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ABSTRACT

The purpose of this study is twofold: (1) to obtain
information which may be used to determine to what extent
diatoms can be used as water quality indicators; (2) to
supplement baseline data on annual plankton standing crops
of the upper Mississippi River.

This survey began 3 October, 1967, and continued through
30 September, 1968. Three samples were taken every two weeks:
one in Pool 7 above Lock and Dam No. 7, one in the chsnnel at
Lock and Dam No. 7, and one in the channel at Lock and Dam
No. 8. A water nutrient analysis was done in addition to the
diatom survey.

Sixty seven species of diatoms are identified in this
survey. The data includes only the ten species which made up
5% or more of each sample. Species domination, timing of
annual maximum standing crops, and per cent ocecurrence-per cent
volume relationships are compared to the Department of Health,
Education, and Welfare's Water Pollution Surveillance System

reports (1957-1967). Correlations of standing crop and

physiochemical factors are discussed.
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INTRODUCTION

The purpose of this study is twofold: (1) to obtain
information which may be used to determine to what extent
diatoms can be used as water quality indicators: (2) to
supplement baseline dats on annual plankton standing crops
of the upper Mississippi River.

The upper Mississippi River habitat is being studied
by the U.S. Public Health Service at five points, each
approximately 150 miles apart. This program (Water Pollution
Surveillance System) provides fundemental information on the
quality of the nation's water. Thils study should prove
valuable, in the near future, as part of a comparative
standard for this part of the river.

Diatoms are one of the most widely spread members
of the Algae. Their wide range of chemicsl and physical
tolerances in different species enable them to grow in almost
every type of water. A species with a wide tolerance range
may be found in many varied water systems, while a species
with a narrow tolerance range has a limited existence.

Most diatom studies have been done on lakes and ponds.
These communities are more stable habitats, whereas rivers
provide habitats which are less stable. They are sub ject to
faster changes along their length: changes associated with

depth, rate of flow, geology of the land surface and of the

stream bed, salt concentrationg, turbidity, temperature, etc.




All these are further complicated by seasonal changes.

Schroder (1899), from the results of work on the Oder
River, proposed the theory that the amount of plankton in a
river is.inversely proportional to the slope of the river.

The lock system on the Mississippi limits this theory.

The rlver bed changes as the rock strata changes. All
three sampling stations are located in basically the same type
of terrain. Limestone bluffs border the channel, varying in
height and distance from the channel. The height varies from
less than 100 feet to over 600 feet. The channel approaches
the base of the bluff as close as 50 feet to over a mile away.

* The bluffs, acting as barriers, limit the wind currents and

minimize radical local weather changes.




LITERATURE REVIEW

What plankton studles have been done on the Upper ]
Mississippi River? Galtsoff (192l) made a study in the
sumer of 1921 from Hastings, Minnesota, to Alexandria,
Missouri. He determined the composition, amount, and
distribution of plankton in various parts of the river and
in the pools, with special reference to the fisheries and

to the changed conditions created by the Keokuk Dam.

e s

H. R. Crohurst of the United States Public Health
Service undertook studies of the river during 1926 and 1927.
His reports (unpublished) were mostly views of a sanitary
engineer, containing very little biological information.

Wiebe (1928) made a biological survey of this same ares
for the United States Bureau of Fisheries. His results related
to bottom fauna, the plankton, and the fish 1ife of the river.

The field work covered a period of six weeks in August and

|

September of 1926. !
Reinhard (1931) made a plankton study between

Minneapolis and Winona, Minnesota. He took samples every two |

weeks at 12 sampling stations covering 130 miles of river.

His results were shown as averages of all plankton found.

The United States Department of Health, Education, and

Welfare has initiated a Public Health Service Program for iw

providing information on the quality of the nation's water




supply. The Water Pollution Surveillance System program

‘started October 1, 1957, with 50 sampling stations. By
S8eptember 30, 1963, the number had grown to 128. Of these
128 sampling stations, 5 are in the Upper Mississippi River
Basin (Figure 1). This part of the Mississippi, from
Cape Girardeau, Missouri, up to Lock and Dem No. 3 at
. 8t. Paul, Minnesota, covers 737 miles. The three sampling
stations between these two points are Dubuque, Towa,
Burlington, Towa, and East St. Louis, Tllinois. There
1s approximately 150 miles between sampling stations.
Every two weeks at each station a plankton and chemicsl
analysis 1s made. An annual report is compiled and published.
Williams and Scott (1962) studied the diatom
populations of the major waterways of the United States.
Their samples were taken at the sampling stations of the Water
Pollution Surveillance System. TIn the Upper Mississippi River
Basin the four sampling stations were located at Red Wing,
Minnesota, Dubuque, Iowa, Burlington, Towa, and East St. Louis,
Illinois.
| Williams (196l ) studied the possible relationships
between plankton-diatom species numbers and water quality
estimates. In the Upper Mississippi River Basin he took a water
sample every two weeks from four statlons, starting at St. Paul,
Minnesota, and ending at East St. Louils, Tllinois, wvia Dubuque,

Towa, and Burlington, Towa.

i
i
i
!
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What chemical information is available on the Upper

Mississippi River? Reinhard summarized the chemical
data obtained in his study thus reducing its value to
this study.
The Water Pollution Surveillance System has complete

chemical analysis, bimonthly, starting in 1957 up to the

present.




METHODS AND MATERTALS

Three sampling stations were selected to sample plankton
diatoms (Figures 2 and 3). Station 1 was located above Lock 7,
in Lake Onalaska (upper N.W.3 S 35, T-17N, R8W, La Crosse
County). Upon leaving the public boat landing at the north end
of French Island by boat, travel north by northwest until the
radar tower on the Minnesota bluff is directly over the small
round island. This island lies north west of Red Osk Tsland.
The east-west vector is a straight line from the northern edge
of Bell Tsland to the square-faced bluff on the Minnesota side
of the lake. Station 2 was in the channel just above flood
gate 1 of Lock 7, Dresbach, Minnesota (S.W.% S 1l, T-16N, R8W,
La Crosse County). Station 3 was in the channel just above
flood gate 1 of Lock 8, Genoa, Wisconsin (é.E.% S 29, T-13N,
R7W, Vernon County).

Sampling began October 3, 1967, and proceeded every two
weeks thereafter to include October 17 and 30, November 13 and
27, December 11 and 25, 1967, January 8 and 22, February 5 and
19, March 4 and 18, April 1, 15, and 29, May 13 and 27,

June 10 and 24, July 8 and 22, August 5 and 19, and September 2,
16, and 30, 1968. Water samples were collected from the top
meter of the water column with a Kermmerer water sampler.

Samples were transported to the laboratory in one-liter

Erlemmeyer flasks.




For quantitative purposes, 250 ml of each sample was
filtered through a 960 sq. mm Millipore filter (pore size 8p),

within 6 hours of collection, with 15 1lbs. vacuum. The

membrane filters were then alr dried and individually stored in
capped vials. Membrane filters were mounted in cedar wood oil
en a numbered glass slide corresponding to the collection date
and station. Overhanging edges were then trimmed. A number
one glass cover slip, 2;x50mm, was placed on top of the filter.

Enumeration of the plankton diatoms was done by random
count method. Ten fields from each slide were counted as the
criterion in the present investigation. Observations of the
slides were made under a 100x o0ill objective with 10x ocular
filled with a calibrated ocular micrometer. The objective was
also calibrated for total area in sq. mm using a stage
micrometer.

Results are given for numbers as cells per liter and
volume as microliters per liter. A factor was calculated so
that diatoms per liter could be quickly determined for each
species. This factor was obtained by dividing the total area
of the Millipore filter by the area of the objective.

Number of cells/liter = (T.[r2)1
x L

(T:[rz)2

area of the Millipore filter

H

(Ilr2)1
(TII"2 ) 2

]

area of the objective field




This resulted in a figure of 177,285 per liter. The
total number of plankton diatoms could then be easily i

determined by multiplying the average number per 1 mm objective ﬁ

field by 177,285. ‘5
The standing crop of plankton diatoms was calculated by L
averaging 10 fleld counts. This system was used to reduce U
inconsistencies arising from only one cell of a species.
Only those specles comprising 5 per cent or more of the
standing crop were used in the averaging of counts of that
particular specles to indicate a "bloom".
Cell volume of plankton diatom specles was calculated
by averaging the volume, expressed as cubic microns, calculated
on the basis of the closest geometric figure of 10 randomly
selected individuals. This volume was converted to , (i
microliters per liter (ul/1) by multiplying by 10-9 o
(Cowell, 1960). The resulting volume multiplied by the number
of diatoms of each species exhibiting a "bloom" at each station ﬁ
and date resulted in the volume occupied by that particular
species. Total volume was calculated by adding the volume of h
each specles exhlbiting a "bloom". ;
Qualitative samples were obtained by concentrating &
500 ml of each sample. Formalin, to make a 5-10 per cent
solution was added as a preservative. The samples were

I
concentrated to approximately 10-15 ml after settling of the ?

sample and subsequent decanting. The samples were then !




transferred to 10 ml screw cap vials. Tt was from these

eoncentrations that specimens were secured for identification
on the species level. Burnt mount slides using hydrax as the ﬂ
ﬁounting medium were prepared for each station and date for
ldentification purposes. Excess hydrax was removed with a
razor blade and Xylene was used as the final cleansing agent. '
The physiochemical data were obtained using a Hach DR-EL ﬂ
kit, substituting the dissolved oxygen test with the modified 1
Winkler method. Two 300 ml flint B.0.D. bottles were filled at i
each station for analysis. ’ 

The Hach kit tests and methods were as follows: A

ION UNTT METHOD :

Alkalinity | ppm phenolphthalein gi
Hardness, calcium ppm orthotolidine ﬂé
Nitrate, total ppM cadmium reduction }g
pH colormetric EV
Phosphate ppm stannous reduction |
Silica Ppm heteropoly blue é

Temperature data were obtained with a mercury
thermometer. Water transparency was measured by means of
a Secchl disc. All analysis took place within 12 hours of 5
collection. M

All population data and physiochemical data were i
analyzed by computer. ZEach item of physiochemical data was |
correlated with population numbers and total volume. Ttems of

high correlation were further analyzed by linesr correlation.




RESULTS AND DISCUSSION

Sixty seven species were identified during the present
one year survey. Only 10 species made up 57 or more of each

sample. These are (alphabetically) Asterionella formosa

(Figure 22, Table 10), Cyclotella glomerata (Figure 17,

Table 8), Cyclotella meneghiniana (Figure 20, Table 9),

Diatoma elongatae (Figure 2, Table 11), Fragilaria construens

(Figure 16, Table 7), Melosira ambigua (Figure 6, Table 2),

Melosira granulata (Figure 10, Table i), Melosira varians

(Figure 1, Table 6), Stephanodiscus hantzschii (Figure 8,

Table 3), and Stephanodiscus niagare (Figure 12, Table 5).

The annual report of the Department of Health, Education,
and Welfare's Water Pollution Surveillance System (1963) 1ists
10 dominant species (5% or more of eachWSampling) found at
St. Paul, Minnesota. Tncluded are five species not considered
dominant in this study. At the Dubuque, Towa, station, the
report lists 1l dominant species. Five of these are not
considered dominant in this study. This study provides
information which substantiates the data collected by the WPSS.

The four most dominant specles, in the present study,

based on total number present are Stephanodiscus hantzgschii,

Melosira ambigua, Fragilaria construens, and Melosira granulatsa.

Reihard (1931) lists the five most dominant diatom specles
found in the upper Mississippi River above Lock and Dam No. 5 in

this order: Cyclotellsa meneghinlana, Asterionella formosa,
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Melosira granulata, Synedra delecatisgsima, and Stephanodiscus

niagare. Williams and Scott (1962), (Red Wing, Minnesota) 1list

the order of dominant species as Stephanodiscus hantzschii,

Cyclotella meneghiniana, and Melosira ambigua. At Dubuque,

Towa, the dominance shifted to Melosira ambigua, Stephanodiscus

hantzschii, and Melosira granulata.

The dominant, Stephanodiscus hantzschii, was not in the

top five [0 years ago. No record of dominance was kept by the
WPSS from 1957 to 1960, but were recorded subsequent to 1960.

The St. Paul, Minnesota, station recorded Stephanodiscus

hantzschli as the dominant while at Dubuque, Towa, Melosira

ambigua and Stephanodiscus hantzschii were sharing dominance.

Unpublished reports (1963 through 1967) list the
dominant species at St. Paul, Minnesota, and Dubuque, Towa, as

Stephanodiscus hantzschii.

Figure 1 shows the total number of cells per liter of
all species. Although station 1 has some physical
characteristices of a lentic habitat, the maximum stending crop
was found in the spring instead of the winter. Maximum
standing crop data fluctuate without a pattern. A few
correlations can be made from the data collected by the WPSS
from 1957 through 196l;. At Loek and Dam No. S (sSt. Paul,
Minnesota), the diatoms peaked at least once sa year and
sometimes twice. An arbitrary number of 20 million per liter

was used to constitute a peak. During the seven year period
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the maximum standing crop appeared three times in April, once
in May, July, and October, and three times in December. In
1960-1961, the diatom population exceeded 20 million/L on

11 out of 23 sampling dates, the highest standing crop

|
|
|
|
|
occurring in July with 46 million. l

In Dubuque, Iowa, only one peak per year appeared. The
dates were somewhat consistent. The peaks were confined to !
March, April, and May.

The river channel stations 2 and 3 exhibited increases %
in December and January but maximum standing crop of this study
was also in April. The minimum standing crop was reached as 7,
the water temperature reached the maximum (2,-25°C), on 8 June. 8

It 1s interesting to note that when comparing per cent

occurrence to per cent volume, Stephanodiscus hantzschil

(Figure 7), the dominant species, made up less than 50% of the
than 50% of the total volume. These two instances were during

the fall peak at station 2 and 16 September. Four species of i
diatoms contributed to the peak on these dates: Melosira |

ambigua, Melosira granulata, Cyclotella meneghiniana, and

Stephanodiscus hantzschii. On 2 September, station 2, ?

Melosira granulata (Figure 9) made up 18.5% of the total number

but 31% of the total volume. On 16 September, it had a 35.9%

Cyclotella meneghiniana (Figure 19) made up 5.2% and 4.3%,

i
occurrence with }j6% of the total volume. On these two dates, J
I
I
|

1
total occurrence ten times. But, only two times was it less
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N respectively, while contributing 16.5% and 10.6%, respectively,

to the volume.

An opposite trend is found in PFragilaria construens

(Figure 15). On 18 March, station 2, this species made up
82.2% of the total number but shared only 39.8% of the total

volume.

The most prominent example 1s Stephanodiscus niagare

(Figure 11). This large "pill-like" diatom may be sparse but
dominate the volume. On 3 October, station 3, just 7.6% of

the total number was Stephanodiscus niagare, but one fourth of

the total volume was credited to this species.

The chemical data deemed significant in this study have
a correlation coefficient above +.5 at all three sampling
stations.

Six of the chemical and physical factors measured fall
into the above category. All have a direct or indirect part
in photosynthetic process.

Water temperature (Table 12) and calcium (Table 1l)
show a high correlation (Figure 26) indirectly related to
plant production. Calcium, not usually considered a limiting
factor, is one of the principal cations in the alkalinity
relationship (Figure 25, Table 13). Diatoms of equal numbers
can be found in waters of either high or low calcium content

(Lund 1950).

Temperature is one of the most important factors in the




1l !

environment. It controls reaction rate and gas solubility,

among other things. As the water temperature drops the ‘ I
calcium content increases (Figure 26). The low water

temperature holds more dissolved CO, which increases the

alkalinity. The diatom populations (Figures L and 25) show

a gradual increase until spring. Then the increased

photoperiod initiates a population peak. As the water

temperature increases the alkalinity decreases. Thisg decrease

could induce a reduction in the solubility of COo. The CO» |

could be reduced as a result of increased biological activity

of the maximum standing crop. !
Silica (Table 17) and nitrate (Table 15) show high ‘

r
t
correlation in Figure 27. The silica is one of the main Vﬁ

constituents of the frustule wall. The nitrate ion is one of

the main sources of nitrogen needed by all photosynthesizing ﬂﬁ
plant life. ‘
In January, when the population is low, the silica and !
nitrate begin to increase (Figure 27). Both ions peak in lste
January or early February as the population begins to climb.
The increasing population intersects with the decreasing
silica and nitrate levels in March. The standing crop peak
1s reached in March and April. Tn May, the dissolved silica
and nitrate decrease to a minimum. Then as the population

decreases in the summer the silica and nitrate levels rise. '

The pH values interfere with, or vromote, the
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y, uptake of nutrients. In most cases it is not known exactly how

t influences diatom growth. The sudden drop in pH on 29 April
(Figure 28) is followed by a similar drop in silica and
nitrate. On the following sampling date, 27 May, the
population decreases sharply. It is difficult to say which
1s cause and which is effect.

The chemical and physical environment of the flowing
water habitat of diatoms contains so many continuously
changing factors that all adjustments are unexplainable at the
present time. The more information compiled and correlated,

the nearer is complete understanding.




SUMMARY AND CONCLUSIONS

1. The diatom population and water nutrients, at Lock and
Dam No. 7 and 8 in the Mississippi River, were investigated
during a period from 3 October, 1967, through

30 September, 1968.

2. Ten species were dominant (5% or more of each sample)
from the 67 species iaentified. These are: (alphabetically)

Asterionella formosa, Cyclotella glomerata, €yclotella

meneghiniana, Diatoma elongats, Fragilaria construens, u

Melosira ambigua, Melosira granulata, Melosira varians,

»

¥
Stephanodiscus hantzschii, and Stephanodiscus niagare. fﬁ
_ -

3. The order of domination, bassed on total number present,

!

i

’ {

was Stephanodiscus hantzschii, Melosira ambigua, Fragilaria ?w

€
construens, and Melosira granulata. |

L. The dominant species, Stephanodiscus hantzschii, was over

80% ofithe total diatom count. This species was not recorded
in the upper Mississippi River in 1931.

5. The maximum standing crop was reached in April at all
three stations. Stations 1 and 2 reccorded 80 million cells
per liter; station 1 resched 65 million cells per liter. ;i
6. A high per cent occurrence does not indicste a high 5%
per cent volume. The individual cell volume of species i
controls this per cent occurrence-volume relationship.

On 18 March, station 2, Fragilaria construens made up 82.2%

of the total number but shared only 39.8% of the total volume. ;
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On 3 October, station 3, Stephanodiscus niagare made up 7.5%

of the total number but shared 25% of the total vclume.
'7. Six chemical and physical factors had correlation
coefficients above 1.5 at all three sampling stations. High

correlations existed between total number of cells per liter

and alkalinity, calcium and water temperature, and silica and

nitrate nitrogen.

8. Poor correlation was found between the following combinations:

a.
b.
c'

d.

Number
Number
Number

Number

of cells per liter--calcium.
of cells per liter--temperature.
of cells per liter--silica (stations 2 and 3).

of cells per liter--nitrate (stations 2 and 3).

9. Whereas this investigation did not establish whether

diatom species can be used as water quality indicators, the

data presented may be useful in determining optimum nutrient

levels for growth of specific forms.

ARGt S B
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j TABLE 1. Summary of total seagonal plankton diatom numbers and
f volume, Mississippl River, La Crosse, Wisconsin, October 1967
I through September 1968.

DATE STATION ##CELLS/L. mL/L it

10/3/67 1 16,611,633 12.760
12,604,985  8.22L
10,530,747 11.058

23,490,303 22.731
18,419,9%3 17.589
16,008,863 1L.LL7 1

13,704,154 15.011
13,438,226 13.924
15,902,492 1L.492

16,788,918 19.485

17,551,245 18.79.4
16,083,101 19.36L

22,621,605 2l.501
29,110,247 31.173 y
23,880,331 25.572 A

7,906,924  8.467
35,279,776 37.779

11,080,331 11.865 i
32,655,954  3L.970 5*
45,775,067 L49.019 i

16,983,932 18.187
38,648,197 41.386
46,785,593 50.100

5,726,315 6.132
2,802,214 26.559
35,935,732 38.482

16,469,805 17.637
31,060,386 33.261

10/17/67

10/30/67

11/13/67

11/27/67

12/11/67

12/25/67

1/8/68

1/22/68

2/5/68

2/19/68

15,069,251 16.137
2,500,829 26.237
41,626,590 Lly.576

WNHE WHH WK W W WP W Wi WK WMPhH W




prasLE 1.

cont'd.

DATE

3/4/68

3/18/68

L/1/68

L4/15/68

4/29/68

5/13/68

5/27/68

6/10/68

6/2l /68

7/8/68

7/22/68

STATION

WRH WH WO W WO WO W WM WMNH W W

#%CELLS/L.

29,908,031
35,013,848
65,755,121

Y e - - on on

77,473,612
32,691,411

83,040,366
52,440,948
70,736,776

53,788,316
39,428,218
46,590,538

26,167,288
39,392,761
29,464,792

70,878,60
37,513,53
39,109,105

L,02y,376
10,176,176
14,182,82)

14,501,925
1,431,011
22,267,015

467,585
3,580,601
12,109,960

4,928,527
7,339,603
7,197,777

%,538,u99
»119,660
9,006,085

88.92
56.15
75.127

57.599
2,222

26.9%1
37.369
29.749

50.871
29.629
31.260

3.228

7.430
10.304

11.253

10.443
13.367

Iy .78l
6.70
12,70

3.558
.65l
.70

.600
.212
.989

3=

e impossible to collect sample.

21




| TABLE 1.

cont'd.

DATE
8/5/68

8/10/68

9/2/68

9/16/68

9/30/68

STATION
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

First three digits are significant on all tables.

#%CELLS/L.

7,233,234
13,083,6L4
9,963,425

13,331,843
10,920,7&5
18,650, 398

16,416,620
21,274,237
14,927,423

5,814,958
13,046,199
11,20l,431

12,374,514
9,218,836
12,232,686

AL/L

.6.399
9.873
7.702

10.571
8.2
12.987

16,308
15.458
9. 31

6.§72
12.40
8.715

10.457
7.978
10.270

22
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| 'TABLE 2. Per cent occurrence and volume, cells per liter, and
' microliters per liter for Melosira ambigua, Mississippi River,
La Crosse, Wisconsin, October 1967 through September 1968.

OCCURRENCE VOLUME i
. DATE STATION :+:CELLS/L. %0CC. SL/L ZYOL. fﬂ‘.~
| 10/3/67 1 5,602,215 33.7 .550 ly.3 i
,‘ 2 5,690,858 L5.1 .559 6.8 x
3 2,481,994 23.6 2l 2.2
' 10/17/67 1 2,659,279  11.3 .261 1.1 R
2 2,357,899, 12.8 .232 1.3 .
3 2,960,66l 18.5 .291 2.0 g
' 10/30/67 1 1,843,767 13.5 .181 1.2
2 3,315,235 2l .7 .325 2.3
3 2,606,009 16.0 .256 1.7
b 11/13/67 1 868,698 5.2 .085 0.4
i 2 V- - —— - - -
3 e T T T i |
- 11/27/67 e --- --- -
| 2 eeee- - - -
3 _____ - - - - [
| 12/11/67 1 eeee- -— -——— -
2 eeee- - -—— -_———
, 3 meee- -—- -— -—
| 12/25/67 1 emea- -— - -
2 eecaa - —_—— ——
3 ..... - - - o - -
1/8/68 1 —eeea ——— -— -
2  meee- --- - -— i
3 emmee- -—- -—- -——- |
1/22/68 1 e ——- —-- ——- i
2 e - - - i
3 ..... - - - -
2/5/68 1 —— - -—- —-
2 eeae- —— -—— -———
3 ..... - - - - -

#-=-not present in samples above 5% level.




ITABLE 2. cont'd.

;DATE
; 2/19/68

é 3/1/68

f 3/18/68
% L/1/68

| L4/15/68
4/29/68
| 5/13/68
;f 5/27/68
6/10/68
6/211/68

7/8/68

OCCURRENCE

STATION #*CELLS/L.

1l
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

1,418,292
2’ 9'-1»’ 736
1,843,767

3,669,805
4,857,617
460,941

797,783

1,826,038
44,059,833

ML/

VOLUME

%VOL.
«139 1.6
.265 .7
0181 06
.361 o7
.u?? 106
045 .1
.078 2.0
0179 2.1‘-
<399 3.9
432 3.8
.352 3.4
.683 5.1

251 3.7
. 265 2.1
171 L.B
16 2.9
202 3.5




i
E
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| TABLE 2. cont'd. b O
| OCCURRENCE VOLUME o
;DATE STATION #*#CELLS/L. %occ. nL/L %VOL. "EIQ
7/ee/68 1 e e
2 1,524,653 18.8 .150 2.1 |
3 2,730,193 30.3 .268 3.8 i
8/5,/68 1 1,382,825 19.1 .136 2.1 i
2 4,361,218 33. 129 4.3
3 3,049,307 10. 300 3.9
8/19/68 1 4,077,562 30.6 101 3.8
2 3,687,53) 33.7 .362 .2
3 7,836,010 2.0 .770 5.9
. 9/2/68 1 1,489,196 9.1 .146 .9
‘ 2 9:537:9&9 L} .8 937 6.1 e
3 6,911,127 46.3 679 7.0 ¢
9/16/68 1 emee- - — — ;
2 3’014-9’307 230’-‘- 0300 2.}.’.
9/30/68 1 2,872,022 23.2 .282 2.7
2 2,021,052 21.9 .199 2.l
3 2,907,479 23.8 .286 2.8 ‘1 .
P r—— First three digits are significant on all tables. 3“‘?
-
i *
&

s e e i i

o
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[PABLE 3. cont'd.

Z; OCCURRENCE VOLUME :
B e STATTON ##CELLS/L. %0CC. ML/L ZVOL. '
 3/1/68 1 29,908,031 100.0 32,027  100.0 “ﬂyjf
; 2 35,013,848 100.0 37.495  100.0 -
1 3 65,755,121 100.0 70.413  100.0 |
| 3/18/68 1 S — —-- - - 3
i 2  13,828,25), 17.8 1l.807 60.2 !
] 3 29,695,289 91.0 31.799 97.2
b 14/1/68 1 83,040,441 100.0 88.92)  100.0 i
: 2 ©2.41,0,99% 100.0 56.156  100.0 § -
| 3 70,736,840 100.0 75.127  100.0 .%
F 11/15/68 1 53,788,364 100.0 57.599  100.0 ﬁ;i |
2 39,428,254 100.0 y2.222 100.0
, 3 46,590,580 100.0 49.892 100.0
- 4/29/68 1 2,749,029 9.6 26.502 98.1
2 33,719,666 85.6 36.109 96.6
! 3 27,621,052 93.7 29.568  99.l
| 5/13/68 1 L),534,071 62.8  47.689 93.7
‘ 2 25,139,057 67.0 26.920 90.9
4 3 25,706,370 65.7 27.528 87.7
| 5/27/68 1 2,180,609 Sly..2 2.335 72.3
, 2 4, 18,476 0.8 h L2 59.8
ﬁ 3 7,747,368 Sly.6 8.296  B80.5
- 6/10/68 1 10,105,262 69.7 10.821 96.2
: 2 8,155,12, 56.5 8.733 83.6
{ 3 11,168,974 50.2 11.950 89.5 -3
j E -
L 6/2,/68 1 ;467,589 100.0 % .78  100.0 O
| 2 ,027,700 70.2 455 96.3 E B
3 7,800,553 62.9 8.353 65.7 1ﬁﬁri
|
7/8/68 1 3,191,135 6% .7 3.417 95.2 E &
' > 5,034,902 68.6 £.392 954 g
3 5,141,274 1.4 5.506 96.5
7/22/68 1 %,25u,8u7 93.8 L.556 99.0
2 »595,013 81.2 7.062 97.9
3 6,275,900 69.7 6.721 96.2

- #%---no sample taken. 5
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| TABLE 3. oont'd. .
- 0CCURRENCE VOLUME {i A
1 4 2
| DATE STATTON +CELLS/L. %occ. nL/L %VOL. m
8/5/68 1 5,850,415 80.0 6.265 97.9 4
2 8,013,296 61.2 8.581 86.9 t R
3 6,914,127 89.L 7.h0L  96.1 ||
1
8/19/68 1 7,481,440 56. 1 8.012 75.8 *ﬁ i
3 6,488,642 3h. 8 9,8 53.5
9/2/68 1 13,721,883 83.6 1L .69, 90.1
2 6,701,38] 31.5 7.176 L6.l
3 5,495,8L, 36.8 5 885 61.
- 9/16/68 1 5,460,387 93.9 5. Lsﬂ 93.1 Y
2 %,751,2%6 36. 2 5 088 1.0 P
3 ’L’-53!1 5 57 910 79-3 ; ‘]ji
9/30/68 1 9,502,492 76.8 10.176 97.3 y
2 6 701,384 72.7 7.176 90.0
3 9,325,207 76.2 9.986 97.2 |
% L DT First three digits are significant on all tables. E
4
T
b )




OCCURRENCE
j STATION ##CELLS/L. %0CC.
ho/3/67 1 2,925,207 17.6
1 2 1,772,853 1.1
3 1,896,952 18.0
0/17/67 1 1,116,897 .8
2 1,081,440 5.9
3 13258,725 709
10/30/67 5 A _—
2 51u,127 3.8
.L 3 ----- T
11/13/67 é 354,570 2.1
4 O ---
111/27/67 1 e _—
. 2 eeee- -—
3 ..... -
12/11/67 1 eemea _—
P 2 eme—- _———
1 3 ----- =
1 12/25/67 3 _—
2 emaaa ——
3 _____ -
1/8/68 1 eeaa- -
2 ameaa -_—
3 ..... -
1/22/68 1 eeee- ——
2 eeme-- _——
3 _____ -
2/5/68 1 emee- —_—
2 cmee- ——
3 _____ ———

|

#---not present in samples above 5% level.

i: E li. Per cent occurrsence and volume, cells per liter, and
jicroliters per liter for Melosira granulata, Mississippl River,
ja Crosse, Wisconsin, October 1967 through September 1968.

VOLUME
L/L %BVOL .
3‘5614— 27'9
2.160 26.3
2.311 20.9
1.361 6.0
1.318 7.5
1.53) 10.6
.626 I.5
32 2.2




f 3 0
FPABLE L. cont'd.
OCCURRENCE VOLUME
- DATE STATION +-+CELLS/L. %oce. AL/L %VOL. ?4
| 2/19/68

3/4/68

3/18/68

L4/1/68

A
----- T T - ":E‘:% "'*
4/15/68 1 —eeeo - _— —_— :F

14/29/68
5/13/68
: 5/27/68
6/10/68

6/2/68

7/8/68

WH W WMRH WRH WPHF WHH WO W W W W
1
!
[}
]
i
1
1
]
1
|
!
!
]
'
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| TABLE L. cont'd.
1 OCCURRENCE VOLUME 1
| DATE STATION ::CELLS/L. gocc. L/L %VOL . lf
7/22/68 1 eeee- —-- —- ——- o
2 e S _— - Y
3 eeee- -—- --- --- r
8/5/68 1 eeee- . ——- --- 41 -
2 709,11 5.l .86l R.8
3 _____ - - -
8/19/68 1 1,772,853 13.3 2.160 20.14 I
2 2,269,252 20.8 2.765 32.8 I
3 lt, 325,761 23.2 5.271 10.6 '
9/2/68 1 1,205,540 7.3 1.1469 9.0 %i {-
2 3,935,733 18.5 L.796 31.0 il
3 2,517,451 16.9 3.067 31. « iy I X
9/16/68 1 351,570 6.1 432 6.9 &
§ 4,680,332 35.9 5.703 6.0 -
9/30/68 1 eeeea - _— _—
% 1496, 398 S.h .605 7.6 i
- e First three digits are significant on all tables.
5,
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1TABLE 5. Per cent occurrence and volume, cells per Liter, and
| microliters per liter for Stephanodiscus niasgaria, Mississippi
I Rlver, La Crosse, Wisconsin, October 1967 through September 1968.

OCCURRENCE VOLUME
| DATE STATION *+CELLS/L. %0CC. ML/L BYOL.
'10/3/67 1 Hommmmmn -—— --- ---
v 2 emee- -—— — -
3 797,783 7.6 2.772 25.1
[ 10/17/67 ; A — —— .
2 eeea- - -—— -
) 3 _____ - - -
10/30/67 1 886,126 6.5 3.079 20.5
i 2 1,116,897 8.3 3.880 27.9
3 _____ - -—— -
11/13/67 2 957, 340 5.7 3.326 17.1 |
3 ..... - - - [
11/27/67 1 eeee- — _—— — =
| S _— -— ——- i
| 3 eeee- -—-- - -——— :
12/11/67 1 eee-a _— _— _—
2 acaaa -— - -———
3 _____ - -—— - -
12/25/67 1 eeeaa _—— _— ——
2 emeaa - —— ———
3 ..... - - - - -
1/8/68 1 eeee- _— — —— i
2 — --- - ---
3 mmme- - --- --- ﬁ
1/22/68 1 eeea- _—— _— _— 1
2 eeeea - -——- - '
e - - --- |
al
2/5/68 1 eeee- - - — ]
2 emee- S - _—— | |
3 =e--- -—- - -— |
#-~--not present in samples above 5% level.  $
‘i
:lz
|3
4




it

Q 33 .
. TABLE 5. cont'd. »4w'
] g
OCCURRENCE VOLUME h
| DATE STATTON **CELLS/L.  %0CC. ML/L  %VOL. i
| 2/19/68
- 3/L/68
3/18/68
4/1/68
L/29/68
5/13/68

5/27/68

6/10/68

6/21,/68

7/8/68

7/22/68

WM WMHOH WPOHF WM WK WMNOF WL W WO WM WK
1
1
1
1
L}
]
|
'
|
1
1
]
I
1




3L

LPABLE 5. cont'd.
OCCURRENCE VOLUME

| DATE STATION #CELLS/L. %oce. L/L BVOL.
- 8/5/68

8/19/68
9/2/68
9/16/68

9/30/68

1
2
3
1
2
3
1
2 ----- - hasienda bt i
3
1
2
3
1
2
3

;** ----- First three digits are significant on all tables. R
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¢ TABLE 6. Per cent occurrence and volume, cells per liter, and
 microliters per liter for Melosira varisns, Mississippi River, 3
} La Crosse, Wisconsin, October 1967 through September 1968, i

OCCURRENCE VOLUME Ly

i DATE STATTON +-€ELLS/L. %0CC. L/L %VOL. i
' 10/3/67 1 e --- --- --- 1
2 mceea ——— _— _—— :
| 3. - --- --- --- 1
' 10/17/67 1 emee- - - ——- i
e --- --- -=- ]
, P |
b 10/30/67 1 eeee- ——- --- -—- |
: 2 e _— _— -——
S |
 11/13/67 1 e --- -—- -—— i
/ 2 _____ - - R - - r "
x 3 aeeeo ——- —_— — ;§
&
11/27/67 L -—- - - 4
2 e -_— _— - g
3 meee- --- --- --- E
12/11/67 1 amee- - ——- _—- g
2 amee- - —— — g
- J— --- _— _— i
12/25 /67 1 eeee- - - ——- L (B
2 emma- _— -— — |5
> e
1/8/68 1 e ——- - - {
2 emea- _— _— - |
R --- --- --- 1
i
1/22/68 1 emme- _— _— - |
2 meee- --- --- --- i
S --- --- --- {
2/5/68 s R — - —-- - 1
2 emeen —— _—— _—— i
3 _____ - - - P,
#---not present in samples above 5% level. = |




L TABLE 6. cont'd.

' DATE
2/19/68

3/4/68

3/18/68

4/1/68

4/29/68

5/13/68

5/27/68

6/10/68

6/2. /68

7/8/68

1/22/68

VOLUME

WNHH WhHE W WH WO WOH WOH WM WMhHHF WP W

OCCURRENCE

#%CELLS/L.

%0ceC.

36




37 :;v;
i TABLE 6. cont'd. i
OCCURRENCE VOLUME i
| DATE VOLUME :+CELLS/L. %0CC. NL/L BVOL . |
[
8/5/68 1 e --- - —-- |
2 - - -——— -
3 _____ - - - —-—— -
8/19/68 I --- --- -
2 - - _— - |
3 meee- --- === --- i
9/2/68 - --- -- - 1
2 ----- —_— ——— —_—— i
3 ----- - - e - - - e s \
1
9/16/68 5 ——— - - -—- &5
2 eeeea _— _— _— -4
3 e --- - -
9/30/68 1 e - - ——
2 ----- - s ms - . - & ;
3 _____ - - - - -
e First three digits are significant on all tables.
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| TABLE 7. Per cent occurrence and volume, cells per liter, and
microliters per liter for Fragilaria construens, Mississippi
River, La Crosse, Wisconsin, October 1967 through September 1968,

OCCURRENCE VOLUME O

| DATE STATTON #+CELLS/L. %0CC. L/L AVOL. R
10/3/67 1 Hmmmmm ——- —- —- h
I - --- - |
3 eeee- --- --- --- i
10/17/67 1 eeee- - --- --- 1
| 2 eeee- --- --- --- i
3 emee- --- - - i
10/30/67 s - - ——- ”
; ‘ 2 eeme—— - - -
S — --- —-- --- B
 11/13/67 1 emee- -—- —-- --- i
| 2 ceeee —- —- -
e - — _—
11/27/67 1 meee- - ——- -
2 acaea _—— —— _——
3 _____ - - - - -
[ 12/11/67 1 eme-- --- --- --- :
2 eeee- _— _—— ———
3 e == == == u
| 12/25/67 1 -—- - ——- 1
] 2 eeae- - - - - -
T — -
1/8/68 1 - ——- —— ——
2 eeeee - -— - |
3 eeee- - - -
1/22/68 1 eeee- -—— - _—
2 eeeea - - -
 J— --- --- --- |
2/5/68 1 eeme-- - _— — 1
2 eeee- - - - |
N —— - —-- - |
| #---not present in samples above 5% level- ﬁ
:;:
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| TABLE 7. cont'd. i
| OCCURRENCE VOLUME i
| DATE STATION +:%CELLS/L. %occ. mL/L %VOL.
| 2/19/68

3/1/68

3/18/68

63,645,426 82.2 9,801 39,8 4
2,996,121 9.0 .923 2.8

1
2
3
1
2
3
1l
2
3
1
2
3
1
2
3
1
2 eeea- -—— ——— _—
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

L4/1/68

11/29/68

5/13/68

5/27/68

1,8)-'-3’767 9.0 0568 707

6/10/68

90l ,155 12.5 278 2.7
1’276’)*[-5"4 1105 0393 2.9

6/24/68

7/8/68

7/22/68

141,828 6.2 .Olyly 1.0
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| TABLE 7. cont'd.

, OCCURRENCE VOLUME g
| DATE STATION #CELLS/L. %0CC. L/L 4VOL,. |
8/5/68

8/19/68

9/2/68

9/16/68

9/30/68

1
2

3

1

2

3

1

2 aemeea - - -——
3

1

2

3

1

2

3

Hfm e e First three digits are significant on all tables.

L
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i TABLE 8. Per cent occurrence and volume, cells per liter, and 1
microliters per liter of Cyclotella glomerata, Mississippi it
River, La Crosse, Wisconsin, October 1967 through September 1968.

OCCURRENCE VOLUME |
| DATE STATION :%CELLS/L. %0CC. L/L BVOL.
| 10/3/67 1 . - - - v
2 —eee- --- --- --- |
3 e --- --- --- |
- 10/17/67 1 eeee- - - - b
: 2 eeeme——- - - - il
 S— --- E
| 10/30/67 1 eeeea --- --- - |
| 2 eeee- - --- - .
\ > 7|
 11/13/67 1 eeeen — — _— s
, 2 meae- - - -—— “
: o |
- 11/27/67 1 eeee- -—- - -
A 2 ----- badad hanahend - - ;1
| 3 - :
 12/11/67 1 - - -——- - §
2 e --- --- --- g
] 3 ----- bt - b = i
| 12/25/67 s - - - i
2 eeees - --- --- i
30 e --- --- -e- 1
1/8/68 s ——- - —— i
2 emaa- - - - 1
N --- --- --- tW
1/22/68 1 eeee- - — _— H
2 eeea- -—— -_—— -_— ;
30 - --- --- --- 1
2/5/68 1 eema- - _— - i
2 eeea- - ——- —— 4
 J—— —-- i

i*-~-not present in samples above 5% level. 4




o

i TABLE 8. cont'd,

; OCCURRENCE VOLUME

| DATE STATION +=CELLS/L. %occe. mL/L VoL
2/19/68 1 e - —

3/4/68

3/18/68

L/1/68
L/29/68
5/13/68
' 5/27/68

6/10/68

6/21/68

| 7/8/68

| 7/22/68

2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2 e _— _—
: ——
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
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| TABLE 8. cont'd.

OCCURRENCE VOLUME
DATE STATION ##CELLS/L. %0CC. ML/L ZVOL.

8/5/68
8/19/68
9/2/68
9/16/68

9/30/68

WRH WK W W Wi+
!
1
!
1
]
!
]
!
]
|
]
i
]
!
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TABLE 9. Per cent occurrence and volume, cells per liter, and
mlcroliters per liter of Cyclotella meneghiniana, Mississippl
Rlver, La Crosse, Wisconsin, October 1957 through September 1968,

OCCURRENCE VOLUME
DATE STATION :%CELLS/L, %occ. ML/L %VOL.
10/3/67 N --- --- --- :
5 0 DT - —T o i
3 meee- --- --- --- ;
10/17/67 1 e - - ——- :
2 emce- —— —— -
| 3 - --- -—= ---
10/30/67 1 eeee- -—- S ——
2 eeeea - —— -———
‘ N --- --- ---
| 11/13/67 1 e - - -
2 ecee- - -—— -
3  ecaaa - - -
 11/27/67 O --- --- --- 1
2 eemm—- - - -—
| 3 eee-- -—- --- - 1
- 12/11/67 1 eeee- ——— -— - f;
2 mme—- - - - ——— > |
3 =e=ee- --- --- --- i
| 12/25 /67 A -—- --- ——- 1
2 eeee- — -—- - i
N --- --- --- 3
1/8/68 1 eeae- _—— _— _— AL
ZS— |
e --- --- --- v
1/22/68 1 emme- — — — I
| 2 e --- --- --- i
3 eeee- --- - — j
2/5/68 1 - - - |
- --- --- - §
3 e - - — :

| #=--not present in samples above 5% level.
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. TABLE 9. cont'd.
| OCCURRENCE VOLUME
| DATE STATION CELLS/L. %0CC. ML/L %VOL.
2/19/68

3/4/68

3/18/68

I,/1/68

1
1
)
i
1
1
I
i
'
!
1
1
1
1
N ol
AT %

Rt

; L4/29/68

 5/13/68

| 5/27/68

6/10/68

6/2l./68

? 7/8/68

i 7/22/68

WMRH WOH WH WNHHE WOHE WFE WOH WO WO W wn -
1
1
1
]
]
]
i
]
!
4
1
]
I
|
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| TABLE 9. cont'd.

‘ OCCURREN CE VOLUME
| DATE STATION :=CELLS/L. %occ. L/L ZVOL.
8/5/68 1 eeea- - _— —_—
2 eeeae - —— -——
3 _____ - o - -
8/19/68 1 e - —— -
2 mema- ——— —— ——

3 mee—- --- --- --= _

9/2/68 1 eeea- _——— —— —_— g

2 1,099,168 5.2 2.550 16.5 |

3 eeee- -—- --- --- :

9/16/68 1 eeee- - - --- |

2 567,313 4.3 1.316 10.6 i

3 602,770 5.4 1.398 16.0 ]

9/30/68 1 eeme- - - ——

2 ----- - - - w - - i

3 == --- --- - M |

L e First three digits are significant on all tables. ?E %
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i TABLE 10. Per cent occurrence and volume, cells per liter, and
} microliters per liter of Asterionella formosa, Mississippi
| River, La Crosse, WisconsIn, October 1967 through September 1968,

OCCURRENCE VOLUME
| DATE STATION ::CELLS/L. %0CC. L/L BVOL.
- 10/3/67 1 - -— -— -—
. 2 mmm- —— _—— _——
3 e --- - ——-
10/17/67 1 - _—- _— _—
: 2 e -— -—— -
3 ..... - - -
. 10/30/67 A T - - -
| 2 - —- _— —_—
3 L --- --- --- |
b 11/13/67 1 —eeea — — —_— H
| 2 eeea- -_— —_— _— i
| 3 e m—- --- ---
| 11/27/67 1 emeee - ——- - it
| 2 emea- -— - - !
i ——- -—- --- i
 12/11/67 1 eeee- - —-- _— |
i 2 emeea -—— —— —_—— :
, 3 e -- .- -
12/25/67 L --- - -—-- 1
3 — o o o H
1/8/68 1 e ——- - -
2 eeeea - ——— -
3 ..... [ - - - -
1/22/68 1 eeea- --- ——- - |
2 eeeea - -— - i
3 =eee- -— -—- -—- it
2/5/68 1 eeae- _— — _—
2 eeeaa - -——— -———
3 ..... - - - -

2%-—-not present in samples above 5% level. .
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;TABLE 10. cont'd.

? OCCURRENCE VOLUME

| DATE STATION #+CELLS/L. %0CC. L/L ZVoL.
| 2/19/68

3/18/68 ;;;;; ;;; ;;; ;;;
-
_____ !

- 5/13/68 9,502,492 26.
‘ 7,516,897 20

. 2,942,936 7
5/27/68 283,656 7.
1,365,096 13
1,010,526 7

[ 2
o
°)
=
[ASAS AR\ IR AVE N AN 5 §
L ]
O on @O

i 6/10/68

WK WhH WPHH W WO WPHKF WO W WO WO W

6/24/68 1 eeee - - e

7/8/68 1 e - - !
————— - e LY ‘ i

7/22/68 1 eeee- - _— _——-
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I TABLE 10. cont'd.

OCCURRENCE VOLUME
DATE STATION ##CELLS/L. %0CC. ML/L %VOL.

8/5/68

8/19/68
9/2/68
9/16/68

9/30/68

WhhH W W W Wi
1
1
i
!
!
]
|
]
1
i
!
i
i
!

f** ----- First three digits are significant on all tables. S
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| TABLE 11. Per cent occurrence and volume, cells per liter, and
} microliters per liter of Diatoma elongata, Mississippt River,
 La Crosse, Wisconsin, October 1967 through September 1958,

OCCURRENCE VOLUME
| DATE STATION #%CELLS/L. %0CC. ML/L %VOL.
b 10/3/67 1 steeeee -—- --- ---
2 eeee- -—— - -—
3 _____ - - - -
10/17/67 1 acea- ——— -_—— _—-
2 aea- - _—— -
| e --- --- ---
| 10/30/67 1 emaee _— — —
| - -—- .- - "
e
- 11/13/67 S —— - - —-- o
- = - - T i
, i --- --- === o
! i ‘Yf ji;qj .
- 11/27/67 L -— - —— i }H
2 e S - -——— e
_ 3 eeee- --- - -
| 12/11/67 1 - ——- ——- ;
| O - — ——- !
3 Il T T oo |
12/25/67 . --- .- --- )
‘ - - ——— - !
3 eeea- - - -——
1/8/68 1 eeee- —— —-- —
2 ace—— - - -
3 eeeaa - - -
1/22/68 1 e _—— _— -
‘ L e --= --- -=- |
3 == --- --- -—— N
“l
2/5/68 L - .- - |
> o oo oo -
3 ..... - - -

#---not present in samples above 5% level.
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| TABLE 11. cont'd.

OCCURREN CE VOLUME
L DATE STATTON %CELLS/L. %oce. ML/, Zvor,.
L 2/19/68

FORE A
P
e I DD
P
e 20D

5,850,105 15.0 2.81l 9.4

762,326 18.8 731 22.7
1,914,681 18.8 1.836 24,7
1,365,096 9.7 1.309 12.7

 5/27/68

L 6/10/68

WHHF WPHF WHFH W WO W W WNH WMHH WhoH Wi

[ 6/24/68 1 aeeee - —-- -

7/8/68 1 e --- --- --- "
_____ oI - -2l |

| 7/22/68 1 el --- --- ---
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}?ABLE 11l. cont'd.

| OCCURRENCE VOLUME
| DATE STATION #**CELLS/L, %occ. ML/L %VOL.
8/5/68 L - - ---
2 emeea - —— —_———
| i --- --- ---
- 8/19/68 s --- --- —--
2 emee- _— ——— —_———
K R pp—— - - -
9/2/68 e - - ———
2 eeeaa _—— - —-——
- - - -
9/16/68 1 eeee- _—— _— _— ko
> I
CR— g
9/30/68 1 ceeee - - - oo
2 emem—- - -—— - ; |
N : )

T First three digits are significant on all tables. i
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t TABLE 12. Temperature readings, in centigrade, Mississippi
| River, La Crosse, Wisconsin, October 19467 through September 1948,

?DATE STATION READING DATE STATION READING
510/3/67 1 17 3/1/68 1 3.00
u 2 17 2 1.50
| 3 17 3 1.00
b 10/17/67 1 17.5 3/18/68 1 5.5
4 2 13.75 2 5.5
1 3 1L 3 L.0
10/30/67 1 7.5 L/1/68 1 10.0
] 2 5.8 2 9.0
1 3 6.5 3 9.0
 11/13/67 1 5.8 L/15/68 1 10.0 1
| > 5.0 2 10.0 ki
4 3 5'2 3 10.0 "“‘
;11/27/67 1 .25 L /29/68 1 16.0 :f
3 2 .25 2 17.0 1
- 3 1.50 3 16.0 ;
} 12/11/67 1 .25 5/13/68 1 12.0 ;
; 2 1.00 2 12.0
| 3 1.00 3 12.5
i 12/25/67 1 1.30 5/27/68 1 21.8
] 2 .25 2 21.0
3 1.00 3 2L.5
1/8/68 1 .20 6/10/68 1 21.5
2 .25 2 21.0
3 .50 3 21.5
1/22/68 1 .50 6/2,/68 1 22.0
2 .50 2 22.0
3 .50 3 22.0
2/5/68 1 1.30 7/8/68 1 2L.0
2 1.20 2 2.0
3 1.20 3 25.0
2/19/68 1 .50 7/22/68 1 20.5
2 .50 2 23.0
3 .50 3 21.0
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ITABLE 12. cont'd.

DATE STATTON READING

bo /558 1 23.0

b 2 23.5

{ 3 2l,.0

} 8/19/68 1 21.5

g 2 21.5

. 3 21.0

@9/2/68 1 20.0

2 2 18.5

‘ 3 18.0

$ 9/16/68 1 17.0

- 2 17.5 ¥

1 9/30/68 1 17.5 :“

2 2 17.5 ;
3 17.0
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. TABLE 13. Total alkalinity in parts per million, Mlssissippi
| Rlver, La Crosse, Wisconsin, October 1967 through September 1968.

| DATE STATION READING DATE STATION READING
10/3/67 1 38 3/,/68 1 90
f 2 83 2 15
3 66 3 150
| 10/17/67 1 65 3/18/68 1 e
i 2 92 2 130
3 7 3 125
10/30/67 1 66 4/1/68 1 125
2 97 2 150
: 3 80 3 135
| 11/13/67 1 86 4/15/68 1 135 Y
| 2 88 2 150 kit
3 90 3 lh_o . :
11/27/67 1 90 4/29/68 1 65 i
t 2 9% 2 120
3 9 3 90
12/11/67 1 30 5/13/68 1 115
; 2 I 2 120
3 45.5 3 115
12/25/67 1 190 5/27/68 1 60
1 2 160 2 90
| 3 150 3 80
b 1/8/68 1 110 | 6/10/68 1 70
g 2 150 2 90
3 160 3 90
1/22/68 1 70 6/24/68 1 50
2 130 2 105
3 1L,0 3 100
2/5/68 1 75 7/8/68 1 60
2 145 2 90
3 130 3 70
2/19/68 1 105 7/22/68 1 110
2 160 2 100
3 160 3 75

fmm impossible to collect sample.
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ngBLE 13. cont'd.
| DATE STATTON READING

| 8/5/68 60
! 120
' 110

105
11,0
130

70
130
125

 8/10/68
9/2/68

20
130
120

ﬂ»9/16/68

120 !
140 -
110

 9/30/68

1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
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TABLE 1. Caloium readings in parts per million, Mississippi
{River, La Crosse, Wisconsin, October 1967 through September 1968.

| DATE STATION READING DATE STATION READING
10/3/67 1 85 3/ /68 1 100
z 2 100 2 105
: 3 100 3 80
10/17/67 1 80 3/18/68 1 steeea-
| 2 110 2 95
3 110 3 90
§10/30/67 1 85 L /1/68 1 95
; 2 100 2 110
| 3 100 3 95
111/13/67 1 80 4/15/68 1 90 4,
2 110 2 105 i
3 105 3 90
1 11/27/67 1 100 IL/29/68 1 5
2 120 2 5
, 3 115 3 60 ‘
'12/11/67 1 60 5/13/68 1 90
: 2 100 2 85
; 3 115 3 95
1 12/25/67 1 120 5/27/68 1 1.0
2 150 2 90
3 160 3 55
. 1/8/68 1 100 6/10/68 1 50
2 140 2 70
3 120 3 65
- 1/22/68 1 70 6/2,/68 1 10
2 110 2 75
3 5 3 70
L 2/5/68 1 75 7/8/68 1 10
2 110 2 70
3 100 3 50
2/19/68 1 90 7/22/68 1 30
2 115 2 80
3 110 3 60

| Impossible to collect sample.




| TABLE 1. cont'd.
| DATE STATION READING
8/5/68 L5
90
80

90
110
110

50
110
100

8/19/68
9/2/68

9/16/68 20
100 ”

100

80 !
110 '

'~ 9/30/68
| 2

1
2
3
1
2
3
1l
2
3
1
2
3
1
2
3
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:~TABLE 15. Nitrate nitrogen in parts per million, Mississippi
i River, La Crosse, Wisconsin, October 1967 through September 1968,

;;DATE STATTON READING DATE STATTION READING
b 10/3/67 1 1.90 3/L./68 1 1.05
, 2 .76 2 1.85
1 3 .13 3 1.45
 10/16/67 1 .35 3/18/68 1 P
i 2 N 2 1.93
3 Ol 3 1.5
 10/30/67 1 .17 L/1/68 1 iy
2 .26 2 1.76
: 3 .26 3 1.29
11/13/67 1 .26 L/15/68 1 .66 v
i 2 .17 2 1.5) i
3 .17 3 1.13 N
11/27/67 1 .22 L4/29/68 1 .56 |
| 2 .26 2 .8l
| 3 .08 3 .99
b 12/11/67 1 1.45 5/13/68 1 .22
4 2 .55 2 .22
3 11 3 .13
L 12/25/67 1 48 5/27/68 1 .61
f 2 .0l 2 .66
. 3 .17 3 48
 1/8/68 1 1.40 6/10/68 1 48
f 2 1.1 2 .79
| 3 .17 3 .35
b 1/22/68 1 2.20 6/21,/68 1 .61
1 2 1.36 2 1.5,
i 3 1.36 3 .99
F 2/5/68 1 2.2 7/8/68 1 L6
‘ 2 1.93 2 1.18
; 3 1.76 3 .82
b 2/19/68 1 2.28 7/22/68 1 1.10
2 1.72 2 2.33
3 2.06 3 1.36

?% ----- impossible to collect sample.
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TABLE 15. cont'd.
| DATE STATION READING

L 8/5/68 .98
, 2.50
| 1.82

8/19/68 2.10
3.30
2.30

L 9/2/68 .22
; 1.54
1005

| 9/16/68 iy

i
i

| 9/30/68

1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

HOH e
o OoN N
~oOo oo




 TABLE 16. PH readings in the Mississippi River, La Crosse,
' Wisconsin, October 1967 through September 1968,

T Impossible to collect sample.

fbATE STATION READING DATE STATTON READING
10/3/67 1 8.65 3/b/68 1 8.60
» 2 8.55 2 8.30
‘ 3 8.55 3 8.50
10/16/67 1 8.77 3/18/68 1 Srmmeme
E 2 8.70 2 8.35
3 8.65 3 8.45
£ 10/30/67 1 8.35 l1./1/68 1 8.25
: 2 8.50 2 8.45
3 8.45 3 8.40

1 11/13/67 1 8.20 L/15/68 1 8.
, 2 8.75 2 8.20

} 11/27/67 1 8.82 IL/29/68 1 7.
2 8.75 2 6.97
. 3 8.85 3 6.80
1 12/11/67 1 7.90 5/13/68 1 8.25
' 2 8.65 2 9.75
3 8.80 3 7.75
12/25/67 1 8.70 5/27/68 1 8.20
f 2 8.68 2 8.35
3 8.70 3 8.15
1/8/68 1 8.30 6/10/68 1 8.35
2 8.60 2 8.10
| 3 8.75 3 7.40
b 1/22/68 1 7.70 6/24/68 1 7.75
2 8.35 2 8.20
3 8.7 3 8.10
2/5/68 1 8.25 7/8/68 1 7.1.0
2 8.30 2 6.95
3 8.35 3 6.95

2/19/68 1 8.37 7/22/68 1 7.
2 8.20 2 7.50

61

I
1
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| TABLE 16. cont'd.

| DATE STATION READING

8/5/68 1 7.30
r 2 7.90
_ 3 7.55
L 8/19/68 1 8.40
2 8.20
3 8.55
. 9/2/68 1 8.2
] 2 8. 5
3 8.30
9/16/68 1 7.10
2 8.20 !
3 7.65 it
9/30/68 1 8.45 ‘
2 8. 50
3 8.35
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TABLE 17. Silica readings in parts per million, Mississippi
River, La Crosse, Wisconsin, October 1967 through September 1968.

DATE STATION READING DATE STATTON READING
10/3/67 1 3.0 3/1./68 1 10,0
2 2.1 2 10.5
3 3.3 3 9.3
10/16/67 1 1.9 3/18/68 1 Hom e
2 .9 2 11.3
3 1.7 3 7.3
10/30/67 1 3.2 IL/1/68 1 5.0
2 2.3 2 10.0
3 .7 3 6.0
11/13/67 1 2.7 IL/15/68 1 lL.6 Al
2 1.5 2 8.5 B
3 .5 3 5.5 :
11/27/67 1 2.8 IL,/29/68 1 .0
2 1.0 2 .5
3 .5 3 5.5
12/11/67 1 8.7 5/13/68 1 1.3
2 3.0 2 .5
3 2.1 3 .7
12/25/67 1 .0 5/27/68 1 5.8
2 .1 2 2.2
3 3-1 3 3'&-
1/8/68 1 10.5 6/10/68 1 .3
2 7.3 2 2.l
3 5.0 3 .3
1/22/68 1 13.5 6/2,/68 1 .6
2 8.0 2 5.3
3 8.0 3 L3
2/5/68 1 11.8 7/8/68 1 7.3
2 10.3 2 9.5
3 9.5 3 7.0
2/19/68 1 12.0 7/22/68 1 6.5
2 12.5 2 10.0
3 9.5 3 9.0

R impossible to collect sample.
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TABLE 17. cont'd.

DATE STATION READING

- 8/5/68 9.8

11.
10.3

8/19/68
9/2/68
' 9/16/68

' 9/30/68

WOH WLHF WHHE WoH W
- H

PN W o=l

. * L] (] L[ ) L] L] L] .

UVIVlo W mo  wunw

o




FIGURE 1. Location of the Water Pollution Surveillance
System sampling stations on the upper Mississippi River.
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FIGURE 2. Location of sampling station 1 in pool 7,
and sampling station 2 at Lock and Dsm No. 7.
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FIGURE L. Total number and volume of all species at
each station.
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FIGURE 5. Per cent occurrence and volume for »

Melosira ambigua. 1
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FIGURE 6. Total number and volume for Melosira ambigua.
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FIGURE 7.

Per cent occurrence and volume for
Stephanodiscus hantzschili.
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Total number and volume for

Stephanodiscus hantzschii.

FIGURE 8.
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FIGURE 9. Per cent occurrence and volume for :
Melosira granulata.
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FIGURE 11. Per cent occurrence and volume for
Stephanodiscus niagare.

Station 1. @occurrence
Dvolume

Station 2. @occurrence
®volume

Station 3. @occurrence

§ ®volume
g
;




86
|oor 4100
8ol _ 180
60]. Joo
aoLr a0
i 4
20 J20
¥ L L] L T L] ar | LJ 1 AJ LU
317301327"2582251941 !15291327102482251921630
ocT DECT JAN FEB MAR APR = MA JUN QUL auG SEP
1967 1968
100 100
80] 480
' w L
g ool Joo
g %
s I 3
8 a0 Jao 6
(o] | >
- i [
zZ 20| Jo 2
3 3 v
& - - -
[Y a.
L] L LS ¥ L ¥ L ¥ 1 1] L) L] U T U L] L T 1 \J
01327 N 25 8 22 5 19 4 18 1 1529 13 27 10 24 8 22 5 19 2 16 30
30}:’1 3 NOV DEC JAN FEB  MAR APR MAY JUN Jui~ AUG SEP
1967 1968
100, 100
8o} ‘ 80
60] lso
40& Jao
20} J20

5 8 2 19 4 18 1 15 29 13271024132251951630
ﬁo'c7 30 'ﬁ 27 bed® ad? 5 g faa APR JUN sl auc
1967

FE R




FIGURE 12. Total number and volume for
Stephanodiscus niagare.
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FIGURE 13. Per cent occurrence and volume for
Melosira varians.
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FIGURE 1ly. Total number and volume for Melosira varians.
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FIGURE 15. Per cent occurrence and
Fragilaria construens.
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FIGURE 16. Total number and volume
Fragilaria construens.
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FIGURE 17.

Per cent occurrence

Cyclotella glomerata.
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FIGURE 18. Total number and volume for
Cyclotella glomerata.
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FIGURE 19. Per cent occurrence and volume for

' Cyclotella meneghiniana.
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FIGURE 20. Totasl number and volume for
Cyclotella meneghiniana.
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3 FIGURE 21. Per cent occurrence and volume for
é Asterionella formosa.
Station 1. @occurrence
» @volume
t
.
I
i
1
|

I ~
s
! Station 2. @occurrence

| @ volume 1
i

Station 3. @occurrence
@volume




106
100, 100
8oL .18.0
60} 60
40 Jao
B 4
20} J20
i -1
T T 1 T 1 1] A\ ] | 1) ¥ U T 1 ar r 1 13 w T [ L} ‘ 1 L L4 v L
3 173013 27 11 25 8 22 5 19 4 18 ' 1529 13 27 10 24 8 22 5 19 2 1 3
ocCT NOV DEC JAN FEB MAR APR°~ MAY JUN JulL AUG SEP
1967 1968
100 _ 100
8oL 480
g 60| .60_ .
g L . =
8 40 40 2
(9] ™ - 0o
o ] >
- ] [
z 20} 420 z
s 3]
= | 4 =
& a
T LS L] L] T ¥ L) 14 LA L4 T L] L) L) 1 LS L L] U LA U L) L 1] L) U
1327 N 25 8 22 5 19 4 18 1 1529 13 27 10 24 8 22 5 19 2 16 30
3olc7r %0 NOV DEC JAN FEB  MAR APR MAY JUN JuL - AUG SEP
1967
100. -‘oo
3 E
80} Hao
60} Joo
401, Jao
20} 120
T T T 3 T Y T T T Y T T - il Y T T T T T
7 3 19 4 18 1 1529 13 27 10 24 8 22 § 19 2 16 -30
3 ‘77 3 BOV "DE 3 SJA}Jz SFEB9 MAR APR MAY JUN  JUul” ‘auG SEP

1967 1968




FIGURE 22. Total number and volume for :
Asterionella formosa. k
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FIGURE 23. Per cent occurrence and volume for got
Diatoma elongata.
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FIGURE 25. Number of cells per liter correlated with
alkalinity in parts per million, Mississippi River,
La Crosse, Wisconsin, October 1967 through September 1968,
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FIGURE 26. Calcium in parts per million correlated with "
water temperature (centigrade), Mississippl River,
La Crosse, Wisconsin, October 1967 through September 1948,
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FIGURE 27. Silica in parts per million correlated with
nitrate nitrogen in parts per million, Mississippi River,
La Crosse, Wisconsin, October 1967 through September 1968.
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FIGURE 28. pH readings in the Mississippi River, La Crosse,
Wisconsin, October 1967 through September 1968.

Station 1.

Station 2.

Station 3.
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