Original: Michigan Academy
cc: Fish Division+ ‘
Educ. -Game
Institute for Fish. Res.
District 11-Fish

2
March 12, 1963 7. W. Merna

Report No. 1657

F——

THE EFFECT OF RAISING THE WATER LEVEL ON THE
PRODUCTIVITY CF A MARL LAKE

James W. Merna

Michigan Department of Conservation

Introduction

This study is an attempt to determine the effects of an increase
in water level upon the productivity of a marl lake. Marl lakes are
common in southern Michigan and tend to produce few fish or other
organisms. Precipitation of calcium carbonate leads to the development
of bottom soils which contain much calcium and little organic matter,
The effects of change in water level upon ecosystems of this type have
not been studied intensively.

Roelofs (1944), Rawson (1851), Moyle (1956) and others have
discussed the relationship between soil fertility and production in aquatic
habitats. Kadlec (1960) and Cook and Powers (1952) found that the
productivity of impoundments can be increased by manipulation of the
water level. Reflooding, following the drawdown of an impoundment,
was believed to result in release of nutrients from soils that had been

aerated and dried during the drawdown.
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It was reasoned that the flooding of about 100 acres of 'new"
soil would result in a release of nutrients such as occurs upon the
reflooding of an impoundment after a drawdown. The aerated soils
surrounding a marl lake have a higher organic content than the marl
deposits of the lake basin. Decomposition of this organic material
could bring about release of nutrients. The solubility of phosphorus
may be increased by soil submergence (Mortimer, 1941), Under
anerobic conditions, when high concentrations of carbon dioxide are
present, as occurs in submerged soils, iron, calcium and magnesium
go into solution as bicarbonates and phosphorus is released in a soluble

form (Cook and Powers, 1958),

Study area

Big Portage Lake is in Jackson County, Michigan, T 1S,
R 2E, Sec. 31 and T 2S, R 2E, Sec. 6. In February 1957, the Conserva-
tion Department installed a dam which raised the water level 3 feet.
The area of the lake was increased from 335 acres to approximately
435 acres. The lake basin now has three depressions with maximum
depths of 28, 34 and 43 feet. These depressions are separated by
shoal areas where the water is less than 6 feet deep. Water depth is
less than 5 feet in 34 per cent of the basin and less than 20 feet in 85
per cent of the basin. Beyond the 10-foot contour, there is a steep

drop-off into the depressions.
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In 1959 the aguatic vegetation on shoal areas consisted of

Scirpus sp. and scattered beds of Nymphaea odorata. There were

few weeds at depths greater than 5 feet; this is surprising since in
1946 a survey party reported that 20 species of higher aquatics were
present. Of the 20 species, 10 were typically submergent forms and

included Potamogeion gramineus, P. pectinatus, P. praelongus,

P. zosteriformis, Ceratophyllum demersum and Myriophyllum

heterophyllums. These species were reported to be common. Kadlec

(1960) found that relatively minor diiferences in water level will
cause adjustmenis and changes in vegetation, Thus, the elevated

water level may account for the present scarcity of vegetation.

Methods

In 1953 and in the spring of 1554, water samples were
collected once a month. From February 1957 through February 1960,
samples were collected at irregular intervals. All collections were
made at the deepest part of the lake. The depths at which water samples
were collected were varied, depending on the stratification of the lake.
During summer stratification three samples were taken within the
epilimnion, two in the thermocline. and two in the hypolimnion., At
times of homothermal conditions, water samples were usually collected

at 10-foot intervals.
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Bottom fauna samples were collected at monthly intervals
between May and October of 1953, Sampling stations were located on
2 transects at depths of 3, 15 and 25 feet. Stations 1, 2 and 3 were
established in the east bay and 14, 24 and 3A in the west bay (Fig. 1).
In 1959, after the water level was raised, samples were collected each
month at these same stations, where water depths were 3 feet greater
than in 1953. The recently flooded lake bottom of both the east and
west bays was sampled in 1959 (Fig. 1, stations 4 and 44A). In both
1953 and 1958, four bottom: sarnples were collected each month at
each station with a G-inch Ekman dredge.

Fish were collected with trap nets in the late fall of 1953 and
in the spring of 1954, Since there is virtually no growth over the
winter, these fish were considered as one collection. The growth
of the fish collected in 1953~54 was compared with {ish collected
with trap nets in the spring of 1958, The fish collected in 1958 had

spent one growing season in the lake after the water level was raised.

Results
The mineral concentration of lake water is subject to large
variations within a short period of time. This is especially true of
phosphorus content which may vary with depth and with stratification
of the lake. Figure 2 shows the phosphorus and alkalinity content from

February 1953 to February 1960. The figures used on the graph
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represent average values for sampies in the epilimnion during stratifica-
tion, or average values for samples at all depths when the lake was not
siratified,

In 1853 and 1954 total phosphorus ranged from a low of € ppb
(May 1953) to a high of 25 ppb (January 1954), but it rarely exceeded
10 ppb.

In 1957 and 1958, after the water level was raised, total
phosphorus ranged from a low of 23 ppb (September 1958) to a high of
41 ppb {(January 1958). In 1959 and in February 1960 there was some
indication of a decline in total phosphorus; such a decline was expected
since the newly flooded bottom would soon release its:available nutrients
and begin to accumulate marl,

Total phosphorus values before and after the increase in
water level were compared by means of a sign test {Dixon and Mood,
1946). Samples collected in 1953 and 1954 during spring and fall
circulation, and during summer and winter stratification, were comnmred
with samples collected during similar periods after the water level was
raised. Total phosphorus content was higher after the level was raised;
the difference was statistically significant at the 5 per cent level.

An increase in the soluble phosphorus after flooding was noted
also; however, this difference was not significant at the 5 per cent
level. With few exceptions, soluble phosphorus in the samples collected
in 1953 and 1954 ranged between 1 ppb and 3 ppb; only once during these

two years was there a sample with a value greater than 3 ppb. In March,



-6-

May, October and December of 1953 the average amount of soluble
phosphorus was less than 0.1 ppb. During 1957 and 1958, soluble
phosphorus values of less than 3 ppb were recorded only twice; all
other values during these vears ranged between T ppb and 6 ppb. In
February 1960 the average soluble phogpl.orus content was less than
2 ppb. This was the lowest value recorded since 1954,

In 1958 and 1954 the total alkalinity ranged from 132 ppm
(September 1953) to 174 ppmr (April 1953); m:ost of the values exceeded
145 ppm. In 1957 and 1958 the highest total alkalinity recorded was
146 ppm; the majority ci the sainples ranged between 130 ppm and
140 ppmi. The lowest alkalinity recorded (110 ppra) was in February 1957
immediately after the dam was installed. Although total alkalinity
appeared to decrease after the water level was raised, the sign test
failed to show that the difference was statistically significant.

Ball and Tanner (1951) noted a decrease in alkalinity when
phosphorus was added to unproductive trout iakes. This inverse
relationship between phosphorus and alkalinity was also ouserved here.
However, the increase in phosphorus and the decrease in alkalinity were
conspicuous for only 2 or 3 years. By 1959 and February of 1860 there
was an indication that the bicarbonate content was again approaching the
level present in 1953 and 1954. The February 1960 value of 173 ppm

was almost equal to the highest value recorded in 1953.



Bottom fauna

The standing crop of bottom fauna was lower in 1959 than in
1953. In 1953 the average standing crop ranged netween 25 and 45
organisms per 1/4 square foot at all stations, except station 1 in the
east bay (Fig. 3). Here there were fewer than 5 organisms per 1/4
square foot. In 195¢ the average standing crop did not exceed 10
organisms per 1/4 square foot at any station; at station 1 the crop of
bottom fauna showed a modest iacrease over 1853 but did not exceed
10 organisms per 1/4 square foot. Samples taken in 1959 from
stations in "'new' lake bottom (4 and 44) contained very few organisms,
They were poorer than samples taken from "old" bottom in the same
general areas in 1953, For ccmparison, samples collected before
and after the raise in water level were paired by months, A sign
test indicated that the difference was significant at the 1 per cent
level.

Qualitatively, samples collected in 1952 were not greatly
different from those collected in 1959. In 1953 the samples contained

caddisfly larvae (Polycentropus), the phantom midge, Chaoborus, and

7 species of midge larvae (Chironomidae). The rnidges identified were:

Procladius sp., Clinotanypus sp., Pseudochironomus sp., Calopsectra sp.,

Cryptochironomus sp., Tendipes tendipes decorus, and T. tendipes

tentans. The samples collected in 1958 contained the same species

except for Polycentropus (they were not abundant in 1953) and the

midge Pseudochironomus.,
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In both 1953 and 1959 Chaoborus and chironomids comprised
nearly 100 per cent of the population at the deep-water stations. The
major difference between the samples was the great reduction in the
number of Chaoborus in 1959. Chaoborus made up 87 per cent of the
population in 1953 and 11 ver cent in 1959, Except in the shallow-water
samples from the east bay there was no marked reduction of chironomids
in 18959, Hence it seems that the contribution to the food chain by the

midges did not change appreciably,

Fish
Wide variations in the growth raie of fish may result from
changes such as increased food supplies or decreased competition for
food. At Big Portagé Lake it was assumed that any increase in
productivity resuiting from the reised water ievel would be reiiected
in the growtih rate of the fish. The acceleration (if any) in growth
would be most pronounced in the growing season of 1957,

Bluegills (Lepomis macrochirus), hlack crappies (Pomoxis

nigromaculatus), and largemouth bass (Micropterus salmoides) had a

greater average total length after the water level was raised (Fig, 4).
The average length of bluegills of each age group collected in 1958 was
about 1 inch greaier than that of fish of the same age collected in 1953-54;
average lengths of 2~ and 3~year-old black crappies collected in 1958

exceeded by almost 3 inches the average lengths of fish of the same ages
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collected in 1953-54, and for other age groups the improvement amounted
to about 1 inch; all age groups of largemouth bass showed an increase of
about 1 inch in 1958 over 1953-54.

To assess the eiffect of the raised water level, the amounts of
growth made by fish during 1953 and 1957 were compared. Bluegills
and largemouth bass which had completed their fourth growing season
and black crappies which had completed their second growing season
during these two years were selected for this comparison because these
age groups were represented in sufficient quantity to permit reliable
statistical comparison, The average growth increment of biuegills in
their fourth growiug season was 1.4 inches (growth during 1853) for
those collected in 1953-54 and 2. 4 inches (growth during 1957) for those
collected in 1948, The individual growth increments during the fourth
growing season were more variable for bluegiils collected in 1856 than
for those collected in 1253-54. ¥or 1958, increments ranged irom 0.3
inch to 3.7 inches (standard deviation 1,18); for 1953-54, the increments
ranged from 0.7 inch to 2.8 inches {standard deviation 0. 35). Because
the variances of the increments were unequal, the Welch procedure
(Brownlee, 1960) was used to test whether the difference in increments,
between 1953 and 1957, was statistically significant. The test showed
the difference to be significant at the 0.01 probability level. The greater
variation in growth after the water level was raised indicates that all

biuegills did not respond equally. The larger fourth-year growth
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increment of the bluegills collecied in 1958 accounted for their greater
total length; there was not a significant difference in iength between the
two groups at the end of the third growing scascn.

The growtl: increment of black crappies in their second growing
season was 2.9 inches in 1952 and €. 2 inches in 1857, This difference
was significant at the 0,01 probability level. There was no signiticant
difference between the first year growth of >lack crappies in the two
ccllections; therelore the greater toial lengir in 1658 was due only to
greater growth during 1957,

The average growth increment of largemouth bass in their
fourth growing season was 2.5 inches in 1982 and 3.9 inches ir 1957,
The bass taken in 1958, however, had been growing more rapidly during
each year of life than those collected in 1955-54, The change in water

level therefore did not account for tne total increase in the length of

largernouth bass collected in 1958 over those taken in 1953-54,

Discussion
There is evidence that the elevation of the water level of Big
Portage Lake resulted in changes in the level of nutrients and therefore
may have increased basic productivity., 2 higher phosphorus and lower
alkalinity content of the water persisted jor two years after the change
in water level. During the third season these elements returned nearly

to their former conceniraticns.
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The bottom fauna did not respond to the increased phosphorus
content of the water. There was a significant decrease in the average
standing crop of benthos at the stations sampled between 1953 and 1959.
It is possible that this decrease in bottom fauna took place between 1953
and the time the water level was raised (1957). It is also possible that
the poor crop of benthos in 1959 was independent of the change in water
level. Chaoborus exhibited the greatest decrease in numbers; however,
there was little change in the number of chironomid larvae. Consequently
the contribution of the bottom fauna to the food chain may not have
changed appreciably. Chironomids and Chaoborus were the only
abundant bottom organisms. The reduction in bottom fauna may have
been related to the scarcity of agquatic weeds after the water level was
raised.

Although an increase in bottom fauna did not occur, the growth
rate of bluegills, largemouth bass and black crappies increased after
the water level was raised. Possibly the increased growth resulted
from a greater production of zooplankton. The increase in phosphorus
and the reduction in higher aquatic plants may have resulted in a

greater production of phytoplankton, periphyton and zooplankton,
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Figure 1. --Location of stations where
bottom samples were collected in Big Portage

Lake in 1953 and in 1959,
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Figure 2, --Total phosphorus, soluble
phosphorus, and total alkalinity concentrations
of Big Portage Lake from February 1953 to

February 1960,
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Figure 3.--Average standing crop of
bottom fauna per 1/4 square foot at stations
sampled in Big Portage Lake in the years 1953

and 1959,
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Figure 4. --Growth curves for fish
collected from Big Portage Lake in the years

1953, 1954 and 1958,
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