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Table a.

o

Summary comparison of Lake West Okoboji, Big

Spirit Lake, Lake East Okoboji (including

Upper Gar Lake and Lake Minnewashta), and

Lower Gar Lake, including ratios of watershed

areas to lake volumes

and mean summer (1971,

1972, and 1973) values for total phosphorus,

nitrate nitrogen, ammonia nitrogen, COD,

chlorophyll a and Secchi disc transparency.

Ratio of
watershed area
to lake volume

m‘?/:m3

Total P

Chlogophyll a
mg/m

Secchl disc
transparency m

0332

RS

0.009

053 B e

AR

4,28

Bltei2

Lake

Q57

0.041

0.017

Q239

24 .9

27 35

Okoboji

2. 25

0.165

0.085

0.468

46 .5

222

09

Lake West Big Spirit Lake East Lower Gar
Okoboji

Lake

3906

0224

0.145

0.644

56 .5

226 .8

0.4
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sewer system now in operation annually diverts more
phosphorus from the watershed than comes in from all other
sources combined. This system is of major benefit in
preserving the quality of the lakes. Without it, conditions

would undoubtedly be much worse.

E. Recommendations for the Protection of the Water Quality
of the Iowa Great Lakes

1. Maintenance of Present Water Quality

Given the strong relationship between algal blooms 1n
the respective lakes and the annual inputs of phosphorus,
every effort should be made to prevent increases 1in the
amounts of phosphorus flowing into the lakes. NoO new
additions from urban or agricultural sources should be
introduced to the lakes.

2. Improvement of Water Quality_

Improvements in the algal problems can be expected if
the present levels of phosphorus inputs can be reduced.
Three specific areas can be mentioned. First, would be the
elimination of all human and industrial wastes entering the
lakes. This would entail the completion of the sanitary
sewer system around Lake East Okoboji and Big Spirit Lake,

as well as the elimination of any septic tank connections

to field tile drainage systems in the surrounding watersheds.

Second, a program to prevent feedlot runoff from entering




=D

surface streams or tile drains should be initiated. Thizd,
the use of storm drains for the disposal of high nutrient
wastes by residential, commercial, or industrial users
should be discontinued.

Although siltation was not considered a problem for the
lakes as a whole, there were soil-erosion problems associated
with a few of the streams. The present soil conservation
program should be continued, with particular attention given
to streams delivering high loads of silt to the lakes.

3. Continued Monitoring

We were hampered in our study by a lack of long-term
limnological data collected and reported in a standard manner.
It would be highly desirable to maintain a continuing
monitoring program on the lakes to evaluate any control
measures undertaken or to point out problems before they
become serious. A minimum Program might include summer
measurements of plant nutrients, élgal quantity and
composition, deepwater oxygen concentrations, and periodic

surveys of specific plant and animal groups.
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IOWA

Figure 1. The Iowa Great Lakes watershed, located in

Jackson County, Minnesota, and Dickinson County,
Iowa.
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ITT. METHODS AND MATERIALS
A. Sampling Methods

Lake sampling stations (Figures 2 and 3) included 6

sampling stations on Lake West Okoboji (49, 49.1, 49.2, 49.3,

49.4, and 50), 5 stations on Lake East Okoboji (55, 55.1,
56, 56.1, and 57), 5 stations on Big Spirit Lake (54, 54.1,
54.2, 54.3, and 54.4), 2 sampling stations on Little Spirit
Lake (1.2 and 1.3), and 1 sampling station on the following
lakes: Upper Gar (51), Minnewashta (52), Lower Gar (53),

Loon (4.3), and Pearl (4.5). Major lake stations were

sampled approximately every 2 weeks during the summer and at

least monthly during the rest of the year. Sample collection

was completed between 0730 and 1130 hours, except under
special circumstances, such as ice-melt and excessive bloom
conditions. Lake samples were collected by boat during
ice-free periods, and by snowmobile, truck or by foot for
collections through the ice. Lake station locations were
determined by sighting on convergent lines from two or more
landmarks on shore.

Water samples were collected by using a 3-liter, opaque
plastic Van Dorn sampling bottle. Through the ice, a 20-cm
diameter hole was cut at each station with a gas-powered ice
auger to facilitate sample collection. One sample was taken

10 to 20 cm below the water surface, and another just above

the bottom substrate. From each sample, one 300-m1l glass
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(except at stations deliberately located higher in the
watershed) . Notes giving the location of sampling points
are included in Appendix E. All stations were accessible by
automobile, with some walking required to get to the
established sampling site.

Stream samples for chemical analyses were collected by
immersing BOD bottles below the water surface. During ice
conditions, water samples were collected by chopping a hole
in the ice with a steel bar. At the time of sample collection,
an estimate of stream flow was made. This estimate consisted
of locating a stretch of the stream with generally parallel
banks and uniform flow. A width was measured across the flow.
The average depth was found by measuring four depths across
the flow at the point where the width measurement was taken.

A fixed length was marked off (0.5, 1.0, or 2.0 m) encompassing
the point where the width and depth readings were taken. A
small float (wood chip, twig, blade of grass, etc.) was placed
on the water and timed across the fixed length with a stop-

watch to the nearest 0.1 second. Volume of flow was then

calculated by the formula:

Volume of Flow (m3/sec) - Depth (m) x Width (m) x Length (m)
Time (seconds)

At three stations (Loon ILake outlet, Orleans Spillway,
and Stream Gage outlet on Milford Creek) volume of flow was
measured by continuous recording stream gages operated by the

U. S. Geological Survey (Iowa City, Iowa). At these stations,

P e -

v, e m






-22-

with a Whitney Underwater Resistance Thermometer (Montedoro
Corporation, San Luis Obisbo, Calif.). Turbidity (in
Jackson Turbidity Units, JTU) was measured on both stream
and lake samples by using a Hach DR A Colorimeter. At lake
stations, water clarity was determined with a 20-cm Secchi
disc painted alternately black and white.

Light penetration measurements were taken on Lake West
Okoboji at Station 49. On perfectly clear days, light
readings were made with a Whitney Underwater Photometer .
Readings were expressed as percentage of surface light at 1 m
intervals until extinction. Series of readings were taken by
using Schott light filters (BG 12, VG 9, and RG 1)

corresponding, respectively, to the blue, green, and red

regions.

C. Chemical Measurements

The following colorimetric tests were made on all
unfiltered lake, stream, rain, and storm sewer samples by
using a Hach DR A Colorimeter according to the procedures
described by Hach (1967). Ammonia nitrogen concentration
(mg/l) was determined by the direct Nesselerization method.
Nitrate nitrogen concentration (mg/1l) was determined by the
cadmium-reduction method. Orthophosphate concentration
(mg/l) was determined by the stannous chloride method. On
lake samples, additional analyses were conducted to determine

silica and total iron concentrations by using the Hach

e St W
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time and 0.025N potassium dichromate and 0.0lN ferrous

sulfate.

Dissolved oxygen samples were collected and processed

following standard procedures (A.P.H.A., 1965). The sample

was titrated with 0.025N Phenylarsine Oxide (1 ml PAO

1l mg/1 02). During winter collection, powder reagents were

used for fixation (Hach, 1967).

Seasonally, lake samples were analyzed for total hardness,

calcium hardness, alkalinity, and chloride according to
methods described by Hach (1967). Total and calcium hardness

(mg/1 calcium carbonate) were determined by the CDTA method.
Total alkalinity (mg/l calcium carbonate) was determined by
using Brom Cresol Green-Methyl Red indicator and titrating
with 0.02N sulfuric acid. The mercuric nitrate method was

used to determine the chloride concentration (mg/1) .

D. Biological Measurements

filter. The filter was frozen over desiccant and transported

within 30 days to Iowa State University, Ames, ITowa, for

extraction. The chlorophyll concentration was determined by

pPlacing the cell-bearing filter into a tissue-grinding tube

with 2 ml of 90% acetone and 0.1 g of magnesium carbonate.

The contents of the tube were ground mechanically for 1
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Figure 4. ?he_Iowa Great Lakes watershed. Dashed lines
indicate watershed boundaries.

e T ot e et et -ﬁ*%ﬁ'—-—ﬂw

T







Table 1. Total area, land area, and area of lakes

ponds and marshes in the Iowa Great Lakes

watershed and individual lake watersheds.

Iowa Great West Okoboji East Okoboji Spirit Lower Gar Loon
Lakes Lake Lake Lake Lake Lake
Watershed Watershed Watershed Watershed Watershed Watershed
Total
Area (ha) 36218.3 7697 .6 5903.2 9962.3 4720.0 7935.2
Land
Area (ha) 29379.5 5807.9 5062.1 6935.4 4194.5 7361.6
|
Area of g
LLakes Ponds '
and Marshes (ha) 6838.8 1889.7 841.1 3008.9 525.5 B3
N e il | — AN T, L IO A - . . — PR R . - T IR . e e e
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1 Figure 5. Distribution of land use practices in the
1 Iowa Great Lakes watershed.
















Table 4. Morphometric characteristics of each major lake in the Iowa Great Lakes

Watershed.
West East Spirit Lower Minne- Upper Little Hottes Marble Loon

Okoboji Okoboji Lake Gar washta Gar Spirit Lake Lake Lake
Lake
Area (ha) 1540 764 2168 98.1 47 .3 14,1 292 126 71 291.4
Lake
Volume 3
(1x106m>) 184.0 2124 13E.92 1.06 1.20 Q.15 i 1 1.89 1.06 4.49
Mean
Depth6
(1x10°m3)  11.9 2.78 5ol 208  Ai5E  Rineg . . Trin 1.5 135 ALu58

_QE_




LAKE WEST OKOBOJI
DICKINSON CO.,|IOWA
2 METER CONTOURS
SOUNDED 1962 BY THE

IOWA LAKESIDE LAB.

1000 METERS _

‘.'_

Figure 6.

Morphometric characteristics of Lake West Okoboji.
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SPIRIT LAKE
DICKINSON CO.,IOWA

2 METER CONTOURS
SOUNDED 1966

I000 METERS

Figure 7. Morphometric characteristics of Big Spirit Lake.
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LAKE EAST OKOBOJI

DICKINSON CO., IOWA &
2 METER CONTOURS %
SOUNDED 1966

ICCO MET[EHS

F —

N

Figure 8. Morphometric characteristics of Lake East Okoboji.




=dj=
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Figure 9.

Morphometric characteristics of Upper Gar Lake,
Lake Minnewashta, and Lower Gar Lake.
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(from Millex, 1971} .







= B

prairie was converted to row-crop agriculture or pastureland.
In many instances, this involved extensive tile systems
(Appendix E) that drained former marshes and potholes. Cattle
were grazed right up to the lake shores, though this now is
infrequent.

Urban development occurred in the town of Spirit Lake
and in the small towns and unincorporated areas along the
shores of the lakes. Human wastes from these areas undoubtedly
influenced the lakes to some degree. At one time, the town
of Spirit Lake had a sewage treatment plant that emptied its
effluent into the upper part of Lake East Okoboji, and a
similar plant at Arnolds Park emptied into Lake Minnewashta.
No organized system existed for the collection and treatment
of the wastes from the many cottages that ringed Lake West
Okoboji or that occurred in some areas along the shores of the

other lakes.

In the 1930s, a sewage treatment plant was established
on Milford Creek below the outlet for the Iowa Great Lakes.
Over the years, lines were extended to circle Lake West
Okoboji and to collect the wastes from the town of Spirit
Lake and from portions of the shorelines of Lake East
Okoboji and Big Spirit Lake. Most of the developed areas in
the watershed now are being served by this system, and

extensions are under way with the goal of reaching all

lakeside homes.
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Table 5. Mean, maximum, and minimum temperatures and
precipitation by month between January 1971
and August 1973 collected at Iowa Lakeside

Laboratory, West Okoboji.

Month Mean Maximum Minimum Precipitation
O O O cm
I 7 1
Jan =13 .4 i =28.3 0.58
Feb R = - I+ 20
Mar ~ 1n 20.5 =20 .1 2.69
April 8.8 261 = T4iB 3.30
Mavy 13%9 30.0 - 2.2 4.39
June 22D 361 9.4 L2:52
July 20.7 32.8 5.0 L0 13
Aug 21.5 35.0 772 3.15
Sept 7.2 35.0 = Lyil 3.78
Oct 11.9 265 7 - 4.4 13.59
Nowv 1.4 21 .7 -14.4 %57
Dec =~ 68 A [ 74T IO 2.54
1972
Jan =128 3is 3 -34.4 L%
Feb -10.4 T - i B 1.62
Mar =03 6, 7 ~21+6 2«29
April 6.8 26.1 - 6.7 8.79
May 16.0 32.2 el 11.45
June 20: 2 B L 3+0 6.12
July 21:3 33.3 6.7 19.18
Aug ]9 35.0 6.7 5.14
Sept 15.8 32.8 =il 0 7.09
Oct 7.8 201 =hiah 71495
Nov 0.2 L6..1 -12.8 4.04
Dec =~k e 2 6./ —27:+8 4.24
1973
Jan - S 102 —27 8 oS
Feb = S5 6,7 -28.9 AW
Mar 4.4 s = bl 6.53
April 7.6 3.3 - 8.3 8.23
May 14.3 32 2 0.5 9.88
June 21.:5 355 9.4 1 w39
July 22.5 33.8 10.0 7.42
Aug 22.6 34.4 10.0 6.17
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Figure 11. Surface temperatures (C) in lakes West
Okoboji, East Okoboji,and Big Spirit between
May, 1971, and January, 1972,
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Table 6. Date of ice break-up on West Okoboji between 1967
and 1973, supplied by R. T. Benson, Iowa Lakeside

Laboratory, Milford, Iowa.

Table 7.

March
April
April
April
April
March
March

26,
10,
1
16,
19,
26,
28,

1597
1972
1971
1970
1969
1968
1967

Date of ice break-up on Spirit Lake between 1944

and 1973, supplied by Iowa Conservation Commission,

Spirit Lake Fish Hatchery, Spirit Lake, Iowa.

March 26, 1973 April 15, 1958
Apral 7, 1972 April 10, 1957
April 14, 1971 April 16, 1956
April 15, 1970 April "3, 1955
April 19, 1969 April 8, 1954
March 27, 1968 Mareh 31, 1953
March 30, 1967 April 21, 1952
March 17, 1966 Aprail 28, "195]
April 22, 1965 April 185 DOS5H
April 12, 1964 April 11, 1949
April 3, 1963 March 31, 1948
April 22, 1962 April 6, 1947
April 14, 1961 March 26, 1946
April 11, 1960 March 23, 1945
April 6, 1959 April 6, 1944
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seasonal variation.
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Table 8.

~E U

Light-penetration measurements as percentage of

surface light in Lake West Okoboji on July 19, 1966.

July 19, 1966

depth (ft) Blue Red Green
0 100 100 100
2 48.0 69.8 92
4 40.5 51.4 64.9
6 23.0 38.8 56.8
8 L7 &3 29.6 48 .7
10 1057 23.5 46.0
12 8.3 15.9 36.0
14 She 120 298
16 < P 9.3 2350
18 28 T3 18.9
20 1.8 Bt 141
22 3.8 12.4
24 3.0 9.7
26 2l 8.l
28 1S 6.5
30 12 LR |
32 0.8 4.1
34 - 07 30 d
36 2.5
38 231
40 L6

November 4, 1971

depth (m) Blue Red Green

100 100 100
2 35wl 40.6 37 +6
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Table 8 (Continued)

depth (m) Blue Red Green
3 14.9 19157 295
4 5.9 14.7 24.6
5 3l 7.6 LS8
6 ikels 3546 9,2
7 QisT 2 6.8
8 0.4 132 4,2
9 02 0.8 2.8
10 85 0L5 1.5
i) 0.2 1
1.2 D1 0.9
13 06
14 0.4
'8 0.3
16 D 2
Y1y P |

June 15, 1972

depth (m) Blue Red Green
0 100 100 100
1 75,8 610 8355
2 8.9 33 ¢6 yAs Ll
3 46 .4 19 .4 67 .2
4 34.8 10.8 59.3
5 26.7 6wl 52.7
6 21.4 315 43.9
7 1853 2403 31 48
8 11.6 1 2 315 6
9 8.9 ) N 254
10 . 0.4 20.6
il 1.8 0.3 14.5
12 059 0«2 Li.2

ﬂ »
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Table 8 (Continued)

depth (m) Blue Red Green

L3 0.4 U1 B3
14
15
16
L7 ) P
18

19
20 0.4

August 16, 1973

depth (m) Blue Red Green
0 100 100 100
1 68 .7 103 81.8
2 525 561 S ilryh)
3 281 43.0 57,%0
4 18.6 2653 42.9
5 1B 16.2 34,7
6 4.9 9.4 23,9
T 2.6 6.0 gl
8 1.3 3.1 i i (O -
9 0.8 25 6.6
10 il 4.3
11 0.8 2.8
12 0.6 1.9
i3 Lu2
14 0.8
15 0.6
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Table 9. Light penetration measurements as percentage of
surface light in Lake East Okoboji on July 19,

1966, and August 3, 1966.

July 19, 1966

depth (ft) Blue Red Green
0 100 100 100
2 L 3 nal 29 , 2 291
4 du il 9.1 93
6 2.5 30
8 07 0.9
10 0.4

August 3, 1966

depth (ft) Blue Red Green
0 100 100 100
J 37 3 62.2 70.6
2 il 25 o [ 39.4
3 715 28.4 21 ¢ 2
4 4.4 16.8 169
5 L5 LL."Y 9.8
6 0.6 A 6.0
7 g5 3 3.8
8 2.9 Ziol
9 s La?
10 1 i [ sk
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Table 10. Light penetration measurements as percentage of
surface light in Upper Gar Lake, Lake Minnewashta,

and Lower Gar Lake on August 3, 1966.

Upper Gar Lake

depth (ft) Blue Red Green
0 100 100 100
1 2 o | 49,2 59.1
2 6.8 26.9 22 :3
3 L.7 14.4 12.7
4 0.5 9.9 8.5
Lake Minnewashta ]
depth (ft) Blue Red Green f
0 100 100 100 j
1 20.7 29.8 37«5
2 1iai 11.9 1543
3 201 | 5l 8.5
4 1.1 € 4.7
5 i3 17 243 ‘
6 1.6 1
- Lower Gar Lake
depth (ft) Blue Red Green
0 100 100 100
1 2:3 12.0 8.1
2 Ua? s L 1:6
3 0 J 0.7 0.7
4 . 6
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Table 11. Mean Secchi disc values (m) from Lake West Okoboji
(Bay Stations), Lake West Okoboji (Deep Hole),
Lake East Okoboji (North Stations 55 and 55.1),
Lake East Okoboji (South Stations 56 to 57), Spirit
Lake, Upper Gar Lake, Lake Minnewashta, Lower Gar
Lake, and Loon Lake (at 4.3) summarized by seasons
between June, 1971, and September, 1973. N = the
number of samples in the mean.

Seasons W. Okoboji W. Okoboji E. Okoboji E. Okoboji

B. Stations Deep Hole N. Stations Stations

N N N N

June- (25) 2.6 (6) (24) 0.6 (L6} 1

Sept.

1971

Oct.- (6) 3.6 (2) (6) L5 {5 FE

Nov.

1971

Jan.- (L) 5ih (15 (L) LT ()25

May

1972

June- (19) 3.0 (5) (21038 (13) L

Sept.

1972

Oct.- (6 4«2 (2) (8) Lol (6) 2.

Nov.

1972

Dec.- (7) El2o)ie dli -4 (7)) L

May

1973

June- (12) (143, 0.6 (24) O.

Sept.

1973




Table 11.

(Continued)

_66_

Seasons

June-
Sept.
1971

Oct .-
Nov.
1971

Jan.-
May
1972

June-
Sept.
1972

Oct.-

Nov.
1972

Dec .~
May
L1973

June-
Sept.
1973

Spirat
Lake

(18)

(6)

(16)

(35)

(10)

(13)

(30)

1.4

4.4

D

Upper
Gar

(70 05h

(2) 1.0

(&) L.d

(6) 0.6

() 1.0

(o) e

(5) 0.6

Lake
Minn.

(72 0

R R

(4 2.

(6 L.

(o) s

(4) 1.
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Figure 15,

The regression of Secchi depth (m) on
Iowa Great Lakes.

chlorophyll a concentration from the
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and fall and lowest in each of the lakes during the winter.

B. Chemical Factors

l. Differences Within Lakes

Five stations were sampled on Spirit Lake, Lake East
Okoboji, and Lake West Okoboji (Bay Stations 49.1 to 50) to
determine if morphometry of local influences affected water
quality in various regions of the lakes. Limnological
differences between areas within a given lake have been found
significant by Megard (1970) in Lake Minnetonka and by
Bradshaw et al. (1973) in Utah Lake. To test for possible
differences within each lake, a two-way analysis of variance
test (ANOV) was used on surface samples collected at all lake
stations on a single sampling date. Analysis was conducted

on the following parameters: P04—P, Total P, NO.,-N, NH,-N,

3 3
JTU, Secchi depth, DO, specific conductivity, temperature,
silica, COD, and chlorophyll a. The original data are given
in Appendix A, H, and L.

For Lake West Okoboji, 19 data sets collected at all
stations between July, 1971, and November, 1972, were analyzed.
None of the stations was significantly different (P = 0.05)
for any of the tested parameters. Differences between dates
were significant. In the ANOV of Secchi data, the shallow

stations 49.1 (2 m) and 49.4 (3 m) were eliminated from analysis

because readings were frequently made on the bottom.
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various stations in Lake East Okoboji.
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Figure 16. Mean water-quality characteristics at the
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1972, to 137.6 mg/l in Lake East Okoboji (Station 57) on
November 11, 1971. Seasonal fluctuations took place in each
lake, with fall and winter values somewhat below the summer
and spring means (Table 12). Seasonal variation was most
pronounced in Lake East Okoboji and the Gar Lakes where algal
blooms caused high summer and fall COD values. The least
amount of seasonal variation was observed in Lake West Okoboji,
where COD values were approximately 20 mg/l throughout the
year.

There are consistent differences between the COD values
measured in the various lakes. When arranged in order of
increasing COD value, the lakes are: West Okoboiji, SpiriE,
Minnewashta, East Okoboji, Upper Gar, and Lower Gar.

An analysis of variance was used to determine if COD
values varied along the vertical profile taken every 5 meters
at the deep hole in Lake West Okoboji. Data collected on 14
sampling dates during summer stratification in 1971, 1972, and

1973 were tested, and we found that differences between sample

depths were not significant.

Adamson and Jahn (1939) first measured the oxidizable

organic matter in Lake West Okoboji and found an average of
1.32 mg/1l O, consumed in July-August 1936 and 7.28 mg/l 0,
consumed in July-August 1937, 1In Lake East Okoboji, 13.55 mg/l
0, was consumed in this period of 1936. Less oxygen was

consumed in 1936-37 than in recent analyses, but this is not
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Okoboji (Station 55.1). The water where this sample was
taken was turbid with Euglenoid algae. Under ice cover
conditions in 1972, Stations 55 and 55.1 underwent oxXygen
depletion. On November 11, 1971, these stations contalined
over 11.0 mg/l DO under a skim of ice. By February 24, 1972,
surface and bottom samples had less than 0.6 mg/l DO. Oxygen
depletion also was noted at these stations in 1973. On
January 26, 1973, samples from both stations had less than
1.0 mg/l DO.

Dissolved oxygen values in Upper Gar Lake, Lake
Minnewashta, and Lower Gar Lake are similar to values found
at Lake East Okoboji stations. Depressed oxXygen concentrations
below the saturation level, indicative of diurnal fluctuation,
have been measured in each of the lakes during summer, 1971
and 1973. On August 22, 1971, and June 29, 1972, oxygen
concentration differences between surface and bottom (4 m)
samples in Lake Minnewashta varied 5.65 mg/l1 and 10.83 mg/1l
DO respectively. This difference occurred during periods of
ephemeral thermal stratification occasionally observed on this
lake. On February 16, 1972, under the ice, partial depletion
was noted in each of these lakes; all oxygen values were less
than 1.5 mg/l on this date.

Oxygen depletion noted in Lake East Okoboji, Lake
Minnewashta, and Upper and Lower Gar Lakes during the winters
of 1972 and 1973, also occurred in the past and has resulted

in occasional fish kills. Personnel of the Spirit Lake Fish
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recent oxygen concentrations below the thermocline are
significantly less than past values at all depths but one

(30 m, July 1-10). 1In August recent oxygen concentrations
at the upper hypolimnetic depths of 15, 20, and 25 m are
significantly less than past concentrations. By late summer,
oxygen depletion is almost complete at 30 m in both past

and recent profiles.

In order to test the possibility that temperature
differences in the early summer may have caused these
differences, we ran t-tests of the mean differences between
past and recent temperature values for the period June 15-30
(Table 13). None of the differences in hypolimnetic mean
temperatures were significant. It is concluded that increased
biological activity in the hypolimnion is responsible for the
oxygen differences found.

The hypothesis that increased algal productivity in the
epilimnion is responsible for this change is supported by
the finding that epilimnetic oxygen concentrations are
greater in 1950-1973 than they were in 1919-1928 during the
period July 21 through August 10. Again water temperatures
could not account for this difference since recent average
temperatures for this period are slightly higher (22.9 C) than
those measured in 1919-1928 (21.2 C). This difference is
statistically.significant‘and would tend to make the recent

oxygen concentrations lower rather than higher on the basis
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Table 13. Mean temperature values (C) from Lake West
Okoboji during June 15-June 30 of years

1919-1928 and 1950-1973.

Depth (m) 1919-1928 1950-1973
0 17.6 21 .2%*
5 16.6 19 .3%*
10 16.4 18.4%
15 14.8 14.8
20 13.6 12.6
25 12.8 e
30 > 11.8

** means significantly different at P 0.01

0.05

* means significantly different at P
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Table 14. Hypolimnetic oxygen deficit values (mg Oz/cmz)

from Lake West Okoboji during 1919-1928 and

1950~=1973.

Date 1919=1928 18950=1973
June 15-30 2.98 3.15
July +1~=10 x o o Bl ¥
July 11-20 4.11 6.16
July 21-31 5«26 6.85

August 1-10 5.64 6.42
August 10-21 6.39 697
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From these results it is concluded that about 50% more
organic matter is being deposited in the hypolimnion of Lake
West Okoboji each year in the period 1950-1973 than was being
deposited in 1919-1928. This indicates that the lake has
become slightly more eutrophic in the past 50 years.

c. Hardness, Alkalinity, and Chloride. The Iowa Great

Lakes are typical of hardwater lakes of the bicarbonate type
(Hutchinson, 1957). Total hardness values are above the
28.5 mg/1 criteria set forth by Birge and Juday (1911) for
hard waters, and alkalinities are above the 40 mg/l concen-
tration that Moyle (1956) used to separate the hard and soft
water lakes of Minnesota. The chloride concentration of the
lakes i1s somewhat higher than most freshwater lakes
(Hutchinson, 1957), but is similar to other Iowa Lakes
(Bachmann, 1965).

Hardness, alkalinity, and chloride measurements have been
made on the lakes in previous studies (Volker, 1962; Stoermer,
1963, 1964; Bachmann, 1965; Cooke, 1966a; Lang, 1970; Gale
et al., 1972; and Krohn, unpublished) (Table 15). A selected
sample of these past data is included in Appendix F.

Hardness, alkalinity, and chloride measurements made
during this study are tabulated in Appendix G, and mean values
for each lake appear in Table 16. Mean values for each
parameter compare closely, with few exceptions, to previous

records (Table 15) in any given lake. Variations in hardness
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Table 15. Mean values of total hardness, calcium hardness,
alkalinity and chloride measurements made on West
Okoboiji, East Okoboji, Spirit Lake, and Lake

Minnewashta collected in past work.

Lake and Total Calcium
Collector Hardness Hardness Alkalinity Chloride
mg/1 CaCo, mg/1 CaC03 mg/1 CaC03 mg/1l

East Okoboji

Volker (1962) 210.7 84.5 198 .7 10.4
West Okoboji

Stoermer (1963) 220.6 T 216 25 i iy
West Okoboji

Bachmann (1965) 205 .0 - 199.0 6.2
East Okoboji

Bachmann (1965) 221.0 - 209.0 7
Spirit

Bachmann (1965) 243.0 - 208.0 6.1
Minnewashta

Bachmann (1965) 2320 - 210.0 Foank

Millers Bay
West Okoboji
Cooke (1966a) 210.0 65.0 200.0 -

West Okoboji
Hostetter and

Stoermer (1968) 206.5 - 19S5 -
Spirit
March 1970 to 1971

Krohn 25657 89.6 188.6 10.9

West Okoboji
Lang (1970) — - 228.9 -

West Okoboji
Gale et al (1972) 232.0 - 212,0 -

East Okoboji
Gale et al (1972) 248 .0 - 218.0 -




Table 16. Mean and standard error of the mean values for total hardness, calcium
hardness, alkalinity and chloride measurements made on the Iowa Great
Lakes between August 17, 1971 and July 20, 1973.
Total Calcium
Lake Hardness Hardness Alkalinity Chloride
N mg/l CaCo3 N mg/1 CaCo3 N mg/l CaCo3 N mg/1
West Okoboji 62 212.9 + 2.2 45 15x6 % 1.3 45 203,56 & 9.8 &2 1.8 + 0.1
East Okoboji 52 228.9 + 6.3 37 110.1 + 4.5 42 210,0 + 4.9 47 AQE + 0.2
Spirit Lake 45  Z225.7 + 2.6 45 87.1 ¥ 1.9 45 18B0.%6 + 3.0 44 9.1 +:0.%
Upper Gar 6 221.9 + 232.7 4, 1077 £ 203 & 202.7 + 14.3 6 10.4 + 0.4
Minnewashta 7, 221.% + 16.0 TR i 17~ S SRR ) 208,33 9.8 7 10.4 + 9.3
Lower Gar 6 229.4 + 35.4 4 124.5 + 24,1 6 . 210.6 3+ 25:6 6 10.4 +.0.4

_06..
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and alkalinity values between this study and previous reports
are difficult to interpret because of seasonal fluctuations.
The mean chloride concentration in Lake West Okoboji, Lake
East Okoboiji, Spirit Lake, and Lake Minnewashta for this study
is slightly higher than the mean reported by Bachmann (1965),
but below the mean chloride values that Krohn (unpublished)
found on Spirit Lake, Stoermer (1963) found on Lake West
Okoboji, and Volker (1962) found on Lake East Okoboji.

During this study, hardness and alkalinity concentrations
varied only slightly between lakes in the watershed. Lake
West Okoboji had the lowest mean chloride and total and
calcium hardness values. Spirit Lake had the lowest mean
alkalinity. Lower Gar Lake had the highest total and calcium
hardness and alkalinity mean values, and Lake East Okoboji had
the highest average chloride content.

Samples were not measured on a regular basis, making a
discussion of seasonal variation difficult. On February 16,
1972, the highest total hardness measurement (395.2 mg/1l
CaCO3) and the highest alkalinity measurement (329 mg/1l CaCOB)
were collected through the ice in Lower Gar Lake. The lowest
total hardness value (173.0 mg/1l CaCOB) was collected in Lake
East Okoboji on August 20, 1971. On September 2, 1971, the

lowest alkalinity concentration (152.2 mg/l CaCO,) was in

3)
Spirit Lake. This cyclic tendency of alkalinity and hardness










-0 4 -

Table 17. Organic ammonia and nitrate nitrogen values
(mg/1l) from Lake West Okoboji, Lake East
Okoboji, and Spirit Lake between March and
June 1972.
Organic N NH3-N NO3-N
Lake Date
West Okoboji May 3, 1972
Station 49 Surface 0.63 0.18 0
5m 0.64 07 0
10m 0.69 0,13 0
15m 0.71 0.10 0
20m 0.68 0.10 0
25m 0.69 0.10 0
30m 0.70 0.05 0
East Okoboji May 4, 1972
Station 55 U8 0.24 0.09
5 Rt | 1 .04 U2 0.18
56 1. 0% 022 0.37
561 1.00 0.20 0.08
57 0.90 Qi 25 0.05
Spirit Lake May 18, 1972
54 0.97 0.03 0.01
54,3 0.69 003 004
54.4 1l .05 0.08 0.01
Spirit Lake June 5, 1972
54 0 [0 0.14 0.02
S g 0.59 021 0.01
54.2 D155 0.36 0
54,3 0.56 0,23 0
54.4 055 0.25 0
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Table 18. Organic nitrogen values (mg/l) from stream
stations in the Iowa Great Lakes Watershed

during March and April 1972.

Organic N

Station Date (mg/1 N)
17 3-21-72 1.44
32 3=21=72 0.44
19 3=21-72 0l
20 3-21-72 0.40
23 3-21-72 0.62
24 3-21-72 0.43
2.1 3=21-72 0.20
28 3-21-72 0.59
29 3-21-72 0500
29,1 3-21-72 0.07
30 3=21-72 0.22
31 3-21-72 0.04
3 3=25-72 0,05
38 3-25-72 0.29
38.1 3-25-72 0.59
15240 3-25-72 0l:22
10 3=25=72 0.22
11 3=-25=-72 0.03
1,2 3-25-72 0.23
13 3=25-72 0.18
16 3=25=72 0.23
29 4-7-72 0.60
2951 4-7-72 0<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>