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ABSTRACT

Five tons of commercial, inorganic fertilizer were

added in two applications to Hoffman Lake, a 120 acre marl

lake in northern Michigan, during the summer of 1955.

Immediate results of each application were noted in

increases in some of the physical and chemical characteris-

tics of the water. These increases were only temporary and

conditions returned, or approached those existing prior to

fertilization.

Fertilization brought about an increase in turbidity

which resulted in the reduction of light penetration at all

depths. The turbid condition was due to the action of excess

calcium in the water upon the ingredients present in the

fertilizer, causing a precipitating "floc". No plankton

bloom was noted.

Concentrations of soluble and total phosphorus, ammonia

nitrogen and sulfate increased following each application of

fertilizer, then rapidly returned to prefertilization levels.

There was a more gradual, but obvious, increase of

periphyton in the shoal areas of the lake. Quantitative

analyses showed these increases to be significant and related

to the increase in nutrients added to the lake.

Mbcroscopic benthic animals were sparce, both in num-

bers and species composition. Burrowing mayflies constituted

over 90 percent of the total number of bottom organisms

sampled.



Studies made of five species of fish sampled in Hoffman

Lake revealed that the long-range effects of fertilization

produced a change in the length-weight relationship for one

species, the common sucker.
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INTRODUCTION

This study deals with the fertilization of a marl lake

in northern Michigan. The aim of'the project was two-fold:

1. To determine the biological effects of the addition of

nutrients on a marl, warm-water lake and 2. To trace the

nutrients into and down the course of its highly unproduc-

tive effluent stream, the West Branch of the Sturgeon River.

The effects of fertilization were sought by investigating

physical, chemical and biological characteristics of the

lake prior to, during and after fertilization. This pro-

ject on Hoffman Lake is a continuation of a series of stud-

ies started in 1954 by Alexander (1956). Grzenda (1955)

and Colby (unpublished) worked on the stream phase of the

project; their findings detennined to what extent nutrients

were carried down the West Branch of the Sturgeon River.

An increase in biological productivity as a result of

nutrients added to a body of water in the form of fertili—

zer, whether organic or inorganic, has been shown by other

workers (Hogan, 1933; Meehean, 1933, 1934; Swingle and

Smith, 1939, 1940; Surber, 1945; Swingle, 1947; Langford,

1948; Patriarche and Ball, 1949; Ball, 1950, 1951). However,

most of the previous wonk has been conducted on small ponds

and lakes, and the results of the present study on a marl

lake may help determine the feasibility of adding nutrients

to a lake the size and type of Hoffman Lake. The present

1



study reveals certain limitations of fertilization as a

tool of fishery management.

The fertilization of an aquatic environment to increase

its biological productivity is an old practice, having been

used for centuries in European and Asiatic fish-culture

work. In this country, however, it has primarily been used

in an effort to improve existing sport fisheries which, in

some areas, have failed to keep pace with recent increases

in fishing pressure.

The theory of fertilization is a simple one; essential

nutrients are provided to promote the growth of basic food

organisms which, barring any ill-effects of physical and

chemical conditions, are reflected in increased fish yields.

DESCRIPTION OF THE STUDY AREA

Hoffman Lake, a 120 acre marl lake, is located in Hudson

Township (T. 32 N., R. 4 w., Sec. 26, 27, 34, 35), Charlevoix

County, approximately eight miles west of Vanderbilt,

Michigan. The lake contains three small depressions with a

maximum depth of 22 feet and a mean depth of 8 feet. The

shape of the lake is ovoid, except for one projecting arm

of the eastern shore.

Using Odum's (1953) classification, Hoffman Lake is

morphometrically eutrophic. It is shallow and poor in

nutritive materials. Lakes poor in nutritive materials



are common in northern Michigan where much of the soil is

low in fertility.

The topography of the areasurrounding the lake is

wooded moraine. The lake has a small drainage area of 5120

acres and lies in the podzol region of the state. The soil

series of the area are Montcalm, Wexford, Emmet and Leelanau

(Whiteside, Schneider and Cook, 1956). These soils are

typical of the morainic areas in the northern part of the

lower peninsula of Michigan and are characterized by their

sandy to sandy-loam texture. Soils of this type are well-

drained and in this area contain a considerable amount of

limy materials. Hoffman Lake is alkaline in character, due

to the leaching out of calcium and magnesium salts which

come to the lake via springs originating in the surrounding

moraines. The deposition of calcium carbonate on the lake

bottom and that in suspension gives the water a blueish-

green cast characteristic of marl lakes.

Hoffman Lake is a drainage lake which receives its

water supply from a creek, entering on the west shore, and

from several springs located along the south and west shores.

The creek drains two small, shallow lakes : Kidney Lake,

one-half mile to the west;and Black Lake, three-quarters

of a mile southwest of Hoffman Lake. The amount of water

leaving the lake was 2.8 cubic feet per second. This value

was determined from measurements taken at the lake's only

outlet, located on the east shore, which constitutes the



origin of the West Branch of the Sturgeon River.

The original forest of the area was chiefly sugar

maple along with other hardwoods. Much of the drainage

area has been cleared to provide farming and pasture land.

Cedar swamps occupy the lower areas.

Vegetation in Hoffman Lake is limited in both abundance

and species compositon. This reflects a lack of biological

productive capacities within the lake due to the low level

of nutrients and the limiting effects of marl deposition on

plant growth.

The bulrush (Scirpus sp.) was the most common aquatic

plant in the lake and grew in sparse patches on the shoal

areas, especially along the eastern shore. Scattered

patches of muskgrass (Chara sp.) and pondweed (Potamogeton
 

sp.) constituted the deeper-growing submerged vegetation.

A single patch of white water-lilies (Nymphaea odorata),

intermingled with a few floating-leaf pondweeds (Potamogeton
 

natans), was located near the western shore of'the lake.

Cattails (Typhg'sp.) and sedges (93525 sp.) were common on

shore in the vicinity of the outlet and other low-lying

areas.

Two species of burrowing mayflies (Ephemera simulans

and Hexagenia limbata) accounted for the greatest volume of

macro-benthic animals. Alderfly larvae (Sialis sp.),

dragonfly nymphs (Gomphus sp. and macromia sp.) and midge

larvae (Tendipedidae) were less common and tOgether made up



about 5 percent of the total number and about 1 percent of

the total volume. Aquatic annelids, snails, clams and bit-

ing-midge larvae showed up rarely in the samples; their

number and volume were insignificant.

Four species of game and pan fish and one coarse

species were present in the lake; these were:

Micropterus salmoides

Perca flavescens
 

KmBIoplites rupestris

Lepomis gibbosus

Catostomus commersonnii

Largemouth bass

Yellow perch

Rock‘bass

Common sunfish

Common sucker

Roelofs (mimeographed report) lists the following six

species of forage fish present in Hoffman Lake:

Notropis volucellus

Notrogis cornutus

Hyborhynchus notatus

Percina caprodes

Foe ci li chthys exi 11 s

Eimotilus atromaculatus

METHODS

Mimic shiner

Common shiner

Bluntnose minnow

Log perch

Iowa darter

Creek chub

Fertilization

During the summer of 1955, commercial inorganic ferti-

lizer having an analysis of 12-12-12 (N-P-K) was added to

Hoffman Lake. The nitrogen was in the form of ammonium

sulfate; phosphorus as super—phosphate and potassium as

potassium chloride. Six thousand pounds were added on

July 31 and 4000 pounds on August 6.
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The fertilizer was broadcast along the southwest shoal

area from the stern of a moving boat. Wave action in the

shoal area and the churning action of the prOpeller insured

a thorough mixing of the fertilizer.

The 10,000 pounds of 12-12-12 fertilizer added in 1955

was the equivalent of twice the concentration of the in-

gredients from the previous year, when 5900 pounds of 10-10-

10 (N-P-K) were added to the lake. Since phosphorus and

nitrogen are considered to be limiting factors in a marl

lake (Welch, 1952), it was postulated that an increase of

these nutrients would be reflected in the production of

organic material higher than the previous year.

Table 1 shows the theoretical concentration of chemi-

cals in the lake immediately following fertilization for

the years 1954 and 1955. Values used for the year 195A

were obtained from a table prepared by Alexander (1956).

These values are based on the assumption that the fertilizer

dissolved completely. The volume of the lake was calculated

to be 45,000,000 cubic feet (Alexander, op. cit.).

Sampling Stations

Five sampling stations were established in Hoffman

Lake, designated as A, B, C, l and 2 (Fig. I}. Stations

A, B and C represent the points at which samples for chemi-

cal analyses were taken. Physical determinations were made

from samples collected at stations A and B except for sub-

marine photometer readings which were made in the area of
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Figure I. Map of Hoffman Lake, Showing Locations of Sampling

Stations  
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.greatest depth, just.east of station B. Plankton and bottom

organisms were sampled at stations 1 and 2.

The reason for selecting the chemical sampling stations

A, B and C at the points shown (Fig. I) was to note how the

chemical nutrients in the fertilizer were dispersed in the

lake. Station A was located in the area of fertilizer ap-

plication, near the south-west shore; station E in the cen-

ter of the lake and station C at the outlet.

Stations 1 and 2 were the same asused the previous

year (l95h). Since similar sampling procedures were

followed at these two stations for two consecutive years,

a comparison of the data was possible.

Laboratory

A11 chemical and physical analyses were made as soon

as possible after the water samples were collected. The

laboratory was set up at the Pigeon River Trout Research

Area headquarters located 15 miles east of Vanderbilt,

Michigan, a total of 23 miles from Hoffman Lake.

The laboratory was well equipped with instruments,

chemicals and glassware for making the various analyses.

Colorimetric determinations of phosphorus, sulfates and

ammonia nitrogen were made with a Klett-Summerson photo-

electric colorimeter. The hydrogen-ion concentration was

measured with an electric Beckman pH meter. Specific con-

ductivity measurements were made with a portable, battery-
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Operated conductivity bridge. A Hellige turbidimeter was em-

ployed for making turbidity measurements. Plankton and peri-

phyton samples were concentrated by centrifugation with a

Foerst centrifuge.

Sampling

PHYSICAL

Secchi disk. The secchi disk was used to determine the
 

depth of visibility and gave a measure of transparency of

the water. While a measurement of transparency is not a true

measure of light penetration (Cokcr, 195A), it is useful for

making comparisons. Secchi disk readings were made prior to,

during, and following fertilization; the results made it

possible to make comparable studies of the transparency of

the water during the summer.

Submarine photometer. A submarine photometer was used

to measure the percent of light transmitted through the

water at various depths. The instrument consisted essential-

ly of two Weston photronic cells, a subsurface unit and a

deck unit, designed by Fred Schueler, Waltham, Nassachusetts.

A single galvonometer and a double-throw switch enabled

readings to be made from each cell with a minimal lapse of

time.

The percent of transmitted light was determined for

each three-foot interval to a depth of 18 feet. The initial

reading was taken 6 inches below the water surface. Since

partly cloudy days do not give acceptable results (Green-
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bank, l9h5), photometer readings were taken under uniform

conditions at mid-day.

Turbidity. water samples were analyzed for turbidity

with a Hellige turbidimeter. All samples were taken at a

depth of one foot from stations A and B. Enough samples

were taken prior to and following fertilization to show the

fluctuations in turbidity resulting from fertilization.

Temperature. A Taylor pocket thermometer was used

for obtaining air and water temperatureS. Temperatures were

taken throughout the study period and recorded in degrees

Centigrade. Since there was an indication that Hoffman Lake

did not stratify, as will be explained later, each water

temperature consisted of a single subsurface measurement.

CHEMICAL

Alkalinity. The method outlined by Ellis, Westfall and

Ellis (19A8) was followed for making alkalinity determina-

tions. It was expected that the alkalinity would remain

fairly constant throughout the summer and for this reason

samples were taken at infrequent intervals, except for the

period immediately following fertilization.

Hydrogen-ion concentration. The hydrogen-ion concen-

tration (pH) was measured with a Beckman pH meter. Samples

were taken at infrequent intervals throughout the study

period for the same reason given under "Alkalinity".

Dissolved oxygen. Five dissolved oxygen determinations
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were made during the hottest period of the summer using the

Winkler Method (Theroux, Eldridge and Mallman, 1943). Water

samples were taken at the bottom of the deepest depression

and just below the surface.

Specific conductivity. A portable, battery-operated

conductivity bridge was used to determine the specific con-

ductivity. Values are given in mhos at a standard tempera-

ture (180 C). These values gave an indication of the total

concentration of the ionized constituents in the water and

thus was a useful method for observing any changes in ion

concentration.

Ammonia nitrogen. The direct Nesslerization method,

outlined in Standard Methods (1955), was used for ammonia

nitrogen determinations. The color develOpment was measured

in a colorimeter and the p.p.m. of ammonia nitrogen was

obtained from a graph prepared from known ammonia standards.

Phosphorus. Water samples were analyzed for both sol-

uble and total phosphorus. The procedure followed is out-

lined in Ellis, Westfall and Ellis (1948). The color develop-

ment was measured in a colorimeter and readings in parts

per billion were obtained from a graph prepared from known

phosphorus standards.

Sulfates. Sulfates were determined by the turbidimetric

method as outlined in Standard Methods (1955). The units

obtained from a colorimeter were read in p.p.m. of sulfate

from a graph prepared from solutions of known sulfate con—
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centrations.

BIOLOGICAL

Plankton. Two 3-1iter water samples were taken from

each of the two stations 1 and 2 with a Juday water sampler.

Each sample was centrifuged with a Foerst centrifuge short-

ly after the samples were taken. The concentrated material

in the bowl was washed repeatedly with a 5 percent formalin

solution and transferred to a graduated cylinder. When the

bowl was thoroughly clean, enough 5 percent formalin was

added to make 50 ml. This mixture was then poured into a

two-ounce bottle and stored for later laboratory work.

Periphyton. The word periphyton has been used to des-

cribe a certain component of the aquatic biota but does not

have a definite connatation. For this reason, periphyton

as used in this thesis follows the definition of Young (1945).

He states that periphyton is "that assemblage of organisms

growing upon free surfaces of submerged objects in water,

and covering them with a slimy coat. It is that slippery

brown or green layer usually found adhering to the surface

of water plants, wood, stones, or other objects immersed

in water and may gradually develop from a few tiny gelatin-

ous plants to culminate in a wooly, felted coat that may

be slippery, or crusty with contained marl or sand". It

can be said that periphyton occupies a position between

the benthos and plankton since it has characteristics of
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both.

The importance of periphyton to the biology of a lake

has only recently been recognized. It not only contains

organisms, some of which are able to manufacture food, but

is also an indicator of biological productivity. This reali-

zation has lead various workers to seek ways by which the

production of periphyton might be measured.

Young (0p. cit.) made quantitative counts upon measured

sections of stones, logs and other objects. Newcombe (1950)

found that the weight of attachment materials produced on

standard microscope slides offered a plausible basis for

measuring water productivity.

In the present study, periphyton was collected on 5

cinder bricks and 15 cedar shingles placed at station C.

Each brick measured 7.9 X 3.7 X 2.3 inches. The shingles

measured 12.0 X 3.0 X 0.3 inches.

Wire was used to suspend the bricks from suitable

objects, such as submerged logs and overhanging trees. The

shingles were nailed to submerged logs in such a manner as

to expose the greatest possible surface to the surrounding

water. Two sets of bricks and shingles were used; one set

was in the water 30 days and was removed the day preceding

the fertilization date. This set was replaced by other

shingles and bricks on the day of fertilization. They were

placed in the exact position occupied by the first set and

allowed to remain in the water 30 days following the applica-
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tion of fertilizer.

After the two respective 30 day periods had elapsed,

each brick was carefully removed and placed in a porcelain

pan. The brick was then scraped with a nylon brush and

washed so as to remove all of the attached material. The

contents of the pan were then transferred to a quart jar

for later laboratory treatment.

Instead of removing the attached material in the field,

the shingles were placed directly into plastic bags. Attached

material was removed in the laboratory. From this point on,

bricks and shingles were treated similarly and each consti-

tuted a separate sample.

Further laboratory treatment consisted of removing the

macro-benthic animals from each sample. These were preserved

in a solution of 10 percent formalin and stored in 2-ounce

bottles. The remaining material was then concentrated by

centrifugation.

The next step consisted of extracting the chlorophyll

pigments contained in the concentrated material. This was

done by adding 95 percent ethyl alcohol to each centrifuged

sample and stored in the dark in 2-ounce bottles.

The extraction of the chlorOphyll pigments provided a

method for measuring the production of periphyton. Harvey

(1934) utilized this method and found a correlation between

the production of chlor0phyll and plankton counts from the

same sample. Later work by Tucker (19h9), working along
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similar lines, corroborated the findings of Harvey.

The method used was to measure the density of the ex-

tracted pigments in each sample in a Klett-Summerson photo-

electric colorimeter. The Klett units thus obtained were

then converted to "Harvey units". One Harvey unit consists

of 25 mg. potassium chromate and 030 mg. nickel sulfate in

one liter of water (Harvey, 193A). Harvey units were ob-

tained from a graph prepared from known dilutions of an

original solution consisting of 100 Harvey units. This

constituted the arbitrary color standard for measuring the

chlorophyll pigment density in each sample.

Bottom organisms. Twenty Ekman dredge samples were

taken each week at stations 1 and 2, ten from each station.

Each sample was washed in a 30-mesh screen and then trans-

ferred to a porcelain pan. All visible bottom organisms were

picked at the site; these were preserved in a solution of

10 percent formalin and stored for later analyses.

In the laboratory, all organisms were identified and

counted and the total volume of each sample was measured

to the nearest five-hundredth of a milliliter. Since the

burrowing mayfly, Ephemera simulans, showed up most frequent-
 

ly in the samples, the geometric rates of growth and mortali-

ty and the emergence date were determined for this species.

Eigh. Determinations of age and growth and a study of

the relationships between length and weight were made for

five species of fish collected from Hoffman Lake. Fish were
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captured by trapping, seining and angling throughout the

summer of 1955.

At the time of capture, fish were measured for total

length in inches and weight in grams. The fish were also

scale sampled, marked and released. The number of fish

sampled, by species, were as follows:

 

 

 

 

Common sunfish Lepomis gibbosus 103

White sucker Gatostomus commersonnii 8h

Rock bass Ambloplites rupestris 7

Largemouth bass Micro terns salmoides 53

Yellow perch Ferca TIavescens 66
 

Scales were permanently mounted on glass slides using

a gelatin-glycerine preparation. A scale projection apparatus

in conjunction with ruled scale cards facilitated age-growth

studies. It was assumed that a straight-line relationship

existed between the growth of the fish and that of the scale.

Mathematical relationships between length and weight

were determined by the use of the following formula (Car-

lander, 1953):

W = an

w = weight

L = length

0 and n = constants

The values for c and n may be determined by fitting a

straight line to the logarithms of L and W or by computa-

tion from normal equations (Lagler, 1952; Rounsefell and
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Everhart, 1953). To facilitate computations, the length-

weight formula may be expressed logarithmically:

In W = ln c + n ln L

where ln equals the natural 10garithm.

RESULTS

Sampling

Following fertilization, there were temporary increases

in certain of the physical and chemical characteristics of

the lake. In most instances, after several days, conditions

approached but did not equal those recorded prior to fertili-

zation.

Macrosc0pic benthic organisms and fish respond much

more slowly, if at all, to the addition of nutrients. There-

fore, evidence of change in volume, number and growth rate

was sought by comparing the present data with that of the

previous year. This was possible since sampling procedures

and handling of data were similar for the two years.

There was an increase in periphyton shortly after the

addition of fertilizer. Strands of filamentous algae, which

were not previously noted, began to appear in the shoal

areas.

There was a noticeable increase in turbidity of the

water following each application of fertilizer which reduced
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the transparency of the water. These increases were observed

by secchi disk and submarine photometer readings.

PHYSICAL

Secchi disk. On July 25, five days prior to the first

application of fertilizer, the secchi disk disappeared at

a depth of 75 inches. On August 2, two days following the

initial application, the depth at which the secchi disk

disappeared was 56 inches.

There was a similar reduction in the transparency follow-

ing the second application of fertilizer. The secchi disk

disappeared at 62 inches on August A and at #7 inches on

August 8. A list of the mean secchi disk readings for each

sampling date is shown in Table 2. It can be seen that at

no time after fertilization had readings returned to those

observed prior to fertilization. A graphical representation

of the mean secchi disk readings is shown in Figure II.

Submarine photometer. Figure II shows the percent of

transmitted light which reached each three-foot interval

and shows close correlation with secchi disk readings. These

correlations are especially evident during the fertilization

period and show that transmitted light was reduced at all

levels.

Both submarine photometer and secchi disk readings

showed a greater reduction in transparency following the

second application of fertilizer. It is presumed that this

was due in part to the accumulated effects of the two appli—
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Table 2. Kean Secchi Disk and Photometer Headings during

Summer of 1955

Secchi Photometer Readings

Date Disk

(inches) Percent of transmitted light reaching

various depths (feet)

8* 3 6 9 12 15 18

June

27 72 67 35 29 19 13 0h 02

29 68 O. 00 O. O. O. O. .0

July

5 7O 00 oo oo o. 00 00 00

ll 76 88 58 35 23 16 11 O6

18 73 77 5h 32 26 17 11 06

25 75 85 5 31 27 18 10 C7

31**

August

2 56 56 Al 24 20 13 O8 Oh

g 62 73 52 .7 2h 16 O9 O6

:53}:

8 2+7 .0 00 co co co co co

9 44 41 2h 17 lb 07 02 01

10 61 .0 O. .0 O. O. O. 0.

ll 63 81 A7 23 16 O9 05 03

13 59 co co ea 00 no no on

16 56 81 A1 26 15 O9 05 O3

17 55 O. 0. 00 O. 0. .0 0.

18 5h 72 #3 26 18 10 06 C3

19 63 o. o. oo .0 o. e. oo

22 55 83 35 2 O9 O7 02 Ol

27 57 81 43 26 12 04 02 Ol

 

* 6" below surface

WFertilization dates



 

Figure II. Kean Secchi Disk Readings (inches) and the

Percent of Transmitted Light at various

Depths
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cations. At no time after fertilization had photometer read-

ings returned to prefertilization levels (Table 2 and Fig.II).

Light penetration had been reduced as a result of an

increase of some suspended material in the water. Other

workers who carried out fertilization experiments invariably

concluded that the reduction of light penetration concomitant

with increased turbidity was the result of a plankton "bloom"

(Hogan, 1933; Smith, 1934; Meehean, 1934; Swingle and Smith,

1939; Ball, 19u9; Ball and Tanner, 1951; Nelson and Edmond-

son, 1955). Much of the previous work, however, has been

carried out on farm ponds and other than marl lakes in which

plankton blooms are known to occur following the addition

of nutrients. There was no such increase of plankton in Hoff-

man Lake and, as will be discussed under "Plankton", the

increase in turbidity was due to an inorganic flocculent

material.

Temperature. Air and water temperatures taken from June

20 to August 26 during the summer of 1955 are recorded in

Table 3. These values represent the means from all the

sampling stations since the variation was slight from sta-

tion to station. Mean air and water temperatures are shown

graphically in Figure III.

It was believed that thermal stratification did not

exist in Hoffman Lake and for this reason water temperatures

consisted of a single subsurface measurement at each sampling

station. This belief was substantiated from the results of
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oxygen determinations made from water samples taken at the

surface and greatest depth in the lake (see "Dissolved

oxygen", page 28).

Table 3. Kean Air and Water Temperatures (0.0) during the

Summer of 1955

 

 

 

Air Water Air Water

Date Temperature Temperature Date Temperature Temperature

June July

20 21 23 22 25 26

21 20 22 25 2A 2A

22 14 21 29 28 25

23 1h 19

27 24 20 August

29 25 21 7 22 25

9 24 2A

July 11 24 2h

5 25 26 17 28 25

7 29 27 22 22 25

ll 23 25 26 22 23

18 28 25

 

Maximum air and water temperatures occurred during July

and August with the lowest being recorded during June. Water

temperatures, unlike air temperatures, varied slightly dur-

ing the latter part of the summer.

CHEMICAL

Alkalinity. The addition of fertilizer had no notice-
 

able effect upon the alkalinity of the water. Variations

were slight throughout the summer and ranged from 135 to





Figure III. Graphical Representation of mean Air and Water

Temperatures, Hoffman Lake, 1955
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lhO p.p.m. These values agreed closely with those obtained

by Roelofs (mimeographed report).

The fact that the alkalinity did not change following

fertilization indicates that Hoffman Lake is well buffered.

The buffering effect in natural waters is due to substances

which react in such a way as to maintain an equilibrium.

Since there is a relationship between alkalinity and acidity

in the same water, it is possible to express the buffering

effect in terms of the hydrogen-ion concentration.

Hydrogen-ion concentration. The pH did not vary more

than two-tenths of a unit throughout the summer. Values

ranged from 8.1 to 8.3 and there was no indication that

fertilization affected the pH.

It is believed that the concentration of calcium and

magnesium carbonates in the water made it an efficient buffer

system. Tack (personal communication) noted a change in pH

after he added fertilizer to a small pond. Such a change is

known to occur in waters low in buffer substances (Welch,

1952).

Dissolved oxygen. Water samples taken from the surface

and in the deepest depression in the lake were analyzed

for dissolved oxygen. This was done to see if differences

in the oxygen content existed from t0p to bottom. Oxygen

determinations were made during the warmest period of the

summer. A difference at the two depths would indicate the

presence of thermal stratification in the lake.
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The results indicate that very little or no stratifica-

tion existed. The values obtained for dissolved oxygen in

p.p.m. were as follows:

 

July Aug.

7 15 22 29 10

Water Temp. (0.0) 27 25 26 25 5X

P.P.M. 02 (Surface) 7.1 7.6 7.5 6.7 7.2

P.P.m. 02 (Bottom) 7.1 7.5 ‘ 7.4 6.7 7.1

Specific conductivity. The results of conductivity

measurements show that there was an increase in the concen-

tration of the ionized constituents in the water following

fertilization (Fig. IVL This is indicated by the low reading

observed on August 7, the first day following the second

application. The higher readings observed prior to fertili-

zation were probably due to late spring and early summer

rainfall, which tended to reduce the concentration of ions

by dilution. Values representing the means of data from sta-

tions A and B ranged from a high of 271 X 10"6 to a low of

228 X 10'6 mhos at 180 C. (Table A).

As was stated elsewhere, there was an increase in

turbidity following each application of fertilizer, which

had the characteristics of a flocculent material. This

material could conceivably be brought about by the combina-

tion of sulfates and phosphorus in the fertilizer with the
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Figure IV. {Specific Conductivity in I-Lhos (J.

Hoffman Lake, 1955
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calcium and magnesium ions present in the water. Neess(19h9)

found that in alkaline water where there is an excess of

calcium, phosphorus may precipitate as tricalcium phosphate.

The sulfate in the fertilizer may have precipitated as

Table 1.. The Mean Specific Conductivity in I-Zhos at 18° c.

from Stations A and B

 

 

Date Mhos (X 10'6) at 18° C. Date Mhos (X 10'6) at 18° C.

 

June July

20 271 31* o o o

22 267

27 260 August

29 269 6* ...

7 228

July 9 233

5 2A7 11 2h8

11 261 13 24A

18 259 17 2&5

25 249 22 251

26 243

 

* Fertilization dates

calcium or magnesium sulfate. That such an occurrence had

taken place is evidenced by the reduction in transparency

following fertilization, as shown by secchi disk and sub-

marine photometer readings. As the transparency of the water

approached conditions which were present prior to fertiliza-

tion, the specific conductivity also increased, indicating

that the precipitation reaction reduced the concentration

of ions in the water (see Tables 2 and h).
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Ammonia nitrogen. Surface waters at stations A, B and C

showed increases of ammonia nitrogen following each applica-

tion of fertilizer. These increases were only temporary, and

only a trace amount was noted toward the latter part of Aug-

ust, as shown by the bar graphs in Figure V. Values ranged

from a low of 0.01 to a high of 0.23 p.p.m. (Table 5).

At no time did concentrations of ammonia compounds

approach levels which are considered as toxic to fish and

other organisms. In areas of the MissisSippi River receiving

domestic sewage, values as high as 3 p.p.m. dissolved am-

monia had little effect on the fish fauna (Ellis, 1937),

depending on the pH of the water. Ellis found that ammonium

salts become more toxic in more alkaline media. He further

stated that in unpolluted natural waters having a pH range

of 7.4 to 8.5, 1.5 p.p.m. dissolved ammonia was considered

the maximal amount not suggestive of specific organic pol-

lution.

Values which were obtained for ammonia nitrogen through-

out the summer indicates that organic production in Hoffman

Lake was low. The highest reading recorded was 0.23 p.p.m.

at station 0 on August 3, three days after the first applica-

tion of fertilizer (Table 5).

A slight rise in the concentration of ammonia nitrogen

was recorded on July 18 following a windy period (Fig. V).

This comparatively high reading during the pre-fertilization

period was most evident from a water sample taken in the
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Ammonia nitrogen. Surface waters at stations A, B and C

showed increases of ammonia nitrogen following each applica-

tion of fertilizer. These increases were only temporary, and

only a trace amount was noted toward the latter part of Aug—

ust, as shown by the bar graphs in Figure V. Values ranged

from a low of 0.01 to a high of 0.23 p.p.m. (Table 5).

At no time did concentrations of ammonia compounds

approach levels which are considered as toxic to fish and

other organisms. In areas of the MissisSippi River receiving

domestic sewage, values as high as 3 p.p.m. dissolved am-

monia had little effect on the fish fauna (Ellis, 1937),

depending on the pH of the water. Ellis found that ammonium

salts become more toxic in more alkaline media. He further

stated that in unpolluted natural waters having a pH range

of 7.4 to 8.5, 1.5 p.p.m. dissolved ammonia was considered

the maximal amount not suggestive of specific organic pol-

lution.

Values which were obtained for ammonia nitrogen through-

out the summer indicates that organic production in Hoffman

Lake was low. The highest reading recorded was 0.23 p.p.m.

at station C on August 3, three days after the first applica-

tion of fertilizer (Table 5).

A slight rise in the concentration of ammonia nitrogen

was recorded on July 18 following a windy period (Fig. V).

This comparatively high reading during the pre—fertilization

period was most evident from a water sample taken in the
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Figure V. Ammonia Nitrogen in P.P.N. at Stations A, B, and C,

Hoffman Lake, 1955
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shallow area at station C. It was postulated that the water

sample contained bottom detritus which was thrown into sus-

pension by wave action caused by strong, westerly winds on

that date.

Table 5. Concentrations of Ammonia Nitrogen in P.F.M. from

Stations A, B and C, Hoffman Lake, 1955

 

 

 

Stations

Date A B C

June

29 0.02 0.02 0.0a

July

7 0.02 0.02 0.02

11 0.03 0.0h 0.0h

18 0.05 0.05 0.0a

28 0.03 0.03 0.07

31* o. o. 00

August

3 0.06 0.19 0.23

6* .0 .0 0.

7 0.08 0.16 0.16

11 0.15 0.15 0.10

17 0.03 0.03 0.02

22 0.02 0.01 0.01

26 0.01 0.01 0.01

 

Fertilization dates

Phosphorus. Increases were noted in both soluble and

total phosphorus on the third day following the first ap-

plication of fertilizer. It can be seen (Fig.VI) that on

this date (August 3), there was a gradation in the concen-
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Figure VI. Total and Soluble Phosphorus in garts per Billion

at Stations A, B and C, Hoffman Lake, 1955
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tration of phosphorus from stations A to C with the greatest

concentration at station C. This is more evident in the sol-

uble fraction and shows the dispersal of phosphorus from

west to east (see map, Fig. I and Table 6). This may have

been due to the combined effects of the prevailing westerly

winds and the natural flow of water from west to east.

Table 6. Concentrations of Total and Soluble Phosphorus in

Parts per Billion at Stations A, B and C,

Hoffman Lake, 1955

 

 

Station A Station B Station 0

Date Total Soluble Total Soluble Total Soluble

 
 

 

July

7 0h 01 04 ‘ .01 06 01

11 03 01 06 01 06 02

18 08 01 06 01 07 01

28 06 01 09 01 ll 01

31* o. 00 00 oo 00 00

August

6 LO 15 50 17 51 21

7 32 13 3 11 22 10

11 3h 05 33 06 3 03

17 36 04 36 0h 28 01

22 28 06 28 OA 26 02

26 20 02 21 02 21 01

 

* Fertilization dates

After an initial rise, following the second application

of fertilizer, there was a gradual decrease in total phos—
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phorus at all three stations. The soluble fraction at sta-

tions A and B showed an initial rapid decrease and then

tapered off to pre-fertilization values. Concentrations of

soluble phosphorus at station C quickly approached levels

obtained prior to fertilization.

A decrease in soluble phosphorus is a common occurrence

in natural waters due to the rapid uptake of this element

by bottom muds and growing organisms and by chemical combina-

tion with other substances (Wiebe, 1931; Smith, 19A8; Welch,

1952; Ruttner, 1953; Coker, 195A; Nelson and Edmondson,

1955). If this is true, it explains why the soluble phos-

phorus at station C dwindled to pre-fertilization levels

if it is reasoned that: a. most of the aquatic vegetation

is located in that area, b. the large shoal area adjacent

to station G contains a greater prOportion of bottom organ-

isms and c. the shallow water enabled the bottom muds to

quickly absorb the excess phosphorus. It is assumed that

little loss occurred via the outlet because of the small

volume of water leaving the lake.

It is probable that some of the soluble phosphorus

entered into combination with calcium to form insoluble

phosphate compounds. Barrett (1953) noted that the disappear-

ance of added phosphorus from epilimnial waters was related

to alkalinity. He found that in alkalitrophic waters (excess

calcium) in which sediments were low in organic matter and

high in marl, as in Hoffman Lake, the phosphorus became
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fixed in insoluble precipitates. It is believed that some

of these precipitates remained in suspension in Hoffman Lake

due to the turbulance of the water caused by wave action

and underwater currents. This may explain why total phosphorus

analyses showed a more gradual reduction during the remainder

of the study period.

Sulfate. There was little variation in the concentration

of sulfates throughout the summer, except for a noticeable

rise three days after the first application of fertilizer.

There was just a slight increase three days after the second

application. The values obtained for sulfates (Table 7) are

in general agreement with those obtained for waters of simi—

lar chemical characteristics (Coker, l95h).

Table 7 shows not only slight variation in sulfate

values from June 21 to August 26, but also slight variation

among the three chemical sampling stations. For this reason,

the mean value for each sampling date was plotted and

presented as a line graph (Fig. VII).

The distribution of sulfates in natural waters varies

considerably. Data obtained from sulfate determinations are

presented here to show the concentration of sulfates in

Hoffman Lake during the study period.

The value of sulfate determinations lies not only as a

means for following the dispersal of the fertilizer of

which sulfate was one constituent, but also gives an indica-

tion of the productivity of the lake. Moyle (1949) found
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a relationship of sulfate salts to the distribution and sur—

vival of larger aquatic plants. Working on Minnesota lakes,

he found a paucity of aquatic vegetation in waters having a

sulfate-ion concentration below 50.0 p.p.m.

Table 7. Concentration of Sulfates in P.P.M. at Stations A,

B and C, Hoffman Lake, 1955

 

 

 

Date Station A Station B Station C

June

21 15 1A 1A

2 14 15 15

27 13 1h 13

29 13 13 1h

July

5 13 13 13

11 1h 15 1h

18 13 15 1h

25 16 15 14

31* oo oo .0

August

2 15 15 16

g 26 23 18

7 13 1h 13

9 15 16 17

ll 15 16 17

13 16 15 l5

17 15 16 14

22 16 16 16

26 16 16 16

 

* Fertilization dates
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Figure VII. Kean Concentrations of Sulfates from Stations A,

D

u and C, Hoffman Lake, 1955
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BIOLOGICAL

Plankton. It was previously stated that the initial

effect of each application of fertilizer to Hoffman Lake was

to increase the turbidity of the water. The turbid condition

had the characteristics of a plankton bloom. dicrosc0pic

examinations of water samples failed to reveal, however,

that such a bloom had taken place. To make certain that this

was true, samples were selected which coincided with low and

high turbidity, photometer and secchi disk readings, i.e.,

plankton samples which were taken before, during and follow-

ing fertilization. After failing to find any changes in the

number of planktonic organisms, it became evident that the

increase in turbidity was due to other causes. Naumann (1932),

referred to by Barrett (1953), believed that low phytoplank-

ton production in marl lakes was due to phosphorus deficiency

caused by the immobilization of this element by excessive

quantities of calcium.

In an effort to determine the nature of the flocculent

material in the plankton samples and to see whether there

was an increase in organic material following fertilization,

it became necessary to treat the samples by chemical means.

This was done by analyzing the flocculent material in selected

plankton samples for total suspended solids, volatile frac-

tion, carbonate fraction and the organic fraction. Results

of the preceding determinations substantiated the findings

of Alexander (1956) who made similar determinations the
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previous year.

There was an increase in the total suspended solids

following each application of fertilizer. After igniting

in a muffle furnace, the volatile fraction or ash-free dry

weight showed a direct relationship in p.p.m. to the total

suspended solids (Fig. VIII). The volatile fraction repre-

sents that portion of the total suspended solids consisting

of carbonates and organic matter. The loss in weight is due

to the release of carbon dioxide on heating.

In order to determine what portion of the volatile

fraction was due to organic matter, an aliquot of the same

plankton sample was treated with hydrochloric acid to dis-

solve acid soluble material. A total suspended solids deter-

mination on this acid treated sample gave the p.p.m. of

organic matter plus inorganic material. The volatile frac-

tion of this portion of the sample gave an estimate in p.p.m.

of organic matter (Fig. VIII). The actual values obtained

from the preceding determinations are tabulated in Table 8.

It must be realized that the preceding gives only a

rough estimate of the organic matter present. Plankton

samples were centrifuged and concentrated from three liters

to 50 m1. and some loss could easily have occurred. This

method does, however, give an indication of the relative

concentration of organic matter present and the final re—

sults show that fertilization had little or no effect on

organic production in the surface waters of Hoffman Lake.
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Figure VIII. Total and Acid Insoluble
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The question which now presents itself is: What caused

the increase in turbidity of the water following fertiliza-

tion? The answer to this ouestion involves a knowledge of

the chemistry of Hoffman Lake and the chemical nutrients

which were added to it.

Barrett (1953) found that the rate of disappearance

of added phosphorus from epilimnial waters was related to

alkalinity. He referred to waters as being alkalitrophic if

these had an excess of calcium and M. 0. alkalinity between

120 and 160 p.p.m. Barrett postulated that in waters low in

organic matter and high in marl, i.e., Hoffman Lake, the

phosphorus entered into combination with calcium ions to

form insoluble precipitates.

This writer believes that Foffman Lake may be regarded

as lying above the lower limit of alkalitrophy. The ferti-

lizer which was added to the lake contained a high concen-

tration of phosphorus; this element, in the presence of

excess calcium ions in the lake (which was deficient in or-

ganic matter) combined with the calcium to precipitate as

an insoluble "floc". This belief is supported by the find-

ings of Schloesing (1900) and Gessner (1939), referred to

by Barrett (1953), who demonstrated in laboratory experiments

the precipitation of phosphorus in solutions containing an

excess of calcium and believed the precipitate to be tri-

calcium phosphate. Benne, Perkins and King (1936), working

with farm soils, found a maximum precipitation of phosphorus
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in the presence of calcium ions at a pH value of 7.5 and

over.

The phosphorus results lend support to the preceding

explanations. Following the addition of fertilizer, the

soluble phosphorus first increased and then rapidly de—

creased to approach pre-fertilization values. This suggests

that the phosphorus and calcium ions combined to form a

flocculent compound resulting in an increase in turbidity.

The total phosphorus, however, decreased more gradually

since this determination included that of the original sol-

uble form which combined with the calcium.

Periphyton. There was an increase in the production of

periphyton following the addition of fertilizer to Hoffman

Lake. This increase was observed both visually and by quanti-

tative measurements. It was assumed that the increase was a

direct result of the added nutrients contained in the ferti—

lizer since rapid growth Of periphyton was noted three days

after the first application.

Prior to fertilization, filamentous algae were ex-

tremely scarce and were observed only in widely scattered

patches on the shoal areas. Within a few days following the

first application, long strands had developed on a variety

of submerged objects and were especially conspicuous in the

vicinity of the outlet. This may indicate that some of the

nutrient material had been carried down the West Branch of

the Sturgeon River.
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In terms of mean "Harvey units", the development of

chlorophyll within the periphyton complex showed a twofold

and threefold increase on the shingles and bricks, respec-

tively, following fertilization. To see whether these dif—

ferences were significant, an analysis of variance deter-

mination was made to test the null hypothesis that fertili-

zation had no effect on the production of chlorOphyll. Due

to losses, 12 pairs of shingles and h pairs of bricks were

used for making the final analyses. Table 9 shows the re-

sults obtained from the analyses of variance determinations

for both shingles and bricks.

Table 9. Analysis of Variance to determine whether Signifi-

cant Differences in the Concentration of

Chlorophyll existed Between and Among

Pairs of Shingles and Bricks

 

 

g

* Difference significant

Source of Degrees of Sum of Mean "F"

Variability Freedom Squares Square Ratio

Shingles

Total 23 2229.5

Between pairs 1 376.1 376.1 5.9*

Among pairs 11 1156.0 105.1 1.7

Error 11 697.h 63.h

Bricks

Total 7 708.7

'Between pairs 1 586.5 586.5 27.2*

Among pairs 3 57.3 19.1 0.9

Error 3 6h.8 21.6
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The final analyses show that there were significant

statistical differences between pairs of shingles and bricks.

This means that there was an increase in the amount of

measureable chlorophyll pigments following fertilization

and thus lends support to the theory that the addition of

fertilizer increased the production of periphyton in Hoffman

Lake. The analyses also show that there was no evidence of

differences among pairs of shingles and bricks which indic-

ates a uniform increase in periphyton following fertilization.

Gumtow (1955) found that an increase in periphyton may

be correlated with maximum water temperatures and low tur-

bidity. The fact that water temperatures in Hoffman Lake

remained nearly constant during each 30 day period during

which time periphyton was sampled eliminated this factor

as being responsible for the increase in periphyton follow-

ing fertilization. The effects of turbidity must be dis-

regarded since increases in periphyton were noted at a time

when turbidity increased due to fertilization; actually, the

increase in turbidity was probably negligible in reducing

radiant energy in the shallow water at station C.

These findings may be interpreted as being further

evidence that the increase in periphyton was the direct re-

sult of fertilization. Just what constituents in the ferti-

lizer were responsible for the increase is not known.

Bottom organisms. In contrast to other non-marl, warm-
 

'ater lakes, the bottom fauna in Hoffman Lake consisted of



relatively few species which were present in limited num-

bers. Two species of burrowing mayflies, (Ephemera simulans
 

and Hexagenia limbata) belonging to the family Ephemeridae,

showed up most frequently in the samples. The combined num—

ber of these two species collected at stations 1 and 2 com-

prised 93 percent of the total (Fig. IX). Midge larvae

(Tendipedidae) were next in order of abundance while the re-

mainder consisted of dragonfly nymphs, alderfly larvae and

one biting midge larva. The quantitative and qualitative

results from Ekman dredge samples during the summer of 1955

are tabulated in Table 10. The results show that benthic

animals are more numerous in the shallower waters at station

2 (3 feet) as compared to the deeper water at station 1 (5

feet).

It can be seen from the graph (Fig. IX) that of the

two sampling stations, §;_1imbata mayflies were almost en-

tirely restricted to the deeper water at station 1. Lyman

(1943)noted that lake dwelling species of Hexagenia nymphs
 

are inhabitors of soft substrates and are limited to the

deeper-water areas in which wave action is minimized. It was

not known whether the substrates at stations 1 and 2 differ-

ed but environmental conditions at station 1 seemed more

favorable to E; limbata nymphs. The substrate at station 2

was under the influence of considerable wave action which

favored the distribution of §;_simulans (Burks, 1953).

Volumetric determinations were made for each Ekman
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Table IX. The Percentage Composition of Bottom Organisms

at Stations 1 and 2, Hoffman Lake, 1955
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dredge sample and recorded to the nearest five-hundredth of

a milliliter (Table 11). In some of the samples, organisms

were so few in numbers that their volumes were not measur-

able. For this reason, the combined total number and volume

collected at stations 1 and 2 was utilized to determine the

number and volume per square foot of area sampled (Table 12).

The data presented in the preceding table indicates

that the emergence of mayfly nymphs had occurred prior to

July 15. The evidence for this reasoning is indicated by a

drop in volume and a corresponding drop in numbers between

July 8 and July 15. As the numbers began to increase between

July 15 and July 22, the volume continued to decrease which

suggests that newly hatched nymphs began to appear. The fact

that these newly hatched nymphs contributed little to the

volume explains why an increase in number did not show a

corresponding increase in volume. According to Hunt (1951),

burrowing mayfly eggs will hatch in 11 to 1h days at tempera-

tures ranging from 750 to 95° Fahrenheit, following egg

fertilization. Since the water temperature in Hoffman Lake

fell within this range, the first emergence date was esti-

mated to be around July A. Figure X is presented to give a

clearer picture of the weekly variations in number and vol-

ume per square foot.

A knowledge of the approximate emergence date is neces-

sary in order to distinguish between the two yearly genera—

tions and to determine the instantaneous rates of growth and
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mortality for a given species. To determine the natural

instantaneous rates of growth and mortality with any degree

Table 12. Total Number and Volume of Bottom Organisms from

Stations 1 and 2

 

 

Total Number Number per Total Volume Volume (ml.

 

 

Date of Organisms Square Foot of Organisms per Square

(m1.) Foot)

June

24 67 13.4 1.20 0.2h

July

1 70 14.0 1.90 0.38

8 88 17.6 2.30 0.h6

15 68 13.6 1.90 0.38

22 90 18.0 1.35 0.27

29 290 58.0 2.55 0.51

August

5 295 59.0 2.95 0.59

12 327 65.h 4.70 0.9h

19 270 54.0 h.80 0.96

26 Egg 44.8 4.70 0.95

Total 1789 35.8* 28.35 0.57*

* Average

of accuracy, it is necessary that predation on that species

be at a minimum. Leonard (19h?) pointed out that the com-

paratively deep burrowing activities of Ephemera simulans
 

nymphs to a large degree prevented this species from falling

prey to predation. For this reason, and also because of the

 

fact that g; simulans nymphs made up over 80 percent of the

total number of bottom organisms sampled, yearly life cycles
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Figure X. Weekly Variations in Number and Volume of Bottom

Organisms per Square Foot at Stations 1 and 2,1

Hoffman Lake, 1955  
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(generations) and the instantaneous rates of growth and

mortality were determined for this species.

 

Two generations of E; simulans were observed during the

summer of 1955. All those sampled prior to July 15 belonged

to the 1954-55 generation. The first appearance of the 1955-

56 generation was noted on July 15. Since g; Simulans has an
 

annual life cycle (Leonard, op. cit.), it was estimated that

the emergence period continued until August 12 and nymphs

which appeared after that date represented the 1955-56

generation. Figure XI, which shows the weekly size distribu-

tion of g; simulans nymphs in the form of histograms, was.

the basis for determining the occurrence of the two genera-

tions. Instantaneous rates of growth and mortality were

determined from weekly size and frequency distributions (Fig.

XI and Table 13).

For the l95h-55 generation, the instantaneous rate of

mortality was -O.l7h per week. This value represents the

natural logarithm of the ratio of the number of §;_simulans

present at a particular time to those present a week pre-

viously (Fig. XII). The natural logarithm of the mean length

for one week to the mean length observed the previous week

gave the linear instantaneous rate of growth per week. This

growth rate was determined from mean lengths plotted on

semirlogarithm paper (Fig. XII) and had a value of +0.039.

Multiplying this value by 3 (cube law relationship between

length and weight) gives +0.117, which constitutes the



Figure XI. Histograms showing Weekly dize (Length) Distri-

butions of Ephemera simulans H‘aphs in

Tenths of an Inch
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gravimetric instantaneous growth rate per week for the 195h-

55 generation.

Similar procedures were followed for obtaining instan-

taneous rates of mortality and growth for the 1955-56 genera-

tion. These were ~0.189 and +0.L95 per week, respectively;

the latter figure being the gravimetric growth rate. The rate

Table 13. The Number and Mean Length of Ephemera simulans
 

Nymphs used for determining Instantaneous Rates

of Hortality and Growth

 

 

 
 

 

1950-55 Generation 1955-56 Generation

Date Number Kean length Number Mean 1en th

(inches (inches?

June

21} [41+ Oohg co. 0...

July

1 55 0.h8 ... ....

8 77 0.51 ... ....

15 46 0.53 ... ....

22 38 0.51 ... ....

29 32 0.56 193 0.20

August

5 .. .... 216 0.27

12 .. .... 268 0.32

19 .. .... 224 0.38

26 .. .... 178 O.h0

 

of mortality was determined from the descending right limb

of the catch curve (Fig. XII). The dotted line represents

the ascending left limb which is a typical characteristic of
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Figure XII. The Number and Kean Length for two Generations

of Ephemera simulans, Hoffman Lake, 1955
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a catch curve. It indicates the escapement of extremely

small individuals, probably during the screening process.

The frequency distribution for each size class of g; gimp;_

lans nymphs and the weekly totals are shown in Table 14.

Table 14. Frequency Distribution for each Size Class of

‘EL simulans nymphs, Hoffman Lake, 1955

 

 

. Tenths of an inch

Date 0.1 0.2 0.3 0.4 0.5 0.6 0.7 Total

 

June

2t} .00 co. 2 6 28 8 000 LI'LI’

July

l .0. 0.. 3 9 37 6 0.. 55

8 000 00. l 10 50 l6 0.. 77

15 ... '1 ... 5 20 18 3 47

22 9 24 3 8 19 10 1 74

29 28 134 27 4 16 15 1 225

August

5 30 79 45 41 43 19 l 258

12 2 36 134 82 l4 l9 4 291

19 l 15 77 85 31 12 3 224

26 ... 12 35 84 32 13 2 178

 

Instantaneous rates of mortality and growth gave rough

estimates since it was necessary to arbitrarily select the

dividing line between the two generations. This was done by

comparing the frequency of the weekly size distributions,

as shown by the histograms in Figure XI and the actual num—

bers recorded in Table 14. For example, on July 15, all but

one out of a total of 47 specimens were placed in the 195A-
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55 generation. The one exception measured 0.2 inches and the

occurrence of this small size class undoubtedly represented

the new (1955-f6) generation. Using this procedure, the num-

ber and mean lengths for each generation were determined.

The use of instantaneous rates in the present study

provides a means for noting what effects, if any, the addi-

tion of nutrients had on the growth of a particular species.

To facilitate studies of instantaneous rates, the preceding

determinations are grouped as follows:

Generations

1954-55 1955-56

Gravimetric

instantaneous

rate of growth +0.11? +0.495

Instantaneous rate

of mortality -0.17h -0.189

It can be seen that the rate of growth for the 1955-56

generation increased considerably over that of the 1954—55

generation. Since the 1955-56 generation was sampled after

fertilization, it would seem that the addition of nutrients

accelerated the growth rate. However, it is known that a

faster growth rate is common for the young of most animals

and for this reason the effects of the fertilizer added in

1955 was not known. In order to determine if fertilization

had any effect on the growth rate, it was necessary to com-

Ififire the growth rates of two identical generations, one of

Ldiich had not been exposed to added nutrients. Identical
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here means generations which occur during a specific part

of a season, such as I. simulans nymphs prior to emergence.

r1

eomparisons of two identical generations was possible since

data was available from the previous year's study of instan—

taneous rates of growth.

Alexander (1956) determined instantaneous rates of

growth from samples collected in l95h. The gravimetric

instantaneous growth rate for the 1953-54 generation, as

determined by Alexander, was +0.073 per week. This genera-

tion was sampled prior to any fertil'zation of Hoffman Lake.

By comparing +0.073 to +0.117, it can be seen that the growth

rate almost doubled the second year. The significance of

this finding lies in the fact that the higher instantaneous

growth rate was observed after Hoffman Lake was fertilized

for the first time. It seems justifiable to conclude that

the increase in the growth rrte was due to fertilization

since all other measured factors remained relatively con-

stant.

An increase in the rate of growth was also indicated

by the earlier emergence period of §;_pigplep§ during 1955.

Hewly hatched nymphs first ampeared on July 15, whereas in

1954 they were first observed on August 6 (Alexander, 1956).

These dates show that emergence had occurred 22 days earlier

in 1955 as compared to 1954. If it is assumed that the one-

year-effects of fertilization enhanced the growth rate of

§;_simulans nymphs from one year to the next, the earlier



emergence in l?55 may have been due to the shorter period

reouired to reach "emergence size”. The mean size at emer-

gence was essentially the same both years. The effects of

water temperatures were disregarded because they were near—

ly the same both years.

If it is true that fertilization enhanced the growth

rate of §;_simu1ans nymphs, just what ingredients within

the fertilizer initiated the increased growth rate are not

known. The very low concentration of phosphorus in the sur-

face waters and the immobilization of this element by cal-

cium suggests that phosphorus was the limiting factor in

Hoffman Lake. A knowledge of bottom muds as regards the ex-

change of phosphorus ions may explain to what extent this

element is available for organic production. Heeper and

Elliott (1953) suggest that a regeneration of phosphorus

takes place at the surface of bottom muds and involves the

action of bacteria. This is significant because it was

thought that phosphorus added to Hoffman Lake was precipi-

tated to the bottom by the action of calcium.

The fact that there was no plankton bloom in Hoffman

Lake following fertilization does not necessarily mean that

organic production did not increase. heehean (1933) and

Wiebe (1935) found that phytoplankton production was not

absolutely essential to the food cycle in an aquatic en—

vironment. They found evidences which indicated that many

microorganisms, such as bacteria and microcrustaceans, uti-
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lize phosphorus directly. These microorganisms are then fed

on by ZOOplankton which in turn are fed on by bottom organ-

isms and fingerling fish, completing the food cycle in the

absence of phytoplankton organisms. These latter conclusions

are only hypotheses which have yet to be proven, but they

offer an explanation of how increased production could take

place, as was indicated by instantaneous growth rate studies.

Eigh. Four species of game and pan fish and one coarse

species were sampled during the summer of 1955. The primary

objectives were to study the growth attained by fish of the

different age groups and also to gain some information of

the length-weight relationship for each species. The effects

of fertilization on growth and the length-weight relation—

ship were sought on the basis of data compiled for two con-

secutive years (1954 and 1955) since not much information

was expected during the short interval of time following the

1955 application. This enabled comparable studies to be made

'following one full year's effects of fertilization to Hoff-

man Lake. The initial application of fertilizer to the lake

was made in 1954 (Alexander, 1956).

The five species of fish sampled were rock bass, large-

mouth bass, common sucker, common sunfish and yellow perch.

No studies were made of the total number present for any of

the species but it is believed that these population densi-

ties were below normal. Age determinations were made from

scale samples. Each fish was measured for total length (inches)
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and weighed (grams) at time of capture. All fish were marked

by removing the anal fin, then released. Kean lengths and

weights of the five species of fish are shown in Tables 15,

17, 19, 21 and 23; instantaneous rates of growth for each

species are shown in Tables 16, 18, 20, 22 and 2h.

Instantaneous rates of growth were determined for the

last complete year's growth for each species. The computa—

tions were as follows:

L

Instantaneous rate of growth (linear): ln :3

l

Instantaneous rate of growth (gravimetric): 1n 3%,X n

where,

.
.
.
;

5

ll

natural logarithm

L
"

M

II length of fish at last annulus

L
" N

1 length of fish at next to last annulus

a constant, derived as the exponent of the:
5 ll

length-weight relationship, W = an

Studies made for 76 rock bass revealed that growth was

extremely slow. Rock bass which had entered their ninth

growing season had a mean length and weight of 7.6 inches

and 142.3 grams, respectively, as compared to the Michigan

average of 9.9 inches and 312 grams (Beckman, l9h9). The

sizes attained by the different age groups and the annual

increment growths of rock bass sampled during the summers of

195A and 1955 are tabulated in Table 15 and the instantaneous
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rates of growth in Table 16. There appears to be small but

consistent increases in instantaneous growth rates the sec-

ond year (1955). The computed length-weight relationship was

ln W = -0.6367 + 2.7113 ln L (1n = natural logarithm), the

graphical representation of which appears in Figure XIII.

Table 16. Mean Instantaneous Rates of Growth for Rock Bass,

195h and 1955

 

 

 

 

Rate of Rate of

Age Number growth growth

Group of fish (linear) (gravimetric)

i Standard 1 Standard

1954 1955 195h 1955 l95h deviation 1955 deviation

IV 2 h 0.29 0.36 0.78 0.120 0.91 0.109

VI 32 16 0.12 0.22 0.33 0.085 0.58 0.177

VII 26 22 0.10 0.16 0.27 0.066 0.43 0.133

VIII‘ 10 16 0.09 0.12 0.2h 0.077 0.28 0.107

IX 10 8 0.08 0.10 0.22 0.050 0.26 0.102

x 3 to 0008 0000 0020 00033 0000 on...

 

Largemouth bass in Hoffman Lake were in excellent con-

dition, as judged from age and growth studies. Comparable

data compiled by Beckman (l9h9) and Carlander (1953) showed

growth here to be slightly above the averages exhibited by

these authors for each age group. A total of 53 bass were

captured during the summer and scale samples disclosed that

Age Groups II, III, IV and VI were represented. Lengths and

weights which were attained by the various age groups and
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Figure XIII. The Length-weight Relationship of the Rock Bass.

Curve A represents Actual Values; Curve B

represents the Log-log Transformation
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annual increment growths of bass captured during 1954 and

1955 are shown in Table 17. Instantaneous rates of growth

are shown in Table 18. While the Age Group II fish seem to

have grown faster the second year, the older fish show no

evidence of increased growth rate. The computed length-weight

relationship was In W = -1.7215 + 3.1020 1n L and is shown

graphically in Figure XIV.

The common sucker showed the poorest growth of the five

species sampled. Comparable weight data were not available

for this species but fish of the different age groups were

consistently shorter than those of identical age groups in

tables compiled by Carlander (1953). Eighty-four suckers

were captured during the study period and successful capture

was obtained only by setting traps in the deepest depressions

in the lake. It was not known to what extent suckers remain-

ed in these depressions although it is believed that they

must have ventured to shallower areas at night in search of

food.

Almost every sucker taken from Hoffman Lake had a head

which was disproportionate to the rest of its body. Immediate-

ly posterior to the head region, there was an abrupt narrow-

ness which extended backwards to the unusually slender pe-

duncle. The outward appearance of these fish was indicative

of the effects of undernourishment. This condition may have

been the result of : l. A scarce food supply, 2. An unavail-

able food supply, due to the hard, marl substrate, 3. Un-
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favorable environmental conditions, such as an extremely long

winter and A. A combination of these factors.

Table 18. Mean Instantaneous Rates of Growth for Largemouth

Bass, 195A and 1955

 

 

 

Rate of Rate of

Age Number growth growth

Group of fish (linear) (gravimetric)

1 Standard 1 Standard

l95h 1955 195A 1955 195h deviation 1955 deviation

II 23 9 0.7h 1.08 2.hl O.h69 3.36 O.h32

 

III 15 30 0.h0 0.37 1.32 0.190 1.22 0.384

IV 7 2 0.20 0.19 0.65 0.076 0.56 0.106

V 8 o. 0.17 00.0 0.56 0.125 0000 .0000

VI 2 3 0.15 0.13 0.h8 0.017 0.h0 0.336

VII 1 o. 0.10 .000 0033 so... .000 00000

VIII 1 oo 0.08 000. 0.26 00000 000. 00.00

 

Table 19 shows the lengths and weights and annual in-

crements for each age group of suckers from Hoffman Lake

captured in 1954 and 1955. The data show a peculiar situa-

tion in that fish of the same age in the younger, 1955 age

groups were lighter, wheras fish of the same age in the older

age groups were heavier than those sampled in 1954. The

instantaneous rates of growth (Table 20) show an increased

rate of growth for all ages of suckers sampled in 1955 as

compared to those of 195h. These increased rates of growth

are especially evident in the younger age groups.

The computed length-weight relationship for suckers
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Figure XIV. The Length-weight Relationship of the Largemouth

Bass. Curve A represents Actual Values; Curve B

represents the Log-log Transformation
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sampled in 1955 was 1n W = -l.6995 + 2.9183 In L and is

shown graphically in Figure XV.

Table 20. Mean Instantaneous Rates of Growth for Common

Suckers, 1954 and 1955

 

 

 

 

Rate of Rate of

Age Number growth growth

Group of fish (linear) (gravimetric)

i Standard 3 Standard

195A 1955 195A 1955 l95h deviation 1955 deviation

III 7 21 0. 3h 0. A3 0.81 0.167 1.23 0.323

IV 13 25 0. 20 0.26 0.h7 0.115 0.7h 0.127

V 38 21 0.16 0.18 0.38 0.069 0.52 0.103

VI 8 11 0.11 0.12 0.26 0.017 0.36 0.069

VII h 5 0.10 0.10 0.25 0.029 0.30 0.085

 

The species which occurred most frequently during

sampling operations was the common sunfish. It is believed

that this was a disproportionate representation due to the

Wide ranging habit of this species since recaptures were a

common occurrence. Age Groups II through VIII were repre-

sented in the samples and comparable data revealed that

,growth was near average for Michigan lakes (Beckman, 1949).

Growths attained by the various age groups and annual incre-

rnent growths of sunfish sampled during 195h and 1955 are

Ilisted in Table 21. Variations in lengths and weights for

'the two years were slight for all age groups.

Instantaneous rates of growth for sunfish, by age
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Figure XV. The Length-weight Relationship of the Common

Sucker. Curve A represents Actual Values;

Curve B represents the Log-log

Transformation
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groups, for 1954 and 1955 are shown in Table 22. The data

reveal that for all ages there was a decrease in the rate of

growth the second year (1955) as compared to the previous

year.

Table 22. Mean Instantaneous Rates of Growth for Common

Sunfish, 1954 and 1955

 

 

 

 

Rate of Rate of

Age Number growth growth

Group of fish (linear) (gravimetric)

: Standard . 1 Standard

1954 1955 1954 1955 1954 deviation 1955 deviation

II o. 8 .000 0051 0000 on... loéh 00169

III 8 13 0.39 0.28 1.22 0.393 0.90 0.266

IV 12 13 0.18 0.17 0.55 0.132 0.54 0.083

V 38 29 0.16 0.12 0.49 0.103 0.39 0.071

VI 37 28 0.13 0.09 0.41 0.074 0.28 0.060

VII 7 10 0.09 0.05 0.27 0.047 0.17 0.034

VIII 0. 2 O... 0.05 .... 0.... 0.16 0.000

 

The length-weight relationship for the 1955 samples was

computed to be 1n W = -l.5133 + 3.2238 1n L and is shown

graphically in Figure XVI.

There were 66 yellow perch sampled during the summer of

.1955. Compared to data compiled by Carlander (1953), the

zabsolute growths of the younger age groups of yellow perch

Isaken from Hoffman Lake (Table 23) indicate that growth was

:slow. A typical example is shown by Age Group III. The aver-

éige length and weight of this age group from Hoffman Lake
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Figure XVI. The Length-weight Relationship of the Common

Sunfish. Curve A represents Actual Values;

Curve B represents the Log-log

Transformation
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was 5.1 inches and 21.2 grams, respectively. Carlander (op.

cit.) found that similar lengths and weights were attained

by Age Group II but Beckman (1949) observed that yellow perch

in Michigan exhibited slower growth when compared to those

sampled from neighboring states.

Perch of Age Group V had attained a size which was con-

sidered normal for Michigan lakes (Beckman, op. cit.), but

only five out of a total of 66 perch sampled fell within

this age group. It is believed that once these fish had at-

tained a size which enabled them to compete successfully

with largemouth bass for forage fish, growth proceeded at a

normal rate.

Instantaneous rates of growth (Table 24) seems to indi—

cate a slight increased rate of growth the second year (1955)

Table 24. Mean Instantaneous Rates of Growth for Yellow

Perch, 1954 and 1955

A

 

Rate of Rate of

Age Number growth growth

Group of fish (linear) (gravimetric)

i Standard 1 Standard

1954 1955 1954 1955 1954 deviation 1955 deviation

II 46 23 0.43 0.45 1.32 0.317 1.38 0.381

 

III 28 24 0.26 0.29 0.79 0.197 0.91 0.153

IV 13 13 0.21 0.18 0.64 0.116 0.54 0.109

V 4 5 0.19 0.13 0.58 0.095 0.40 0.095

VI 1 1 0.17 0.10 0.52 ..... 0.32 .....

 



94

for perch of Age Groups II and III, whereas for Age Groups

IV through VI there was a slight decrease in the rate of

growth.

The computed length-weight relationship of yellow perch

sampled in 1955 was 1n W = -l.9729 + 3.0829 ln L. This re-

lationship is shown graphically in Figure XVII.

In order to gain a better understanding of the length-

weight relationship for each species, a covariance analysis

(regression analysis) following SnedeCor (1956) was carried

out to test whether changes in the length-weight relation-

ship (W = an) occurred from year to year.Comparisons based

on the length-weight relationship are complicated by the

fact that the relationship is based on two different kinds

of measurement of growth : l. The exponent n (the slope in

the logarithmic form of W = an) measures the proportional

increase in weight with an increase in length and 2. The

position of the line measures the relative weight at a given

length.

In essence, the test is a method for determining if a

real difference, either in slope or in position (elevation

or mean value), existed between the relationships for the

two years (1954 and 1955) for each species. Figure XVIII,

for example, shows the plotted (natural) logarithmic length-

weight relationships for the yellow perch sampled during

1954 and 1955. A covariance analysis (Table 29) tests first,

whether the two lines differ to a statistically important
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Figure XVII. The Length-weight Relationship of the Yellow

Perch. Curve A represents Actual Values;

Curve B represents the Log-log

Transformation
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Figure XVIII. Relationship between Lengths and Weights of

Yellow Perch from Hoffman Lake,

1954 and 1955
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degree, second, if they do differ, whether the difference is

in the slopes of the lines regardless of positions, and

third, if there is no appreciable difference in slope,

whether the difference is in position. Each part of the test

poses a question, the answer to which is dependent on the

outcome of the "F" value.

Tables 25, 26, 27, 28 and 29 show the results of the

covariance analyses for five species of fish sampled in

Hoffman Lake during 1954 and 1955. Final results showed a

highly significant difference in n values for only one spe-

cies, the common sucker (Table 27). Since the mean values

were approximately the same, there existed the interesting

situation that shorter fish were lighter and longer fish

heavier in 1955 than in 1954. Any attempt to correlate this

difference with fertilization would be largely conjectural

at present.

Of special interest is a comparison of relative weights

for each species at a given length from one year to the next,

based on the position of the two regression lines. The dif-

ference between these two weights at a given length gives

the relative change in weight over all members of the spe-

cies from one year to the next when the regression lines

have the same slope. In order to make such a comparison,r

the adjusted mean log weights for each species mu5t5fIrst

be obtained, as follows : .f

a
‘
f

I

\_ ....
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.
O
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1
Table 25. Covariance Analysis of In Length-1n Weight Rela-

tionship in Rock Bass from Hoffman Lake, 1954 and

 

 

 
 
 

1955

Source of Variation Degrees of Freedom Sum of Mean

Squares Square

Total 174 27.1978

Due to general -

regression 1 25.4481 25.4481

Deviations from

general regression 173 1.7497 0.0101

a. Can one regression line be used for all observations ?

Gain from two separate

regressions over

general regression 2 0.0214\ 0.0107

Deviations from separate

regressions 171 1.7283 0.0101

("F" = 1.06, answer is yes)

1 natural logarithm

Adjusted mean log weight (1954) = Y1954 - b(il954 - iTotal)

Adjusted mean log weight (1955) Y1955 — b(Xi955 - iTotal)

where,

‘fl954 = mean log weight of 1954 samples

Y1955 = mean log weight of 1955 samples

21954 = mean log length of 1954 samples

E1955 = mean log length of 1955 samples

iTotal‘ mean log length of 1954 + 1955 samples

b = common slape (n) of 1954 + 1955 samples

Using the pertinent values from Table 30, the adjusted mean
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Table 26. Covariance Analysis of In1 Length-1n Weight Rela-

tionship in Largemouth Bass from Hoffman Lake,

1954 and 1955

 

 

   

Source of Variation Degrees of Freedom Sum of Mean

Squares Square

Total 109 63.2280

Due to general

regression 1 61.4414 61.4414

Deviations from

general regression 108 1.7866 0.0165

a. Can one regression line be used for all observations ?

Gain from two separate

regressions over

general regression 2 0.1398 0.0699

Deviations from separate

regressions 106 1.6468 0.0155

("F" = 4.51% answer is no)

b. Can a common slope be used for the separate regression

lines ?

Deviations about lines

with common slope but

fitted through mean of

each set of data 107 1.6868 0.0157

Further gains from fitting

separate regressions

(difference between

slopes) 1 0.0400 0.0400

Deviations about separate

regressions 106 1.6468 0.0155

("F" = 2.58, answer is yes)

c. Can one mean be used for the separate regression lines ?

Gains from lines through

each mean, with common

slope, compared to

general regression 1 0.0998 0.0998

Deviations about lines

with common lepe 107 1.6868 0.0157

("F" = 6.35*, answer is no)

 

1 natural logarithm
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Table 27. Covariance Analysis of 1nl Length-1n Weight Rela-

tionship in Common Suckers from Hoffman Lake,

1954 and 1955

 

 

   

Source of Variation Degrees of Freedom Sum of Mean

Squares Square

Total 133 14.9083

Due to general

regression 1 13.7170 13.7170

Deviations from

general regression 132 1.1913 0.0090

a. Can one regression line be used for all observations ?

Gain from two separate

regressions over

general regression 2 0.1443 0.0722

Deviations from separate

regressions 130 1.0470 0.0081

("F" = 8.91**, answer is no)

b. Can a common slope be used for the separate regression

lines ?

Deviations about lines

with common slope but

fitted through mean of -

each set of data 131 1.1668 0.0089

Further gains from fitting

separate regressions

(difference between

slopes) 1 0.1198 0.1198

Deviations about separate

regressions 130 1.0470 0.0081

("F" = l4.79**, answer is no)

 

1 natural logarithm
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Table 28. Covariance Analysis of In1 Length-1n Weight Rela-

tionship in Common Sunfish from Hoffman Lake,

1954 and 1955

 

 

 
 

 

Source of Variation Degrees of Freedom Sum of Mean

Squares Square

Total 202 30.4989

Due to general

regression 1 29.1167 29.1167

Deviations from

general regression 201 1.3822 0.0068

a. Can one regression line be used for all observations ?

Gain from two separate

regressions over

general regression 2 0.0510 0.0255

Deviations from separate

regressions 199 1.3312 0.0067

("F" = 3,81*, answer is no)

b. Can a common slope be used for the separate regression

lines ?

Deviations about lines

with common lepe but

fitted through mean of

each set of data 200 1.3362 0.0067

Further gains from fitting

separate regressions

(difference between

slopes) | 1 0.0050 0.0050

Deviations about separate

regressions _199 1.3312 0.0067

("F" = 1.34, answer is yes)

c. Can one mean be used for the separate regression lines ?

Gains from lines through

each mean, with common

slope, compared to

general regression 1 0.0460 0.0460

Deviations about lines

with common slope 200 1.3362 0.0067

("F" = 6,86**, answer is no)

 

1 natural logarithm



104

Table 29. Covariance Analysis of 1n1 Length-1n Weight Rela-

tionship in Yellow Perch from Hoffman Lake,

1954 and 1955

 

 

 

 

 

Source of Variation Degrees of Freedom Sum of Mean

Squares Square

Total 165 62.4547

Due to general

regression 1 58.8613 58.8613

Deviations from

general regression 164 3.7546 0.0229

a. Can one regression line be used for all observations ?

Gain from two separate

regressions over

general regression. ‘2 0.7071 0.3536

Deviations from separate

regressions 162 3.0475 0.0188

("F" = 18,81**, answer is n0)

b. Can a common slope be used for the separate regression

lines ?

Deviations about lines

with common slope but

fitted through mean of

each set of data 163 3.0481 0.0187

Further gains from fitting

separate regressions

(difference between

slopes) 1 0.0006 0.0006

Deviations about separate

regressions 162 3.0475 0.0188

("F" = 0.03, answer is yes)

c. Can one mean be used for the separate regression lines ?

Gains from lines through

each mean, with common

slope, compared to

general regression 1 0.7065 0.7065

Deviations about lines

with common slope 163 3.0481 0.0187

("F" = 37,78**, answer is no)

1 natural logarithm
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log weights for each species have been computed (Table 31)

to derive the difference from 1954 to 1955. It can be seen

in Table 31 that three species showed a loss in weight at a

given length the second year, but only two of these differ-

ences were significant. The yellow perch showed a highly

significant gain in 1955 over 1954. The value obtained for

the common sucker has no meaning, for since in this species

the two lines were shown to differ in slope, the relative

difference in weight from year to year would vary with the

length at which the comparison was made. The situation with

the other species, however, is in contrast to that found

for the sucker in that the relative change in weight was

constant over all lengths.

The antilog of the difference yields the percentage

loss or gain from one year to the next. For example, the

antilog of the difference for the yellow perch (antilog

+ 0.10) was 1.10, meaning that there was a 10 percent in-

crease in weight at any given length for this species in

1955 over 1954.

It is not known to what extent fertilization produced

changes in the weight of the various species. It is inter-

esting to note (Table 31) that a decrease in weight at a

given length was noted for the three centrarchids in Hoffman

Lake (although the decrease for the rock bass was not sig-

nificant). 0n the other hand, the yellow perch showed a 10

percent increase in this weight over the same period. This
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suggests that here the yellow perch exhibited better physio-

logical adjustments to certain environmental changes, but it

Table 30. Comparisons of Mean 1n Weights and Lengths and 2

Values for Five Species of Fish from Hoffman Lake,

1954 and 1955

 

 

   

 

Mean 1n Mean 1n

Species Weights Lengths Slope (Q value)

1954 1955 1954 1955 1954 1955

Rock bass 4.2 4.31 1.80 1.82 2.66 2.71

Large. bass 5. 82 5.42 2.41 2.30 3.28 3.10

Sucker 5.48 5.49 2.46 2.46 2.39 2.92**

Sunfish 4. 26 4.14 1.78 1.75 3.14 3.22

Perch 2. 80 3.15 1.58 1.66 3.08 3.08

 

as Difference highly significant, see Table 27.

Table 31. Adjusted Mean 1n Weights of Fish from Hoffman Lake,

1954 and 1955

 

 

Adjusted Mean Difference Between

   

 

Species ln Weights Mean 1n Weights Antilog

(1954 and 1955) Difference

1954 1955

Rock bass 4. 29 4.28 -0.01 0.99

Large. bass 5. 66 5.61 -0.05* 0.95

Sucker 5. 51 5.52 .... ....

Sunfish 42 4.17 -0.03** 0.97

Perch 2. 89 2.99 +0.10** 1.10

 

* Difference significant, see Table 26.

** Difference highly significant, see Tables 28 and 29.
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is not clear whether these changes were related to fertili-

zation. If it is argued that fertilization increased the food

supply in Hoffman Lake, an increase in the weight of yellow

perch may have been due to some favorable balance in compe-

tition with other species for the available food supply.
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CONCLUSION

The results of the present investigation showed in-

creases in the growth of some organisms following fertiliza-

tion. Increases in instantaneous rates of growth were ob-

served for the burrowing mayfly, Ephemera simulans, and the
 

common sucker, Catostomus commersonnii. A study of the length-
 

weight relationship for the yellow perch disclosed that the

one—yearueffects of fertilization to Hoffman Lake apparently

produced a 10 percent increase in weight at a given length

for this species. The results of chlorOphyll extractions

from periphyton samples revealed that the addition of nu-

trients apparently accelerated the production of this com-

ponent of the biota.

The difficulty of the present problem lies in trying

to determine to what extent these observed changes in or-

ganic production were a direct result of fertilization. How-

ever, the fact that changes were noted in some of the phy-

sical and chemical, as well as biological, characteristics

of the lake following fertilization is noteworthy.

The increased rate of growth observed for the common

sucker probably was tied in with the increased production

of periphyton. Stewart (1926) observed that part of the

periphyton complex is utilized for food by the sucker. Thus,

the sucker is able to subsist on organismsfound nearer the

base of the food chain.

The yellow perch exhibited a 10 percent increase in
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weight at a given length in 1955 over 1954. Why this species

gained in weight but not in length is difficult to explain.

During the summer of 1955, the greatest portion of the perch

was sampled during the latter part of the summer and the

possibility exists that at that period the deposition of fat

occurred rather than an increase in length.

There was no change in the length-weight relationship

for any of the fish species except the common sucker. Two

species, the common sunfish and the largemouth bass, de—

creased in weight at a given length. It is hypothesized

that the decrease in weight for these two species may have

been due to 1. An increase in the size of the population

with resulting increased competition for available food,

2. An increase in the size of food organisms, thus making

them unavailable to the fish and 3. "Normal" fluctuations

in the legth-weight relationship due to undetermined in-

fluences.

The failure of plankton organisms to increase follow-

ing fertilization is believed to have been due to the excess

calcium present in the water. Since very low concentrations

of phosphorus existed in the surface waters of Hoffman Lake,

it is believed that this element constituted an important

factor which limited the production of plankton organisms.

The increased production of periphyton in the absence

of a plankton bloom was probably due to complex chemical

reactions. Active ingredients in the fertilizer became un-
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available in the surface waters as a result of a precipita-

tion reaction which continued to the bottom of the lake. The

action of bacteria in the bottom muds on this flocculent

material caused the release of inorganic phosphorus, which

then became available to periphyton organisms (HOOper and

Elliott, 1953). Meehean (1933) also found this to be true

in pond fertilization experiments.
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SUMMARY

1. Commercial, inorganic fertilizer was added in two

applications to Hoffman Lake, a 120 acre marl lake in north-

ern Michigan, during the summer of 1955.

2. Temporary increases were noted in certain physical

and chemical characteristics of the lake immediately follow-

ing each application of fertilizer. After fertilization,

conditions returned to or approached those existing prior

to fertilization.

3. Fertilization brought about an increase in turbidity

which resulted in the reduction of light penetration at all

depths. The turbid condition was due to the action of excess

calcium in the water upon the components of the fertilizer.

4. The pH and alkalinity remained almost constant

throughout the study period, indicating that the concentra-

tion of calcium and magnesium carbonates was such as to make

the lake an efficient buffer system.

5. Analyses for ammonia nitrogen, total and soluble

phosphorus and sulfates showed increases in surface water

samples immediately following fertilization. Increases were

only temporary, however, and after a few days returned to

prefertilization levels.

6. Little or no difference existed in the concentra-

tion of oxygen found in surface waters and at the greatest

depth, indicating that little or no stratification was

present in Hoffman Lake during the summer of 1955.
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7. There was no detectable increase in planktonic or-

ganisms following fertilization. Chemical analyses of mater-

ial collected by concentration of lake water with a Foerst

centrifuge revealed the presence of suspended matter con—

sisting of calcium, phosphorus and carbonate compounds.

8. Fertilization brought about an increase in periphy—

ton. Quantitative analyses showed that the increase was

significant and was related to the increase of nutrients

added to the lake.

9. The effects of fertilization on macroscopic benthic

organisms were sought by noting changes in the rate of growth

of the burrowing mayfly, Ephemera simulans. The results of
  

growth rate studies for this species revealed that the rate

of growth had increased.

10. Instantaneous rates of growth and studies of the

length-weight relationship for five species of fish were

made on the basis of data compiled during two consecutive

years. A highly significant change in the length-weight

relationship was observed for one species, the common sucker.

Yellow perch showed a 10 percent increase in weight in 1955

as compared to those sampled in 1954. No changes were found

in the length-weight relationships of the other species.
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