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ABSTRACT

Physical, chemical and biological characteristics of Deer Lake,
Lake Gribben and Section 2 Pond in Marquette County, Michigan, were
assessed between June 1974 and July 1975. Temperature, dissolved
oxygen, light, pH, non-filterable residue, alkalinity, several forms
of phosphorus, total nitrate-nitrogen, total iron, specific conduc-
tance and plankton densities were determined for these three lakes.

Deer Lake was found to be a hypereutrophic, dimictic lake with
a depletion of oxygen in the lower waters during periods of thermal
stratification. Total phosphorus (0.18 to 1.66 mg P/1) and total
nitrate-nitrogen (0.4 to 15.0 mg N03-N/1) were high in all strata
of water throughout the year. Wastewater from three primary sewage
treatment plants contributes to the high concentrations of these
nutrients, although indirect evidence indicates that sediment-water
interchange is also important in the loading of these nutrients.
Large algal populations during the summer reflect these loadings.

Lake Gribben and Section 2 Pond were found to be dystrophic,
Jrd order temperate lakes. Their water circulated on windy days
during the ice free periods. Nutrient inflow from the drainage
basins and their littoral communities, coupled with limited exchange

from their sediments controlled their productivities.
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INTRODUCTION

The objective of this study was to determine the physical,
chemical and biological characteristics of three bodies of water
in Marquette County, Michigan. These bodies of water were prospec-
tive locations for testing the effects of the controlled addition of
finely-divided particulates remaining after the separation of iron
from iron ores (commonly known as tailings). The desired effect
would be the limitation of available nutrients thereby controlling
eutrophication. The bodies of water studied were Lake Gribben,
Section 34 T47N, R26W; a pond located in Section 2 T46N, R26W;
and Deer Lake located north of Ishpeming. Subsequent to this study,
an area that includes Section 2 Pond and part of the Lake Gribben
watershed was ditched, cleared of vegetation and diked to construct
the Gribben tailings basin.

Deer Lake was studied as a site for possible treatment with
tailings because it was identified as a problem lake with a serious
algal bloom, deteriorating fish population and large amount of
nutrient enrichment from primary sewage treatment plants (Kettele
and Uttormark, 1971). Three primary sewage treatment facilities
discharge their effluent into Carp Creek which enters Deer Lake.
Lake Gribben and Section 2 Pond were studied as sites for possible
treatment because they were located within the confines of the future
Gribben tailings basin. It was hoped that if tests on Lake Gribben
and Section 2 Pond showed promise of limiting nutrients, Deer Lake
possibly might be a lake in which additions of tailings could show
a beneficial effect.

Controlling human-stimulated eutrophication has become more of

a problem as populations grow and less clean water is available for



drinking, industrial and recreational use. Many attempts have

been made at lake restoration. Dunst, et al, (1974) have identified
and described the present utility of various restoration techniques.
Approximately 600 accounts of individual restoration experiences
were evaluated. The methods employed either (1) limit fertility
and/or sedimentation in lakes or (2) manage the consequences of

lake aging. The former treats the underlying causes of lake problems
while the latter tends to be cosmetic in nature, enhancing the
usability of lakes but not controlling the source of degradation.

Fertility and sedimentation in lakes can be limited by reducing
the amount of nutrients and sediment that flow into them, chiefly
through wastewater treatment, diversion, land use practices and
treatment of inflow. Other limitation techniques can be used within
a lake to inhibit nutrient recycling or to accelerate nutrient outflows.
Available methods include dredging, nutrient inactivation/precipitation,
dilution/flushing, biotic harvesting, selective discharge, sediment
exposure and desiccation, and lake bottom sealing.

To manage the consequences of lake aging various physical,
chemical and biological approaches are available. These include
aeration/circulation, manipulation of water levels, use of biocides
and many others.

Lake restoration attempts are met with many difficulties. Lakes
are extremely complicated ecosystems. Each lake has its own char-
acteristics. What may work in one lake may or may not necessarily
work in another. Before any effective attempts at restoration of
a lake is undertaken it is imperative that pretreatment research be
done to identify the important variables and quantify the cause and

effect relationships within the lake (Dunst, et al., 1974).



This study was done in an effort to provide some of this information.
Temperature, dissolved oxygen, light, pH, non-filterable residue,

alkalinity, several forms of phosphorus, total nitrate-nitrogen,

total iron, specific conductance and plankton densities were determined

for the three bodies of water between June 1974 and June 1975. There

are many variables that affect water quality and productivity. These

parameters were selected for analysis because they would yield the

most amount of useful data given the time and laboratory equipment

available.



METHODS AND MATERIALS

Sampling Locations and Frequency

Deer Lake was enlarged in 1912 as an impoundment of the Carp
River. The reservoir was enlarged in 1942 to its present capacity
of 1390 ft. above sea level (Figure 1). It has a controlled outlet
regulated by the Cliffs Electric Service Company. Several creeks
enter Deer Lake in addition to a seepage flow from several sides.
Flow-through time has been estimated at 1 year (Ketelle and Uttormark,
1971).

A survey of the lake in June 1974 revealed two distinct basins,
a North basin near the dam with a maximum depth of 8 meters and a
South basin near the mouth of Carp Creek with a maximum depth of
10.5 meters. Vertical temperature profiles obtained during the
survey showed a stable thermal stratification in the South basin.
Therefore it was selected as the primary sampling location within
the lake. Samples for general chemical characteristics were period-
ically taken from two depth regions = representing the upper waters
and the lower waters - at the deepest location in the South basin.
For reasons of brevity the upper waters will be referred to as the
epilimnion and the lower waters will be referred to as the hypolimnion.
The epilimnial samples were obtained by combining one liter samples
taken from 2, 4 and 6 meters. The hypolimnial samples were taken
from 1 meter above the bottom. The water was collected with a 1
liter, brass Kemmerer sampler and placed in glass bottles that had
been acid washed with HCl and throughly rinsed with distilled water
in the laboratory. Prior to filling, the bottles were rinsed with
water from the region being sampled. At the South basin, water

transparency measurements, zooplankton samples and phytoplankton



w
sy su
{9AB] VIS GAOYD 33 OGEL @30S oo} "

CTTTTOUTTT T SA9aW 7 |DAJBIUETANOUOY T

-9y} seag jo dow dewdivg ‘| o._:u_m.

o «
vy



samples were also taken. Vertical temperature and dissolved oxygen
profiles were determined for both the North and South basins during
1974 and for the South basin in 1975,

Lake Gribben and Section 2 Pond were systems having seepage in-
flows and outflows. Inflow into Lake Gribben was primarily from the
northwest with outflow to the southeast. Section 2 Pond had been
created by heavers damming the seepage flow that courses largely
from the west toward the south. Both bodies of water were shallow
with maximum depths of 1.25 meters. Periodiec water sampling for gen-
eral chemical characteristics was dome at the 0.6 to 0.7 meter level
with a Kemmerer sampler. The collected water was placed in glass
bottles that were washed in the same manner as those used for Deer
Lake. Additionally, plankton was sampled and vertical temperature
and oxygen profiles were determined for both bodies of water. Lake
Gribben and Section 2 Pond were not sampled as often as Deer Lake
because of their shallowness and general inaccessibility at the
time the study was being made. A summary of the dates of sampling
for the various water bodies and parameters is given in Appendix 1.

Although fish were not sampled, yellow perch (Perca flavescens)

were seen caught from Deer Lake. A bluntnose minnow (Pimephales
notatus) was caught in Lake Gribben and a brook trout (Salvelinus

fontinalis) was caught in Section 2 Pond.

Morphometric Characteristics

A bathymetric map (Figure 1) of Deer Lake was constructed from
soundings obtained with a Lowrance Fish LoKaTor, Model LFP-300 along
intersecting transects between prominent shoreline features while

traveling at constant velocity (approximately 4 to 7 km/hr) between



shores. Depths were recorded at 30 second intervals. The depths
were plotted at equal intervals for each transect on a shoreline
map that was enlarged from a 7.5 minute series U.S5. Geological
Survey map. Contours were dravn by visual interpolation between
the plotted depths.

Soundings revealed that Lake Gribben and Section 2 Pond had
relatively constant depths of about 1 meter. Therefore, only the
1.0 meter contours were identified on their bathymetric maps
(Figures 2 and 3). The locations of these depressions were estab-
lished by intersections of transects between prominent shoreline
features.

The watersheds (Figures 4, 5 and 6) for the three bodies of
water were determined from topographic elevation changes shown on
U.S. Geological Survey maps. The areas were found by using an Ott
Disc Roller Planimeter, Model 131.

The volumes for the three bodies of water were determined by
integrating a plot of area versus depth for the contours. The
resultant volumes under the curve for each meter of depth were
found by using the planimeter.

Appendix 2 contains the areas within bathymetric contours and

volumes contained within depth intervals for Deer Lake.

Physicochemical Analysis

Temperature

Temperature was measured directly in degrees Celsius at each
sampling site with a Yellow Springs Instrument Company, Model 54
battery powered oxygen-temperature meter. In Deer Lake the temper-

ature was measured at each meter of depth from the surface to the
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bottom In Lake Gribben and Section 2 Pond the temperature was
measured at the surface, 0.5 meter, 1.0 meter and 1.25 meter

(bottom) depths. All temperatures were determined to an accuracy

of 0.5 degrees C.

Dissolved Oxygen
Dissolved oxygen concentrations were determined using the

Azide Modification described in Standard Methods (APHA, 1971 p.477).

Deer Lake samples were taken at each meter of depth from the surface
to either the bottom or to a depth where upon adding concentrated
H2804 the sample was completely colorless, indicating no oxygen
present. Lake Gribben and Section 2 Pond samples were taken at

the surface, 0.5 meters and 1.0 meters. The analysis procedure

was carried out in the field except for the titration with standard
sodium thiosulfate which was done upon returning to the laboratory.

All dissolved oxygen concentrations were determined with a precision

of ¥ 0.2 mg/l.

Specific Conductance and Salinity

Specific conductance was determined using a Yellow Springs
Instrument Company, Model 31 conductivity bridge with a precision
of ¥ 5%. all"samples were held at 4° C until analysis (EPA, 1974)
on 12-12-75, Samples were allowed to reach ambient temperature
before analysis. All conductivities were corrected to 25° ¢ (aPHA,
1971 p.323).

There is a general similarity of bicarbonate waters wherever
they are found such that specific conductance is closely proportional

to the total salinity (Rodhe, 1949). Using the relationship estab-

13



lished by Rodhe, approximations of the salinities were obtained.

Hydrogen Ion Concentration

The pH measurements were made upon returning to the laboratory
using a glass electrode with a Corning, Model 12 pH meter, The
delay prior to measuring may have altered the accuracy of the pH
measurements by making them lower than the actual value (Doepke, 1976).
All pH measurements were determined with a precision of ¥ 0.02

standard units.

Alkalinity

Alkalinity was determined potentiometrically upon returning to
the laboratory using a glass electrode with a Corning, Model 12
pH meter and titrating with 0.02 N HZSO4 to a pH of 8.3 for phenol-
phthalein alkalinity and to a pH of 4.5 for total alkalinity as

described in Standard Methods (APHA, 1971 p.370). All alkalinity

determinations were made with a precision of * 1 mg CaCO3/1.

Carbon Forms

Assuming all alkalinity is due to CaCO3, approximations of the
concentrations of HCOE, CO?, aqueous COZ’ total carbonic species
(Ct)’ and total inorganic carbon can be determined. Using the
measurements for total alkalinity and pH, these concentrations

are calculated from the following equilibrium equations:

[Hco;] _ Total Alkall:.nity - {ou”] +[u*]
+
1+ 2K, / [a*)

14



Total Alkalinity - [on] + (7]
(17 &y + 2
] Total Alkalinity - [CH?]+ [kf]
(aq)| =
[coz * ( Ki / [u7] « 21(;1(; / {572
[ct] = [rco3] + [o03] + {c0,(aq)]

Total Inorganic Carbon {(mg C/1) = 12 X [C;]

[co3] =

where:
Total alkalinity is expressed in milliequivalents per liter
. [ [uco;] K,
) [COZ(aqi) ) fi
K; _ [_Hﬂ [cog} _ K,
[ uco; ] £y
and
fm = the activity coefficient for the monovalent ion

Fh
i}

a the activity coefficient for the divalent ion

= 4.45 X 1077 at 25 °C and unit activity
11

ne
f

4.69 X 107" at 25 °C and unit activity

]

A practical difficulty is determining the activity coefficients.
Fortunately, at low salinities the activity coefficients do not
vary significantly so that only an approximation or estimate of
ionic strength is needed to estimate the activity coefficients
(Loewenthal and Maris, 1976 p.87). Langelier (1936) established
experimentally that in natural waters the ionic strength is closely
estimated from the total inorganic solids concentration. Using the
Langelier and Davies equation, Loewenthal and Maris plotted the
activity coefficients for the mono- and divalent ions versus total

inorganic dissolved solids. Since the salinity of inland waters

15



may be regarded as the concentration of all ionic constituents
present (Hutchinson, 1957 p.553) salinity may be regarded as a
close approximation to the total inorganic dissolved solids. Using
these relationships the activity coefficients were found from the

Loewenthal and Maris graph.

Transparency

Transparency was measured at Deer Lake using a Secchi disc
with a diameter of 20 cm as outlined by Tyler (1968). Transparency
was not measured in Lake Gribben and Section 2 Pond because the
Secchi disc was visible on the bottom even though the water was
stained brownish-yellow. The water in Lake Gribben was slightly
brownish-yellow while the water in Section 2 Pond was a very dark

brownish-yellow.

Nitrate-Nitrogen

Nitrate-nitrogen was determined using a Corning Nitrate Ion
Electrode in conjunction with a Sargent Welch Model PBX pH meter.
Samples were held by lowering the pH to less than 2 with concentrated
sto4 and storing at 4° ¢ (EPA, 1974). Analysis was done on 7-25-75
after samples were allowed to reach room temperature. All nitrate-
nitrogen concentrations were determined with a precision of } 0.2 mg

N03-N/1.
Phosphorus Forms

Total phosphorus concentrations were determined following

sulfuric acid - nitric acid digestion. After digestion the liberated

16



orthophosphate was determined using the Stannous Chloride Method
(APHA, 1971 p.518).

Total orthophosphate was determined using the stannous chloride
method without preliminary hydrolysis or digestion.

Total acid-hydrolyzable phosphate (condensed phosphate) was
determined using the stannous chloride method following mild acid
hydrolysis and then subtracting the total orthophosphate from the
orthophosphate found after mild acid hydrolysis (APHA, 1971 p.521).

Total organic phosphate was determined by subtracting the sum
of the total acid hydrolyzable phosphate and the total orthophosphate
from the total phosphate (APHA, 1971 p.521). Of the total organic
phosphate about 70% or more is within the particulate (sestonic)
organic matter and the remainder is present as dissolved and
colloidal organic phosphate (Wetzel, 1975 p.217).

Samples for total phosphate and orthophosphate analysis were
held by cooling to 4° c. Samples for acid-hydrolyzable phosphate
analysis were held by lowering the pH to less than 2 with HZSO4
and storing at 4° C (EPA, 1974).

All measurements were made in a Beckman Grating Spectrophoto-
meter, Model DB-G, at 690 nm using a 1 cm cell. Analyses were per-
formed on 8-5-75 after the samples were allowed to reach room tempera-

ture. All phosphate concentrations were determined with a precision

of * 25%.

Non-Filterable Residue and Total Residue

The non-filterable residue (total suspended solids) is matter of
an undetermined composition that is retained by a 0.45 micron filter.

The non-filterable residue was determined after filtering a volume of

17



water (200 to 500 ml) through a 0.45 micron filter and drying at

105° ¢ according to Section 148 C in Standard Methods (APHA, 1971 p.291).

Samples were held and stored at 4° C (EPA, 1974) prior to analysis on
12-4-75, All non-filterable residue concentrations were determined
with a precision of ¥ 2 mg/l.

Using the salinity as a close approximation to the filterable
residue (dissolved solids), an estimate was made for the total

residue (total solids) according to Langelier (1936).

Total Iron

Total iron concentrations were determined using a Beckman Atomic
Absorption Spectrophotometer, Model 440, at 248.8 nm. Samples were
held by lowering the pH to less than 2 with concentrated HN03 and
stored at 4° C (EPA, 1974). Analysis was done on 7-20-75., All
total iron concentrations were determined with a precision of

* 1.8 mg, Fe/l.

Phytoplankton (Deer Lake)

The phytoplankton samples from Deer Lake were collected by
vertical hauls from a depth of 7 to 8 meters with a Wisconsin Plankton
Net, #25 mesh, pore size 0.1 mm, and preserved in a 5% solution of
formalin. The volume of water filtered was calculated by the formula
V = Trrzh where: r = the radius of the net opening and h = the depth
from which lifting occurred. The volumes of water filtered varied
between 66.5 and 76 liters., Subsampling was done by taking a 1.0 ml
aliquot with a Stempel pfipette from a well mixed sample and placing
the aliquot in a 50 mm X 20 mm X 1 mm Sedgwick-Rafter counting

chamber. Phytoplankton were counted at 100 X magnification using
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a strip count. This involved examining four strips the length of

the cells. The concentration of each organism was calculated by

using the formula Number per ml = I g g ;OSOX 3 where:
C = number of organisms counted
L = 50 mm (length of the strip)
D = 1.0 mm (depth of the strip)
W = 1.84 mm (width of the strip)
S = 4 (number of strips counted)

Phytoplankton were identified from keys (Prescott, 1970 and Needham
and Needham, 1962) and tallied under the following categories:

coccoid blue green, filamentous blue green, coccoid green, filamentous
green, green flagellates, centric diatoms and pennate diatoms. Tallies
of protozoans and rotifers were also made. The tallying procedure
(EPA, 1973) was to consider colonies as single units, thus an iso-
lated individual had equal numerical weight to that of a colony when
figuring densities. Triplicate aliquots were counted and the results
averaged. The number per ml in the sample was multiplied by the

sample volume and divided by the volume of water filtered in order

to estimate the density of each organism on the sample date.

Zooplankton (Deer Lake)

The zooplankton samples were collected on Deer Lake using a
Clarke~Bumpus Plankton Sampler with a #2 net, pore size 0.5 mm. The
epilimnial samples were collected by towing the sampler 210 seconds,
30 seconds at each meter of depth from 6 meters to the surface. The
hypolimnial samples were collected by towing the sampler for 210
seconds at 8 meters of depth. All samples were preserved in a

5% solution of formalin. The volume of water filtered was calculated
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by assuming filtration of 4 liters for each revolution of the impeller
(manufacturer approximation).

Subsampling was done by taking a 1.0 ml aliquot with a Stempel
pipette from a well-mixed sample and placing the sample in a
50 mm X 20 mm X 1 mm Sedgwick-Rafter counting chamber, All zoo-
plankton were identified from keys (Eddy and Hodson, 1961 and Needham
and Needham, 1962) and tallied under the following categories:
Cladocera, Cyclopoidea copepods, Calanoidea copepods, nauplii, and
Diptera larvae. Triplicate aliquots were counted and the results
averaged (EPA, 1973). The mean count for each organism was multiplied
by the sample volume and divided by the volume of water filtered in
order to estimate the density of that organism in the lake on the

sampling day.

Plankton (Lake Gribben and Section 2 Pond)

Because of the shallowness of Lake Gribben and Section 2 Pond,
the conventional use of a Clarke-Bumpus Plankton Sampler and of a
Wisconsin Plankton Net was not feasible., Therefore a Wisconsin
Plankton Net, # 25 mesh, 0.1 mm pore size, was towed behind a canoce
for 1 to 2 minutes in order to capture plankton. Subsampling and
counting was done the same as for phytoplankton for Deer Lake. The
plankton were identified, tallied and expressed as a percent of
sample under the following categories: coccoid blue green, filamentous
blue green, coccoid green, filamentous green, green flagellates,
centric diatoms, pennate diatoms, flagellated protozoans, sarcodinian

protozoans, rotifers, nauplii, cyclopoidea and Daphnia spp..
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RESULTS

Deer Lake
Morphometry

Figure 7 is an aerial view of Deer Lake and the watershed area
to the west south-west of the lake. The geology of the watershed
area according to Wiitala, Newport and Skinner (1967) is character-
ized by bedrock and glacial till material. The bedrock formations
consist of various kinds of igneous and metamorphic rocks which
are Precambrian in origin.

The metamorphic rocks are mostly quartzites, schists, gneisses
and metavolcanics. Igneous rocks which intrude the metamorphic rocks,
are chiefly granite, diorite and basic igneous rocks. The Precambrian
bedrock crops out in many places on ridges and knobs.

The glacial till is unsorted or poorly sorted, unstratified
drift deposited directly from glacial ice without subsequent movement
by wind or water. It is a very heterogeneous material ranging from clay
to large boulders and from well rounded to sharply angular rock fragments.
In the watershed the thickness of the till ranges from less than 0.3 meters
to 15 meters.

The watershed area is 95 kmz. The surface area of Deer Lake is
366.7 ha. The perimeter of the basin is 22.3 km. A bathymetric map
is shown in Figure 1 (p.5). The areas within the bathymetric contours

and volumes contained within depth intervals are given in Appendix 2.

Temperature
Temperature data obtained for the North and South basins of
Deer Lake are presented in Appendix 3. Vertical temperature profiles

for five dates showing various stages of stratification and circulation
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for the South basin are presented in Figure 8. These profiles

show that the South basin was stratified into an epilimnion

(0-5 meters), metalimnion (5-9 meters) and a hypolimnion (9-10.5 meters)

on 7-30-74, Profiles obtained on 9-25-74 and 10-15-74 reveal thermal

conditions characteristic of the period of autumnal circulation

present in a holomictic lake. The lake became ice bound in December

and the profile for 2-23-75 was obtained during winter stagnation.

The lake became free of ice about 4-15-75 and vernal holomictic

circulation most likely occurred in late April. The profile for

5-20-75 shows that the lake is beginning to thermally stratify.

This annual thermal pattern characterizes Deer Lake as a dimictic

lake (Wetzel, 1975 p.78). The annual heat budget was calculated

to be 8.196 X 103 cal/cm2 by the method outlined by Hutchinson

(1957 pp.492-495) using the data for the dates 8-24-74 and 2-23-75.
The temperature data for the North basin of Deer Lake show

that thermal stratification was being established on 6-28-74 with

the surface temperature at 21.0° C and the water at the bottom

(8 meters) 12.0° ¢, Thermal stratification persisted through 8-25-74

with the surface water 21.2° C and the bottom water 11.4° C.

Circulating conditions were present on 9-26-74 and 10-31-74.

Dissolved Oxygen

Dissolved oxygen data for Deer Lake are presented in Appendix 4.
Figure 9 illustrates dissolved oxygen concentrations for the same
dates that were used to illustrate the annual temperature pattern
for the South basin of Deer Lake. During summer stratification
as depicted on 7-30-74, a clinograde oxygen profile was established

with the lower metalimnion and hypolimnion being anoxic. The oxygen
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content of the hypolimnion of very productive or eutrophic (high

in nutrients with high organic production) lakes is depleted often

only a few weeks after summer stratification begins and the hypo-
limnion remains anoxic throughout this period (Wetzel, 1975 p.127).
These conditions prevailed in Deer Lake until autumnal circulation
produced an orthograde oxygen profile on 9-25-74 although slightly
reduced oxygen concentrations were present near the bottom. This is
probably due to the high concentration of organic matter on the bottom
which causes a rapid loss of oxygen at the sediment-water interface
where bacterial decompostion is often increased greatly over that
occurring in the water (Wetzel, 1975 p.127). Similar approximately
orthograde profiles were noted later in the autumnal holomixis (10-25-74)
and at the end of vernal circulation and beginning of summer stratifica-
tion (5-20-75). During winter stagnation the oxygen concentration is

reduced at all depths. On 2-23-75 the water was anoxic at 5 meters.

Transparency
Secchi disc visibility readings (Appendix 5) made on the ice
free sampling dates ranged from 1.0 meter in July and August to 2.0

meters in May.

Hydrogen Ion Concentration (pH)

Figure 10 shows the pH values obtained for the epilimnial and
hypolimnial waters of Deer Lake. When holomictic circulation was
occurring the pH values for the upper and lower water strata were
nearly equal. However, during the periods of stagnation the pH in

the hypolimnion was distinctly lower than that in the epilimnion.
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Specific Conductance and Salinity

The conductivity of Deer Lake is highest during the period of
summer stagnation (Figure 11). The onset of autumnal circulation
brings about a fall in conductivity which is followed by a rise
during the period of stagnation under the ice. Vernal circulation
produced a decrease in conductivity similar to that observed as
a consequence of autumnal circulation. During the succeeding
summer stagnation (6-20-75) the conductivity of Deer Lake rose.

The salinities (Appendix 5) calculated from the specific
conductance values ranged between 167 and 253 mg/l for the epilim-
nial and hypolimnial waters, respectively. Their seasonal variation
necessarily followed that of the specific conductance. Consistently,
the values of conductivity and salinity for the lower water strata

equalled or slightly exceeded those found in the upper water strata.

Alkalinity

Total alkalinity and phenolphthalein alkalinity data for Deer
Lake are presented in Appendix 5.

The total alkalinity is generally higher during the periods of
summer and winter stagnation and lowest during the periods of autumnal
and vernal circulation (Figure 12). Usually the total alkalinity
of the hypolimnion is higher than that of the epilimmnion.

Phenolphthalein alkalinity was present only in the epilimnion
and only during the establishment of (5-20-75) or during summer
stagnation (7-30-74, 8-24-74 and 6-20-75). On these dates the
phenolphthalein alkalinity ranged up to a high of 17 mg Ca003/1

and never accounted for more than a quarter of the total alkalinity.
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Carbon Forms

The values calculated from the total alkalinity and pH for
the carbonic species are presented in Appendix 5.

Table 1 gives the epilimnial and hypolimnial ranges of concen-
tration for HCOE, cog, COZ(aq), total carbonic species and total
inorganic carbon in Deer Lake during the sampling period. The prin-
cipal carbonic species present on all sampling dates in both the

-
.

epilimnial and hypolimnial waters was HCO3

Non-filterable Residue and Total Residue

Non-filterable residue data for Deer Lake are presented in
Appendix 5,

The non-filterable residue varied between 6.8 and 8.3 mg/l in
the epilimnion during summer stagnation and the overturn periods
except for a concéntration of 5.3 mg/l on 11-20-74 (Figure 13).

A concentration of 2.2 mg/l was found in the upper waters during
winter stagnation. In the hypolimnion the non-filterable residue
reached its highest level (16.0 mg/l) during winter stagnation.
Except for one sampling date which occurred during the autumnal
overturn, the non-filterable residue of the lower water distinctly
exceeded that of the upper water.

Estimates of the total residue ranged from 174 to 261 mg/l
and 193 to 298 mg/l for the upper and lower layers respectively.
Values for total residue peaked during summer stagnation. The total

residue data are presented in Appendix 5.

Phosphorus

Figure 14 illustrates the fluctuations of phosphorus. The
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TABLE 1. Ranges of carbonic species in South Basin of Deer Lake

Epilimnion Hypolimnion
Low High Low High

HCO; (moles/l) 8.54 X 107 2.01x 107 1.59 x 107> 2.53 x 107
coj n 2.50 x 10”7 1.26 x 10™*  3.29 x 107 4.13 x 107%
G0,(aq) " 2.06 X 1077 1.24x 107> 1.40 x 1077 8.94 x 107%
c, " 9.80 X 10™% 2.87x 107> 1.68 x 107> 3.42 x 107>
Total
Inorganic 11.8 34.4 34.4 41.0

Carbon mg/l
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total phosphorus concentrations in the lower waters ranged between
365 and 1660 ug P/l and always exceeded the concentrations occurring
on the same dates in the upper waters where a range between 108 and
406 J1L:S P/1 was observed. Late in the stagnation periods the lower
waters showed marked elevations in total phosphorus. By contrast,
the upper waters reached a peak in total phosphorus during winter
stagnation but their concentrations of total phosphorus were some-
what reduced during the latter part of summer stagnation. In all

instances the principal phosphorus component was orthophosphorus.

Nitrate-Nitrogen

Nitrate-nitrogen data for Deer Lake are illustrated in Figure 15.
Concentrations of 15 and 13 mg N03-Nll were present in the epilimnion
and hypolimnion respectively on 5-20-75 near the beginning of summer
stagnation., Nitrate levels dropped during late summer stagnation to
less than 1 mg N03-N/1 in both levels. During autumnal circulation the
nitrate concentrations generally rise and approach 2 mg NOB-NII prior
to winter stagnation. However, it should be noted that on 10-25-74
the nitrate in the hypolimnion had a singularly high concentration.
On 2-22-75 the nitrate levels were at 2.9 and 3.4 mg N03-N/1 in

the upper and lower water respectively.

Iron

The concentration of total iron in Deer Lake is depicted in
Figure 16. Values of approximately 1 mg Fe/l were found during the
circulation periods and in the upper water during the stagnation
periods. Elevated concentrations that approached 4 mg Fe/l were found

during the stagnation periods in water just above the bottom.
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Plankton Analysis

Vertical Haul Plankton

The tabulations of the vertical haul plankton. for Deer .Lake
are presented in Appendix 8.

The vertical haul zooplankton consisted of protozoans (Ceratium
spp. and Difflugia spp.) and rotifers (Keratella spp. and Kellicottia
spp.). The protozoans (primarily Ceratium spp.) numbered in the
thousands per liter during the months of July through October and
were the predominant vertical haul plankters during summer stagnation
in 1974. The rotifer populations were always at a low level.

The vertical haul phytoplankton contained coccoid blue green algae,
filamentous blue green algae, coccoid green algae, filamentous green
algae, green flagellates, centric diatoms and pennate diatoms. The
phytoplankton reached abundance maxima at the beginning of summer
stagnation in both 1974 and 1975. Their number fell slightly during
summer stagnation in 1974, remained high through the autumnal circula-
tion, and declined to a minimum during winter stagnation. The various
groups of phytoplankton that made up the total showed dramatic variation
in numbers throughout the sampling period.

The coccoid blue green algae comprised a minor percent of the
total phytoplankton present at the beginning of summer stagnation
in both 1974 and 1975 (Figure 17) even though their number was high
(Figure 18). During summer stagnation they were the predominant group
with their numbers reaching a maximum on 9-25-74. At the autumnal
circulation they dropped in number and comprised a minor percent of
the total. Their number reached a minimum during winter stagnation

even though they were the most numerous group.
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The filamentous blue green algae attained maxima at the
beginning of summer stagnation in both 1974 and 1975 when they were
the predominant phytoplankton (Figures 17 and 18). During summer
stagnation the population was low and comprised a minor percent of
the total phytoplankton present. They were not found during the
period of winter stagnation. The coccoid green, filamentous green,
and green flagellated algae were always less abundant than the blue
green algae populations and always comprised a minor percent of the
total phytoplankton.

The diatoms were most abundant during autumnal circulation when
they were the predominant group. They were also the predominant
group immediately after vernal circulation. The centric diatoms

(primarily Stephanodiscus spp.) were always more abundant than

the pennate diatoms. Pennate diatoms never comprised more than

26% of the total diatoms present on a sampling date.

Clarke~Bumpus Zooplankton

The zooplankton collected with the Clarke-Bumpus plankton
sampler were cladocerans (mainly Daphnia spp.), cyclopoidea copepods,
calanoidea copepods and dipterans belonging to the genus Chaoborus.
The cladocerans and copepods showed peak abundances in both the
epilimnion and hypolimnion during summer stagnation with greater
numbers occurring in the epilimnion (Table 2). In the epilimnion
during summer stagnatién the cladoceran populations were large and
predominated. Very few zooplankters were present after vernal
circulation in May, 1975. However, by late June their numbers

increased to a level similar to that found in 1974,
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Lake Gribben and .Section 2 Pond

Morphometry

Figure 19 is an aerial view, looking northwest, of Lake Gribben
in May, 1974, The seepage outlet is in the lower right portion of
the lake. Aquatic macrophytes that reach the surface are visible
in the foreground and in the western part of the lake. The geology
of the watershed is similar to that of Deer Lake except that in addi-
tion to bedrock and glacial till, swamp deposits adjacent to the west
gside of the lake make up a part of the watershed. Swamp deposits
consist of decayed or decaying organic matter (peat and muck) mixed
in places with silt and fine sand.

Figure 20 is an aerial view looking northwest of Section 2 Pond
in May, 1974, The seepage outlet to the left is hindered by a beaver
dam. The Sphagnum bog is visible to the right of the pond. Lake
Gribben is visible at the top of the photograph. A cedar and tamarack
swamp, with Sphagnum covering the ground, extends to Lake Gribben.

The geology of the watershed is similar to Lake Gribben except that
swamp deposits make up a greater proportion of the watershed area. .

Watershed maps of Lake Gribben and Section 2 Pond are presented

in Figures 5 (p.11) and 6 (p.12), respectively. The morphometric data

for Lake Gribben and Section 2 Pond are summarized in Appendix 10.

Temperature

The temperature profiles for Lake Gribben (Figure 21) show
that summer thermal stratification does not occur. During the ice
free seasons the water circulates completely on windy days. Stagna-

tion conditions become established during the ice cover period.
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Accordingly, Lake Gribben is a 3rd order temperate lake (Welch, 1952 p.62).
The annual heat budget was calculated to be 2000 cal/cmz.

The temperature profiles for Section 2 Pond (Figure 22) show
that a steep thermal gradient occurs during the warm period of the
year. Steep thermal gradients were present on 7-12-74, 8-11-74, 5-11-75
and 6-15-75 with temperature differences between the surface and the
bottom for those dates being 11.5, 13.8, 12.9 and 8.5 % respectively.
During winter the temperature is reduced to nearly 0% throughout the

water column. The annual heat budget was calculated to be 1500 cal/cmz.

Dissolved Oxygen

Figure 23 illustrates the dissolved oxygen concentration for the
six dates that Lake Gribben was sampled. Lake Gribben exhibited an
approximately orthograde oxygen curve for all the dates sampled except
3-22-75. During winter stagnation a high oxygen demand probably
was created at the sediment-water interface causing a depletion of oxygen
near the bottom.

Figure 24 illustrates the dissolved oxygen concentration on the
six dates Section 2 Pond was sampled. Generally the Section 2 Pond
had an orthograde oxygen profile for all dates except on 7-12-74. On

that date there was an absence of oxygen at 1 meter.

Hydrogen Ion Concentration (pH)

The hydrogen ion concentration in Lake Gribben varied little
throughout the year with a low pH of 6.0 on 10-10-74 and a high of
7.0 on 5-22-75 (Figure 25).

The water of Section 2 Pond was acidic, ranging in pH from 3.9

on 10-10-74 to 5.7 on 3-23-75.
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Specific Conductance and Salinity

Specific conductance data for Lake Gribben and Section 2 Pond
are presented in Appendix 13. The conductivity of both bodies of
water (Figure 26) was nearly constant and similar throughout the
period of sampling, except during the winter when there was a sharp
rise in conductivity.

Salinities calculated from the specific conductance values
are presented in Appendix 13. The salinities varied between 23

and 45 mg/l in Lake Gribben and between 20 and 50 mg/l in Section

2 Pond.

Alkalinity

Total alkalinity and phenolphthalein alkalinity data for Lake
Gribben and Section 2 Pond are presented in Appendix 13.

There was no phenolphthalein alkalinity found in Lake Gribben
or Section 2 Pond. Figure 27 illustrates the values obtained for

total alkalinity in both bodies of water during the sampling period.

Carbon Forms
Values calculated for the carbonic species and total inorganic
carbon from the total alkalinity and pH are presented in Appendix l4.
Table 3 gives the ranfges of concentration for HCOS, 00;, COZ(aq),
total carbonic species and total inorganic carbon in Lake Gribben and

Section 2 Pond during the sampling period.

Non-Filterable Residue and Total Residue
The fluctuations of non-filterable residue for Lake Gribben and

Section 2 Pond are displayed in Figure 28, The non-filterable residue
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TABLE 3. Ranges of Carbonic Species in Lake Gribben and Section 2 Pond

Epilimnion Hypolimnion
Low High Low High

- -4 -4 I A
HCO3 (moles/1) 1.90 X 10 4,60 X 10 8.91 X 10 .1.92 X 10
co; 0 1.83 x 10°% 6.01 x 1077 5.21 x 10710 1.65 x 1078
c0,(aq.) " 4.19 X 107 7.58 x 10°%  8.10 x 107*  3.43 x 1072
¢, " 2.32 X 107% 11.09 X 10™* 1.00 x 1070 3.44 x 1072
Total
Inorganic 2.8 13.3 12.0 412.8

Carbon {(mg/1)
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concentrations were similar and relatively low (from 3.2 to 5.6 mg/l)
in both bodies of water except for the determination made during
the ice cover period when 32 mg/l was found in Lake Gribben.

The estimates of total residue for the various sampling dates
are presented in Appendix 13. Total residue ranged between 29.4 mg/l
and 77.0 mg/l for Lake Gribben and between 24.0 mg/l and 54.8 mg/l for

Section 2 Pond.,

Phosphorus

The data obtained for the forms of phosphorus in Lake Gribben
and Section 2 Pond are presented in Appendix 15. The total phosphorus
concentrations of most uncontaminated surface waters are between 10 to
50 ug/l (Wetzel, 1975 p.217). Both bodies of water fall within this
range (Figures 29 and 30). Section 2 Pond generally had higher levels

of total phosphorus than Lake Gribben.

Nitrate-Nitrogen
The data for nitrate-nitrogen for Lake Gribben and Section 2
Pond are presented in Appendix 15. Lake Gribben had 2 to 3 mg N03-Nll
throughout the sampling period except for a concentration of
7.5 mg NO3-N/1 after the spring break-up of ice in 1975 (Figure 31).
Section 2 Pond had less than 1 mg N03-N/1 on 8-11-74 and 10-17-74.
Beneath the ice on 3-23-75 nitrate-nitrogen concentration was
8.1 mg N03-Nll. Values determined after the pond became ice-free in

1975 were lower and declining although not as low as the 1974 levels.

Iron

Iron concentrations for Lake Gribben and Section 2 Pond are
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presented in Figure 32 and Appendix 13.

Lake Gribben had an iron concentration of approximately 0.4 mg/l
except for the sampling made through the ice when iron measured
2.7 mg/l. The iron concentration of Section 2 Pond was relatively

constant at about 1.2 mg/l during the study period.

Plankton
Lake Gribben

The percentages of the various groups of plankters collected
in Lake Gribben are presented in Appendix 16.

The phytoplankton consisted of coccoid blue green algae
(Microcystis spp.), filamentous blue green algae (Anabaena spp. and
Oscillatoria spp.), coccoid green algae (Pediastrum spp.), filamentous
green algae (Spirogyra spp.), green flagellates (Eudorina spp. and

Pandorina spp.), centric diatoms (Stephanodiscus spp. and Melosira

spp.), and pennate diatoms (Fragilaria spp. and Asterionella spp.).

During the summer of 1974 and the spring of 1975, diatoms were
the most abundant (Figure 33). In the autumn of 1974 blue green algae
predominated. Because the net had to be towed for 1 to 2 minutes
in order to collect enough organisms to count, the phytoplankton
density was considered sparse.

The zooplankton consisted of dinoflagellates (Ceratium spp.),
rotifers (Kellicottia spp., Keratella spp. and Polyarthra spp.),
sarcodinans (Difflugia spp.), Daphnia spp., and nauplii. Dinoflagellates
and rotifers were the dominate zooplankton during the sampling period.
Zooplankton always comprised a minor percent of the total plankton

collected except on 10-10-74 when rotifers made up 32.6% of the sample.
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Section 2 Pond

The percent of the various plankters found in Section 2 Pond
are presented in Appendix 17.

The phytoplankton collected consisted of coccoid blue green
algae (Microcystis spp.), filamentous blue green algae (Anabaena spp.),
coccoid green algae (Pediastrum spp.), filamentous green algae
(Spirogyra spp.), green flagellates (Pandorina spp.), centric diatoms

(Stephanodiscus spp. and Cyclotella spp.) and pennate diatoms

(Tabellaria spp., Fragilaria spp. and Asterionella spp.). During

the course of the study diatoms predominated (between 64.4% and 68.2%
of the phytoplankton) except on 7-12-74 when they constituted 29.7%
of the sample (Figure 34). On that date blue green algae predominated
with 31.9% and 23.9% consisting of filamentous blue green and coccoid
blue green algae, respectively.

The zooplankton collected consisted of dinoflagellates (Ceratium spp.),
sarcodinians (Difflugia spp.), rotifers (Kellicottia spp., Keratella spp.
and Polyarthra spp.), cyclopoidea copepods (Cyclops spp.), nauplii and
Daphnia spp. The zooplankton comprised a minor percent of the total
plankton except on 7-12-74 when the dinoflagellates were the most

numerous plankton present, representing 58.2% of the sample.
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DISCUSSION

Deer Lake

The seasonal changes in temperature are dominant regulators
of nearly all physicochemical cycling and consequently of lake
metabolism and productivity (Wetzel, 1977 p. 83). As spring pro-
gressed in 1974 the surface water was heated and a vertical thermal
gradient was formed which could not be disrupted by the existing
winds and allow further mixing of the entire water column. As the
surface water became less dense greater thermal resistance to mixing
was realized to the point where only the upper water was circulating
and thermal stratification occurred. During stratification in the
very productive water of Deer Lake, consumption of dissolved oxygen
by catabolic processes exceeded agumentation by photosynthesis and
led to total anoxia in the hypolimnion. With the approach of autumn
and declining air temperatures the loss of heat from the water exceeded
solar input. The surface water cooled and became more dense, thus
causing a breakdown of thermal stratification. The upper water mixed
with the lower water by a combination of convection currents and wind
induced epilimnetic c¢irculation. The column of water had become iso-
thermal by 9-25-74 and the water circulated from the surface to the
bottom. The circulating water brought oxygen into the lower water
and instituted a uniform character to all the strata of water.

Declining alr temperatures in early winter lowered the temper-
ature of the surface water until ice formed. The ice cover sealed
off the effects of the wind which led to winter stagnation. As the
snow cover on the ice deepened, solar radiation entering the lake
was decreased and oxygen produced by photosynthesis was reduced.

Catabolic metabolism caused the lake to become anoxic below 5 meters
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by 2-23-75.

When the ice cover deteriorated in the spring there was little
thermal resistance to mixing by the wind. Consequently the lake
water circulated again shortly after the ice melted. Oxygen was
introduced into all depths of water and a uniform character of all
strata of water was again realized.

The difference in pH between the hypolimnion and the epilimnion
during the stagnation periods is probably determined by the utiliza-
tion of CO2 in the trophogenic zone, the liberation of CO2 in the
tropholytic zone, and by the buffer capacities of solution bases as
the CO2 accumulates. Where geochemical buffer capacities of solutions
are limited, as they are to some extent in Deer lake, water will be
poorly buffered and a quantity of CO2 liberated into the hypolimnetic
water will produce a lowering of the pH (Hutchinson, 1957 p.685).

The range of pH indicates that Deer Lake is regulated by the
coz-ﬁcos-co3 system of buffering and is therefore of the ''bicarbon-
ate type" (Wetzel, 1975 p.l174).

The reasons for the higher specific conductance and salinity
values during the stagnation periods are complex and not well under-
stood, There is generally a positive correlation between conductance
and pH. However, the expected relationship between conductance and
pH does not exist for Deer Lake. This is probably because of the
high amount of organic matter present (Strém, 1947). In many lakes
chemical reactions in the sediment appear to contribute to the rise
and fall of the conductivity and salinity. Mortimer (1942) found a
considerable increase in the conductivity and in the concentration
of solutes in the water over the mud after the mud surface had been

reduced. He suggested that the increase resulted from reduction of
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absorbing ferric complexes in the mud surface. The converse explana-
tion may apply to the general fall in conductivity and salinity at

the overturns. It cannot be known if this occurs in Deer Lake with-
out knowing the concentrations of ferrous iron in the complex and

ionic forms. Groundwater inflow into the basin could also have had

an effect upon the conductivity and salinity. Crumrine and Beeton (1975)
found in the lakes in the Sylvania Recreation Area, Ottawa National
Forest, that conductivities decreased during spring runoff and later
increased in summer when groundwater inputs were proportionally greater.
Without data on groundwater influx and flow patterns it is impossible
to judge what influence it may have had on conductivity and salinity.

The larger concentration of total inorganic carbon in the hypo-
limnion during the stagnation periods is probably from decomposition
and bacterial production of ammonium bicarbonate in the sediments
(Ohle, 1952) and bicarbonates released from FeCO3 and MnCO3 in the
sediments (Wetzel, 1975 pl76).

The higher non-filterable residues found during the stagnation
periods are most likely a result of the "rain'" of dead plankton and
detritus from the epilimnion to the hypolimnion.

The marked increase in total phosgphorus and iron in the hypo-
limnion during the stagnation periods is probably due to the high
biological production in the lake and high organic pollution which
contribute to the lowering of the dissolved oxygen to near zero at
the sediment interface. This caused a reduction in the redox poten-
tial in the upper few millimeters of sediment. Under these conditions
there is a release of ferrous iron and substantial quantities of phos-
phate previously held in complex form (Mortimer, 1971).

The decrease of total phosphorus and iron in the hypolimnion
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during the autumnal and vernal circulation periods might be traced

to the introduction of oxygen. This caused an increase in the redox
potential of the water which allowed the ferrous iron compounds to
form ferric precipitates including ferric phosphate, thus producing

a decrease in both total phosphorus and iron. The decrease of total
phosphorus during the autumnal circulation period may also be a conse-
quence to some extent of dilution with the overlying epilimnial waters.

In most natural waters the orthophosphate is usually a low
percentage, about 10%, of the total phosphorus (Wetzel, 1975 p.218).
However in Deer Lake the percentage of orthophosphate ranged between
46% and 82%. This indicates that phosphorus probably is not a limiting
nutrient for the growth of phytoplankton. The source of these high
concentrations of phosphorus is most likely the effluents from the
sewage treatment plants on Carp Creek.

The total iron concentrations found in the epilimnial waters
were higher than the typical range of total iron found in oxygenated
surface waters of p 5 to 8. These higher concentrations are probably
due to the input of organic matter from the sewage treatment plants.
Organic matter can combine with iron to form soluble iron complexes
(Singer, 1973).

During summer stagnation and the subsequent oxygen deficiency of
the hypolimnion, nitrification stops and denitrification takes place,
thereby causing the nitrate-nitrogen concentration to become depressed.
The nitrate-nitrogen concentration in the epilimnion during summer stag-
nation is also low, presumably due to assimilation by phytoplankton.

The water in the hypolimnion had become oxygenated with the begin-
ning of autumnal circulation by 9-25-74. This allowed nitrification

to occur and, with the breakdown of stratification, an increase in
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nitrate-nitrogen was also realized in the epilimnion.

It is probable that on 9-25-74 there was still a microzone of
unoxygenated water at the sediment interface which had not yet
allowed ammonia in the sediments to become nitrified. Mortimer (1941)
found that there was a lag time between when oxygen was introduced
into the hypolimnion and when the sediments were oxygenated. This
would allow only water above the sediments to become nitrified.

On 10-25-74 it is possible that the microzone of unoxygenated
water had dissipated shortly before the sample was taken and the
newly nitrified nitrogen had not had time to mix with the upper water.
This might be the reason for the unusually high concentration of nitrate-
nitrogen in the hypolimnion on that date.

It should be recognized that the volume of water around the sam-
pling point that comprised the hypolimnion was less than 1% of the whole
lake volume. Therefore it is not surprising that the nitrate-nitrogen
concentrations in the hypolimnion had dropped on 11-20-74 to a concen~
tration similar to that in the epilimnion.

The higher concentration of nitrate-nitrogen found in both the
epilimnion and hypolimnion during winter stagnation is probably trac-
able to a high input of nitrogenous compounds from the sewage treat-
ment plants and low assimilation by plankton during the winter. How=~
ever, it is probable that much of the nitrogen input during winter stag-
nation was denitrified due to the anoxic, or near anoxic, conditions
that prevailed.

The oxygenation of the lake during vernal circulation caused
nitrification of reduced nitrogenous compounds which had accumulated

during winter stagnation. As a result there were high nitrate-nitrogen

concentrations.
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At various times of the year one group of plankton dominated
the other groups in Deer Lake. At different times the blue green algae

(Microcystis spp. or Anabena spp.) and the diatoms Stephanodiscus spp.

were dominant.

Hutchinson (1967 p.387) described some of the commonly observed
characteristic phytoplanktonic algal associations that occur repeatedly
in lakes that can be classified according to trophic status. Lakes where
plankton is dominated by blooms of Microcystis spp. or Anabena spp. and,

at least at certain seasons by others, among them Stephanodiscus spp.

are usual in the more highly productive lakes of temperate regions.
The data clearly indicate that Deer Lake fits into this category.

Understanding the seasonal succession of plankton appears to be
a monumental problem. The chemical complexity of aquatic systems
coupled with the effects of light, temperature and the interelationships
among the plankters themselves has made study extremely difficult.

The predominantly diatom population at autumnal and vernal circu-
lation in Deer Lake is typical of temperate fresh waters and has been
reported by many researchers (Hutchinson, 1967, Chapter 23). Wetzel
(1975 p.328) reports that silica concentrations appear to be the major
regulatory factor involving diatom populations. So distinct is the
correlation between the observed decline of the diatom minimum with
regressing silica concentration and experimental results of bioassays
that the relationship appears to be predominantly causal., Factors of
light intensity, temperature, nitrogen, phosphorus, zooplankton grazing,
and fungal parasitism do not appear to be instrumental in the decline.
However, much more complex interactions of both physicochemical and

biotic factors undoubtedly exist in the seasonal succession of diatom
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populations when silica concentrations are not reduced to limiting
levels for exponential growth. It is probable that silica is the
main regulating factor for diatom populations in Deer Lake, but this
is speculative and needs further study to be.confirmed.

Several complex interacting variables seem to contribute to
the population rise and decline of blue green and green algae during
an annual cycle in Deer Lake.

The green algae reach their highest levels in the spring when
nitrate-nitrogen concentrations are elevated and temperatures are
lower. As summer stagnation progressed the epilimnetic temperature
increased, nitrate-nitrogen concentrations dropped, phosphorus was
abundant, the pH was alkaline and bicarbonate was the principal source
of available carbon. These conditions favor a rise in abundance of
blue green algae (Shapiro, 1973). While temperature increase contrib-
utes to the rise of blue green algae (Hutchinson, 1967 p.482), it is
not the major factor in controlling their population numbers.

If there is heavy loading of phosphorus, blue green algae become
dominant as the nitrate-nitrogen concentration is reduced because they
have efficient capacities for fixing molecular nitrogen (Moss, 1973).
Wastewater from the sewage treatment plants provides the phosphorus
loading. Also facilitating their high population demsity is a high
pil and large amount of bicarbonate. Blue green algae are more efficient
at using bicarbonate as a source of carbon than green algae which best
use carbon dioxide as a source of carbon (Moss, 1973 and Shapiro, 1973).

During the autumnal circulation when temperature, pH, alkalinity
and nitrate-nitrogen concentrations are no longer favorable, the pop-
ulation of blue green algae declines. While these conditions would

generally be favorable for the green algae, their population declines
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also. It is probable that substances liberated by the dead or
dying cells of blue green algae and Ceratium inhibit the growth of
green algae. These substances appear, at least in part, to be
fatty acids or their soaps. At present their role in seasonal
succession is uncertain (Hutchinson, 1967 p.488). It appears that
these algal antibiotics may exist in Deer Lake and have an effect
on the green algae, however, further investigation would be required
to confirm or disprove this hypothesis.

During winter stagnation the low temperature and reduced
light conditions are most likely responsible for keeping the popu-
lations of all species low.

After vernal circulation conditions conducive for growth of all
species were present and, as a result, all groups of plankton present
had relatively high populations. Filamentous blue greens dominated
probably because of the high pH and bicarbonate concentration and
low availability of carbon dioxide. Also it has been found that

Anabena is algistatic to green algae (Hutchinson, 1967 p.470).

Lake Gribben

During winter stagnation conditions decay occurs in the sediment.
This is evidenced by the lowering of the dissolved oxygen concentra-
tion at the bottom.

Throughout the year continuous production of ions must have been
taking place. However, concentration in the water was little affected,
as precipitation and adsorption in the oxidized mud surface had immobil-
ized a large part of these products. During winter stagnation a de-
crease in the thickness of the oxidized layer probably took place.

This would have caused a liberation of adsorbed ions and a corresponding
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decrease in capacity of the surface layer to adsorb products of
continuous mud processes. The result of these changes in the

mud probably produced the higher specific conductance, higher non-
filterable residue and higher total iron concentration observed
during winter stagnation.

The pH falls within the range of pH 6 to 9 which is character=-
istic of the majority of most lakes within the area. Lakes of the
""bicarbonate type" contain varying amounts of carbonate and are regu=-
lated by the COZ-HCOB-—CO3 system of buffering capacity (Wetzel, 1975
p+.174). Lake Gribben is a lake of this type.

The total phosphorus concentrations showed little variation
throughout the sampling period. However, there was a rise in the
organic phosphorus during stagnation. The reason for this rise is
unclear; possibly it may have been an accumulation of dead algal cells.

The higher nitrate-nitrogen concentration on 5-22-75 is probably
a result of churning of the mud after the spring breakup.

Without knowing the concentration of the plankton it is dif-
ficult to interpret the plankton data. For example, is the decline
in the percent of diatoms in the sample a rise in the percent of
blue greens in the sample on 10-17-74 or a result of a higher con-
centration of blue green algae and the same concentration of diatoms?
Or was it a result of the same concentration of blue green algae and
a lower concentration of diatoms, or because there was a higher con-
centration of blue green algae and a lower concentration of diatoms?
Interpretation of the physicochemical data to help explain the vari-
ation in plankton data produces conflicting conclusions. For example,
there is a decline in the percent of blue greens in the sample between

5-22-75 and 6-15-75. However, the change in pH and concentration of
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nitrate-nitrogen would favor the growth of blue green algae. Therefore

a sound hypothesis cannot be made to explain the planktonic¢ composi-

tion.

Section 2 Pond

It is unusual for a body of water as shallow as Section 2 Pond
to exhibit a stable summer thermal stratification. However, the
large trees and emergent vegetation (Figure 20, p.45) surrounding
the small pond reduce wind effects sufficiently so that marked
thermal gradients can occur. However, when the wind is strong
enough the pond circulates as evidenced by the presence of oxygen
near the bottom on 7-12-74,

The pond bottom was largely organic matter originating from
beaver activity and emergent and nearby terrestrial vegetation.
These organic depositions probably had a high oxygen demand which
caused the oxygen depletion on 7-12-74.

Low pH values are found in natural waters rich in dissolved
organic matter, especially in bogs and bog lakes that are domin-
ated in the littoral mat by the moss Sphagnum. The pH of Sphagnum
bogs is usually in the range of 3.3 to 4.5 (Wetzel, 1975 p.174). The
sources of the H' activity are primarily due to cation exchange in the
walls of Sphagnum during which H* are released and, to a lesser degree,
secretion by live Sphagnum of whole organic molecules (Clymo, 1964).
In addition the color of the water characteristically was a yellow-
brown, similar to that described by Shapiro (1957). He concluded
that the yellow-brown color was the result of humo=-limnetic acids
that originate as a result of decomposition in soil and possibly

in sediments as well, These factors may have caused the low pH in
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Section 2 Pond. The higher pH found in Section 2 Pond during the ice
cover period possibly resulted from reduced production and flow of H'
from the frozen Sphagnum mat.

The increase in specific conductance in the winter is probably
caused by the same processes as in Lake Gribben, namely a decrease
in the depth of the oxidized strata in the sediments.

The higher levels of phosphorus found in Section 2 Pond as compared
with Lake Gribben are probably due to the rich organic matter seeping
in from the Sphagnum bog adjacent to it (Wetzel, 1975 p.217).

Nitrification is reduced severely in acidic waters and nitrate
produced in such waters is probably utilized as rapidly as it is pro-
duced, so that most of the time only very low quantities are found
(Wetzel, 1975 p.200). This would explain the low nitrate-nitrogen
levels usually found in Section 2 Pond. The high nitrate-nitrogen
concentration on 3-23-75 is probably a result of low plankton concen=-
trations and consequently low uptake of nitrate.

The relatively high iron concentration in Section 2 Pond is
normal for bodies of water such as Section 2 Pond that are heavily
stained with dissolved limnohumic compounds and are acid bog waters
(Wetzel, 1975 p.253).

The high percentage of diatoms in Section 2 Pond is unusual in
that in bog lakes the percent of diatoms, as compared with other
waters, is very small (Welch, 1952 p.394). The reasons for the
apparent dominance of diatoms in Section 2 Pond is unknown. An
attempt to explain the seasonal variation in planktonic composition

was not done for the same reasons given for Lake Gribben.
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Trophic Levels

Wetzel (1975 p.626) reports that the old concept that lakes
progress from oligotrophy to eutrophy is not necessarily true. After
an initial oligotrophic phase (little phytoplankton due to low nutrient
availability) the ontogeny of a lake usually follows one of three path-
ways. Lt can become an eutrophic lake (contain much phytoplankton due
to high nutrient availability), a marl lake (low productivity due to
excessive buffered bicarbonate conditions) or a dystrophic lake (high
content of humic organic matter and low planktonic productivity).

Though there are a number of exceptions, Vollenweider (1968)
demonstrated a direct correlation between high sustained productiv-
ity of algal populations and average concentration of epdilimnetic
total phosphorus and epilimnetic total inorganic nitrogen. Using
these data, lakes may be classified to trophic level (Table 4).

The .average epilimnetic concentrations of total phosphorus and
nitrate-nitrogen for Deer Lake are given in Table 5. It should be
noted that only nitrate-nitrogen was sampled. The total would also
include nitrite-nitrogen and ammonia and thus would be higher if
these two forms of nitrogen were included.

According to Vollenweider (1968) on the basis of these two
parameters, Deer Lake would be classified as hypereutrophic.

The cause of Deer Lake's accelerated growth is probably a
consequence of loading of nutrients from the primary sewage treat-
ment plants discharging into Carp Creek. Although inorganic nutri-
ent loading, particularly of phosphorus and nitrogen, i1s fundamental
to initial eutrophication and to maintaining high productivity of
phytoplankton, the recycling of nutrients from the sediments are also

important in maintaining high plankton productivity.
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TABLE 4. (Classification of lake trophy according to average epilimnetic
nutrient concentration (after Vollenweider, 1968)

General Level of Total Phosphorus Total Inorganic N
Lake Productivity pell mg/1 '
Ultra-oligotrophic less than 5 less than 0.2
Oligo-mesotrophic 5 to 10 0.2 to 0.4
Meso-eutrophic 10 to 30 0.3 to 0.65
Eutrophic 30 to 100 0.5 to 1.5
Hypereutrophic greater than 100 greater than 1.5

TABLE 5. Average epilimnetic nutrient concentrations in Deer Lake

Lake Average Total Average Total
Epilimnetic Epilimnetic
Phosphorus pg/1 Inorganic ¥ mg/l
Deer Lake 278 2.6
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In dystrophic lakes the humic organic matter comes from
allochthonous and littoral sources. Productivity has classically
been defined as low. However, this refers to planktonic productiv-
ity and ignores the littoral plant community of the lake system.

The littoral plant community dominates the metabolism of these lake
systems and serves as the principal source of dissolved and partic-
ulate organic matter. Lake Gribben and Section 2 Pond are best clas-
sified as being dystrophic. Although the littoral community was not
studied, "Conceptually it is easy to place the littoral productivity
within such trophic schemes, quantitative evaluations of its contri-
butions are meager. Sufficient information is available, however, to
indicate that it cannot be ignored in most cases," (Wetzel, 1975

pp.649-650).

CONCLUSIONS AND RECOMMENDATIONS

Deer Lake

Deer Lake is a temperate dimictic lake. During thermal strati-
fication there is a depletion of oxygen in the hypolimnion which
leads to anoxic conditions in the lower water., Phosphorus and ni-
trogen exist at high levels throughout the year. Although primary
sewage treatment wastewater contributes to the high concentration of
these nutrients, indirect evidence indicates that the sediment-water
interchange is also important in the loading of these nutrients.
The large algal populations reflect the availability of these nu-
trients.

Future studies should be undertaken to determine phosphorus
and nitrogen residence times, silica concentrations, algal anti-

biotics and groundwater influx and flow patterns. Nutrient exchange
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reactions should be investigated in order to fully understand
nutrient pathways, rates and degree of exchange throughout the
ecosystem,

Before any lake treatment program is begun, secondary treatment
of the sewage wastewater that is discharged into the lake is neces-
sary. After this is accomplished, further evaluation will indicate

which rehabilitation techniques, if any, will yield the best results.

Lake Gribben and Section 2 Pond

Lake Gribben and Section 2 Pond were 3rd order temperate lakes.
The water circulated on windy days during the ice free periods.
Nutrient inflow from the drainage basins and littoral community
coupled with limited exchange from their sediments controlled their
productivities. On the basis of their high loading from allochthonous
and littoral sources; moderate irom, phosphorus and nitrate-nitrogen
concentrations; and low planktonic productivity, Lake Gribben and
Section 2 Pond were classified as dystrophic lakes.

Owing to their location within or near the future Gribben Tailings
Basin and construction activity associated with developing this basin,
conditions in Lake Gribben and Section 2 Pond have been altered. Ditch
construction has drained Section 2 Pond and significantly lowered the

water level in Lake Gribben for an indefinite period of time.
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APPENDIX 2. Areas within bathymetric contours and volumes
contained within depth intervals for Deer Lake

Depth Contour Area (ha)
Surface 366.70
0-2 meters 48,04

2 -4 " 130.85
4 - 6 " 162.84

6 -8 n 29.06
10 - 10,5 " .48
Depth (meters) Volume (M3)
0-1 355.85 x 10%
1-2 331.98 * v
2 -3 300,08 * v
3 -4 246.66 " ¢
4 -5 152.85 » ©
5«6 71,43 " v
6 -7 41.09
7 -8 26,55 " v
8§ -9 .71
9 - 10 4,99 1 n
10 - 10.5 0.2 n»

0 - 10.5 or total volume 1546.43 1 ¢
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APPENDIX 10. Morphometric characteristics of Lake Gribben and Section 2 Pond

Lake Gribben

Maximum Depth 1.25 meters
Mean Depth (Approx.) 1.00 meters
Area 9.1 ha
Watershed Area (includes Lake) 3.4 kn®
Volume (Approx.) 19.0 X 104 m3

Section 2 Pond

Maximum Depth 1.25 meters
Mean Depth (Approx.) 1.0 meters
Area .85 ha
Watershed Area (includes lake) 3.4 kn®
Volume (Approx.) 8.5 X 103 m>
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