurements for January 18, 1977. 

Site 23 Site 20 Stte 16 Site 14 Stte 13 

Dolntnant Taxa Surface Surface Surface Surface Surface 
No.lO.SmJol. • No.l0· 511Jol. • No.l0•511Jo1.' No.lD.5oiJol.' No.l0•511Jo1. • 

fyanophyta (bhlf-green) 

!J!· 
n flo\-19!!!!, ... 

roococca r e~ O;:tr 
2,370 R3 ~22 22 2,240 78 1,370 4R 

112 s,nn 21 
Chroococ:cus !2· 497 IS 970 I? 4,JSO 17 

3!~11~~1!!1. !f!_. u 970 SR 943 60 4,600 ?8S 5,470 J4S 

r.hry'iophyta (yP.IION-CJrP.l'!n) 

Astrrtonell1 !1!.· 48 10 SAIIPI.E 

f.«~!:f:! •a .. ~~ 37 18 62 ?9 2?4 lOS 214 lOS TO 
TURBID 

.mi~!~:C,~~us .!!'.· 
TO 

COUNT 

Pyrrophyta (yeltnv-brown) ...... 
Cerattw htrundtnet Ia N throOIIOniS !2· --- 112 7 7S 4 214 13 VI £.r'1J!LOIIIDnas ~- 2R6 601 609 9S7 J,R50 S,IIO 74~ R9~ 

ChlorophyU (IJ"een) 

74 IS 7S 15 373 75 
48 44 22 20 112 101 
II <I 22 I 

16? 140 

11 

[uglenophyta (euglftt01d') 

't1~£:fJ!~.s ~~-· 77 JR 75 I?R 22' JRI 

F11qPI11te'5 (unldPntffiPd) 514 2R 324 70 R~.R 53 371 n 

lnul n~r or tenf'ra 19 20 II 10 
Other tua No. , Yol. ],020 109 4,330 75 760 21)9 28,900 1.~70 
Fnttl taaa flo. 1 Ynl. R,1SO 1,170 R,l40 1.350 27,00U 6,740 47,100 ,J,?qo 

•cell n~rs/•1. 
•Phytoplankton vo1UIII! IS Ml/lnl, 

••Only fi1MI'nts counted. 



APPENDIX B continued 

Dominant phytoplankton cell numbers and volume 
measurements for February 15, 1977. 

D0111tnant Taxa 

Chroocotcus !2.. : mx•tr: !ll· ="-'-'==· !2.· ... 

f:hry1ophyta (y~llow~grP.P.n) 

Asterlonel Ia !I!.· 

~rn!:t:! 13r5!; 
t;.:;_~~-!P.-

Pyrrophyta (yl!'ltow-bro.,n) 

Ceratt11111 htrundlnelh 
OfriOiiiOi•i"~---

tr.l!!.O!'!Il!1i" ~~. 

Chloroph,Yt• (green) 

£ul)lenophyta (euglenolds) 

=Jl~as ~2.· 
F11te11ates (untdfontlfted} 

Total n..,.r of g..,na 
Other taxa No •• Vol. 
Total ta111 No •• Vol. 

•cell niii!Hrs/1111. 
*Phytopllnkton YOIUMt as 111111/~~tl, 

••Only ftl1111nU counted. 

Site 23 

Surface 

No.JO. 5on~o1. + 

1,990 
2,240 

4.120 

224 

112 

224 

336 
9,850 

70 
67 

297 

105 

22 

14 

78 
653 

Site 20 

Surface 

No.JO.Sot~ol. + 

46,]00 1,620 

41,000 2,500 

186 87 

4,850 6,060 

1,120 1,007 

6 
1.860 2110 

95,300 11,600 

Site 16 

Surface 
jO.Sm) 

No. Yol.+ 

11,600 347 

373 75 

li ,000 422 

Site 14 

Surface 

No.io.s.~ot.+ 

5,220 

1,140 

224 

112 

373 

224 
7,390 

157 

105 

134 

75 

7 
478 

...... 
N 
0\ 



APPENDIX B 

Dominant phytoplankton cell 
numbers and volume measure­
ments for March 1, 1977. 

Dolltnant Taxa 

Cyanophyta (blw-green) 

Anabaena !!· 
~omenon flos-aouu.., 

ch:~-u*~" 
Chroococcus .!2.· g' lllyst\ !I!· 
"""-'-'"-"'!.!.!.'.!!.· ... 

Chrysophyta (yellow·gJ"een) 

Astertonella .!!.· 

Fl~!:t:! '& .. H-; 
g~~;~rr~~ !P.· 

Pyrrophyta (yPIIm.-hrmm) 

CP.I"Itlum hlrundlnrlla 
~¥.mri•.f!r. -----·-
Cr.r~t~-"~-~ !P.· 

Chlorophyta (grftft) 

Anktstrodesmus !2.· 
ChlaMXCICiiiOnn !P-· 
Chlorelta !!· -
~.!1!.-
fiKT~!P.· 
andor na !2.· 

Pedtastnn !2: 
~'liiiiiis!f. 
Schroederla !I!: 
~!laerocutts !I!· 

£UCJ1enophyto (eug1...,tds) 

flagellate! (untRnt1fted) 

Total number of genera 
Other tua No., Vol. 
Total taXI No., Vol. 

•ce 1 1 nUIIIbers/wrl. 
•Phytoplenltton volume n 11111l/111l. 

.. Only ftla-.nts counted. 

Stte ZO 

Surf au 
!O.Soo) 

No. Vnl. + 

5,350 187 

373 75 

.1,700 4,7JIO 

R70 1ZZ 

liZ 95 

373 zz 

1,620 19 
IZ ,400 5,Z60 

Stte 13 

Sur flee 
!0.5nl) 

No. Vol.+ 

2Z4 

Z9,ZOO 5,840 

liZ 

Z9,500 5,850 

continued 

Dominant phytoplankton cell 
numbers and volume measure­
ments for March 7, 1977. 

Dominant Tau 

Chrysophyta (yellow-green} 

Astertonella !e.· 

~~!:t:! '3'"*~ 
~!:dfi-~us !!· 

Pyrrophyta (yellow-brown) 

CeratttJn htnmdlnella 
throomona~­
{rl.l_~~nis- !!· 

Chlorophyta (green) 

Euqlenophyta (euglenofds) 

=Jit.as !!· 

Flage11ates (unidenttffed) 

Total nullber of genera 
Other taxa lfo,. Vol. 
Total taxa No., Vol. 

•cell nUIIIberstml. 
•Phytoplenkton volume as 11111l/•l • 

..Only ftlaments counted. 

Sfte 20 

Sul"face 
tO.Soo) 

No. Vol.+ 

1,370 41 

zz 

?6,300 44,000 

8,100 7,300 

liZ 95 

1170 5Z 

7,450 582 
44,300 SZ,IOO 



APPENDIX B continued 

Dominant phytoplankton cell numbers 
and volume measurements for April 11, 
1977. 

Stto 23 SHe 16 Stto 13 

Oollltnotnt Tau Surface Surface Surface 

No,iO· s..:ol. + No.10.5m~ol.' !O.Sm) 
No. Vol. • 

Cyanophyta (blUIHJreen) 

1,240 37 62 
Chroococcus .!!.· 19 

S!~ttt~:!~t. ~ ... 224 45 99 20 19 

Chrvsophyta (yellow-green) 

Astertonella !2.· 

We~!:f:!'Or3!~ 932 438 398 187 
185 261 243 33 

~!:G!~!c,~~us !!· 
l7 155 37 33 

Pyrrophyta (yellow-brown) 

Cer.t h• ht rund lne II a ....... 
throot110nas !!· 75 4 56 3 N 
~CJ!I'..!t!!.SJ!: 4,800 6,080 4JS 522 479 SIS 00 

ChI orophyta (grePn) 

Ank t s trodesmu~ !1!.· 1,240 248 547 109 150 30 
~nas!P.• 2,700 2,460 373 336 1,240 403 

ore a !!· 373 112 100 3 
~!I!.· 19 304 

~!e-t:!~~· 
II to ~· 

~· 
74 IS 112 43 ~· 

ts !!• 

Euglenophyta (euglenofds) 

\r!~~:To!~!! !1!.· 
37 31 19 16 
37 629 19 32 

Flage11ates (untdentlffed) 1,370 87 186 112 416 25 

Tota 1 nUIIIber of gPnera 22 19 ,. 
Other tlxa No. , Vol. 448 242 429 124 516 164 
Total taxa No., Vol. 12,000 9,200 3,890 2,880 3,790 1,800 

•cell numbers/•1. 
•Phytoplankton vol~ as ~~~nl/111l . 

.. Only fllaMP.nts countP.d. 



APPENDIX c 

Percent composition of algae divisions and phytoplankton volume measurements. 

Station 23 1975 
Algae 

Divhon Date 
04/30 05/06 05/20 06/03 06/18 06/30 07/15 07/28 08/11 09/03 09/23 10/07 10/21 11104 11/18 12/18 

Surface (0.5m) 
<:: 

3.0 1.6 8.4 16.8 1.2 1.8 0.1 + + 0.3 + 0.8 0.4 4.5 5.0 1.7 0 Chlorophyta ... Chrysophyta 32.7 21.4 53.2 1.9 0.3 + 0.9 1.8 13.5 92.1 84.3 84.8 43.3 
VI Euglenophyta 2.2 4.4 3.3 + 1.0 6.4 
0 57.8 70.7 34.6 70.6 24.4 1.8 10.9 + 0.3 2.3 1.4 8.9 46.7 ~ Pyrrhophyta 
0 Cyanophyta 3.3 1.7 10.6 74.0 96.3 89.0 99.9 99.9 98.7 97.8 85.7 5.1 9.7 + + 
u 

_l,Q _J!.:l _Q,2_ ~ ~ ~ ~ _J!.:l _hi .. Unidentified 
Total 

Biomass (n1113/l.) 1.45 1. 78 4.48 0.719 2.21 12.6 15.1 119.0 140.0 19.0 33.5 5.13 4.29 6.46 1.86 0.202 

Middle Depth (m) 
4.0 6.0 4.0 5.0 4.5 * 4.0 4.0 6.0 4.0 4.0 3.5 3.5 4.0 3.5 * 

<:: ...... 0 Chlorophyta 5.6 3.8 1.1 91.8 12.1 1.7 + + + + + 3.0 8.3 6.9 2.0 * N ... Chrysophyta 13.3 27.6 91.9 7.8 67.3 5.6 + 7.3 1.8 0.9 41.6 50.2 89.3 90.6 * \0 
"' luglenophyta 0.4 + 0.6 * 0 

i Pyrrhophyta 56.7 64.4 6.6 0.4 7.9 39.0 15.9 13.0 1.8 1.5 1.8 * 
0 Cyanophyta 20.8 3.8 + 12.5 53.7 83.9 99.8 92.1 85.0 99.0 55.0 39.2 2.0 4.9 * u 

•• Unidentified ..]_& 0.4 _Qd 
Total 

_J!.:l ....Q.,.i _Q..J. _Qd _Q..J. 

Biomass (mm3/l.) 0.409 1.50 3.52 0.136 0.517 0.872 21.4 6.05 4.49 12.6 33.9 0.797 5.42 7.91 3.36 * 

8.0 11.0 8.0 10.0 9.0 * 
Bottom Depth (m) 

8.5 8.0 12.0 8.0 8.0 7.0 7.0 7.5 7.0 * 
<:: 
0 Chlorophyta 24.8 1.9 1.9 5.5 18.9 2.1 2.2 0.7 1.2 + + 0.4 4.7 2.4 0.7 * :::; Chrysophyta 23.2 93.2 96.5 93.5 76.5 97.6 37.6 47.9 52.5 91.2 1.5 51.6 83.2 79.8 96.8 * 
"' Euglenophyta 0.7 0.8 0.3 * 0 

ft Pyrrhophyta 29.6 0.1 1.0 13.1 * 0 Cyanophyta 21.2 4.8 0.6 0.3 4.6 0.3 60.2 51.4 46.2 8.6 98.3 46.8 10.7 4.7 2.5 * u .. Unidentified _!_,1_ _Q,_L _l,Q ~ 0.4 ~ * Total 
Biomass (mm3/l.) 0.351 1.45 3.34 2.87 0.221 2.09 1.00 0.610 3.30 5.91 23.9 2.40 5.94 1.37 2.45 * 

* Missing Data. 
+ Present at less than 0.1%. 



APPENDIX c continued 

Percent composition of algae divisions and phytoplankton volume measurements. 

Station 16 1975 
Algae 

Divison Date 
04/30 05/06 05/20 06/03 06/18 06/30 07/15 07/28 08/11 09/03 09/23 10/07 10/21 11/04 11/18 12/18 

Surface (0.5m) 
c 

3.fl 7.3 3.4 25.5 0.6 * 0.1 + 0.1 0.1 0~8 28.7 9.5 2.9 0.6 0 Chlorophyta 4.1 -;; Chrysophyta 32.5 78.4. 34.5 3.0 0.7 * 0.3 2.0 24.5 58.2 <!3.2 97.1 5.2 
"' Euglenophyta 47.6 2.0 * 0.1 + 2.9 0.9 0.6 1.5 0 8.7 11.3 60.8 45.8 6.5 * 2.0 4.2 3.8 0.7 0.3 14.6 2.2 2.0 1.9 83.3 ~ Pyrrhophyta 
0 Cyanophyta 6.0 + 0.3 25.7 92.1 * 97.8 95.7 96.1 98.6 96.8 29.3 29.1 1.3 0.3 0.8 
l,J _1_._4 _0_,__8 _ _LQ _ _Q,j_ __Q,J_ ...Qd Jl.,l __Q,J_ ... Unidentified _i,_! 

---To far-
Biomass (n~n3/1.) 0.481 1.62 3.06 0.952 12.4 * 38.8 411.0 20.8 13.1 60.9 1. 56 7.11 10.6 9.13 1.23 

Middle Depth (m) ..... 
4.0 4.0 4.0 3.5 4.5 * 3.5 3.5 4.0 3.n 3.0 2.5 2.5 2.0 2.5 * w 

c 0 
0 Chlorophyta 34.3 11.2 21.1 21.7 13.1 3.2 + 2.2 1.6 0.4 0.1 2.3 24.1 4.5 7.7 * 
~ Chrysophyta 41.4 55.6 44.1 55.3 7.8 7.6 + 0.4 1.8 3.7 0.9 fl2.0 62.9 95.4 90.9 * 
"' Euglenophyta 9.0 2.0 11.1 1.3 0.4 0.7 * 0 

~ Pyrrhophyta 12.8 30.8 23.1 9.7 24.7 6.8 0.2 5.9 + 1.3 0.4 3.0 1.6 * 
0 Cyanophyta 13.3 53.8 80.3 99.6 91.5 96.5 94.6 9fl.5 11.3 11.0 + 0.3 * l,J .. Unidentified _1_,1 _Q,_i ....Q.& 

Total 
0 .• 6 .1.:1_ __Q,J_ __Q,J_ ....9.,.i 

Biomass (n~n3/l.) 0.17B 0.807 1.53 0.573 0.534 0.755 18.5 22.0 2.60 8.80 46.7 1.48 5.08 5.92 5.53 * 

Bottom Depth (m) 
7.0 7.0 * 7.0 9.0 * 7.0 7.0 8.0 6.0 6.0 5.0 5.0 4.0 5.0 * 

c 
0 Chlorophyta 6.9 1.8 * 74.9 4.8 12.5 10.5 3.0 1.9 5.8 + 14.8 1.6 0.2 9.2 * ~ Chrysophyta 11.7 95.7 * 25.1 93.4 60.8 32.5 5.3 15.5 63.1 0.7 83.4 87.2 95.9 89.4 * "' Euglenophyta 2.1 * 0.2 2.0 0.3 * 0 
0. Pyrrhophyta * 4.7 2.6 0.4 * E 
0 Cyanophyta 81.4 0.2 * 1.7 23.3 56.0 91.2 81.4 30.6. 99.0 1.8 4.4 2.6 0.9 * l,J .. Unidentified _ _Q_,_£ ...!1.:1 ..1.,.i ..LQ. ...Q.,2 .....L1. J1..:.B. __Q,J_ Jl.,l * Total 

Biomass (mm3/1.) 0.051 !. 50 * 0.110 0.675 O.OR6 0.519 1.03 0.428 0.631 41.0 2.10 3.23 6.20 6.76 * 

* Missing Data. 
+ Present at Jess than 0.1%. 
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Percent composition of algae divisions and phytoplankton volume measurements. 

Station 13 1975 
Algae 

Oivison Date 
04/30 05/06 05/20 06/03 06/18 06/30 07/15 07/28 08/11 09/03 09/23 10/07 10/21 11/04 11/18 12/18 

Surface (0.5m) 
c 

11.2 7.6 2.9 32.4 0.5 + 1.2 + 1.3 4.2 14.2 42.7 31.7 6.9 6.5 37.4 0 Ch 1 orophyta ... Chrysophyta 43.6 33.4 37.6 + 0.7 + 0.2 1.7 0.9 5.6 37.3 90.0 77.5 28.7 
"' Eugl enophyta 3.0 0.2 0.1 0.4 3.8 0.4 0.4 0 

37.6 55.1 44.2 34.6 0.2 1.9 15.8 0.4 1.4 38.4 7.8 1.7 15.5 20.3 p,- Pyrrhophyta + 
0 Cyanophyta 6.0 0.4 13.5 33.0 98.5 98.0 82.8 99.7 98.7 93.5 82.9 8.9 22.6 1.0 + 13.6 u 

_L.§ _o_,_~ _ _l_._f! __Q_,J_ _g __Q_,J_ _Q.,l ...9..& _Q.,l _M •" Unidentified 
----Tota,--
Biomass (n11113/l.) 0.123 1.01 3.30 0.513 39.6 41.5 22.1 187.0 1. 97 13.7 14.2 4.10 5.49 13.8 1. 41 0.140 

...... 
Mi dd\e Depth ~~~ w 

4.0 2.0 4.0 4.0 5.0 .. .0 4.0 4.0 4.5 3.5 3.5 3.5 4.0 .. ...... 
c 

Ch 1 orophyta 0.1 12.3 7.5 55.8 23.6 + 24.2 6.0 4.1 5.6 21.0 36.6 47.4 0 13.2 23.0 .. :;; Chrysophyta 96.0 21.9 81.4 13.0 4.3 20.2 9.8 1.1 0.6 4.9 27.3 31.2 83.4 26.7 .. 
"' Euglenophyta 5.1 1.6 0.3 0.4 4.2 .. 0 3.6 63.8 10.6 15.5 2.4 ~ Pyrrhophyta 7.2 2.7 4.3 9.6 1.7 39.6 .. 

Cyanophyta 0.4 + 10.6 69.6 99.9 55.0 83.6 94.8 86.6 71.4 30.1 11.4 1.3 4.2 .. u o·.4 _]_,_§_ _M __Q_,J_ ...9..& 0.6 ... Unidentified __Q_,J_ __Q_,J_ ..ld .. 
Total 0.625 1.18 1.54 0.375 1.14 20.4 0.565 Biomass (mm3/l.) 0.494 1.47 2.62 6. 73 3.89 5.82 10.2 0.458 * 

Bottom Depth (m) 
9.0 5.0 7.0 8.0 10.0 .. 10.0 .. .. 8.0 9.0 7.0 7.0 7.0 8.0 .. 

c 
8.4 4.2 0 Chlorophyta 15.4 4.6 4.5 2.8 10.9 * * 11.1 13.4 58.6 24.8 9.6 49.6 * :;; Chrysophyta 38.6 91.7 77.2 62 .. 4 31.0 8.5 10.5 .. .. 11.6 4.1 30.5 39.6 86.3 12.3 .. 

"' Euglenophyta 22.0 2.8 .. .. 1.1 1.5 0.6 2.1 .. 0 a. Pyrrhophyta 31.0 3.5 3.4 0.4 50.0 .. .. 3.0 5.9 5.1 7.5 3.8 29.6 .. E 
0 Cyanophyta 0.3 0.9 32.6 64.4 88.0 28.4 .. .. 73.1 75.0 5.1 28.0 0.3 4.5 • u 

•• Unidentified _Q_,l _Q_,l __Q,l _Q,]_ ....Q4 * __Q,l __Q,l __Q,l __Q,l ~ . Total 
Biomass (mm3/l.) 0.145 1.29 0.520 1.24 1. 52 0.635 1.28 .. .. 3.98 4.20 3.11 3.44 12.3 0.456 * 

* Missing Data. 
+ Present at less than 0.1%. 



APPENDIX c continued 

Percent composition of algae divisions and phytoplankton val~ measurements. 

Date 
Algae 1976 Division 

Dl/06 01/20 02/03 02/16 03/04 04/13 04t2b 05/10 05/24 06/08 06/21 07/08 07/20 08/02 08/17 08/30 

Site 23 Surface (0.5m) 

c 
Ch 1 orophyta 1.6 38.0 58.4 98.9 21.4 23.9 4.4 0.8 0.2 + 1.0 0.3 6.8 6.0 0 No 24.9 

:;; Chrysophyta 46.5 Algae 0.2 11.7 60.8 81.7 57.7 + + 4.0 0.1 9.2 4.7 

"' Euglenophyta Observed 37.2 0.8 0.2 0.6 1.9 
0 

It Pyrrhophyta 51.5 48.4 0.8 40.5 13.7 12.1 14.4 3.4 + 0.4 0.1 0.5 1.8 
0 Cyanophyta 0.4 13.6 1.5 + 22.8 0.2 1.6 2.9 95.4 99.7 99.8 94.6 99.4 82.9 85.6 ..., 

Unidentified ..1.,1 ...M 0.6 _Qd ....Q.,l _Qd ... 
Total 

Biomass (mm3/l ) 0. 056 0.000 0.085 0.051 0.954 0.149 2.19 5.44 2.22 11.4 91.7 34.8 68.8 22.3 29.3 33.7 

Site 16 Surface (0.5m) ..... 
c 
.~ Ch 1 orophyta 7.4 B. 7 93.7 83.5 63.8 47.9 8.9 8.8 4.7 0.4 0.2 + 0.3 0.6 4.7 11.5 w. ... Chrysophyta 2.2 0.6 6,4 34.2 8.9 55.1 75.5 80.5 1.2 1.2 + 0.2 4.9 6.1 t-.) 

"' Eugl enophyta 7.9 16.2 0.4 0.4 
0 

It Pyrrhophyta 76.0 89.6 3.0 4.1 23.7 35.3 8.6 2.8 2.4 3.0 + 0.4 + 19.2 
8 Cyanophyta 1.6 0.6 6.0 2.0 1.4 + 6.5 11.4 96.0 95.6 99.8 99.5 99.0 90.3 62.7 

~· 
Unidentified ...§.2_ ....Q.,l _bl.._ ...1,1 ...Q..& _Q4_ ....Q.,l 

Total 
Biomass (mm3/l) 0.802 0.180 0.810 2.54 0.139 0.117 2.64 5.41 2.08 23.3 92.4 119.0 51.9 70.4 18.5 21.9 

Site 13 Surface (0.5m) 
c 

Chlorophyta 68.6 0 11.6 16.9 86.7 * 73.2 15.7 15.3 1.9 0.6 * 2.4 0.3 0.3 9.2 13.8 :;; Chrysophyta · 1.5 2.3 * 1.4 56.2 80.2 93.4 0.8 * 15.2 
"' Euglenophyta 73.4 * 0.9 * 0.6 0.9 0 c. Pyrrhophyta 17.4 12.6 75.7 4.0 * 23.3 28.0 3.0 4.4 0.5 * 5.3 E 
8 Cyanophyta 7.3 4.7 7.0 * 1.1 0.3 0.2 98.1 * 97.6 84.5 93.8 89.9 86.2 
.,.r;'! Unidentified _u ....!!..:I ..1..J.. ...lJ2 ....Q.,l _Qd ....Q.,l 

Total 
Biomass (mm3!l) 0.080 0.231 0.246 0.073 * 1.83 1.22 6.69 6.22 14.1 * 120.0 60.0 152.0 36.5 61.3 

* Missing Data. 
+ Present at less than 0.1%. 



APPENDIX c continued 

Percent composition of algae divisions and phytoplankton volume 
measurements. 

Date 
Algae 

Division 1976 1977 
09/22 10/06 10/25 11/21 12/06 12/20 01/04 01/18 02/15 03/01 D4/11 

Site 23 Surface (0.5m) 

0:: Chlorophyta 3.2 16.2 27.5 * 6.4 26.4 5.0 22.3 15.3 * 30.0 0 
:;::; Chrysophyta 59.3 54.0 * 22.0 10.9 10.6 3.7 16.1 * 
·~ Euglenophyta 0.5 * Ill 7.3 4.5 38.4 3.2 * 0 Pyrrhophyta 0.2 0.5 1.8 * 58.9 48.7 30.0 52.1 * 68.1 g. Cyanophyta 96.5 23.8 16.2 * 5.2 8.4 15.5 15.1 66.4 * 1.0 0 

Unidentified ...Q.,.l ...Qd ...Qd ...h! ...Q& ..1.& __£,.£ _Q.,1 u .. Total 
Biomass (nun3/l) 51.2 5.10 4.10 * 2.60 0.837 0.830 1.17 0.653 * 9.20 

....... 
Site 16 Surface (0.5m) w 

w 
0:: 

Chlorophyta 3.7 27.2 11.4 33.2 28.8 11.1 19.9 1.4 * 22.5 0 
:;::; Chrysophyta + 25.8 76.5 0.4 25.7 35.8 9.1 1.7 * 29.6 ·~ 
Ill Euglenophyta 0.8 1.6 7.1 1.6 8.1 5.3 6.1 * 22.9 0 
0. Pyrrhophyta 2.7 2.5 56.7 41.7 41.7 57.0 81.9 * 20.4 15 Cyanophyta 96.1 43.5 7.9 2.2 1.8 2.6 8.0 6.2 100.0 * 0.8 u 

Unidentified _(!:1_ ...Q.,.l ...Qd_ ...Qd_ _Q,]_ _Q,]_ _u ..l.J!. .. 
Total 

Biomass (nun3/l) 19.5 8.92 6.64 4.43 6.51 1.58 1.18 6.24 0.442 * 2.88 

Site 13 Surface (0.5m) 
0:: 

Chlorophyta 20.8 18.5 7.6 9.9 19.4 16.7 13.5 * 0 Sample 52.7 :;::; Chrysophyta 0.8 33.5 51.1 62.9 40.5 19.4 10.6 Too * 14.1 ·~ 
Cll Euglenophyta 5.2 7.0 5.2 5.4 7.1 24.0 Turbid * 2.7 0 
c. Pyrrhophyta 3.5 6.3 1.8 18.7 29.5 61.4 39.8 To * 0.1 28.8 15 Cyanophyta 69.6 34.2 34.2 1.4 0.8 8.7 Count * 99.8 0.3 u ,. Unidentified ...Q.,.l ....Q..,_i ...Q.,.l _l,l_ _u ..1.2 ..1..,.i ...Q.,.l ...1,.! Total 

Biomass (mm3/l) 16.0 11.8 18.3 l1.8 8.96 9.33 8.30 * 5.85 1.80 

* Missing Data. 
+ Present at less than 0.1%. 



APPENDIX c continued 

Percent composition of algae divisions and 
phytoplankton volume measurements. 

Date 
Algae 

Division 1g76 1977 
11/21 12/D6 12/20 01/04 01/18 02/15 03/01 

Site 20 Surface (0.5m) 
c:: Chlorophyta 23.0 27.4 26.2 6.2 3.9 11.1 2.3 0 

:;:; Chrysophyta 41.9 20.0 0.3 1.4 2.8 0.7 
VI Eugl enophyta 8.1 19.1 1.3 7.6 9.5 2.1 
0 Pyrrhophyta 14.6 28.4 67.0 74.1 71.4 52.1 90.1 c. .... e Cyanophyta 11.7 4.5 4.8 6.6 10.0 36.1 5.3 0 w u Unidentified ~ ...Q,_§_ __Q_,_i _i,j_ _L_i .J!,I .p. .. Total 

Biomass (mm3/l.) 1.02 1.21 1.48 1.38 1.35 11.6 5.26 

Site 14 Surface (0.5m) 
c:: Chlorophyta * 8.5 26.1 23.7 44.4 3.2 * 0 

.... Ch rysophyta * 80.4 43.4 15.3 3.2 4.0 * ·~ Euglenophyta * 3.6 1.9 * VI 
0 Pyrrhophyta * 5.9 26.7 58.6 27.7 5.2 * c. e Cyanophyta * 1.4 1.1 0.4 12.4 87.6 * 0 
u Unidentified .J!,I 0.8 _1_,Q 12.3 * "" Total 

Biomass (mm3/l.) * 2.67 1.96 10.7 3.29 2.59 * 

* Missing Data 
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APPENDIX D 

Chlorophyll a data. 

Chlorophyll! (ug/1) 

Date Depth (m) Site Location Mean S.D. 
6 12 13 14 16 18 19 20 22 23 24 26 

06/03/75 0.5 1.5 1.8 2.1 1.2 0.8 1.5 0.5 
M* 0.4 0.4 0.4 0.0 
B* 0.3 0.3 0.3 0.0 

06/17/75 0.5 9.4 4.0 6.7 3.8 
1.0 5.8 5.0 5.4 0.6 
3.0 2.2 1.6 1.9 0.4 
5.0 1.4 1.6 1.5 0.1 

06/18/75 0.5 71.4 24.7 14.5 2.5 4.6 7.1 4.5 18.5 24.6 
M* 1.3 3.5 1.2 1.3 1.8 1.1 
c* 2.< 0.9 l.o C.9 

06/30/75 :J.5 1.3 77.7 78.6 &!.4 12.0 14.2 15.1 28.9 34.1 
M* 2~. 7 31.3 2.0 1.8 15.2 15.5 
a* 45.0 2.4 0. 7 1.0 12.3 21.8 

07/10/75 0.5 61.9 35.5 48.7 18.7 
1.0 - 52.6 37.3 45.0 10.8 
2.0 43.8 36.3 40.0 5.3 
4.0 45.4 36.8 41.1 6.1 

07/22/75 0.5 33.0 
1.0 41.0 
2.0 35.4 
3.0 38.3 

07/28/75 0.5 - 359.2 179.1 164.6 86.0 59.6 110.0 124.2 154.7 99.3 
M* 6.3 78.6 44.2 67.0 49.0 31.9 

08/05/75 0.0 - 138.1 94.0 116.0 31.2 
0.5 - 145.6 - 101.3 123.4 31.3 
1.0 - 134.2 70.6 102.4 44.8 
2.0 - 103.1 77.1 90.4 18.0 
3.0 94.8 77.5 86.2 12.2 

09/03/75 0.5 70.0 41.7 20.4 29.1 17.5 26.4 34.2 19.5 
M* 21.6 23.5 10.7 15.4 17.8 5.9 
B* 26.1 27.0 3.4 8.5 16.2 12.1 

09/09/75 0.5 68.6 180.4 86.1 52.2 50.0 67.5 40.9 78.0 47.6 
M* 74.1 28.9 50.5 49.2 50.7 18.4 
B* 19.5 12.8 16.2 4. 7 

09/23/75 0.5 26.2 23.2 33.2 104.8 36.0 47.0 43.3 44.8 27.8 
M* 27.4 35.0 55.0 45.7 40.8 12.1 
B* 23.1 19.4 51.2 46.1 35.0 16.0 

10/07/75 0.5 7.8 8.4 36.9 13.0 6.1 18.9 94.0 26.4 31.6 
M* 6.4 32.4 12.7 17.2 17.2 11.1 
B* 11.2 18.8 7.1 13.3 12.6 4.9 

*M = middle depth. 8 = one meter above bottom. Thesesamples and the surface sample (0. 5m) were collected by the 
En vi ronmenta 1 Task Force, University of Wisconsin-Stevens Point. 
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Chlorophyll a data. 

Chlorophyll ! (ug/1) 

Date Depth (m) Site Location Mean S.D. 
6 12 13 14 16 18 19 20 22 23 24 26 

10/16/75 0.0 29.1 
0.5 34.5 31.6 19.8 28.6 7.8 
1.0 30.4 
2.0 21.3 
3.0 22,4 

10/21/75 0.5 23.9 2a.6 23.6 36.a 23.5 30.2 27 .I 27.8 4.a 
M* 29.0 33.6 29.5 30.7 2.5 
a* 31.8 33.6 32.1 20.2 29.4 6.2 

11/04/75 OM~ 33.5 42.1 57 .o 53.2 SI.a 47.3 47 .a 7.9 
40.0 54.5 50.4 53.2 49.5 6.6 

a* 41.1 64.4 4a.6 4a.5 50.6 9.f 

11/14/75 0.5 29.2 38.7 22.1 30.0 8.3 
1.0 23.3 
2.0 22.0 
3.0 19.8 
4.0 29.0 

11/18/75 0.5 6.0 7.4 33.0 27.8 17.2 17.7 15.3 17.8 9.9 
M* 7.2 16.8 31.2 20.6 18.9 5.3 
a* 6.6 15.4 30.4 29.9 20.6 11.6 

12/18/75 0.5 3.4 5.9 24.4 4.0 9.4 10.0 
M* 5.1 1.4 3.2 2.6 
a* 5.6 2.6 3.1 3.8 1.6 

01/05/76 0.5 10.4 
2.0 2.8 
4.0 1.6 
6.0 2.7 

01/06/76 0.5 7.5 1.0 2.7 17 .I 7.8 8.3 7.4 5.6 
M* 2.6 1.0 1.7 1.8 0.8 
a* 2.2 1.3 2.9 2.1 0.8 

01/20/76 0.5 1.5 2.9 3.1 5.6 2.6 3.1 1.5 
M* 0.8 !.5 0.8 1.2 1.1 0.3 

2.7 o.~ !.3 "·~ 1.4 rJ.9 

02/03/76 0.5 1.1 3.6 0.8 I. a 1.5 
M* 1.5 
a* 0.8 2.4 2.4 1.9 0.9 

02/04/76 0.5 2.0 1.6 1.8 0.3 
M* 0.8 
a* 6.6 

02/16176 0.5 0.8 4.3 1.5 2.2 1.8 
11* 2.3 
a* 2.0 

*M = middle depth. a = one meter above bottom. These samples .and the surface sample (0. 5m) were collected by the 
Environmental Task Force, University of Wisconsin-Stevens Point. 
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Chlorophyll a data. 

Chlorophyll ~ (ug/1) 

Oa~e Depth (m) Site Location Mean 
6 12 13 14 16 18 19 20 22 23 24 26 

02!17/76 0.5 5.7 2.6 4.2 
M" 0.9 
B* 1.5 0.8 1.2 

03/04/76 0.5 4.9 5.0 5.7 4.5 6.6 5.3 
B 5.9 4.8 2.2 4.3 

03/15/76 0.5 12.0 4.2 14.1 5.6 5.8 8.3 

04/05/76 0.0 1.6 1.9 1.8 
4.0 1.6 1.2 1.4 

04!26176 0.5 8.2 5.4 15.9 8.9 8.6 3.5 9.1 8.5 
M" 7.2 16.0 18.1 9.3 12.6 
B* 9.0 13.9 18.9 9.2 12.8 

04/13/76 0.5 9.4 2.7 3.4 1.1 1.2 2.5 3.4 
M* 2.0 3.3 2.2 2.5 2.5 
B* 2.8 2.3 2.2 2.2 2.4 

04/27/76 0.5 19.4 23.9 23.8 20.2 21.8 
1.0 17.6 
2.0 16.6 
3.0 18.9 
5.0 17.8 

05/10/76 OM~ 37.1 21.5 15.8 39.4 20.6 26.7 
20.2 27.6 30.7 26.2 

B* 20.3 27.5 31.2 26.3 

05/14/76 0.0 23.8 
0.5 33.3 28.0 26.3 22.8 31.2 28.3 
1.0 27.3 
1.5 28.9 
2.0 37.3 
3.0 33.7 
5.0 25.0 

05/24/76 0.5 13.5 12.1 11.6 5.3 6.7 7.4 3.5 6.9 8.4 
M* 31.3 15.1 6.5 22.7 13.6 17.8 
8* 47.1 22.6 40.1 29.3 36.6 35.1 

05/26/76 0.0 3.0 5. 7 6.4 6.4 5.4 
0.5 3.7 
1.0 4.7 
1.5 7.7 
2.0 6.4 
3.0 8.1 
5.0 3.2 

*~! = niddle depth. B = one meter above bottom. These samples and the surface sample (0.5m) were collected by the 
Environmental Task Force, University of Wisconsin-Steve"s Point. 

S.D. 

2.2 

0.5 

0.8 
1.9 

4.4 

0.2 
0.3 

3.8 
5.2 
4.7 

3.1 
0.6 
0.3 

2.4 

10.6 
5.4 
5.4 

4.1 

3.6 
9.5 
9.5 

1.6 
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Chlorophyll a data. 

Chlorophyll ~ (ug/l) 

Date Depth (m) Site Location Mean 
12 13 14 16 18 19 20 22 23 24 26 

06/08/76 0.5 49.0 56.8 29.4 22.6 29.3 52.8 23.4 10.5 19.1 32.5 
M* 2.1 17.4 21.4 2.1 17.4 12.1 
a* 2.7 3.6 3.6 3.7 2.0 3.1 

06/09/76 0.0 39.3 43.5 51.3 59.0 22.2 43.1 
0.5 24.2 
1.0 24.5 
1.5 22.0 
2.0 24.6 
3.0 18.7 
5.0 5.0 

06/21/76 0.5 10.4 57.4 288.0 92.5 125.4 48.2 84.7 120.9 141.9 107.8 
r•* 18.J 2r· ., 1~.£. 9.5 16.7 
8* "'' 21.3 25.5 10.6 10.9 17.1 

06/30/76 0.5 - 105.9 
1.0 - 116.4 
1.5 - 109.0 
2.0 98.1 
3.0 - 104.4 
5.0 72.4 

07/06/76 0.5 10.3 177.2 197.4 264.5 181.5 166.2 
M* 9.6 21.3 13.2 14.7 
a* 9.6 8.1 8.9 8.9 

07/08/76 o.o 71.3 101.8 92.7 152.1 97.5 90.4 90.3 85.7 97.7 
M* 8.5 
a* 7.8 

0.5 - 110.8 
1.0 - 100.9 
2.0 90.9 
3.0 34.6 
5.0 1 .a 

07/20/76 0.5 - 132.8 119.6 130.6 51.7 102.0 84.6 112.1 115.1 116.9 107.3 
M* 41.2 59.5 22.1 44.2 62.9 46.0 
a* 29.2 38.4 14.4 27.3 54.0 32.7 

07/27/76 0.0 - 151.7 179.9 - 149.9 - 114.2 148.9 
0.5 - 128.5 
1.0 - 145.0 
1.5 - 136.8 
2.0 - 118.7 
3.0 - 102.5 
5.0 23.3 

*" = middle depth. B = one meter above bottom. These samples and the surface sample (O.Sm) were collected by the 
Environmental Task Force, University of Wisconsin-Stevens Point. 

S.D. 

16.4 
9.2 
0.7 

13.9 

79.4 
6. i 
7.5 

93.9 
6.0 
0.8 

23.8 

25.4 
16.3 
14.7 

26.9 
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APPENDIX D continued 

Chlorophyll a data. 

Chlorophyll ~ (ug/l) 

Date Depth (m) Site Location Mean 
12 13 14 16 18 19 20 22 23 24 26 

08/02/76 0.5 - 122.2 210.6 91.2 122.9 85.2 145.1 131.9 Ill. 7 110.3 125.7 M" 41.9 77.9 84.1 34.8 110.8 69.9 s* 44.1 39.9 14.4 81.9 38.3 18.0 39.4 

08/09/76 0.0 - 180.7 129.8 - 132.3 87.4 - 103.9 126.8 
0.5 - 114.5 
1.0 - 110.3 
1.5 62.1 
2.0 50.9 
3.0 27.9 
5.0 20.4 

08/17/76 0.5 - 1<0.7 807.1 240.7 25.2 143.4 68.1 49.6 5l .2 71.2 96.5 
~r. 39.9 104.:. 23.4 17.7 ti'l.ti 48.6 
B 36.4 56.3 29.5 152.6 17.2 20.5 52.1 

08/29/76 0.0 80.0 99.0 73.0 68.4 59.6 76.0 
0.5 74.0 
1.0 55.8 
1.5 54.9 
2.0 51.5 
3.0 52.8 
5.0 47.4 

08/30/76 0.5 - 187.4 128.9 96.4 52.9 86.5 90.9 89.7 96.6 103.7 
M* 52.3 90.8 53.0 25.4 83.0 60.9 
s* 24.9 83.2 48.2 42.0 56.4 50.9 

09/22/76 0.5 - 121.2 109.6 85.9 88.9 - 128.5 145.1 153.0 - 134.3 120.8 
( - 104.1 81.2 82.0 - 125.9 - 145.1 107.7 
8 - 111.3 78.7 95.7 - 152.5 109.6 

09/24/76 0.0 78.6 84.3 - 108.7 104.6 - 116.0 98.4 
0.5 - 116.2 
1.0 - 105.6 
1.5 - 110.8 
2.0 - 114.2 
3.0 - 102.2 
5.0 94.2 

10/06/76 0.5 95.9 65.7 75.0 62.6 62.2 65.5 71.8 
M* - 124.0 60.7 82.2 69.0 57.6 73.7 
8* 50.8 79.4 74.5 61.1 66.4 

*M = middle depth. 8 = one meter above botto~. These samples and the surface sample (O.Sm) were collected by the 
Environmental Task Force, University of Wisconsin-Stevens Point. 

S.D. 

36.9 
31.4 
24.1 

35.4 

69.7 
34.9 
51.2 

14.8 

39.6 
26.4 
21.4 

24.6 
27.9 
31.6 

16.2 

12.5 
27.0 
13.0 
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APPENDIX D continued 

Chlorophyll a data. 

Chlorophyll .! (ug/1) 

Date Depth (m) Site Location Mean S.D. 
6· 12 13 14 16 18 19 20 22 23 24 26 

10/22/76 o.o 53.2 58.7 59.6 49.6 - 55.8 55.4 4.1 
0.5 53.3 
1.0 52.8 
1.5 59.1 
2.0 53.1 
3.0 56.2 
5.0 52.7 

10/25/76 OM~ 36.9 40.6 39.8 44.3 37.6 43.3 40.3 3.0 
33.3 38.7 48.2 40.1 40.1 6.2 

s* 30.8 35.9 38.8 46.1 47.9 39.9 7 .I 

11/21/76 0.5 + + 38.4+ 

11/21/76 0.5 82 . .J 79.4 13.4 58.3 38.9 

1Z/06/7G 0.5 + + + 55. 7+ 

12/06/76 0.5 37 .I 84.5 33.2 50.2 22.0 16.5 40.6 24.5 

12/11/76 0.5 + + 18.6+ 

12/20/76 0.5 1.4 2.5 25.5 24.5 28.4 13.2 15.6 18.3 9. 7 

12/20/76 0.5 + + + 20f 

01/04/77 0.5 + + + 18.5+ 

01/04/77 0.5 69.5 27.4 16.6 23.8 37.6 17.5 12.1 27 .I 29.0 18.4 

01/05/77 0.5 9.4 49.8 29.6 

01/13/77 0.5 + + + 14.o+ 28.6 

01/18/77 0.5 42.5 159.6 81.0 21.7 17.8 17.9 56.8 55.9 

01/28/77 0.5 46.1 

02/04/77 0.5 61.8 

02/09/77 o.s 60.6 

02/15/77 0.~ 12.8 7. 5 8.9 - 111.9 19.0 
4.5 8.1 5.9 - 103.5 16.6 

TRIPLICATE ..1d... 10.3 9.2 - 124.5 .!!,_1_ 
SAI-IPLING 

11ean 6.5 5.6 0.0 113.3 16.7 30.6 43.2 
S.D. 5. 5 1.5 1.8 10.6 2.3 

02117177 0.5 - 130.8 

*!·! = h.iddle depth. 8 = one meter above botto.,, These samples and the surface sample (0.5m) were collected by the 
Environmental Task Force, University of ~isconsin-Stevens Point. 

+ Co,posite sample. 
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APPENDIX D continued 

Chlorophyll a data. 

Chlorophyll .! (ug/1) 

Date Depth (m) Site Location Mean 
12 13 14 16 18 19 20 22 23 24 26 

02/18/77 0.0 88.5 
1.0 7.9 

03/01/77 0.5 2.8 26.8 14.8 

03/02/77 0.5 0.8 21.9 11.4 

03/05/77 - 190.9 
- 174.9 

TRIPLICATE - 200.3 
SAMPLING 

1-lean 188.7 
S.D. 12.8 

04/11/77 OHi - 14.5 9.8 15.7 21.3 60.7 24.4 
9.8 15.2 21.0 38.5 21.1 

04/28/77 OHi - 41.0 35.5 26.9 28.0 37.6 35.4 33.6 34.0 
- 29.7 55.8 32.6 75.2 48.3 

*H = middle depth. B = one meter above bottom. These samples and the surface sample (0.5m) were collected by the 
Environmental Task Force, University of Wisconsin-Stevens Point. 

S.D. 

16.9 

14.9 

20.7 
"12 .4 

5.0 
21.4 


