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ABSTRACT

The study of the morphology of Jette Lake determined 
its total area to be 132,099 square meters and its total 
corrected volume to be 47,792.1 cubic meters.

Jette Lake was determined to be temperature-stratified; 
as the lake's depth increased its temperature decreased 
proportionally. The amount of dissolved oxygen in the water 
also decreased with the increase in depth. The conductivity 
of the water, however, increased with the water's increasing 
depth.

A density count of the zooplankton indicated it was 
dominated by rotifers and Daphnia. The sedimentary benthos 
was highly inhabited with hemoglobin-bearing Chironomus.
The aquatic vascular flora was predominantly populated by 
potomagetons. The lake's most ecologically pressing problem 
was a battle for survival between two competing species of 
fish, the trout (Salmo clarki) and the bass (Micropterus 
dolomica).

The overall health of the lake is taken into account 
and possible prevention of its further eutrophication is 
looked at.
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INTRODUCTION

This research paper is concerned with the overall 
limnological condition of Jette Lake. Jette Lake lies in 
the Flathead Valley region near Polson, Montana. It is a 
fairly small lake that is heading toward a state of eutrophy.

In this paper, the lake’s temperature stratification, 
dissolved oxygen stratification, and conductivity will be 
studied in depth. The various organisms that exist in the 
zooplankton and the benthos environments will be examined.
The large aquatic vascular plants and the animal life asso
ciated with the lake will also be looked at.

Jette Lake's present limnological nature and future 
tendencies will be looked at. Also, possible interventions 
to the lake's eutrophic trend will be discussed.
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LITERATURE REVIEW

History
The first limnological studies dated back to the time 

of Aristotle in 350 B.C. These early studies were generally 
a combination of fact and fiction with little real value (7). 
These first rough observations were the beginnings of limnol
ogy. The man given credit for the science of modern limnology 
was F. A. Forel (1892). Forel was commonly referred to as 
the "Father of Limnology." Forel's definition of limnology 
was "Oceanography of Lakes." The word "limnology"itself is 
derived from the Greek word limne which means pool, marsh, 
or lake. Standing water such as lake water was referred to 
as a benthic habitat (1).

Basic Considerations
One of the primary considerations of limnology is the 

productivity of the lake which is referred to as its edaphic 
factor. Another factor of great concern is the lake's mor
phological or physical features.

Oligotrophic lakes are generally poor in productivity. 
Eutrophic lakes are productively rich lakes; they contain 
water rich in nutrients and have high biological activity. 
Eutrophic lakes are usually nearing the end of an extremely 
long life cycle (1).

2
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In order to determine the lake's overall physical con
dition, the primary productivity and morphology must be 
examined very carefully.

Morphology
There are a great many diverse origins of lakes. These 

diverse origins create the morphological characteristics of 
lakes. In the northwest United States many of the lakes are 
of glacial origin. Lakes created by glaciers are found in 
great numbers in the Rocky Mountain region.

The physical dimensions of a lake combine with the 
climatic and edaphic factors to determine the nature of the 
lake. Dimensional measurements of a lake is its morphology. 
Many aspects of the ecology of a lake cannot be investigated 
without detailed morphological data (1).

The most basic tool needed in a morphological study is 
a bathymetric map. Without this scale map little of the 
lake's morphology can be determined. With the use of a con
toured bathymetric map the majority of the physical features
of the lake can be calculated. ■

Temperature Stratification
From an overall view of a lake's ecology the thermal 

properties are of great importance. It is important to con
sider the physical thermal properties which lead to a lake's
stratification.
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First, it is essential to look at the solar properties 
of water and their effects on photosynthetic plants. Light 
is absorbed and used to maintain the steady temperatures 
of bodies of water. This energy is an intensity factor of 
the heat (7) .

From the broad and basically ecological point 
of view, the thermal properties of water and 
the attending relationships are doubtless the 
most important factor maintaining the fitness 
of water as an environment (5).

By looking at the water temperature scale much can be learned
about a lake.

Most lakes are fairly well temperature-stratified.
There is an upper warmer layer that mixes with the air. The 
warm upper layer is the epilimnion layer. At the bottom of 
most lakes in the summer lies the hypolimnion, which is the 
colder stagnant water. In the middle there is an inter
mediate zone called the thermocline, which is where there 
is a temperature change. This is also referred to as the 
metalimnion (changing lake) (1).

Birgo (1829) limited the middle thermocline to the area 
in which the temperature drops at least 1°C with each meter 
increase in depth (1).

The hypolimnion consists of the densest water, which will 
be close to 4°C in deep lakes. In shallow lakes, the coldest 

and most dense water is in the lower hypolimnion (1).
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Most northern lakes are dimitic lakes in nature, that 
is, they are lakes in which there are two total water cir
culations or turnovers that take place yearly. When the 
turnovers take place, the thermal stratification is inversed 
in winter and direct in the summer (7).

Dissolved Oxygen Stratification
The amount of dissolved oxygen present in a lake is the 

most important chemical characteristic of the lake. It is*' - !■ - • ,, W’ -
a regulator of metabolic respiration and an overall indicator 
of the lake's productivity. The volume of dissolved oxygen 
in the water is determined by (1) temperature of the water,
(2) partial pressure of the gas in the atmosphere contacting 
the water, and (3) the concentration of dissolved salts 
(salinity) in the water (7).

At a given temperature, the concentration of a saturated 
solution of a soluble gas is nearly directly proportional to 
the partial pressure of the gas (Henry's Law). The solubility 
of gases also applies to the law of pressures as proposed by 
Dalton (5).

There are two major sources of dissolved oxygen present 
in lakes. They are: (1) from the direct contact of the
water and air, and (2) from photosynthesis of green plants 
(6) .

The diffusion of oxygen into water is basically a minor
effect. It has been found that the basic rate of oxygen
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diffusion is extremely slow. It can be enhanced by wave 
action and other factors.

By far the greatest producers of dissolved oxygen in 
most lake waters are green chlorophyllic plants. The amount 
of oxygen produced by green plants depends on several factors. 
The first is the amount of light present, or available for 
the plants' use. Secondly the amount of vegetation present 
in the lake. There are basically two zones or areas of 
oxygen-producing green plants. The first zone is the litteral 
zone. It is basically a shallow area, with good light pro
vided for shallow-rooted plants. The limnetic zone is the 
area with free-floating plants. This area contains large 
phytoplankton concentrations which are due to the fact that 
not enough light penetrates to support rooted green plants.

It is important when looking at dissolved oxygen levels 
to also look at oxygen consumers or respirating organisms.
It is also necessary to look at the respiration of animals 
and plants, the oxygen-requiring decomposition of organic
material, and possible oxygen inflows to the system.

i
Winkler Test

The amount of 02 present in the water is of critical 
importance for many reasons, including primary productivity.
The Winkler test is a chemical titration that determines the 
amount of dissolved in the water in an extremely accurate
way.
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Conductivity is the third major area of concern. Con
ductivity is the capacity of the body of water to conduct 
or to carry an electrical charge. The conductivity measures 
the concentration of salts, acids and bases in solution.
The more particulate matter present in solution the higher 
the conductivity will be. If a lake is eutrophic and a great 
deal of evaporation takes place, there will be a great deal 
of materials floating in the water, thus raising the conduc
tivity (5, 1) .

Secchi Disc
One of the most important properties of water is its 

transparency or amount of illumination from the sun. Natural 
waters vary a great deal from very turbid rivers to crystal 
clear mountain lakes. The light has a profound effect on 
the biological activity of a body of water. There are a 
variety of instruments and methods of measuring relative 
light penetration.

The most basic method for light measurement is the Secchi 
disc. It was originally developed by A. Secchi of Rome in 
1865. Its first application was in the Mediterranean Sea.
The Secchi disc used today consists of a white and black
disc of various diametric sizes. The disc is connected to
a graduated rope. The plate is gradually lowered into the 
water. The depth at which the disc disappears and then re
appears is recorded. The modern white and black disc was 
redesigned by Whipple (1).
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This is a simple test to determine the relative index 
of visibility when it is used under standard conditions.

Organism Populations
The rotifers, crustaceans, insects and fishes are of 

major concern to limnologists. The rotifers are well repre
sented in most aquatic environments (1).

The rotifers are classified as Aschelminthes or the
separate phylum Rotiforia. They are a small pseudocoelomate 
animal. They also all have a characteristic ciliated "cor
ona" at the anterior end of their bodies. The ciliated re
gion serves to force food into the organism's mouth. The 
food is pushed into an internal mastax device and then into 
the pair of jaws. The ciliated corona is also used as a 
device for locomotion (1).

The rotifers are mainly a fresh-water species. Ninety- 
four percent of the total species diversity are found in 
fresh-water habitats. There are about 2.5 percent of the
rotifers that are restricted to ocean water. In all there
are about 1,800 different species of rotifers. The rotifers 
exist in a variety of shapes, sizes and forms (1). The prin
cipal species of rotifer is Asplanchna, a large and predacious 
rotifer. The Asplanchna's body is a transparent saclike struc 
ture with watery fluids in it to lower its specific gravity. 
This species of rotifers feeds on the other plankter in the 
lake system (1).
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Another important group in lakes is the fresh-water 
crustaceans which consist of the Branchiopods or the Phylo- 
pods. The group which fresh-water limnologists are mainly 
concerned with are the Cladocera. The Cladocerans are typi
cally 1.5 mm long and have a distinct form. The organism 
has a large head and a body which is covered by an unhinged 
bivalved carapace. There is usually a single compound eye 
and a number of eyespots of ocellus. Their first antennae is 
on the anterior end and is sensory in nature. The second 
antenna is much larger and used for swimming. Each species 
also has 5-6 pairs of small legs. The females of the species 
comprise the majority of the population (1).

The Cladocera of fresh-water plankters are Daphnia 
Diaphansoma, and Bosmina In northern lakes there are also 
species of holoartic Leptodora. This is the largest of the 
Cladocera and is a predator on the zooplankton.

The Copopoda is a large group of aquatic organisms found 
in lakes. They are a group of more than 10,000 species. The 
majority of these organisms are oceanatic, but some are fresh 
water. Cyclopoida and Calanoids are the fresh-water species. 
The Cyclopoids are found in a variety of areas, in particular 
the shallow areas. The Calanoids are a primary deep-water 
species (1).

The primary predators of the zooplankton are the Chao- 
borus, which are larvae of flies that are closely related to 
mosquitoes (Culicidae). The Chaoborus are very abundant in
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eutrophic waters. The larvae are transparent with distinctive 
antennae and four easily seen air sacs. They are plankton 
predators and feed mainly on microcrustaceans and rotifers (1)

• Benthos Layer
The benthos is composed of the lake bottom sediments and 

the organisms which live in it. The study of the benthos 
region generally includes the separation of organisms from 
the sediment by the use of a sieve. The U. S. Sieve Series 
runs from number 20 to 40 with mesh openings ranging from 
0.833 to 0.417 mm, respectively (1).

There are a number of organisms present in the benthos 
layer. Hemoglobin is common among the deep benthic animals. 
The brightly colored red Chironomus are characteristic of 
the hemoglobin-bearing animals. The hemoglobin allows the 
animal to gain trace amounts of oxygen from the environment 
and survive in oxygen-poor areas such as the deep benthos. 
Chironomus without hemoglobin are found in the shallow areas
where oxygen is more abundant and where they can survive (1).



MATERIALS AND METHODS

Bathymetric Map
In any limnological study, the exact morphology of the 

lake must be found. Jette Lake is a private lake so there 
was no readily available maps, but the Bureau of Indian 
Affairs was able to locate a fairly accurate aerial map of 
the lake. The aerial map was used to produce a precise 
topographical map which was needed.

Exact positions were established on the lake from the 
aerial map. A light weight nylon rope was marked at 5 and
10 m and was used to determine exact distances between loca
tions on the topographical map and various positions on the 
lake. A sonar depth gauge was used to find the exact depth 
in regard to positions on the lake (Fig. 15). Using the 
aerial map and the depth equipment a bathymetric map was 
created (Fig. 1), from which experimental locations were 
selected to do experiments on the lake. The first area was 
the dock region at the north end of the lake. It was about 
3.5 m deep (Fig. 21). The mid-lake region was the deepest 
of about 10.5 m deep. The south end of the lake was a shal 
low bay of about 2-3 m in depth (Fig. 20). From this bathy 
metric map, a computer-enhanced morphological study of the
lake's area and volume was done.

11
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Hydro-lab
The hydro operates by the lowering of its probe down 

into the water at various recorded depths. As the sonde 
or probe is lower, the control box on the surface records 
changes in temperature, dissolved oxygen (ppm O^), and the 
relative changes in conductivity. The hydro-lab is a very 
precise limnological instrument for taking basically physical 
data (Fig. 16).

Van Dorn Bottle and Winkler Test
In some experiments water samples were taken from various

levels of the water column with a 1-liter Van Dorn water bot
tle. A Van Dorn is an empty cylinder which is lowered into 
various water depths (Fig. 17). At the depth of water from 
which a sample is desired a messager is released from the sur
face, which runs down the rope to the Van Dorn bottle. The 
messager strikes a release mechanism which causes the release 
of a plunger which seals in a H^O sample. The retrieved sam
ple then is transferred to water bottles without undue exposure
to air. I

The Winkler procedure was for determining dissolved 
oxygen. A measured Van Dorn water sample was placed in a 
flask with as little air exposure as possible. To this 
sample I added 1 ml MnSO^ and 1 ml alkaline. If no oxygen 
was present the solution would turn white, and if oxygen 
was present it would turn brown. If the solution was brown,
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add to these samples 1-2 ml H^SO^ which was used to preserve 
the sample for 24 hours.

Samples with oxygen were later diluted with 0.025 N 
sodium thiosulfate until a yellow color appeared. To 25 ml 
of the yellow solution I added starch solution indicator
until a blue color was formed. And then titrated it until
the solution cleared. The amount of titration and correction
factors gave precise ppm counts of dissolved oxygen.

Secchi Disc Reading
From a position in the mid-lake region a Secchi disc 

reading was taken. This consisted of lowering the Secchi 
disc from the boat at the mid-lake position. The disc was 
lowered by a rope that was sectioned in 1-meter lengths.
The exact depths were then taken where,the disc was no longer
visible.

Phytoplankton Detection and Counting
The Wisconsin net was used to take representative zoo

plankton samples in three different locations and towing 
depths (Fig. 18). One sample was made from the dock and 
another from the bay. Two separate samples were taken from 
the mid-lake region. Samplings were taken on two occasions.

The filtrate of the net is drained into a small cup at
the bottom of the net. From there the contents are trans
ferred to a marked bottle with formalin for a preservative.
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The samples are taken at various times and depths to determine 
density patterns.

Benthos Sampling
The benthos is sampled by an Ekman dredge (Fig. 19).

This is a small device that has a mechanical jaw and when
lowered to the bottom of the lake will close on the benthos. 
The dredge in this way gets a fairly large bite of benthos
material. The benthos was then sifted to remove all the
silty dirt from the organisms. Counts and identification 
of the organisms were made. The number and kind of organisms 
are instrumental in determining trophic statues of the lake.



RESULTS AND OBSERVATIONS

Morphology Study
From the bathymetric map of Jette Lake (Fig. 1), a 

computer-enhanced morphological study was performed. In
Table 1 the total lake's area was found and the total area
of contour 2. The areas of contours 3 and 4 were produced 
on Table 2 and the contour areas of 5 and 6 were produced
on Table 3. The total lake volume was calculated on Table
4. The volume corrections for the areas of Islands I and II
were on Table 5, and further shallow area corrections were
on Table 6. The total overall corrected volume and areas
were provided on Table 7. The total area was 132,099 sq m 
and the total corrected volume was 41,292.1 cu m.

Temperature Study
The temperature studies showed a definite lake strati

fication (Tables 8, 9, 10). In the shallow dock and bay 
areas (Figs. 2, 4), the water was stratified at an almost 
constant temperature from the surface to the 3-3.5 m level. 
The mid-lake region (Fig. 3) showed a relatively constant 
temperature stratification for the first 3 m, then a steady 
decline until a low of about 10°C was reached at the lake's 
bottom of approximately 10 m.

15
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Dissolved Oxygen Study
The dock areas and the bay areas were stratified at an 

almost constant level with regard to dissolved oxygen (Figs.
5, 7). There was only a slight oxygen decrease at the low
est 3-3.5 m depths of these shallow areas. In the mid-lake 
region, the results were very different (Fig. 6). For the 
first few meters the dissolved oxygen level was rather con
stant, but around the 4 m level there was a distinct increase 
in the amount of dissolved oxygen in the water. The high 
level began a swift decrease around the 6 m level and con
tinued to decrease until the bottom of the lake. At the
bottom of the lake there was almost no oxygen left. This 
data was confirmed by the Winkler test on Table 12.

Conductivity Study
There was a general progression of increasing conductivity 

with increasing depth present in all results (Figs. 8, 9, 10).
The conductivities at the surface of the water were much
lower, they steadily increase with depth until in all cases
they reached a maximum at the lowest level of the lake. It 

2reaches a bottom level maximum of 290 umhos/cm . The con- 
2ductivity is measured in umhos/cm .

Secchi Disc Study
The Secchi disc data (Table 11) had readings of 6.5 

and 5.5 at mid-lake locations. The average at the mid-lake 
location was 6.0. At the dock location and bay location,
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the Secchi went all the way to the bottom, so there was no
useful data.

Zooplankton Study
A plankton net was used to take representative zooplank

ton samples at various depths and locations on the lake (Table 
13). It was found that generally the rotifers composed the 
greatest proportion of the zooplankton populations (Table 14). 
The daphnia and Calanoids were next in magnitude of popula
tion, especially in the upper 6-4 m of the mid-lake (Figs.
11, 12).

The second sample (Table 15) the results were almost 
identical as represented on Figs. 13 and 14. The rotifers 
were greatest in number followed again by Daphnia and Cala
noids . There were also small populations of Bosmina, Cyclo- 
poids, and juv copepods. There were also a few Chaoborus 
and Leptodora presented in the samples.

Benthos Study
The Ekman dredge was used to take the benthos samples.

The samples were predominantly populated with Chironomus 
or blood worms (Table 16). The Chironomus with hemoglobin 
composed the major portion of the population, and the Chir
onomus without hemoglobin composed a minor portion. There 
were also Oligochaetes present in the dock area samples.
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DATA FOR CROSS-SECTION 1 DATA FOR CROSS-SECTION 2
Point X-Coord Y-Coord Point X-Coord Y-Coord

1 108.0 102.6 1 112.1 112.1
2 108.0 43.2 2 108.0 81.0
3 175.5 .0 3 162.0 43.2
4 202.5 -40.5 4 189.0 13.5
5 232.2 -20.3 5 202.5 35.1
6 243.0 20.3 6 216.0 87.8
7 243.0 54.0 7 245.7 121.5
8 283.6 155.3 8 324.0 256.5
9 361.8 212.0 9 324.0 332.1

10 364.5 418.5 10 310.5 364.5
11 324.0 513.0 11 324.0 429.3
12 222.8 594.0 12 278.1 519.8
13 175.5 600.8 13 195.8 618.3
14 135.0 591.3 14 159.3 607.8
15 74.3 425.3 15 135.0 599.4
16 85.2 182.3 16 121.5 540.0
17 .0 .0 17 67.5 434.7
18 .0 .0 18 89.1 270.1
19 .0 .0 19 91.8 152.6
20 .0 .0 20 .0 . 0

Area =■■ 132,099.0 sq. m. Area = 105,355.0 sq . m.

Table 1. Morphometric area calculations in Jette Lake,
contours 1 and 2. Areas of contours 1 ,and 2
related to 0 m and 2 m levels. X and Y coordi-
nates are from the contour map. Points are
random locations of X and Y coordinates
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DATA FOR CROSS-SECTION 3 
Point X-Coord____Y-Coord

DATA FOR CROSS-SECTION 4
Point X-Coord Y-Coord

1 139.1 580.5 1 152.6 537.3
2 114.8 504.9 2 81.0 422.6
3 70.2 407.7 3 94.5 351.0
4 94.5 330.8 4 128.3 276.8
5 108.0 256.5 5 125.6 224.1
6 108.0 162.0 6 145.8 175.5
7 202.5 152.6 7 175.5 172.8
8 247.1 206.6 8 255.2 253.8
9 303.8 270.0 9 224.1 337.5

10 249.8 341.6 10 249.8 429.3
11 276.8 426.6 11 193.1 509.0
12 216.0 513.0 12 .0 .0
13 .0 .0 13 .0 .0
14 .0 .0 14 .0 .0
15 .0 .0 15 .0 .0
16 .0 . 0 16 .0 .0
17 .0 .0 17 .0 .0
18 .0 .0 18 .0 .0
19 .0 .0 19 .0 .0
20 .0 .0 20 .0 .0

Area = 60,966.3 sq. m. Area = 40,130.5 sq. m.

Table 2. Morphometric area calculations, Jette Lake, 
contours 3 and 4. Areas of contours 3 and 4 
are related to 4 m and 6 m level. X and Y 
coordinates are from contour map. Points are 
random locations of X and Y coordinates.
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DATA FOR CROSS-SECTION 5

Point X-Coord Y-Coord
1 155.3 513.0
2 121.5 465.8
3 114.8 383.4
4 135.0 324.0
5 144.5 234.9
6 166.1 229.5
7 197.1 278.1
8 166.1 351.0
9 202.5 459.0

10 178.2 502.2
11 .0 .0
12 .0 .0
13 .0 .0
14 .0 .0
15 .0 .0
16 .0 . 0
17 . 0 .0
18 .0 .0
19 .0 .0
20 .0 .0

Area = 15,015.4 sq. m.

DATA FOR CROSS-SECTION 6
Point X-Coord Y-Coord

1 189.0 459.0
2 178.2 434.7
3 183.6 399.6
4 194.4 399.6
5 202.5 426.6
6 .0 .0
7 .0 .0
8 . 0 .0
9 .0 .0

10 .0 .0
11 .0 .<L
12 .0 .0
13 .0 .0
14 .0 .0
15 .0 .0
16 .0 .0
17 .0 .0
18 .0 .0
19 .0 .0
20 .0 .0

Area = 889.4 sq. m

Table 3. Morphometric area calculations in Jette Lake, 
contours 5 and 6. Areas of contours 5 and 6 
are related to 8 m and 10 m level. X and Y 
coordinates are from contour map. Points are 
random locations of X and Y coordinates.
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SECTION TO
VOLUME DATA

ACC. VOLUMESECTION DISTANCE VOLUME
1 2 .2 23745.4 23745.4
2 3 .2 16632.1 40377.5
3 4 .2 10109.7 50487.2
4 5 .2 5514.6 56001.8
5 6 .2 1590.5 57592.3

Table 4. Morphometric volume calculations of Jette Lake.
Computer summation of total lake volume without 
volume corrections for island masses. Sections 
1-6 refer to contours 1-6 on bathymetric map 
(Fig. 1) .
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DATA FOR CROSS-SECTION DATA FOR CROSS-SECTION ISLAND II
ISLAND I
Point X-Coord Y-Coord Point X-Coord Y-Coord

1 166.1 94.5 1 112.1 112.1
2 175.5 71.6 2 135.0 81.0
3 194.4 94.5 3 189.0 81.0
4 191.7 105.3 4 210.6 121.5
5 172.8 98.6 5 189.0 145.8
6 .0 . 0 6 135.0 145.8
7 .0 . 0 7 .0 .0
8 .0 .0 8 .0 . 0
9 .0 . 0 9 .0 .0

10 .0 .0 10 .0 .0
11 .0 . 0 11 .0 .0
12 .0 .0 12 .0 .0
13 .0 .0 13 .0 .0
14 .0 .0 14 .0 .0
15 .0 . 0 15 .0 .0
16 .0 .0 16 .0 .0
17 .0 .0 17 .0 .0
18 .0 .0 18 .0 .0
19 .0 .0 19 .0 . 0
20 .0 .0 20 .0 .0

Area =: 493.2 sq. m. Area = 4941.0 sq. m.

Table 5. Morphometric area calculations for two island
masses in Jette Lake. Total area present in both 
islands is used for total volume correction.
X and Y coordinates are from contour map. Points 
are random locations of X and Y coordinates.



AREA OF ISLAND I CONTOUR 
DATA FOR CROSS-SECTION

AREA OF ISLAND II CONTOUR
DATA FOR CROSS-SECTION

Point X-Coord Y-Coord Point X-Coord Y-Coord
1 220.1 159.3 1 189.0 81.0
2 229.5 75.6 2 216.0 87.8
3 247.1 155.3 3 245.7 121.5
4 243.0 162.0 4 226.8 132.3
5 229.5 162.0 5 210.6 121.5
6 .0 .0 6 .0 .0
7 .0 .0 7 .0 .0
8 .0 .0 8 . 0 .0
9 .0 .0 9 .0 .0

10 .0 .0 10 . 0 .0
11 .0 . 0 11 .0 .0
12 .0 .0 12 .0 .0
13 .0 .0 13 .0 .0
14 .0 .0 14 .0 .0
15 .0 .0 15 .0 .0
16 .0 .0 16 .0 .0
17 .0 . 0 17 .0 .0
18 .0 .0 18 .0 .0
19 .0 .0 19 .0 .0
20 .0 .0 20 .0 .0

Area = 1211.6 sq. m. Area = 1254.3 sq • m •

Table 6. Morphometric area calculations for shallow island 
contours. Area calculation of the 2 m shallow 
area about islands I and II. X and Y coordinates 
from contour map. Points are random locations of
X and Y coordinates.
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Area
1 132,099 sq m
2 105,355 sq m
3 60,966.3 sq m
4 40,130.5 sq m
5 15,015.4 sq m
6 899.4 sq m

Jette Lake Total Area L32,099 sq m
Jette Lake Total Volume = 41,792.1 cu m
Total Initial Lake Volume - Corrected for Area

due to the islands:
Volume: Correction = 2(6, 195 .3) + 2 (1,704.8) =

15,800.2 sq m
Area of island land mass = 6,195.3 sq m
Area of depth corrections at 2 m = 1,704.8 sq m
Total initial lake volume: 57,592.3 - 15,800.2 = 

47,792.1 cu m

Table 7. Morphometric data of total area and total 
corrected volume of Jette Lake.
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Dissolved oxygen Conductivity
Depth (m) Temperature (°C)_______(ppm 0^)_________ umhos/cm^

Dock Area
0 22.45 4.52 162
1 22.5 4.50 165
2 21.6 4.30 180
3 20.0 4.20 172
3.5 18.0 2.65 185

Mid-lake
1 21.6 4.60 168
2 20.6 4.60 168
3 20.25 4.40 160
4 19.4 4.25 170
5 17.0 5.32 173
6 13.7 5.00 173
7 11.2 3.10 171
8 9.5 . 30 180
9 8.7 .52 210
9.5 8.5 .40 240

Bay Area
1 21.5 5.72 160
2 20.5 5.35 180
3.5 20.25 3.90 200

Table 8 Depth, dissolved oxygen and conductivity data
from Jette Lake, 7/21/82.
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Depth (m) Temperature (°C)
Dissolved oxygen 

(ppm 0n)
Conductivity

umhos/cm2

Dock Area (7/27/82)
0 21.3 7.40 218
1 21.3 7.44 208
2 21.4 7.10 260
3 21.4 7.00 250
4 21.4 6.86 290
4.5 21.1 5.80 292

Mid-lake
0-s 21.0 7.40 180
1 21.2 7.60 180
2 21.3 7.60 175
3 21.3 7.40 220
4 21.3 9.60 220
5 19.0 6.60 225
6 15.5 4.2 230
7 13.3 . 8 230
8 11.7 .4 240
9 10.3 . 30 250
9.5 10.0 .28 210

Table 9 Depth, thermal, dissolved oxygen and conductivity
data from Jette Lake, 7/27/82.
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Dissolved oxygen Conductivity
Depth (m) Temperature ( C)______ (ppm 0^)_________ (umhos/cm2)
Dock Area

0 23.0 7.6 165
1 23.0 7.7 165
2 23.0 7.3 165
3 23.0 7.35 165
4 22.2 5.4 170

Mid-lake
0 21.65 7.85 170
1 21.6 7.85 170
2 21.5 7.95 170
3 21.5 7.9 170
4 21.5 7.5 190
5 21.0 6.9 210
6 18.5 6.8 220
7 15.5 6.8 225
8 13.6 4.6 220
9 11.0 . 6 230

10 9.5 . 45 285
Bay Area

0 20.75 8.3 160
1 20.6 8.6 160
2 20.0 7.5 160
3 20.0 5.6 160

Table 10. Depth, thermal, dissolved oxygen and conduc
tivity data from Jette Lake, 8/4/82.
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Secchi readings:
6.5 m
5.5 m

Average of Secchi reading:
6.0 m

Jette Lake, mid-lake

Table 11. Light penetration data from Secchi disc.



30

Depth (in)

7/21/82 J 
7/27/82 2 
8/4/82 3

J 18.0 ' 1975 20.0 21.0 22.0 2370
Temperature (°C)

Fig. 2. Depth-temperature vertical
dock area.

stratification of
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7/21/82 1 
7/27/82 2 
8/4/82 3

Depth (m)

Fig. 3. Depth-temperature vertical stratification of 
mid-lake area.
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7/21/82 1
7/27/82 2
8/4/82 3

Depth (m)

Fig. 4. Depth-temperature vertical stratification of 
bay area.
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Location Depth of Sample (m) Dissolved Oxygen (ppm 63)

Mid-lake 4 5.0
10

Dock area 1
2.5

5.6
5.6

Bay area 7.0

Table 12. Winkler test for dissolved oxygen.
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7/21/82 1
7/27/82 2
8/4/82 3



35

7/21/82 1
7/27/82 2
8/4/82 3

Fig. 6. Oxygen profile of stratified mid-lake area.
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7/21/82 1
7/27/82 2
8/4/82 3

Depth (m)

___________________1_______ _I________ 1_________ !________J_________ I_________ I--------------1-------------- !--------------I—123456789 10
Dissolved oxygen (ppm C^)

Fig. 7. Oxygen profile in shallow depths bay area.
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7/21/82 ]
7/27/82 2
8/4/82 3

Depth (in)

0

1

4

180 200 220
Conductivity (umhos/cm^)

240 260160

Fig. 8. Depth-conductivity vertical stratification of
dock area.
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7/21/82 1
7/27/82 2
8/4/82 3

Fig. 9. Depth-conductivity vertical stratification of
mid-lake area.
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7/21/82 1
7/27/82 2
8/4/82 3

Depth (m)

5
260160 180 200 220 240

Conductivity (umhos/cm^)
Fig. 10. Depth-conductivity vertical stratification of

bay area.
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Location Bottle No. Depth

Sample I (8/1/32)
Mid-lake 1 0-4

2 0-7
Dock area 3 0-1

4 0-2
Bay area 5 0-3

Sample II (8/15/82)
Mid-lake A 0-4

B 0-8
Dock area C 0-1

D 0-2
Bay area E 0-3

Table 13. Zooplankton samples and lake locations.
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P No. Organisms% Total
Bottle #1
Daphnia 33 40.7
Bosmina 4 4.9
Rotifers 5 6.2
Calanoid 25 30.9
Cyclopoid 3 3.7
Juv. Copepod 11 13.6
Bottle #2
Daphnia 18 2.6
Bosmina 2 . 3
Rotifer 634 93.2
Calanoid 14 2.1
Cyclopoid 0 0.0
Juv. Copepod 13

681
1.9

Bottle #3
Daphnia 1 4.3
Bosmina 2 8.7
Rotifers 9 39.1
Cyclopoids 2 8.7
Calanoid 4 17.4
Juv. Copepods 5

1 Leptodora
21.7

Bottle #4
Daphnia 2 7.6
Bosmina 1 3.8
Rotifers 12 46.2
Calanoid 5 19.2
Cyclopoid 2 7.6
Juv. Copepod 4 15.4
Bottle #5
Daphnia 18 25.7
Bosmina 1 1.4
Rotifers 32 45.7
Calanoid 10 14.3
Cyclopoid 2 2.9
Juv. Copepod 7

70
10.0

Table 14. Organism population and percent total organisms 
in zooplankton.
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Table 15. Organism population and percent total organisms 

in zooplankton, Sample II.
P No, Organisms% Total

Bottle A (mid-lake, 0-4 m)
Daphnia 14 23.7
Bosmina 4 6.8
Rotifers 11 18.6
Calanoids 24 40.7
Cyclopoids 1 1.7
Juv. Copepods 5 8.5
Chaoborus 1
Bottle B (mid-lake, 0-8 m)
Daphnia 97 29.5
Bosmina 6 1.8
Rotifers 196 58.4
Calanoids 22 6.7
Cyclopoids 3 .9
Juv. Copepods 5 1.5
Leptodora 3
Chaoborus 1

329
Bottle C (dock)
Daphnia 21 13.5
Bosmina 6 3.9
Rotifers 37 23.7
Calanoids 68 43.6
Cyclopoids 4 2.6
Juv. Copepods 20

156
12.8

Bottle D
Daphnia 13 14.6
Bosmina 3 3.4
Rotifers 49 55.1
Calanoids 20 22.5
Cyclopoids 2 2.2
Juv. Copepods 2 2.2
Bottle E
Daphnia 47 31.1
Bosmina 2 1.3
Rotifers 49 32.5
Calanoids 47 31.1
Cyclopoids 2 1.3
Juv. Copepods 4

151
2.6
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Location Organisms Depth(m)

Dock area Bloodworm
Chironomus with blood 18 3
Chironomus without blood 3

Oligochaetes 1
Mid-lake Sample I

Bloodworm
Chironomus with blood 15 10
Chironomus without blood 5

Sample II
Chironomus with blood 12
Chironomus without blood 2

Bay area Bloodworm 3
Chironomus with blood 4
Chironomus without blood 5

Table 16- Number of organisms present in benthos layer.



DISCUSSION

Jette Lake is located six miles north of Polson,
Montana and just west of Flathead Lake. Jette Lake is a 
relatively small lake compared to large lakes such as
Flathead Lake.

Jette Lake has a maximum depth of approximately 10.5 m. 
It is a relatively small lake with a total surface area of 
132,099 sq m. The total volume after correcting for its 
two islands is 41,792.1 cu m. The lake’s maximum length is 
approximately 600 m and its maximum breadth is 270 m. Jette 
Lake has a mean depth of nearly 3.4 m and a relative depth 
of 2.56 percent. The relative depth is the ratio of the 
maximum depth in m and the average diameter of the lake's 
surface. The lake's average volume development is 0.91.
This is a comparison of the lake's relative shape to that 
of an inverted cone. These are the general morphological 
characteristics of Jette Lake (Fig. 1).

The temperature of Jette Lake is generally warm due to 
its small volume. The results from this lake study fit the 
normal temperature stratification. In the upper epilimnion 
the temperatures were similar from 0-4 m in depth. There 
was a definite thermocline present from 4-8.5 m. At the 
depth of approximately 8.5 m the water began to stabilize

48
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at a lower temperature of approximately 8°C. This was the 

beginning of the hypolimnion where the coldest and densest 
water lies. Because of the relative shallowness of the lake, 
the hypolimnion is not fully developed. The dock area and 
the bay area were at approximately consistent temperatures 
which is to be expected.

The results show a few interesting points. The amount 
of dissolved oxygen in the lake is typical of an eutrophic 
lake (Fig. 6). There is slightly less oxygen at the surface 
of the lake due to the escape of oxygen to the atmosphere. 
However, the changes are relatively small since there was 
some atmospheric diffusion of oxygen back to the surface 
layer. From the data it is evident that at the 4-5 m depth 
there is a relative increase in the dissolved oxygen level. 
This is due to several factors. There is basically no escape 
of oxygen to the atmosphere, and there is a great amount of 
oxygen production from chlorophyllic plants. This is indi
cated by the fact that this level is still within the Secchi 
disc visibility range. Below this photic zone or area of 
light penetration, photosynthesis decreases. Bacterial res
piration and sedimentary decomposition increase as does their 
respiration. At this point dissolved oxygen levels drop 
rapidly. This is indicated on mid-lake, dock and bay graphs 
(Figs. 5, 6, 7). At the bottom of the lake there is basically
no oxygen at all.
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Conductivity was fairly high (Tables 7, 8, 9). This 
is due to the fact that there is no significantly active
inlet nor outlet to the lake. Water flows into the lake
from the surrounding drainage basin and leaves by evaporation, 
thereby leaving minerals behind that lead to a slightly higher 
conductivity level.

The conductivity also increases with the increasing depth 
of the water column. The denser, colder water is at the 
deeper levels of the lake. The denser water has a higher 
percentage of minerals present in it, so its conductivity is 
slightly higher.

There were also varying areas of conductivity in the
mid and west ends of Jette Lake. This was an indication of
the presence of several underground springs. The fresh under
ground water gave erratic readings, indicating a conductivity 
fluctuation. In addition there was one small spring at the
north end which could act as a minor inlet.

The Secchi disc readings for Jette Lake can be compared 
to those of Loon Lake. Loon Lake has low Secchi readings 
due to the eutrophic nature of the lake. Jette Lake is a 
highly eutrophic lake; in fact, it is one of the most eutro
phic lakes in the area. This accounts for large amounts of 
particulate matter in the lake, thus lower Secchi readings.

Plankton nets were used to take representative zoo
plankton samples in different lake locations and on different
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dates. There were a variety of organisms found including 
Daphnia, Bosmina, Rotifers, Calanoids, Cyclopoids and 
Juvinelle copepods.

There was an uneven but systematic distribution of 
organisms present in the zooplankton. The distribution 
changed primarily with locations and depths of the samples 
taken. There were two bottles taken in sample I from the 
mid-lake region, bottles 1 and 2. Bottle 1 was a sample 
taken from a 0-4 m depth. The Daphnia were predominant 
here, with 40.7 percent of the total population. The Cala
noids were next in population with 30.9 percent. These 
results were almost repeated in bottle A from sample II 
which was a repeated test on a different day. Here the 
Daphnia were 23.7 percent of the population and the Calanoids 
were 40.7 percent of the population. This indicated the 
Daphnia and Calanoids were the predominant organism in the 
upper 0-4 m.

The results of samples I and II from 0-7 m were greatly 
different. In bottles 2 and 3 the Rotifers were by far the 
most populous. In bottle 2 they composed 93.2 percent of 
the population and in bottle 3 they were 58.4 percent of 
the population. The other organisms present in these deep 
samples were very low in number, except for the Daphnia in
bottle 3, which composed 29 percent of the population.
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These results indicated the Rotifers were predominant 
at depths between 4-8 m, where the Daphnia and Calanoid 
were concentrated more in the region of 0-4 m. There was 
also an apparent overlap of the Daphnia between the two
areas.

The data from the dock area, the zooplankton count was 
not quite as distinct. The samples were taken from 1 and 
2 m depths. It appeared in bottles 3, 4 and D that the 
Rotifers were again dominated by substantial numbers. This 
along with the previous data could indicate that the Rotifers 
are concentrated along the sedimentary region of the lake.
The Calanoids were next in predominance and in bottle C they 
were dominant. This indicated they preferred the shallower 
dock areas to the open water in the mid-lake region. There 
were a small number of Daphnia, Cyclopoids and Juv. copepods
present.

The bay region was generally dominated by Rotifers, 
with the Calanoids and Daphnia following closely behind.
This showed the Rotifers did well in the sedimentary shallow 
bay area. This also indicates the Daphnia and Calanoids 
prefer the shallow water areas to the open water areas.

There were also a number of predacious Chaoborus and 
Leptodora present in the lake. The Leptodora seemed in 
greatest population where the Rotifers were dominant.

The Leptodora make prey of the Rotifers, so it appeared 
they follow the Rotifers in density gradients.
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The data of the benthos of Jette Lake indicates that
it is a typical eutrophic lake. In both shallow and deep 
areas distribution of organisms was dominated by Chironomus 
with hemoglobin called blood worms. There were more Chiron
omus with hemoglobin than without indicating that a lack of 
readily available oxygen in the benthos. This is a good 
indication that the lake is eutrophic in nature. In lakes 
with ample oxygen, the ratio of hemoglobin to non-hemoglobin
Chironomus will be more even.

There was a general survey performed on the aquatic 
vascular plants present in Jette Lake with the expert help 
of Dr. A. E. Schuyler of the Academy of Natural Sciences 
of Philadelphia. The most abundant species were the poto
magetons. They are responsible for a large portion of the 
oxygen produced in the lake. They also provide a large 
percent of the available food for aquatic organisms. There 
were several shallow water species such as Potomageton peci- 
natus and Potomageton natans. There were also deep water 
species such as Potomageton obtusifolius and Potomageton 
praelongus. The lake is basically dominated by the Poto
mageton.

There were a few other species in the lake but only in 
minor numbers. Also present was the Cat-tail or the family 
Typhaceae.
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Jette Lake had by far the greatest amount of plant life 
by concentration than any of the surrounding lakes. In
fact the dock area had been treated with herbicides to re
move the nearby plants. The amount of plant life is a clear 
indication of the eutrophic nature of the lake.

There were a very large number of Muskrat or Musquash 
(Ondnata) found. In the previous year 50 of the Muskrats 
were trapped and moved out of the area. There were also a 
number of snapping turtles (Chelydra serpentina) observed 
sunning themselves on floating branches of sunken trees.

The lake itself had a large fish population, consisting 
of trout (Salmo clarki) and bass (Micropterus dolomica).
Both of these were planted in the lake. The trout were 
planted first and were well established before the bass were 
planted. The bass are a more durable species that feed on 
the young of the trout, so that the trout population is on
a decline.

The Jette Lake residents were concerned about this prob
lem, since they prefer the trout over the bass. A possible 
solution to the problem may be to kill or remove all of the 
fish in Jette Lake and then replant a select species of 
trout that is preferable. This would be one way that is 
commonly used to eliminate the problem.

The Jette Lake area, as in many Montana areas, has a 
great diversity of natural inhabitants. There were a number 
of such organisms observed in the area.
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The overall condition of Jette Lake is generally healthy 
however, it is heading toward a state of eutrophy. The high 
level of aquatic plant life, particulate matter, and high 
lake conductivity are strong indications of an eutrophic 
state. The low amount of dissolved oxygen at the lake's 
lower levels is also an indication of the lake's eutrophic
nature.

It is important to remember that just because a lake 
has eutrophic tendencies, it does not mean the lake is 
nearing the immediate end of its life cycle. There are many 
methods which can be employed to prolong the life of a lake. 
By controlling the amounts of aquatic plants, the lake's life 
can be prolonged. The aquatic plants can be limited by 
mechanical dredging or chemical poisoning.

Methods of slowing the eventual death can prolong the 
lake's life, but eventually the lake will cease to exist.
It will^however last for at least hundreds of years.
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Fig. 19. Photograph of Ekman dredge
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Fig. 20. Photograph south end of Jette Lake.

Fig. 21. Photograph dock area of Jette Lake
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