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Saratoga Lake is located in the southern foothills of the Adirondack 
Mountains, approximately 48 km (30 miles) north of Albany and 19 km (12 
miles) west of the Hudson River (Fig. 1). The region has a rich historical legacy . 
(Walker, 1966). It was the site of the battle of Saratoga during the American 
Revolutionary War. Here the British army under General Burgoyne surrendered 
to the American colonists under General Gates in 1777. This represented the 
southernmost penetration by the British in their attempt to separate New England 
from the rest of the colonies, and was a turning point in the war for indepen
dence. A mural depicting this surrender adorns a section of the wall under the 
dome of the Capitol in Washington, D.C. 

The area was a favorite camping ground of the Iroquois. The Iroquois referred 
to the Kayaderosseras Creek watershed, the major influent drainage area of 
Saratoga Lake, as "land of the crooked water." Many early references to the 
Caniaderiooeras (Saratoga Lake) have been recorded. The lake was known for its 
sparkling waters, and as a major source of fish, particularly trout, for the Indians. 
The fish taken from the lake were a major component of the diets of the warring 
French and English Armies during the French and Indian War and the American 
Revolution (Walker, 1966). 

When the hostilities ceased between the English, the French, the Indians, and 
the Colonists, settlements around the lake increased and became more en
trenched. New land-use patterns developed around the lake. The Indian's use of 
the land for animal husbandry had been limited. Now, animal husbandry and new 
agricultural techniques were being used. This changing land use, perhaps, sig
naled the beginning of man's impact on the Saratoga Lake watershed leading to 
present water quality. For the first time, permanent population centers near the 
Kayaderosseras Creek and around the lake had a direct influence on the quality of 
the lake waters, which for centuries had been acclimated to the Indians' limited 
use of the land and their maintenance of a "natural state" of the environment. 

For the next 200 years, the area became a health and resort center. The health 
advantages of the area's natural mineral spring water was commercialized. This 
was a major attractive force for people coming into the area. Even today a sign at 
one spring boasts "A Naturally Carbonated Mineral Water, Contains More Min
erals Than Any Water In the World" (Anonymous, a). In 1863, thoroughbred 
horse racing was established in Saratoga Springs, and wealthy patrons of the 
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health spas were attracted to another recreational form. B~ the tum of the cen
tury, Saratoga Springs was a thriving resort center where the resident population 
generally doubled during the summer. Hotels, a major force in the resort com
munity, were joined by cottages constructed around the lake to accommodate the 
population influx. The construction of cottages around the lake was another 
alteration of the "natural state of the environment, " and undoubtedly had some 
impact on the lake, both directly and indirectly. 

Since the early twentieth century, the resort status of the area has declined. 
The present major recreational areas center around the lake, the horse racing 
tracks, the Saratoga Performing Arts Center, and the Saratoga State Park. In 
recent years, the water quality of the lake has been a topic of interest and 
discussion. It is the prevailing consensus that the lake is subject to adverse 
impacts that are very significant, and are a result of man's impact in the 
watershed. It is believed by many that the water quality of the lake in the summer 
is limiting its recreational uses, and is becoming an economic factor of signifi
cant magnitude (Kooyoomjian, 1974; Breen, 1973; Quinn, 1973). It is the intent 
of this chapter to approach these issues with the purpose of defining the present 
status of the lake and the watershed with respect to both natural and an
thropogenic influences. 

EARLY STUDIES OF SARATOGA LAKE 

References to early studies of Saratoga Lake and its tributary streams appear in 
the Upper Hudson River Drainage Basin Survey Series Report No.2 (New York 
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State Department of Health, 1963). The earliest study referenced, "Saratoga 
Lake Nuisance," was conducted in 1899 by special order of Governor Theodore 
Roosevelt. The study concerned the pollution of Kayaderosseras Creek and 
Saratoga Lake by certain industrial establishments and by the villages of Ballston 
Spa and Saratoga Springs. Subsequent executive orders required the construction 
of sewage treatment facilities for the two villages, and elimination of waste 
discharges from certain industries. 

An extensive survey of the Upper Hudson River and its tributaries was con
ducted in 1932 (New York State Department of Conservation, 1932). Although 
this was primarily a biological survey directed toward developing a fish-stocking 
policy for the area, it also contains some useful information on physical and 
chemical quality of Saratoga Lake, its tributaries, and its outflow. 

The only other mention of earlier investigations of Saratoga Lake is an unref
erenced report of pollution of the lake in 1935 (New York State Department of 
Health, 1963). The observation in 1935 of the defilement of Saratoga Lake, 
caused by unsanitary conditions created by lake shore properties, resulted in the 
correction of certain serious sources of pollution from these properties. Although 
the report contains some useful information about Saratoga Lake and its trib
utaries, it noted, "The present survey is not sufficiently detailed to reflect the 
influence of such discharges (discharges from the sewage treatment facilities of 
Ballston Spa and Saratoga Springs, lake shore properties, and industrial estab
lishments) upon Saratoga Lake proper, particularly since the survey was carried 
out before the annual influx of summer population" (p. 33). 

These early investigations are noteworthy in their efforts to identify and cor
rect the major inputs of pollution to Saratoga Lake; however, they either lacked 
the benefits of present scientific theory and technique or they were limited in 
scope or intensity. As a result, they do not contain sufficient baseline data to 
compare the past and present trophic states of Saratoga Lake. 

Mack et al. (1964) reported on the geology and hydrology of a portion of the 
Saratoga Lake drainage basin. There was no previous comprehensive investiga
tion of the hydrology of Saratoga Lake. The investigation utilized available 
hydrologic information supplemented by extensive field determinations of stream 
flow in the drainage basin. 

There were no early investigations of the circulation characteristics or 
sediment-nutrient relationships of Saratoga Lake. 

GEOGRAPHIC DESCRIPTION 

Location 

The Saratoga Lake drainage basin (Connor, 1974) lies between latitude 
42°55' Nand 43°12' N, and between longitude 73°35' Wand 74°04' W. It is 
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wholly within Saratoga County, New York, encompassing 30% of the area 
of the county. A small portion of the northwest segment of the drainage basin 
is in the Adirondack State Park. The outlet of the Lake is Fish Creek, which 
discharges into the Hudson River at Schuylerville, New York. The area of the 
total drainage basin tributary to the Hudson River is 632.63 km2 (244.26 square 
miles). The drainage area directly tributary to Saratoga Lake is 544.00 km2 

(210.04 square miles). The largest single tributary to Saratoga Lake is 
Kayaderosseras Creek, which has a drainage area of 483.14 km2 (186.54 square 
miles). The shape of the drainage basin is approximately rectangular; the average 
east-west distance is 32 km (20 miles); the average north-south distance is 19 km 
(12 miles). Figure 1 delineates the drainage basin and shows the main features 
within the basin. 

Lake 

Saratoga Lake (Fig. 2) is about 7 km (4.5 miles) long and 2.5 km (1.5 miles) 
wide. It is 29 m (95 ft) deep at its deepest point, in a rather large well in the 
northeast portion of the lake. A second smaller well 15.5 m (51 ft) deep exists in 
the southern portion just west of Snake Hill. The long axis of the lake is situated 
approximately north-northeast, with the outflow, Fish Creek, at the northern end. 
The major inflow, Kayaderosseras Creek, enters about 1.5 km (1 mile) from Fish 
Creek on the western shore. 

Topographic Characteristics 

The general topographic features and relief of the drainage basin can be related 
to the consolidated and unconsolidated deposits (see Figs. 7 and 9). The drain
age basin can be broken down into four general regions, each with different 
topographical features (see Fig. 3). In some instances adjacent regions are well
defined, whereas in others there are gradual changes between regions. 

Regions IA and IB are characterized by large expanses of relatively flat or 
gently sloping areas. The major types of relief are due to stream valleys or ridges. 
Region lA, in the northern section of the drainage basin, is the upper part of the 
Kayaderosseras Valley. It is separated from region II on the east and west by the 
steep slopes associated with the Galway faults. The elevations in this portion of 
region IA generally range from 201 to 168 m (660 to 550 ft). There are a few hills 
with peak elevations of 259 m (850 ft). 

Region IB in the central part of the drainage basin is separated from Region II 
to the west by the steep slopes of the Saratoga Springs fault and the moderately 
steep slopes of the McGregor fault. The northern part of region IB has the largest 
expanses of relatively flat and swampy areas. Here, the elevations range from 98 
to 64 m (320 to 210 ft). Saratoga Lake is on the eastern edge of region lB. The 
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Fig. 2. Morphology of Saratoga Lake. Depth contours in feet. 

mean elevation of Saratoga Lake is 62 m (203 ft). In the central section of region 
IB, there are two prominent ridges that roughly parallel Kayaderosseras Creek. 
Most sections of regions IA and IB are associated with unconsolidated sand and 
gravel deposits. 

Region II is characterized by very steep slopes due to the numerous faults that 
occur within this region. The highest elevation of 609 m (1997 ft) and the most 
differentiated elevations occur in the northwestern area of region II. The drop to 
the Kayaderosseras Valley below is between 244 and 335 m (800 and 1100 ft) in 
a distance of 3.2 or 4.8 km (2 or 3 miles). The terrain in the southwest and 
northeast sections of region II is very irregular, with steep and moderately steep 
slopes. Stream valleys are very deep and narrow. There are some small areas of 
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moderate slope in region II. Elevations in the southwest section range from 335 
to 213 m (1l00 to 700 ft), whereas in the northeast sections, elevations range 
from 198 to 107 m (650 to 350 ft). In the central portion of region II is a 
triangular section that consists of a group of low, oblong-shaped hills. These hills 
are drumlins that were formed directly by the ice sheet that once covered the 
area. Glacial till is the principal unconsolidated material in this region. 

Region III is characterized chiefly by moderate slopes. The stream valleys are 
generally small and shallow. In the western section of region III, elevations range 
from 183 to 122 m (600 to 400 ft), whereas in the eastern section they range from 
122 to 91 m (400 to 300 ft). Glacial till is the main unconsolidated material in 
region III. 

Region IV is characterized by a mixture of topographical features. The areas 
immediately adjacent to the eastern and southern sections of Saratoga Lake have 
moderately steep slopes to the lake. The stream channels here are generally 
narrow and deep. In the west-central section of region IV are the Rocky Tucks 
formations similar in appearance to the drumlins found in region II. The slopes in 
the northeast section of region IV are moderate to gentle. Stream channels are 
usually small and shallow. The elevations of the region adjacent to Saratoga Lake 
range from 107 to 64 m (350 to 210 ft). There are a few hills in the Rocky Tucks 
formation with peak elevations of 137 m (450 ft). Sand and gravel, and silt and 
clay, are the two major types of unconsolidated materials in region IV. 

8 km -----.. 5 mi 

Fig. 3. Regions of similar geophysical characteristics. 
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Streams 

There are 14 streams directly tributary to Saratoga Lake. To be considered a 
stream, a flow had to have an observable channel, and a measurable flow at least 
intermittently during the year. There is one outlet stream from Saratoga Lake, 
Fish Creek, originating arbitrarily at the Route 9P bridge at the north end of the 
Lake. Fish Creek flows in a northeasterly direction and discharges into the 
Hudson River at Schuylerville, New York. 

Of the 14 influent streams, only four were considered to be of sufficient size to 
warrant hydrologic study. The four streams are Mill Branch, Drummond Creek, 
Kayaderosseras Creek, and Coffey Creek. The Kayaderosseras Creek is the 
largest tributary stream to Saratoga Lake. The main streams tributary to 
Kayaderosseras Creek, in upstream order from the lake, are Lake Lonely Outlet, 
Geyser Brook, Mourning Kill, Gordon Creek, and G10wegee Creek. Farther 
upstream on the Kayaderosseras from Glowegee Creek are approximately 15 
additional small tributary streams. 

Figure 4 is a map of the Saratoga Lake drainage basin showing the spatial 
arrangement of the main areas tributary to Saratoga Lake and Kayaderosseras 
Creek. 
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Fig. 4. Principal drainage basins and subbasins. 
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Table 1 is a listing of the size of the drainage basins and subbasins, and their 
percentage of total area (Connor, 1974). For purposes of consistency, the total 
gauged area of Fish Creek at Grangerville is taken as the base for the computa
tions of relative areas. 

Figure 5 is a graphic representation of the cumulative drainage area versus the 
distance measured upstream from the Hudson River. The distances that occur 
within Saratoga Lake were determined by the corporate boundary line as shown 
on U.S. Geological Survey topographic map 7.5 minute Quaker Springs, New 
York quadrangle. This figure demonstrates that the major increases in drainage 
area occur as step additions due to the various tributary streams. The relatively 
small increases in drainage area between any two step increases are due to minor 
tributary streams and drainage areas. 

Geology 

The major geologic formations of consolidated bedrock underlying the basin 
were formed during the period of 500 million to 350 million years ago. 

To the northwest of the Saratoga Lake lie vast areas of highly eroded and 
weathered Precambrian igneous rock. The peaks of the Adirondacks are rem
nants of a regional uplift, that has been eroded for millions of years. To the 
southeast lie the sedimentary beds of the Appalachian geosyncline, ranging in 
age from Cambrian through Tertiary, containing limestone, dolomite, shale, 
slate, sandstone, and conglomerate. To the east is the region of Taconic thrust 
faulting and folding. This region apparently was subjected to tremendous heat 
and pressure from the east, which forced the rocks to become heaped upon each 
other. The heating caused great metamorphic changes to the rocks in the area. 
Between these areas in the Hudson/Mohawk lowlands are the strongly contorted 
and faulted Ordovician limestone and shale (Cushing and Ruedemann, 1914). 

There were apparently several glacial periods in North America, beginning 
almost 100,000 years ago with the latest ending about 12,000 years ago. As the 
glacier retreated, it left many types of erosional deposits, and changed drainage 
patterns profoundly. Nearly all of the relief in the Saratoga Lake area is a result 
of the postglacial erosion of thick deposits of glacial origin (Stoller, 1916). 

Kames and kame terraces are found in the upper Kayaderosseras valley south 
of Corinth. These deposits of sand and gravel mixed with cobbles and pebbles 
occur at approximately the same elevation, forming a terrace on the side of the 
mountains. These kame terraces are thought to have been deposited by streams 
that flowed along the contact between the ice and the mountainside. A kame is an 
accumulation of sediments within a depression, where stream-water action on the 
ice filled an opening with sediments. A kettle is formed when a stagnant block of 
ice is buried beneath outwash deposits from a retreating glacier. Kettle holes are 
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TABLE 1 

Drainage Area of Principal Basins and Subbasins' 

Area 

square Percentage 
Drainage basins and subbasins km' miles of total 

U.S.G.S. Gauge on Kayaderosseras Creek 
Subbasins 

Upper Kayaderosseras 149.99 57.91 24.31 
Glowegee Creek 66.87 25.82 10.84 

Subtotal 216.86 83.73 35.15 
Kayaderosseras Creek Gauge 

Subbasins 
U.S.G.S. Gauge 216.86 83.73 35.15 
Gordon Creek 38.00 14.67 6.16 
Mourning Kill 44.88 17.33 7.27 
Geyser Brook 78.45 30.29 12.71 
Other 42.17 16.28 6.83 

Subtotal 420.36 162.30 68.12 
Kayaderosseras Creek 

Subbasins 
Kayaderosseras Creek Gauge 420.36 162.30 68.12 
Lake Lonely Outlet Gauge 55.24 21.33 8.95 
Other 7.54 2.91 1.19 

Subtotal 483.14 186.54 78.30 
Saratoga Lake at Rt. 9P 

Subbasins 
Kayaderosseras Creek 483.14 186.54 78.30 
Drummond Creek 13.18 5.09 2.14 
Coffey Creek 8.68 3.35 1.41 
Mill Branch 6.29 2.43 1.02 
Saratoga Lake surface 15.57 6.01 2.52 
Other 32.71 12.63 5.29 

Subtotal 559.57 216.05 90.68 
Fish Creek Gauge (base) 

Subbasins 
Saratoga Lake 559.57 216.05 90.68 
Sucker Brook 13.80 5.33 2.24 
Other 43.69 16.87 7.08 

Subtotal 617.06 238.25 100.00 
Fish Creek at Schuylerville 

Subbasins 
Fish Creek Gauge 617.06 238.25 100.00 
Other 15.57 6.01 2.52 

Subtotal 632.63 244.26 102.52 

'From Connor (1974). / 
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often filled with water, forming kettle lakes. Examples of all of these features are 
found in the Saratoga Springs vicinity. 

There is conclusive evidence (Woodworth, 1905) that as the last glacier re
treated from the area, there followed a period characterized by flood waters. A 
large area was inundated by Lake Albany about 11,000 years ago, as shown in 
Fig. 6 (Ruedemann, 1936). Large amounts of lacustrine deposits were laid far 
above the present floodplain of Kayaderosseras Creek for several miles south of 
Corinth. The delta deposits north and west of Ballston Spa, from which Ballston 
Spa obtains its water supply, indicate that swift currents of water swept down the 
upper Kayaderosseras during a time after the retreat of the ice but before the 
demise of Lake Albany. It is probable that at least part of the waters from the 
upper Hudson River basin flowed through the valley now occupied by the 
Kayaderosseras Creek, between Corinth and Ballston Spa. As the lake water 
subsided, the river was let down on the lake bottom sediments, which im
mediately began to be swept away. In a similar way, the Mohawk River also 
swept through the lake bottom sediments, eventually to drain into the Hudson 
River. The Saint Lawrence channel was still blocked by the ice, and the waters 
were forced to flow through the Mohawk valley from Lake Iroquois (Syracuse) to 
the Atlantic Ocean. 

During the time of ice melt, an amount of water many times greater than what 
presently flows over Niagara Falls flowed down the Mohawk valley and over the 
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Fig. 6. Inundation by Lake Albany about 11,000 years ago. From Ruedemanum 
(1936). 
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bottom of the former Lake Albany to the Hudson River. The probability that this 
torrent of water flowed north from Schenectady through Saratoga Lake to the 
Hudson at Coveville is ascertained by the broad, deep valleys cut by the running 
water through the lake bottom sediments into the underlying till. The channel 
follows the lowlands from Ballston Lake through Mourning Kill and Drummond 
Creek valleys into Saratoga Lake, thence along Fish Creek to Grangerville. At 
this point, the river split with part flowing northeast into Schuylerville and the 
rest south into the Hudson, the rushing water forming a rather impressive arcuate 
"cove." As time went on, the rebound of the earth's crust led the river to find a 
lower course. The first such cutoff led the water through what is now Round 
Lake and then down to Mechanicville. By this time, however, the river flow had 
subsided considerably, so that this channel is less well developed than the 
former. Continued rebound caused the river to find still another channel, in 
which the Mohawk flows today. 

An areal distribution of the topmost layers of bedrock is shown in Fig. 7. 
Figure 8 shows the vertical distribution of bedrock formations at cross section 
A-A as indicated in Fig. 7. The effect of bedrock· formations on the drainage 
basin is modified by the covering mantle of unconsolidated deposits. 

The numerous faults in the western and north-central section of the basin 
influence the drainage patterns of tributary streams in that area. The faults are 
oriented in a northeasterly direction. The western edges of the faults are dis-
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Fig. 7. Areal distribution of consolidated deposits. 
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placed upward relative to the eastern edge. The Hoffman fault essentially de
lineates the western extent of the drainage basin. The East Galway and West 
Galway faults define part of the Kayaderosseras Valley. The area between the 
McGregor fault and the Saratoga Springs fault approximately delineates another 
subbasin. The only other section of the drainage basin that may be influenced by 
bedrock formations is the southeastern delineation. The underlying formations in 
this area consist of folded and tilted shales. The orientation of the peaks and 
troughs of these folds is approximately in a northeasterly direction, with the folds 
tilted toward the northwest. The Rocky Tucks formations, as shown in Fig. 8, 
consist of shale deposits that were more resistant to erosive action than forma
tions to the west and east. These Rocky Tucks formations are probably responsi
ble for the southeastern drainage basin delineation. 

The mantle of unconsolidated deposits overlying the bedrock is the result of 
glacial action. The three basic types of unconsolidated material found in the basin 
are sand and gravel, clay and silt, and till. The areal distribution of the uncon
solidated deposits is shown in Fig. 9. 

Climate 

Saratoga Lake is located in what is frequently referred to as the humid east. It 
is characterized by warm, frequently humid, summers and relatively cold winters 
[National Oceanic and Atmospheric Administration (NOAA), 1974]. 

The closest major weather station is at the Albany County Airport approxi
mately 35 km (22 miles) to the south. A secondary station is maintained at the 
Glens Falls Airport, approximately 32 km (20 miles) to the north. Fewer extensive 
temperature and precipitation data are available from the three locations within 
the drainage basin and the five other nearby locations that are indicated in Table 
2. The location of these stations is shown (see Fig. II). 

Since complete weather summaries are available from the Albany station, 
statistics from Albany may be used to describe the Saratoga Lake climate 
(NOAA, 1974). Average temperatures in the Saratoga Lake drainage basin may 
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be less than 1°C colder than at the Albany County Airport, with subsequent slight 
increases in total snowfall; however, the fluctuation throughout the basin is 
greater than the difference between average conditions in the drainage basin and 
the Albany County Airport. 

The climate at Albany is primarily continental in character, but is subjected 
to some modification from the maritime climate, which prevails in the extreme 
southeastern portion of New York State. The moderating effect on temperatures 
is more pronounced during the warmer months than in the cold winter season 
when outbursts of cold air sweep down from Canada with greater vigor than at 
other times of the year. Rarely, the area experiences periods of high tempera
tures for up to a week or more in duration. The highest temperature on record is 
40°C (104°F) in July 1911; since 1874 temperatures greater than 38°C (lOO°F) 
have been recorded on only 15 days. 

Winters are usually cold and occasionally fairly severe. The lowest tempera
ture recorded was - 33°C (-28°F) in January 1971. Subzero (below - 18°C) 
temperatures occur rather infrequently, about a dozen times a year. Snowfall in 
the area is quite variable but averages 150 cm (60 in.) for a season. Snow flurries 
are quite frequent during the cold months. Precipitation is sufficient to serve the 
economy of the region in most years, and only occasionally do periods of drought 
become a threat. A considerable portion of the precipitation in the warmer 
months is associated with thunderstorms. 
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TABLE 2 

Precipitation Stations 

Name Latitude Longitude 

Stations used for construction of Thiessen polygons 
Saratoga Springs 2S 43"02' 73"49' 
Schuylerville 43"06' 73"35' 
Spier Falls' 43"14' 73"45' 
West Milton 43"02' 73"56' 

Additional stations outside drainage basin used for 
isohyetal precipitation 

Broadalbin 5NE 
Conklingvi1le Dam 
Mechanicville 2S 
Schenectady 

• Outside drainage basin. 

43"07' 
43"19' 
42"53' 
42"50' 

74"09' 
73"56' 
73"41 
73"55' 

Wind velocities are moderate. The north-south Hudson River Valley affects 
the lighter winds such that the predominant summer wind is from the south. 
Destructive winds occur infrequently. 

The area enjoys a rather extensive growing season for northern latitudes with 
an average growing season of 160 days or more. Based on some 80 years or more 
of records, the mean date of the last occurrence of O°C (32°F) is April 27. The 
mean date of the first occurrence of O°C (32°F) in the fall is October 13. Frost in 
the soil penetrates to an average of depth of about 1 m (3 ft). 

A verage values of precipitation for the drainage basin and subbasins were 
determined by both the Thiessen and isohyetal techniques (Connor, 1974) for 
each station based on the period 1956 through 1973. Figure 10 shows the average 
monthly precipitation from 1956 through 1973 calculated by the Thiessen 
method for the total drainage basin. An isohyetal map for the basin is shown in 
Fig. 1 I. Average annual precipitation on the basin varies from 89 cm (35 in.) to 
99 cm (39 in.). 

Figure 12 is the average monthly temperature at the Saratoga Springs station. 
There are negligible differences in the average monthly temperatures between the 
Saratoga Springs station and other proximate stations. 

Vegetation 

There is little information concerning the vegetation that is specific to the 
Saratoga Lake watershed. However, information is available concerning vegeta
tion in Saratoga County. This information may be used to represent the condi
tions within the lake watershed, since the watershed encompasses approximately 
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Fig. 10. Monthly precipitation for drainage basin based on Thiessen method, 18-
year average. 

30% of the county (Connor, 1974). Thus, the error in citing statistics relating to 
the entire county is minimal. Furthermore, when the Fish Creek drainage area is 
included in the total, the entire drainage basin constitutes a major portion of 
Saratoga County. 

The county is typified by land that had been previously cleared for farming, 
but which is now reverting to forest areas as the farms are being abandoned. In 
addition, a considerable amount of land has been cleared for urban and residen
tial use. Thus at the present time, the general forest area represents a young 
growth rather than climax forest. 

An extensive study was conducted of the commercial forest areas in New York 
State during 1968 (Ferguson and Mayer, 1970). Although this report relates 
primarily to the commercial forest areas, the results are representative of the 
types and amounts of trees in the area. Many of the commercially forested areas 
involve merely the cutting of existing natural forested areas; however, there is 
some planting andlor replanting of previously cut areas. 

The results of the 1968 studies for Saratoga County are summarized in Table 
3. It may be seen that there is a total of 127.5 thousand hectares (315,000 acres) 
of land in commercial forest in Saratoga County as of J 968. Approximately 80% 
of the land is privately owned by other than commercial forest farmers. The 
saw-timber stands and the sapling-seedling stands constitute the largest portion 
of the commercial forest. There is a significant number of pole-timber stands, 

1. _____ ---------------------
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and there is a small amount of nonstocked area. The sapling-seedling stands in 
general represent the new growth from abandoned farms. From the type of trees 
encountered, it may be seen that the maple-beech-birch combination constitutes 
the largest portion of the area. The elm-ash-red maple and the white or red pine 
also constitute a significant portion of the commercial forest area. There is a fair 
amount of area with oak trees and a smaller amount in which oak-pines, aspen
birch, and other soft woods including spruce-fir are found. 

Population 

There are no precise figures on the number of persons living in the Saratoga 
Lake drainage basin. As part of a state-wide transportation planning survey, the 
NYS Office of Planning Services (1973) tabulated the 1970 census data into 
towns (townships) in New York. These statistics for all the towns in Saratoga 
County were obtained for evaluation. With the aid of the U.S. Geological Survey 
maps on which the drainage basin boundary has been drawn and the houses are 
indicated by small black dots, some estimation of the population of the Saratoga 
Lake drainage basin could be made. One of the problems is the age of the maps, 
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which ranged from a date of 1954 through 1968. Although the 1968 maps 
probably are quite valid for applying the 1970 census data, assuredly many new 
houses have been built since 1954. Thus, at best, only a reasonable estimate 
could be made of the population of the Saratoga Lake drainage basin. From the 
U.S. Geological Survey maps on which the basin boundary was drawn, an 
estimate was made of the percentage of the houses in the towns that are tributary 
to Saratoga Lake. From this, the population tributary to the lake was estimated, 
as shown in Table 4. The final result indicates that the total population tributary 
to Saratoga Lake is approximately 51 ,500 persons. 

The largest single source of population tributary to the lake is the City of 
Saratoga Springs, with a total of almost 19,000 persons. The immediately adja
cent Town of Milton has over 10,000 persons tributary to the lake and the Village 
of Ballston Spa has somewhat over 5000 persons tributary to the lake. Thus over 
two-thirds of the total population tributary to the lake is represented by urban and 
suburban dwellers in the two main population centers. 

Land Use 

New York State has recently completed a Land Use and Natural Resource 
(LUNR) inventory. The information is based upon aerial photographs taken 
during the spring of 1968 and 1969 for the areas north of New York City. 

The information is presently being broken down into river basin and watershed 
summaries. Although the work is complete, the report has not yet been published 
and therefore all information at the present time is tentative (New York State 
Land Use and Natural Resources, 1975). The LUNR land uses for the Fish Creek 
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TABLE 3 

Forest Areas in Saratoga County, 1968' 

'Forest type 

Commercial forest ownership 
State owned 
Other public owned 
Farmer owned 
Other private owned 

Total 
Stand-size class 

Saw timber stands 
Pole-timber stands 
Sapling -seedling stands 
Nonstocked areas 

Forest 
White or red pine 
Spruce-fir 
Other soft wood (includes spruce-fir) 
Oak-pine 
Oak 
Elm-ash-red maple 
Maple-beech-birch 
Aspen -birch 

, Ferguson and Mayer (1970). 

Thousands Thousands 
of hectares of acres 

1.4 3.5 
6.0 14.9 

18.6 46.2 
101.3 250.4 
127.5 315.0 

51.2 126.4 
21.8 53.8 
49.6 122.5 

5.0 12.3 

27.4 67.6 

5.7 14.2 
4.0 10.1 

18.5 45.6 
29.3 72.4 
37.8 93.5 

4.6 11.6 

drainage basin to the Hudson River are shown in Table 5. Various categories are 
combined, as shown in Table 6. The dominant class of land use in this area is 
forest land. Forest brush has the second largest area in the Saratoga basin. The 
third greatest area is for cropland and cropland pasture, and next is inactive 
agricultural areas. A slightly smaller area is devoted to pasture. Thus, about 80% 
of the Fish Creek and, consequently, the Saratoga drainage area is devoted to 
woodland and to farming. 

Water Use 

Saratoga Lake is primarily a recreational lake, with much boating and fishing 
(Kooyoomjian, 1974). Boating includes both motorboats and sailboats. Fishing 
is popular and most respondents indicate that there is a plentiful supply of fish in 
the lake. Swimming is popular in Saratoga Lake, with several commercially 
operated beaches and bathhouses along the shore. Swimming is somewhat re
stricted because of objectionable algae growths and many rooted aquatic plants 
near the shore. 
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TABLE 4 

Estimated 1970 Population Tributary to Saratoga Lake 

Estimated % Estimated 
Towns (Townships) Total 1970 of population population 

tributary to lake population tributary to lake tributary to lake 

Ballston 6,720 85 5,712 
Charlton 3,772 30 1,132 
Corinth 5,782 7 405 
Galway 2,506 40 1,002 
Greenfield 4,627 90 4,164 
Malta 3,813 75 2,860 
Milton 10,450 100 10,450 
Providence 554 10 55 
City of Saratoga Springs 18,845 100 18,845 
Saratoga 4,206 100 4,206 
Stillwater 5,023 25 1.256 
Wilton 2,856 50 1,428 

Total 51,515 

The lake shore is lined with residences and commercial establishments on all 
but the western shore. There has been less development on the west shore 
because of the marshy conditions there. Many of the privately owned cottages are 
exclusive.1y for summer use, but there is also a large number of year-round 
residences on the lake. There are numerous commercial establishments including 
grocery stores, taverns, marine supply dealers, restaurants, and other similar 
establishments. One large amusement park and another small amusement park 
are located on the lake. There are numerous marinas and private boat-launching 
ramps, in addition to the state-operated launching ramp just north of the Route 9P 
bridge. Thus, although a large portion of the shoreline is privately owned, there 
are ample opportunities for public access both in the state-owned launching area 
and in the privately owned beaches and boat-launching areas. 

In order to evaluate user opinion, an extensive questionnaire was distributed in 
the area during the summers of 1970 and 1971. The questionnaires were distrib
uted mostly by hand, although the cooperation of the Saratoga Lake Property 
Owners Association was utilized. The questionnaires were directed toward six 
different groups of persons, with a special addendum for boaters. These groups 
included (1) recreationists; (2) cottage and homeowners; (3) motel-hotel, lodg
ing, commerce; (4) nonlodging commerce; (5) marinas; (6) fishermen; and, as 
indicated, (7) a boating addendum. The questionnaires provided detailed data on 
the use of the lake. 

The recreationists at Saratoga Lake (Fig. 13a) have one common activity, 
namely, rest and relaxation, a land-oriented and water-enhanced tertiary contact 
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TABLE 5 

Land Uses and Codes for the Fish Creek Drainage Basin 

Fish Creek Basin 

Codes Uses Hectares Acres 

1 Orchards 117 289 
2 Vineyards 2 5 
3 Horticulture or floriculture 104 257 
4 High intensity cropland 361 892 
5 Cropland and cropland pasture 7,962 19,673 
6 Pasture 2,810 6,944 
7 Specialty farms 96 237 
8 Inactive agricultural areas 3,872 9,568 
9 Urban inactive areas 169 418 

10 Under construction (nonagricultural) 152 376 
11 Forest brush land 11,992 29,632 
12 Forest lands 26,438 65,328 
13 Plantations 1,730 4,275 
14 Natural ponds and lakes 1,659 4,100 
15 Artificial ponds 103 255 
16 Streams and rivers 257 635 
17 Marshes, shrub wetlands, and bogs 1,910 4,720 
18 Wooded wetlands 2,030 5,017 
19 Marine lakes, rivers, and seas (embayments and 

sounds) 0 0 
20 Hudson River (N.Y. City to Mohawk River) 0 0 
21 Marine (salt) wetlands 0 0 
22 Sand 0 0 
23 Exposed rock cliffs, rock slopes, and slide areas 2 5 
24 Public and semipublic land use 486 1,201 
25 High-density residential 353 872 
26 Medium-density residential 565 1,396 
27 Low-density residential 500 1,236 
28 Strip-development residential 150 371 
29 Rural-hamlet residential 182 450 
30 Rural-estate residential 10 25 
31 Farm-labor-camp residential 6 15 
32 Shoreline development 106 262 
33 Central business sections 74 183 
34 Shopping centers 8 20 
35 Strip development, commercial areas 218 539 
36 Resorts 30 74 
37 Light manufacturing and industrial parks 87 215 
38 Heavy manufacturing 16 40 
39 Outdoor recreation 1,411 3,487 
40 Sand and gravel pits 171 437 
41 Stone quarries 25 62 
42 Other open mining 0 0 
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TABLE 5 (Continued) 

43 Underground mining 0 0 
44 Highways 268 662 
45 Barge canals 147 363 
46 Port or dock facilities 0 0 
47 Locks and water control structures 0 0 
48 Shipyards and dry docks 0 0 
49 Airport 100 247 
50 Railway 17 42 
51 Pumping stations (gas and oil, electric, etc.) 2 5 

52 Sum of variables 1 through 51 66,707 164,830 

recreational activity. The other popular activities are picnicking (40.7%), sun
bathing (43.4%), and lake swimming (41.6%). 

The cottage and homeowners at Saratoga Lake (Fig. 13b) are heavily oriented 
toward the water-dependent activities of fishing. (70.9%), lake swimming 
(61.8%), and power boating (55.4%). The other two activities are water en
hanced (sunbathing, 61.5%), and land oriented and water enhanced (rest and 

TABLE 6 

Totals of Selected Categories of Land Use 

Fish Creek Basin 

Codes Abbreviations Uses Hectares Acres 

53 Orch., vin. and hort. Variables 1-3 246 551 
54 Intensive cropland Variables 1 -4 645 1,443 
55 Cropland Variables 4-5 9,193 20,565 
56 Cropland and pasture Variables 5-7 12,004 26,854 
57 Active agriculture Variables 1-7 12,649 28,297 
58 Woodland Variables 11,13,18 46,601 104,252 
59 Ponds and lakes Variables 14,15 1,947 4,355 
60 Rivers and streams Variables 16,20 284 635 
61 Water Variables 14-16,19,20 2,231 4,990 
62 Marshes, mar. wetlands Variables 17,21 2,110 4,720 
63 Sand, sand and gravel pits Variables 22,40 195 437 
64 Rock, quarry, open mines Variables 23,41,42 30 67 
65 Residential Variables 25-31 1,951 4,365 
66 Recreation Variables 32,36,39 1,709 3,823 
67 Commercial Variables 33-35 332 742 
68 Industrial Variables 37,38 114 255 

69 Urban Variables 25-29,32-38,44-51 3,119 6,977 

70 Land and air transportation Variables 44,49,50 385 951 

71 Water transportation Variables 45-48 147 363 
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WHAT ARE THE PRIMARY ACTIVITIES THAT YOU HAVE BEEN 

DOING WHILE YOU OR YOUR GROUP ARE HERE AT T HIS SITE 7 

la) Ib) (0) 

Fig. 13. Primary activity profiles at Saratoga Lake by form type grouping: (a) recre
ationist form A7; (b) cottage and homeowner forms 84 and 85; and (c) fishing forms F2 
and F3. From Kooyoomjian (1974). 

relaxation, 68.4%). Water skiing, a water-dependent activity, is reported for 
Saratoga Lake at 46.2%. 

The predominant activities of the fishermen at Saratoga Lake (Fig. 13c) are 
dispersed among the full range of water-contact categories, but are heavily 
oriented toward water-based activities. The most popular are the water
dependent activities of fishing (84.2%) and power boating (72.5%). The other 
popular common activity is rest and relaxation (63.2%). Water skiing (water 
dependent) and sunbathing (water enhanced) are also popular among the fisher
men. 

The questionnaires also provided information on complaints of the lake users; 
this information is shown in Fig. 14 (Kooyoomjian and Clesceri, 1973). Sixty 
percent of the respondents objected to the growth of algae, plants, or scum on the 
lake and 44% complained that the water was not very clear, or was muddy. Over 
30% complained of the buildup of shoreline growths, of strange odors, and of 
dead fish on the lake. It may be seen that the complaints in general related to the 
excessive growth of both plankton and macrophytes around the shores of 
the lake. 
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DO YOU OBJECT TO ANYTHING ABOUT THE LAKE WATER? 
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Fig. 14. Profiles of recreationists. From Koojoomjian and Clesceri (1973). 

Point Sources of Pollution 

There are three major existing sewage treatment facilities in the Saratoga Lake 
watershed, serving Saratoga Springs, Ballston Spa, and the Geyser Crest Sub· 
division, as shown in Fig. 15. The treatment facility at Saratoga is old (1903) and 
considered inadequate by present design (Table 7). It consists of primary 
sedimentation in covered Imhoff tanks, followed by filtration through about 1.2 
m (4 ft) of sand in underdrained beds. One salient feature of this system involves 
pretreatment of the sewage in the sewers using the "Oxinite" Process developed 
by the Griffin Corporation. This process eliminates anaerobic conditions and 
grease accumulation in the sewer system (Anonymous, b). As a result of this 
pretreatment, it appears that additional nitrogen is present over the quantity found 
in sewage. The effluent from the Saratoga Springs treatment plant is discharged 
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TABLE 7 

Point Sources from Wastewater Treatment Facilities in the Saratoga Lake Watershed' 

Facility 

Septic systems 
Municipal facilities 

Saratoga Springs 
Ballston Spa 
Geyser Crest 

West Milton nuclear facility 
Saratoga State Park 

• Coffey (1974). 
b Esti mated. 
, Data not available. 

Population served 

3,000" 

19,000 
5,000 
2,000 
NA' 

Variable 

Mean flow 

m'/day MGD Receiving waters 

95 0.025" Sa ratog a La ke 

11,355 3.0 Lake Lonely 
3,785 1.00 Kayaderosseras Creek 

760 0.200 Geyser Brook 
Glowegee Creek 
Geyser Brook 

into Spring Run which passes through Lake Lonely prior to discharge into the 
Kayaderosseras Creek, approximately 1.6 km (I mile) from Saratoga Lake. 

The treatment facility at Ballston Spa is presently an overloaded primary 
treatment plant discharging into the Kayaderosseras Creek. At one time it 
boasted a unique trickling filter dosed by a siphon which reciprocated on a track 
like an electrically powered trolley. This system has subsequently been aban
doned. 

Geyser Crest is a new housing development with a tertiary treatment facility 
that discharges into Geyser Brook. A summary of the point sources is presented 
in Table 7 (Coffey, 1974), which also includes other minor treatment facilities. 

At the time of this writing (summer 1975), construction had begun on the 
Saratoga County Sewer System. This was designed to include all the existing 
sewage treatment plants, plus some of the unsewered areas. Discussion was 
underway at the time of this writing concerning the merits of sewering the area 
around Saratoga Lake and pumping the sewage into the county system. The 
secondary (biological) treatment plant was constructed near Mechanicville, with 
the final effluent discharged into the Hudson River. (The treatment system began 
operati on in October 1977.) 

MORPHOMETRIC AND HYDROLOGIC DESCRIPTION 

Shape and Size 

Figure 2 shows the depth contours of Saratoga Lake and the major influent and 
effluent streams (Connor, 1974). The talweg of the lake is oriented in a north-
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by-northeast direction. The important morphological characteristics of the lake 
are listed in Table 8 (Connor, 1974). 

Saratoga Lake is relatively shallow, with extensive littoral areas on the south, 
west, and northeast sides. There are extensive weed beds in these areas, as well 
as in most of Fish Creek. In most areas of the lake basin, the bottom sediments 
are a black amorphous ooze. From casual observation, the only known area of 
the lake bottom that is covered with small rounded stones and gravel is on the 
western side of the lake opposite Snake Hill. This "stony" bottom covers an area 
approximately 0.8 km (0.5 miles) off the western shore, by 1.6 km (1 mile), in a 
north-south direction. Extensive sediment deposits occur at the mouth of 
Kayaderosseras Creek. These sediments range from coarse to fine-grained sand. 
The proximity of Kayaderosseras Creek to Fish Creek poses the possibility of 
"short-circuiting" in the lake (that is, flowing into the lake and out the outlet 
without mixing with the remainder of the lake). 

Saratoga Lake as it exists today probably dates back to the late Pleistocene 
period. There is some speCUlation that in ancient times, the Mohawk River may 
have had a course through the Saratoga Lake basin. The unconsolidated deposits 
of silt and clay found in areas adjacent to the lake suggest that the basin may have 
covered a greater area at one time. The orientation of the lake, and the shape of 
its bottom, coincide with the underlying folded and tilted Snake Hill shale fonna
tions. 

TABLE 8 

Morphometric Characteristics of Saratoga Lake' 

Surface area (exclusive of Fish Creek) 
Drainage area 
Surface area/drainage area 
Mean length 
Mean width 
Length of shorelineb 

Mean elevation (ams!)' 
Volume at mean elevation (exclusive of Fish Creek) 
Maximum depth 
Average depth 
Theoretical hydraulic retention timed 
Percentage of surface area with depth of3 m (10 ft) 

or less 

• Connor (1974). 

15.6 km' (6.01 square miles) 
544 km' (210.04 square miles) 

0.0286 
7.2 km (4.5 miles) 
2.4 km (1.5 miles) 
37 km (23 miles) 
62 m (203 ft) 

0.12 km3 (4.3 x 10' ft3) 
29 m (96 ft) 

8 m (26 ft) 
130 days 

28.6% 

b Gazetteer of Lakes in New York State (includes shoreline of Fish Creek). From 
Greeson and Williams (1970). 

, Above mean sea level datum. 
d Based on average yearly inflow rate for calendar year 1973. 
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Saratoga Lake has extensive areas of gently sloping bottom in the littoral 
zones. Consequently, an incremental change in the surface elevation at high 
stages represents a greater change in volume than the same change at lower 
stages. A plot of the volume versus the stage is shown in Fig. 16. 

Hydrology 

In order to establish a mass balance of substances that enter and leave a body 
of water, and to establish a water balance, certain hydrologic data must be 
acquired (Connor, 1974). According to the law of conservation of matter, the 
simplified hydrologic equation for a body of water is: 

Inflow + Precipitation = Outflow + Evaporation ± Change in Storage ± Seepage 

Groundwater or seepage may be either an influent or an effluent to the system 
and this may vary with the season of the year, depending upon whether there is 
seepage into or out of the lake basin. Groundwater seepage is difficult and often 
impossible to measure directly. Therefore, it is usually determined as the residual 
necessary to balance the hydrologic equation. 

In order to establish this hydrologic balance, an extensive study of the factors 
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Fig. 16. Stage storage curve, Saratoga Lake. 
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and equations was conducted during 1973 (Connor, 1974). Records were secured 
from the U.S. Geological Survey flow-gauging station on the Kayaderosseras at 
West Milton (as located in Fig. 4). A recording period of 45 years was available 
from this station. Flow to the U.S. Geological Survey at West Milton includes 
drainage from the upper Kayaderosseras Creek and the Glowegee Creek sub
basins, and encompasses approximately 35% of the drainage basin. It is not possi
ble to use the flow data from this station and extrapolate it to obtain an estimate 
of total flows at the mouth of the Kayaderosseras Creek, because the drainage 
area to this stream-gauging station has different geophysical characteristics than 
the remainder of the drainage basin. It is comprised mainly of Region II, which 
has been described in the section under Topographic Characteristics. The precipi
tation over this portion of the drainage basin is slightly greater than that over 
other areas (see Fig. II). 

In order to determine more accurately the water balance of Saratoga Lake, 
three new continuous-recording gauging stations were installed in 1973 (Fig. 4). 
The station on the Kayaderosseras Creek is located just downstream from County 
Road 64, which is the first roadway bridge over the stream upstream from 
Saratoga Lake. This location includes nearly all of the flow from the Kayaderos
seras Creek prior to its discharge into Saratoga Lake. The second recording 
stream gauge was located at the outlet of Lake Lonely. This is the second greatest 
flow discharging into Saratoga Lake. It combines with Kayaderosseras Creek just 
before the Kayaderosseras enters Saratoga Lake. The recording gauge is located 
approximately 60 m (200 ft) upstream from the Crescent Avenue bridge. In the 
summer months, heavy growths of macrophytes occur in the channel upstream 
and downstream of the bridge. During periods of high stage in Kayaderosseras 
Creek, backwater affects the flow in Lake Lonely outlet. On three occasions 
during the study period, the direction of flow was observed upstream toward 
Lake Lonely. A water-level recorder was installed in Fish Creek, the outlet from 
Saratoga Lake, at the bridge at the eastern edge of Grangerville on N. Y. Route 
29. The additional direct drainage into Fish Creek downstream from the N. Y. 
Route 9P bridge to the Hudson River is small. 

The Niagara Mohawk Power Corporation has the responsibility for controlling 
the level of Saratoga Lake at 61.87 m ± 0.30 m (203 ft ± 1 ft). This is done by 
removing planks from a weir based upon a water-level gauge located on the N. Y. 
Route 9P bridge at the beginning of Fish Creek. Lake-level elevations for 1973 
were provided by Niagara Mohawk. Indications of adding or removing a board 
from the weir were evident at the Fish Creek gauging station by a sudden rise or 
drop in the stream stage. Reasonable water level control was achieved during 
1973, with the highest elevation being approximately 62.50 m (205 ft) and the 
lowest level 61.4 m (201.5 ft). 

It turned out that 1973 was not a typical year for comparison with other years 
on the basis of total annual precipitation. The rainfall for 1973 at the Albany 
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County Airport was above average, and followed a year that experienced the 
highest ever recorded in the history of the weather station. 

For the runoff factor in the hydrologic balance equation, the flow at the three 
newly established gauging stations was calculated for 1973 from the water-level 
recorders. These results are summarized in Table 9. 

In order to calculate the total runoff for Saratoga Lake, it was necessary to 
extrapolate the flow from the gauged tributary areas to account for the flow from 
the ungauged tributary areas. Yield, which is the discharge per unit area of 
drainage area, is a convenient parameter for comparison of hydrologic charac
teristics of different drainage basins. Table 10 summarizes the yields for the 

. gauged drainage areas. On a monthly basis, the combined yield indicated by the 
Kayaderosseras Creek and Lake Lonely Outlet gauges is similar to the yield 
indicated at the Fish Creek gauge. For the year, the yields are essentially equal. 
This indicates that there is the same yield for ungauged tributary areas on an 
annual basis, and implies that equal areas contribute equal discharges. The com
bined annual discharge at the Kayaderosseras Creek and Lake Lonely Outlet 
gauges was 77.8% of the annual discharge at the Fish Creek gauge. The com
bined drainage area of Kayaderosseras Creek and Lake Lonely Outlet gauges is 
77 .07% of the drainage at the Fish Creek gauge. The ratio of the drainage area of 
the Fish Creek gauge to the combined drainage area of Kayaderosseras Creek and 
Lake Lonely Outlet is 1.2975. 

The annual yield at the Lake Lonely Outlet gauge was adjusted for backwater 

TABLE 9 

Average Discharge of Gauged Stations for 1973 

Kayaderosseras 
Creek Lake Lonely Fish Creek 

Month m3/sec ft'/sec m'/sec ft3/sec m3/sec ft'/sec 

January 9.97 352 1.23 43.3 17.58 620.9 
February 7.93 280 0.87 30.7 12.19 430.4 
March 21.66 765 2.02 71.3 28.21 996.0 
April 16.88 596 1.75 61.7 23.06 814.2 
May 12.52 442 1.74 61.5 19.65 693.9 
June 5.30 187 1.02 36.1 7.62 269.0 
July 5.66 200 0.99 34.9 7.98 281.8 
August 1.63 57.4 0.52 18.5 2.74 96.8 
September 1.21 42.8 0.45 16.0 2.18 77.1 
October 1.63 57.5 0.49 17.2 2.57 90.9 
November 1.98 69.9 0.67 23.8 4.28 151.1 

December 12.09 427 1.27 44.9 16.69 589.5 
Year 8.24 291 1.09 38.5 12.11 427.5 
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TABLE 10 

Yield of Gauged Areas for 1973 

Kayaderosseras Creek and 
Kayaderosseras Creek Lake Lonely Outlet Lake Lonely Outlet Fish Creek 

ft 3/sec- ft 3/sec- ft3/sec- ft3/sec-
Month m3/sec-km' square miles m 3 /sec-km' square miles m 3 Isec-km' square miles m 3/sec-km' square miles 

Jan. 0.159 2.169 0.149 2.030 0.158 2.153 0.191 2.606 
Feb. 0.127 1.725 0.106 1.439 0.124 1.692 0.133 1.807 
Mar. 0.346 4.713 0.245 3.343 0.334 4.554 0.307 4.180 
Apr. 0.269 3.672 0.212 2.893 0.263 3.582 0.251 3.417 
May 0.200 2.723 0.211 2.883 0.201 2.742 0.214 2.912 
June 0.084 1.152 0.124 1.692 - 0.089 1.215 0.083 1.129 
July 0.090 1.232 0.120 1.636 0.094 1.279 0.087 1.183 
Aug. 0.026 0.354 0.064 0.867 0.030 0.413 0.030 0.406 
Sept. 0.019 0.264 0.055 0.750 0.023 0.320 0.024 0.324 
Oct. 0.026 0.354 0.059 0.806 0.030 0.407 0.028 0.382 
Nov. 0.031 0.417 0.082 1.116 0.037 0.498 0.047 0.634 
Dec. 0.193 2.631 0.154 2.105 0.189 2.570 0.181 2.474 

Year 0.132 1.793 0.132 1.805 0.132 1.794 0.132 1.794 
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conditions. The monthly yield for Lake Lonely Outlet, in comparison to 
Kayaderosseras Creek and Fish Creek, is generally lower during the months of 
high discharge and higher during months of low discharge. This indicates that the 
base flow (flow due to groundwater and other continuous sources) is more evenly 
distributed throughout the year, compared to the other two streams. There are 
several possible reasons for this: 

I. The drainage area of Lake Lonely Outlet is mainly the northern portion of 
Region lB. As discussed previously, the main topographic feature of this region 
is the large expanse of relatively flat and swampy area. 

2. The principal type of unconsolidated material in the region is sand and 
gravel. The result of these two facts is that a larger percentage of precipitation 
probably enters the groundwater, which replenishes stream flow at a more uni
form rate. Local residents attest to a large underwater spring in Lake Lonely. 

3. The origin of Spring Run (and hence its name) is from several of the 
mineral springs in Saratoga Springs. These flow at a relatively constant rate all 
year. 

4. The city of Saratoga Springs discharges the. effluent from its municipal 
waste treatment plant into Spring Run, which is one of two main tributaries to 
Lake Lonely. The average effluent discharge from the sewage treatment plant is 
0.22 rna/sec (7.7 fta/sec or 5 MGD), and the maximum effluent discharge is 
approximately 0.35 rna/sec (12.4 fta/sec or 8 MGD), occurring during the months 
of July and August, when tourism is at its peak. This constant flow into Lake 
Lonely results in a more uniform value of monthly yield, especially when excess 
runoff from the drainage area is at a minimum during the summer months. 
During July and August, up to 35 and 67%, respectively, of the discharge of 
Lake Lonely Outlet is due to effluent from the Saratoga Springs sewage treatment 
plant. During the other 10 months of the year, it ranges between II and 48%. 

Evaporation from the lake surface was estimated from pan-evaporation data 
(NOAA, 1972) for Alcove Dam, which is located approximately 64 km (40 
miles) south of Saratoga Lake. Pan-evaporation data are normally published for 
the months of May through October. An 18-year monthly average of evaporation 
and temperature was compiled for Alcove Dam. Information indicates that the 
mean annual lake evaporation for the Saratoga Lake region is 66 cm (26 in.), the 
annual Class A Pan evaporation is 89 cm (35 in.), and the mean May through 
October Class A Pan evaporation is 78% of the annual evaporation. The lake-to
pan coefficient, based on this information, is 0.74, and agrees with other pub
lished values (0.7) of lake to Class A Pan coefficients. Table II is a tabulation of 
the information of pan evaporation for the Alcove Dam station, and the estimated 
Saratoga Lake evaporation. The monthly distribution for the months of May 
through October is based on the distribution that existed for Alcove Dam pan
evaporation data, while the distribution for November through April is assumed. 
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TABLE 11 

Monthly Evaporation 

Alcove Dam Class A Pan Saratoga Lake 

18-Year Average 1973 1973 

Temperature Evaporation Temperature Evaporation Temperature Evaporation 

Month °C OF em in. °C of em in. °C of em in. 

May 12.6 54.6 11.46 4.51 10.9 51.6 10.87 4.28 12.0 53.6 7.62 3.0 
June 18.2 64.7 13.77 5.42 18.8 65.9 14.53 5.72 19.7 67.4 10.16 4.0 
July 20.6 69.1 14.76 5.81 20.9 69.7· 16.81 6.62 21.7 71.0 11.68 4.6 
Aug. 19.7 67.4 12.98 5.11 23.3 73.9 13.82 5.44 21.6 70.9 9.65 3.8 
Sept. 16.7 62.0 9.40 3.70 15.8 60.4 8.74 3.44 15.2 59.4 6.35 2.5 
Oct. 9.6 49.2 6.30 2.48 10.8 51.4 6.81 2.68 9.7 49.4 4.83 1.9 

Total 68.66 27.03 71.58 28.18 50.29 19.8 
Normalized 
for the year 37.88 34.6 91.69 36.1 64.52 25.4 
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Table 12 lists the equivalent flow due to precipitation as measured at the Saratoga 
Springs 2S weather station, and the equivalent flow due to evaporation from the 
lake surface. 

A water balance was calculated for the lake on the basis of monthly cumulative 
values, as summarized in Table 13. There are seven individual parameters that 
constitute the water balance: Kayaderosseras Creek stream flow, Lake Lonely 
Outlet stream flow, Fish Creek stream flow, precipitation, evaporation, change 
in lake storage, and the correction factor based on drainage areas. It is difficult to 
assess which parameter, or combination of these parameters, may be in error on a 
monthly basis. On a cumulative basis the errors in monthly data are cancelled out 
in 3 months, and from April through December the cumulative inflow accounts 
for 98.5%-99.0% of the outflow. This indicates that the cumulative inflow 
values should be increased by 1-1.5%. It is only on a cumulative basis that 
groundwater leakage can. properly be evaluated. Based on the cumulative water 
balance, it is concluded that there is groundwater inflow to the lake basin which 
averages 1-1.5% of the cumulative adjusted inflow due to stream discharges and 
precipitation. This indicates that, on a monthly basis, groundwater inflow aver
ages approximately 0.14 m3/sec (5 ft3/seC). When this groundwater inflow is 
added to the other monthly inflow values, an improved water balance is obtained. 

TABLE 12 

Equivalent Flow Due to Precipitation and Evaporation 

Precipitation Evaporation 

Equivalent flow Equivalent flow 

% of 
Month em in. m3/sec fl3/sec em in. annual m3/sec fl3 sec 

Jan. 7.11 2.8 0.44 15.5 0.51 0.2 1 0.03 1.1 
Feb. 4.32 1.7 0.29 10.4 0.76 0.3 1 0.05 1.8 
Mar. 7.62 3.0 0.47 16.6 2.03 0.8 3 0.12 4.4 
Apr. 11.18 4.4 0.72 25.3 5.08 2.0 8 0.33 11.5 
May 16.00 6.3 0.99 35.0 7.62 3.0 12 0.47 16.6 
June 11.94 4.7 0.76 27.0 10.16 4.0 16 0.65 22.9 
July 4.57 1.8 0.28 10.0 11.68 4.6 18 0.72 25.5 
Aug. 5.33 2.1 0.33 11.7 9.65 3.8 15 0.60 21.1 
Sept. 4.57 1.8 0.28 10.0 6.35 2.5 10 0.40 14.3 
Oct. 6.60 2.6 0.41 14.4 4.83 1.9 7 0.30 10.5 
Nov. 5.59 2.2 0.36 12.6 3.81 1.5 6 0.24 8.6 

Dec. 18.80 7.4 1.16 41.1 2.03 0.8 3 0.12 4.4 

Year 103.63 40.8 0.54 19.2 64.51 25.4 100 0.34 12.0 
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TABLE 13 

Summary of Cumulative Flow Data for 1973 

Qin Qout CAse 

Kay. Creek' L. Lonely Outletb Precipitation Fish Creek Evaporation Change in storage 

Month m 3 /sec ft 3 /sec m 3 /sec ft 3 /sec m 3 /sec ft 3 /sec m 3 /sec ft 3 /sec m 3 /sec ft 3 /sec m 3 /sec ft 3 /sec 

Jan. 9.97 352 1.27 43.3 0.43 15.1 17.98 635 0.03 1.1 -0.38 -13.5 
Feb. 9.01 318 1.06 37.3 0.37 13.1 16.51 583 0.04 1.4 -1.42 -50.1 
Mar. 13.37 472 1.38 49.0 0.40 14.3 19.12 675 0.07 2.5 +0.44 +15.4 
Apr. 14.24 503 1.48 52.2 0.48 17.0 20.33 718 0.13 4.7 +0.12 +4.4 
May 13.91 491 1.53 54.1 0.59 20.7 20.14 711 0.20 7.2 +0.14. +4.9 
June 12.46 440 1.45 51.1 0.62 21.8 18.07 638 0.28 9.8 +0.12 +4.1 
July 11.47 405 1.38 48.7 0.57 20.0 16.82 594 0.34 12.1 -0.10 -3.4 
Aug. 10.22 361 1.27 44.9 0.54 19.0 15.09 533 0.37 13.2 -0.17 -5.9 
Sept. 9.23 326 1.18 41.7 0.51 18.0 13.71 484 0.38 13.3 -0.18 -6.2 
Oct. 8.47 299 1.11 39.2 0.50 17.7 12.43 439 0.37 13.1 -0.02 -0.8 
Nov. 7.87 278 1.07 37.8 0.49 17.2 11.72 414 0.36 12.7 -0.03 -1.0 
Dec. 8.24 291 1.09 38.5 0.54 19.2 11.95 422 0.34 12.0 +0.16 +5.5 

, Kay. Creek, Kayaderosseras Creek. 
b L. Lonely Outlet, Lake Lonely Outlet. 
c CAs, Saratoga Lake change in storage. 

----- ---------_._--------------
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This groundwater inflow becomes significant when the stream inflow is low, as 
occurs from August through November. 

Kemp (1912) reported on the origin of the mineral waters of the Saratoga 
Springs area. Cushing and Ruedemann (1914) commented on the investigation 
by Kemp, and did not dispute his hypothesis. The numerous mineral springs in 
the Saratoga Springs area are all found immediately east of the Saratoga Springs 
fault (see Fig. 7). Kemp's hypothesis is that the mineral spring waters are con
tained in an aquifer between the Hoyt limestone and Little Falls dolomite (see 
Fig. 8). The mineral waters migrate between these two subsurface geologic 
bedrock formations to emerge as surface springs along the eastern edge of the 

. Saratoga Springs fault. The most important point is that Kemp postulates that the 
origin of the mineral waters is in eastern Saratoga County and/or western 
Washington County. This is positive evidence that some groundwater discharge 
in the basin is due to groundwater originating from outside the Saratoga Lake 
drainage basin. 

Hydrograph 

In the engineering design of hydraulic structures, it is frequently necessary to 
have estimates of peak discharges. Peak flows can be estimated from antecedent 
conditions, storm characteristics, and the unit hydrograph (Connor, 1974). Simi
lar storms with similar antecedent conditions produce similar hydrographs. The 
unit hydro graph is defined as the hydrograph of 1 in. of excess runoff from a 
storm of specified duration (Linsley et al., 1949). The storm that occurred at the 
end of June 1973 provided an excellent opportunity to construct the unit hydro
graph. The duration of the storm was nearly 3 days, but about 70% of the precipi
tation occurred on 1 day. The precipitation for the Kayaderosseras Creek gauging 
station at County Road 64 during the storm is shown in the tabulation below. 

em in. 

June 29 1.90 0.75 
June 30 6.68 2.63 
July 1 1.07 0.42 

Total 9.65 3.80 

Figure 17 depicts the storm runoff hydrograph, as well as the unit hydrograph, 
and multiples of the unit hydrograph. The base flow separation is necessary 
because unit hydrographs are predicated on I in. (2.54 cm) of excess runoff. 
The excess runoff for the storm amounted to 1.94 cm (0.764 in.), and is only 
20% of the precipitation that produced the runoff. 

I 

I 
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Only minor amounts of precipitation occurred after July I until the end of 
October, resulting in almost negligible excess runoff. Remembering that the 
increase in stage during October was due to backwater effects, it is concluded 

. that most of the stream flow that occurred during this 4-month period was due to 
base flow, Le., groundwater, rather than direct land surface runoff. 
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LlMNOLOGICAL CHARACTERISTICS 

Introduction 

There is little extensive historical information on the physical, chemical, or 
biological characteristics of Saratoga Lake. The oldest recorded data available 
are in a study by Shelton and Ferguson (New York State Department of Conser-

Kayaderosseras 

Lake 
Lonely 

Creek .-/ ....... 

24 

Creek 

N 

i 
1 km 

o STATIONS SAMPLED 10/28/71 

... STATIONS SAMPLED 
YEAR-ROUND 

Fig. 18. Saratoga Lake and sampling stations. From Roetzer (1973). 
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vation, 1932). They studied the two deep portions of Saratoga Lake, the outlet of 
Kayaderosseras Creek, the outlet of the lake near the Route 9P bridge, and an 
upper and a lower weed bed. Their study was essentially a 2-day study conducted 
during July 6 and 7, 1932. Their study also included samples of the two inlets 
and the major portion of Lake Lonely. 

Another study was conducted by Webster-Martin, Inc. (1967) for the Saratoga 
Lake Property Owners, Inc., on August 16, 1967. Seventeen stations on 
Saratoga Lake, three in Fish Creek, three in Kayaderosseras Creek, and four on 
Lake Lonely and its tributaries were sampled. All of the lake stations were 
sampled approximately 15 m (50 ft) from the shore; these were surface samples 
exclusively. Samples from the streams were taken approximately midstream. 
This latter survey was conducted primarily from the standpoint of evaluating the 
weed growths. 

Starting in October 1971 and continuing for approximately 2 years, an exten
sive survey of Saratoga Lake was conducted by Rensselaer Polytechnic Institute 
(RPI). These studies provide the most detailed and continuous records of the 
quality of the lake. 

During this same period the U.S. Environmental Protection Agency (EPA) 
conducted a study of Saratoga Lake and its watershed (1974). Flow mea
surements were made and approximately monthly samples were obtained for 
nitrogen and phosphorus analyses on numerous tributaries and the outflow of 
Saratoga Lake during the period from November 1972 through October 1973. 
More detailed analyses were made on samples taken in the middle of May, and 
on July 25 and October 11, 1972 at two different locations within the lake (Fig. 
15). Unfortunately, these two sampling locations did not correspond with loca
tions sampled in other studies. One station (01) was located near the outlet of the 
lake. The other (02) was located northwest of Snake Hill in the shallower deep 
portion of the lake and nearly corresponds to Roetzer's station 13 (Fig. 18). 
Some samples at various depths were secured at the two lake sampling stations. 
The depth of later samples indicates that these samples at EPA station 02 were 
the same as RPI's station 13. 

Physical 

Figure 18 (Roetzer, 1973) indicates the sampling locations and numbering 
system used during the 1971-1973 sampling program. Station 7 represents the 
deepest location in Saratoga Lake and station 13 represents the second deepest 
portion just opposite Snake Hill. For the sake of uniformity, all previous data 
points will be identified in terms of the locations indicated in Fig. 18. 

Temperature 

Saratoga Lake is a typical first-order temperate climate lake (Ruttner, 1963). It 
is dimictic, with complete mixing from top to bottom occurring during April and 
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the beginning of May and again during the end of November and the beginning of 
December. The data of Shelton and Ferguson show a typical summer stratifica
tion period on July 6 and 7, 1932, as shown for station 7 in Fig. 19. For 
comparison, results from a similar time in 1972 (Roetzer, 1973) and 1973 (Cof
fey, 1974) are also shown in this figure. It may be seen that conditions were 
similar between 1932 and 1972, but the thermocline was less well established by 
the end of June 1973. Temperature isotherms at station 7 from 1971 to 1973 are 
shown in Fig. 20. This figure shows an ice cover approximately from the period 
of the second week in December through the third week in March. By the end of 
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1971 1972 1973 

Fig. 20. Temperature in Saratoga Lake (in "C), station 7. 

May, the thermocline had begun to form, with complete thermal stratification 
existing from July through September. The thermocline was observed at approx
imately 12 m in 1972, whereas in 1973 it was closer to 9 m. The bottom ap
proached 8°C toward the end of June in both years. During August and Sep
tember this decreased to approximately 5°C and then increased again just prior to 
or during the fall overturn. During 1972, the maximum temperature recorded at 
the surface was 29°C at the beginning of July; in 1973, it was 25.5°C in August. 
The temperature values recorded in the EPA studies (USEPA, 1974) correspond 
quite well with the data shown here. 

The deepest portion of the lake is potentially influenced by the water from the 
outlet of the Kayaderosseras Creek. In general, the temperature of the 
Kayaderosseras at its mouth was higher than the surface temperature of the lake 
during the winter and lower during the summer (Table 14). During the period of 
summer stratification, the lower-temperature water coming from the mouth of the 
Kayaderosseras would tend to settle to the depth at which the same temperature 
or density water was located in Saratoga Lake. 

One 24-hour sampling program was conducted (D. B. Aulenbach and N. J. 
Aulenbach, unpublished data, 1974) measuring the temperature at the two 
deep-water stations in Saratoga Lake during the period of August 28 and 29, 
1974. There were no significant temperature changes during this period. The 
weather during this period progressed from partly cloudy in the morning to heavy 
rain from about 01 00 to 0700 on August 29. 

Mixing 

Saratoga Lake is a typical dimictic lake in a temperate zone. The average 
duration of ice cover is from the middle of December to the end of March and the 
average maximum thickness is 30-45 em (12-18 in.). During the period of ice 



TABLE 14 

Comparison of Average Lake Surface Temperature and Kayaderosseras Creek Outlet Temperature IOC) 

Avg. lake surface 
Kayaderosseras Creek Outlet 

10/29171 

14.5 
13.8 

2/3172 

1.0 
1.9 

4123172 

3.7 
7.0 

5/17172 

15.6 
19.0 

Date 

6/9172 

20.9 
17.5 

7/3172 

23.0 
12.3 

7/22172 

28.5 
23.4 

8/13172 

23.0 
23.0 

9/10172 

21.5 
19.1 
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cover, there is no wind-mixing. There is no information available concerning 
thermal mixing during this period. 

Summer stratification does not appear to set in until approximately June. At 
the shallower hole, opposite Snake Hill, approximately 15 m deep, there is a 
gradual thermocline between the 3- and 9-m depth, below which isothermal 
conditions persist. However, the bottom of the lake at this point remains between 
12° and 14°C. At the deepest portion of the lake, southeast of the mouth of 
Kayaderosseras Creek, a gradual thermocline is established between the 3- and 
9-m depth and a secondary thermocline is established between the 9- and 21-m 
depth, below which isothermal conditions persist (Fig. 19). During October the 
fall turnover occurs, and the lake continues to cool until ice reappears in De
cember. 

Typically, during the summer when the lake is thermally stratified, the wind is 
out of the south. This would cause the surface of the lake to move toward the 
north and the bottom of the epilimnion to move toward the south. Measurements 
taken at the mouth of the Kayaderosseras indicate that, in general, during the 
summer the temperature of the stream is colder than that of the surface of the lake 
(Table 14). Thus a typical mixing pattern would be for the waters of the 
Kayaderosseras to move first to the south of the lake, where they would well up 
and then move northward and either flow out Fish Creek or downwell again to be 
recirculated. No data are available as to the proportion of the surface water that 
flows out at Fish Creek versus that which downwells and returns to the south end 
of the lake. 

A physical model of Saratoga Lake was constructed (A. L. Williams, unpub
lished data, 1975) that was capable of showing flow patterns within the lake 
under various conditions. The first studies (A. L. Williams, unpublished data, 
1975) were done with isothermlll conditions within the lake and no wind. A dye 
was used to trace the flow of the water from the mouth of the Kayaderosseras 
Creek. When the density of the water from the Kayaderosseras was greater than 
that of the lake, the dye first moved to the bottom of the deeper hole; then a por
tion moved northward toward the outlet at Fish Creek, while another portion 
continued to move to the shallower hole toward the south end of the lake. 

Further studies were conducted simulating summer stratification with the wind 
out of the south (Fisher, 1978). Stratification was achieved by carefully floating 
fresh water on top of water whose density was increased by adding a measured 
amount of salt (NaCl). The density of the water containing the dye was adjusted 
to an intermediate value to simulate the thermal density variations measured 
during the summer. With a south wind blowing, the dye from the Kayaderosseras 
dropped to the bottom of the epilimnion and slowly moved southward. A less 
intense portion of the dye moved out Fish Creek. With time, the dye passed 
Snake Hill, where some upwelling occurred just southwest of this point. The dye 
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continued to move to the south end of the lake. By the end of IO "simulated" 
days, the dye had spread throughout the lake with an intensity at the south end 
approximately the same as that observed in Fish Creek. These studies refute the 
commonly accepted belief that the flow from the Kayaderosseras short-circuits 
the lake and flows directly out Fish Creek, and confirm that nutrients from the 
Kayaderosseras can reach all portions of the lake. Obviously other lake circula
tion patterns will occur when the wind blows from other directions. 

Dissolved Oxygen (DO) 

Typical of a stratified eutrophic lake, Saratoga Lake suffers from lack of 
oxygen in the hypolimnion during the summer months. To compare long-term 
trends, the percent DO saturation values with depth at station 7 from the data 
from the NYS Department of Conservation (1932) are shown along with data 
from 1972 (Roetzer, 1973) and 1973 (Coffey, 1974) for a similar time period in 
Fig. 21. There is little difference between 1932 and the 1972 and 1973 data for 
the first week of July at station 7; however, at the shallower station, No. 13, 
lower DO values were observed in 1972 and 1973. 

Isolines of DO for station 7 for the period 197 I -1973 (Roetzer, 1973; Coffey, 
1974) are shown in Fig. 22. Anaerobic conditions existed from approximately 
the middle of July to the middle of October during both years. In 1972, the 
anaerobic area extended to approximately 12 m, which corresponded to the 
thermocline in that year, whereas in 1973 the low dissolved-oxygen area reached 
between 6 and 9 m, corresponding to the higher thermocline observed in that 
year. During the winter of 1972, incomplete mixing was observed in that the 
dissolved oxygen at the bottom was never raised to the much higher levels that 
were observed at shallower depths during the spring turnover. The turnover in the 
fail of 1972 seemed to be complete, and high dissolved-oxygen levels were 
observed throughout the winter of 1973. Complete mixing occurred during 
March and April of 1973, with the highest dissolved-oxygen levels reaching 
completely to the bottom during this period. One sample was taken through the 
ice at station 7 on January 31, 1975 indicating a dissolved oxygen of 11.5 
mglIiter at the 24-m depth (E. N. Lewis and S. E. Porado, unpublished data, 
1975). 

At station 13, the dissolved oxygen levels during the winter of 1972 were 
relatively high, whereas they reached zero under the ice during the winter of 
1973. Adequate mixing occurred in the spring and fail overturns of 1972. The 
highest dissolved oxygen at the bottom reached 13 mglIiter during the overturn of 
spring 1973. Essentially zero dissolved oxygen occurred below the 9-m depth 
from the middle of June to the middle of October for both years. Despite a higher 
springtime DO level, in 1973 there was less DO present in the hypolimnion 
during that following summer. One sample was secured through the ice on 
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Fig. 21. Dissolved oxygen profile of Saratoga Lake station 7. 

January 28, 1975 (E. N. Lewis and S. E. Porada, unpublished data, 1975) 
indicating that the dissolved-oxygen level at the 16-m depth at station 13 was 5 
mgl1iter, somewhat lower than at the deeper location, station 7. 

The DO values obtained by the EPA (USEPA, 1974) on their three sampling 
days are quite similar to the above results for station 13. During the 24-hour 
sampling, August 28 and 29, 1974 (D. B. Aulenbach and N. J. Aulenbach, 
unpublished data, 1974), dissolved-oxygen levels were recorded. The average 
percentage of DO saturation in the epilimnion during this period is shown in Fig. 
23. Higher saturation levels persisted at station 7 during this period. The highest 



Limnology of Saratoga Lake 

3 

• 
• 
" E 

s , • 

• § 10 

21 

2. 

• • , . 
• 

:~~~~.~'~'~-~'~r7T7.~~"~'~~~ 
ONDJFMAMJJA.SON 

1971 1972 

• 

D J F M • M 

1973 
J J • 

Fig. 22. Dissolved oxygen in Saratoga Lake (in mg/liter), station 7. 

311 

level recorded was 82% saturation at 1400 on August 28. The lowest DO satura
tion recorded was 66% at station 13 at 0730 on August 29. At this time the 
overnight rain had ceased, but there was a dense fog that covered the area. The 
diurnal DO fluctuation in Saratoga Lake is significant. This is attributed to the 
prolific algal growth that produces oxygen during daylight, but consumes it at 
night. 

Color 

There is very little information on the color of the water of Saratoga Lake. The 
1967 study (Webster-Martin, Inc., 1967) did include a measurement of the 
Secchi disk depth. This, however, is more a measure of the turbidity of the water 
than of color. On August 16, 1967, the Secchi disk depth in Saratoga Lake varied 
from less than I to 2 m (3 ft to 6.5 ft), with one observation of 15 cm (6 in.) in the 
weeds at the large bay on the western side of the lake just south of the Kayaderos
seras Creek. 

In addition, an aerial survey was conducted on September 26 and October 6, 
1973 in an as-yet unreleased pUblication for the City of Saratoga Springs (Ter
lecky and Walker, 1974). Colored aerial photographs of the lake in September 
revealed a large mass of green algal growth with only one area (around 
station 7) being slightly less green than the remainder of the lake. There were a 
few patches of extreme green growth around the periphery of the lake in all 
directions. These were attributed to their relationship to nearby influent streams; 
however, several of these darker green areas were not located near any streams 
discharging into Saratoga Lake. By the time of the second sampling on October 
6, the fall turnover had begun and a marked decrease in the green coloration in 
Saratoga Lake was observed. This green color was attributed to the algal growth 
in the lake. 
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Fig. 23. Average percentage of dissolved oxygen saturation in the epilimnion of 
Saratoga Lake over a 24-hour period. 

In general, the green coloration of the lake is one of the major objections of the 
lake users (Kooyoomjian, 1974). This objection is coupled with the complaint of 
numerous weed beds around the shallow areas of the shore. Both the algal growth 
and the rooted macrophytes tend to impart a green coloration to the lake. 

Chemical 

Hydrogen Ion Concentrations (pH) 

Data on the pH of the lake are available from numerous sources since 1932. 
Most reports include pH measurements with depth, whereas the Webster-Martin 
report (1967) includes only surface samples at 17 stations around the periphery of 
the lake. 

In the 1932 survey (New York State Department of Conservation, 1932), the 
pH ranged from 8.2 at the surface to a low of 7.1 at the bottom of station 7. In 
general, the pH in the epilimnion was 8 or greater, with a trend toward lower 
values in the hypolimnion or at the bottom, as the case may be. The extreme pH 
observed on July 7, 1932 was 9.0 in the "lower weed bed area east of Lonely 
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Inlet" at 3:00 PM. On that same day pH values were measured in Lake Lonely, 
with a high of 9.1 being observed at the center of the lake. 

In the August 16,1967 sampling (Webster-Martin, Inc., 1967), the pH at the 
17 stations around the periphery of Saratoga Lake ranged fairly consistently 
between 8.45 and 8.60. For comparison, on that day the pH in the outlet of Lake 
Lonely was 9.20, which corresponded to a dissolved-oxygen content of 16.7 
mglIiter. The pH of the Kayaderosseras Creek just upstream from Saratoga Lake 
ranged from 8.30 to 8.50. The pH in Fish Creek was approximately the same as 
that at the surface of Saratoga Lake. 

The extended 2-year RPI study (Roetzer, 1973; Coffey, 1974) showed a trend 
toward lower pH values during the winter and higher values during the summer. 
The lowest values, very near neutrality, were observed on February 3, 1972 
under the ice. The values were fairly uniform but somewhat higher still under the 
ice on March 10. On April 23, the values were fairly consistent, around 7.5, 
from top to bottom. On May 17, the values were again fairly consistent, with a 
mean value of about 7.45. On June 9, the first pH values above 8 were found at 
station 13, although values just less than 8 were observed at the surface at station 
7. There was a trend toward slightly lower pH values in the lower portions of the 
water and slightly lower values at station 7 as compared to station 13. On July 3, 
all values were less than pH 8, with generally lower values at the deepest portions 
of the lake and conditions fairly similar at the two sampling locations. During 
July 22 and August 13, the pH at the surface exceeded 8 at both stations and there 
was a definite trend of lower pH in the lower portions of the water. On September 
10, pH values in the epilimnion were generally greater than 8, with the exception 
of one unusually low value at station 7 of 7.10 at the lI2-m depth. During 1973, 
the values were in general somewhat higher than in 1972. The values under the 
ice in February ranged from 7.48 near the surface to 7.12 at the bottom. The first 
pH values above 8 were observed at station 7 on May 24, with slightly higher 
values in the surface at station 7 than at station 13. There was definitely a trend 
toward lower pH values with depth on this sampling day. pH values generally 
remained above 8 in the epilimnion through August 5, 1973. 

Although no specific correlation was made, it may generally be observed that 
the highest pH values in the lake correspond with the periods of greatest photo
synthetic activity. The EPA studies (USEPA, 1974) show this same trend. (This 
is in agreement with the generally accepted concept that photosynthesis utilizes 
CO 2 , thereby driving the equilibrium pH toward the alkaline side (Ruttner, 
1963). 

pH values are also available for the inlet stream contributing to Saratoga Lake 
through the Kayaderosseras Creek. In general, the outlet of the Kayaderosseras 
had a lower pH value throughout the year than did the surface of the lake. On 
February 3, 1972, all values of Kayaderosseras Creek were slightly on the acid 
side of neutrality. There was definitely a trend toward higher pH values during 
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the warm summer months. The highest pH value ever observed was 9.82 in the 
outlet of Lake Lonely on July 22, 1972. In general, the pH in Fish Creek was 
very similar to the pH in the surface of Saratoga Lake at station 7. 

Alkalinity 

Information on alkalinity is available for the same period of time as pH data 
are reported. The total alkalinity in Saratoga Lake in July of 1932 (New York 
State Department of Conservation, 1932) was approximately 60 mg/liter as 
CaCOa throughout the lake at all depths. On occasions when the pH exceeded 
8.1, carbonate as well as bicarbonate alkalinity was reported. The outlet at Fish 
Creek had an alkalinity of 86.6 mg/liter. In Lake Lonely, the tributary from 
Spring Run had a total alkalinity of approximately 113, whereas the tributary 
from Bog Meadow Brook had an alkalinity of 90. The alkalinity within the lake 
itself varied between 104 and 116 mglliter. 

In the August 16, 1967 study (Webster-Martin, Inc., 1967) the alkalinity 
around the surface of Saratoga Lake averaged 82 mg/liter. It is difficult to 
evaluate whether this increase in alkalinity since the 1932 sampling of 20 mg/liter 
is significant or due primarily to differences in the analytical technique. The 
highest alkalinity in the basin was 210 mg/liter in the outlet from Spring Run into 
Lake Lonely. It is possible that this high alkalinity reflects the highly alkaline 
mineral waters that are the source of Spring Run. The alkalinity in Bog Meadow 
Brook was 83 and the combined alkalinity in Lake Lonely and its outlet was 
approximately 140 mglliter. The alkalinity at the mouth of Kayaderosseras Creek 
was 108, indicating a contribution of alkalinity greater than that found in the lake 
itself. The alkalinity in Fish Creek was essentially the same as that in the lake. 

Alkalinity data are available for the period from February through August 
1973 (Coffey, 1974). At no time was there any significant variation in the 
alkalinity content with depth at the two sampling locations within the lake. There 
were, however, significant variations in the alkalinity with time. On February 
24, 1973, the alkalinity averaged approximately 64 mg/liter, whereas on March 
31 it averaged approximately 55 mglliter, with slightly lower values at station 13. 
The highest levels observed were found on May 25, with the average alkalinity 
approximately 70mg/liter. The lowest values observed were found on June 28, at 
which time the average value was approximately 32 mg/liter. 

The alkalinity values reported by the EPA for 1972 (USEPA, 1974) varied 
between 60 and 87 mglliter as CaCOa. Only two values exceeded 77 mg/liter, 
and these occurred below the 6.4 m (21 ft) depth on October II at the sampling 
stati on near station 13. 

The alkalinity is significantly different throughout the year. Although the data 
are incomplete for a positive conclusion, it appears that lower alkalinity levels 
correspond with increasing photosynthetic productivity. Thus, even though the 
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pH is increased, the total alkalinity is decreasing due to utilization of the CO2 by 
the photosynthetic organisms. 

Calculation of the free CO2 was made on the 1932 data (New Yock State 
Department of Conservation, 1932). Near the surface, the data indicate that the 
free CO2 was in the range of 1 mglIiter. There was a trend toward increasing 
values with depth, with the 29-m (96-ft) bottom sample at station 7 having a 
free CO2 of 11 mg/liter, whereas the 15.5-m (51-ft) bottom sample at station 13 
had a free CO2 value of 8.6 mg/liter. The highest CO2 observed was 15.5 mg/liter 
at the 14-m (45-ft) bottom of Lake Lonely. There was no dissolved oxygen at this 
location on the July 7, 1932 sampling, and it was observed that there was a 

. pronounced odor of hydrogen sulfide gas present at this location at the time of 
sampling. In general, this confirms the generation of CO2 by decomposition of 
the organic benthal deposits. This represents a source of CO2 for the photosyn
thesis process. 

Total Hardness 

Measurement of total hardness was made in the August 16, 1967 study 
(Webster-Martin, Inc., 1967). In general, the hardness of the surface of Saratoga 
Lake was 140 mglIiter with one unusually high value of 173 mg/liter in the 
southwest corner of the lake. Lake Lonely exhibited a hardness of 195 mglIiter 
with a concentration of 289 mg/liter in the influent from Spring Run. Again, this 
likely represents the effects of the highly mineralized water that is the source of 
Spring Run. Bog Meadow Brook, on the other hand, had a hardness of 133 
mg/liter. The hardness of Kayaderosseras Creek was on the order of 165-170 
mg/liter. The outlet of Saratoga Lake at Fish Creek had an alkalinity similar to 
that of the lake itself. 

Nitrogen 

Information on the nitrate content of the surface of Saratoga Lake is available 
from the August 16, 1967 sampling (Webster-Martin, Inc., 1967); information 
on ammonia, nitrate, and organic nitrogen is available from the RPI studies from 
October 1971 through August 1973 (Roetzer, 1973; Coffey, 1974); and ammonia 
and nitrate were measured on three occasions by the EPA (USEPA, 1974). Thus, 
comparison of results over an extended period of time is not possible. 

The nitrate content of the surface of Saratoga Lake approximately 15 m (50 ft) 
offshore around the lake (Webster-Martin, Inc., 1967) varied from a low of 0.1 
mglIiter, apparently reported as nitrogen just off Snake Hill, to two high values 
of 0.65 mglIiter, observed on opposite sides of the lake approximately mid
way between the north and south ends. The outlet of Spring Run into Lake Lonely 
had a nitrate content of 0.6 mglIiter, whereas the outlet from Bog Meadow 
Brook, and Lake Lonely itself, had a nitrate content of only 0.1-0.2 mglIiter. 

I 
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The highest nitrate content observed was 0.70 at the mouth of the Kayaderos
seras. 

Extensive data are available for the 2-year period from October 1971 through 
August 1973 for the two deep stations in Saratoga Lake (Roetzer, 1973; Coffey, 
1974). Measurements of ammonia, organic, and nitrate nitrogen were taken at 
3-m intervals during representative sampling times throughout this period. There 
was little difference between the results at station 7 and those at station 13; 
however, there were significant differences between the epilimnion and the 
hypolimnion. In order to summarize the data, plots were made at only station 7, 
using the 3-m depth as representative of values in the epilimnion and the 24-m 
depth as representative of values in the hypolimnion. All results were reported as 
nitrogen. 

The ammonia nitrogen content is shown in Fig. 24 (Roetzer, 1973; Coffey, 
1974). The ammonia nitrogen content was generally low in the epilimnion, with 
only one value observed that was greater than 0.1 mg/liter, this occurring under 
ice during the February 3, 1972 sampling. During the winter and times of 
turnover, the ammonia nitrogen content of the h~polimnion was similar to that of 
the epilimnion. However, during the periods when the hypolimnion was devoid 
of oxygen, the ammonia nitrogen content increased greatly in the hypolimnion. 
The highest ammonia nitrogen content observed was at the 27-m depth at station 
7 on June 28, 1973, when a value of 3.2 mg/liter was measured. 

The total organic nitrogen content during this 2-year period at station 7 is 
shown in Fig. 25. Total organic nitrogen represents both the organic nitrogen in 
decomposing material and the organic nitrogen content of the living material 
within the lake. With the exception of somewhat higher values in the epilimnion 
during August and September of 1972, there was generally no significant dif
ference between the organic nitrogen content of the epilimnion and the hypolim
nion. High values were observed during the summer, most likely representing the 
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Fig. 24. Ammonia nitrogen in Saratoga Lake, station 7. From Roetzer (1973) 
and Coffey (1974). 
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Fig. 25. Total organic nitrogen in Saratoga Lake, station 7. From Roetzer 
(1973) and Coffey (1974). 

increase in organic nitrogen in the algae growing in the lake; however, there was 
also a high value during March of 1973 and a relatively low value on June 28, 
1973. These two values prevent the prediction of any specific trends of organic 
nitrogen content in Saratoga Lake. 

The nitrate nitrogen content at station 7 is shown in Fig. 26. With the excep
tion of the summer of 1972, the values in the epilimnion were similar to those in 
the hypolimnion. The highest values observed were in the hypolimnion during 
the summer of 1972, at which time the concentration exceeded 1.0 mglliter for an 
extended period of time. During July of 1972 and July and August of 1973, there 
was a definite decrease in the nitrate content of the epilimnion, with values 
reaching a low of 0.1 mg/liter on August 5, 1973. This appeared to represent 
depletion of the nitrate content of Saratoga Lake by the high biological pro
ductivity during the summer. On the other hand, this period also represents a 
period of increase in ammonia and organic nitrogen. 

The total nitrogen content at station 7 of Saratoga Lake over the 2-year period 
of extended study is summarized in Fig. 27. As representative of the epilimnion, 
values taken at 6-m were plotted in this figure and for the hypolimnion, 21-m 
values were used. There was an increase in total nitrogen immediately after 
ice-out and another higher level occurred during the summer months. 

At no time was the total nitrogen content of Saratoga Lake less than the 0.3 
mglliter suggested by Vollenweider (1968) as the limiting level for excessive 
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Fig. 26. Nitrate nitrogen in Saratoga lake, station 7. From Roetzer (1973) and Cof
fey (1974). 

biological productivity in a lake. Thus there appears to be sufficient nitrogen 
present at all times in Saratoga Lake to support a high level of algal growth. 

The results of the EPA study (USEPA, 1974) taken in the middle of May, July 
25, and August 11, 1972 show that the ammonia nitrogen at both locations was 
similar to the results found in the RPI study. There was a definite increase in the 
ammonia nitrogen content in the hypolimnion where there was a lack of oxygen 
during the summer and fall periods. The nitrate plus nitrite levels at the Snake 
Hill sampling station had a similar trend as the RPI data although the EPA values 
were slightly lower. Low values of 0.3 mg N/liter at the surface and 1.3-m (4-ft) 
depths at the Snake Hill location were recorded in the July sampling. All the 
nitrate values at station 01 (see Fig. 15) were 0.03 to 0.04 mg N/liter on the July 
and October sampling. There was no significant trend with depth at this location 
on those dates. Since organic nitrogen was not recorded it is not possible to make 
predictions of the total nitrogen content from these samples; however, it does 
appear that the total nitrogen content may have been lower on some occasions 
than the 0.3 mg Nlliter suggested as desirable to control excessive algae growths. 

Considerable data were generated by both RPI (Roetzer, 1973; Coffey, 1974) 
and the EPA (USEPA, 1974) from the numerous streams flowing into Saratoga 
Lake and from Fish Creek at the outlet of Saratoga Lake. In only three instances 
do the sampling locations correspond precisely. These are the Kayaderosseras 
Creek above Lake Lonely Outlet, Lake Lonely Outlet, and Fish Creek at the 
Route 9P bridge (see Figs. 15 and 18). Since concentrations of constituents in a 
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Fig. 27. Total nitrogen in Saratoga Lake, station 7. From Roetzer (1973) and Coffey 
(1974). 

stream may vary significantly because of stream flow, which fluctuates rapidly in 
the Kayaderosseras Creek, it is not possible to make a detailed analysis of trends 
versus season without corresponding precise stream-flow data. Thus the results 
of the nitrogen analyses in the streams are summarized in Table 15. Where 
comparison can be made at similar locations between the two sets of data, the 
actual averages do not always correspond; however, in general the ranges are 
similar, indicating that the differences in average values are probably the results 
of actual differences within the stream as a function of the differences in time of 
sampling. 

The influence of the discharges from sewage treatment plants on the nitrogen 
content of the stream is evident. In the Kayaderosseras Creek there is much less 
nitrogen of all forms present in the samples taken above the Ballston Spa sewage 
treatment-plant as compared to those below this effluent. Immediately below the 
treatment-plant effluent the ammonia and total Kjeldahl nitrogen are high, and 
then decrease downstream until the outlet from Lake Lonely joins the Kayaderos
seras Creek. Correspondingly, the nitrate content increases in this same stream 
distance, indicating oxidation of the reduced nitrogen compounds to nitrates. 

Similar reductions in ammonia and Kjeldahl nitrogen are shown at the Saratoga 
Springs effluent, which is discharged into Spring Run, is oxidized within Lake 
Lonely, resulting in lower concentrations in the outlet. A corresponding increase 
in nitrate content is indicated by the RPI results. However, the EPA results show 
a decrease in nitrate content in flowing through Lake Lonely. The Mourning Kill 
had significant levels of ammonia and Kjeldahl nitrogen and even high levels of 
nitrates, indicating some source of nitrogen into this stream. Gordon Creek and 
Unnamed Creek in the southwest comer of Saratoga Lake (which has been titled 
Coffey Creek by the RPI researchers), on the other hand, were low in ammonia 
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TABLE 15 

Concentrations of Nitrogen Compounds in Streams in the Saratoga Lake Drainage Basin a 

NH, Total Kjeldahl NO, 

Location Station Reference" Avg. Max. Min. Avg. Max. Min. Avg. Max. Min. 

Kayaderosseras Creek 
Mouth 18 1 0.139 0.40 0.020 0.536 0.87 0.13 0.763 1.40 0.20 
Above Lake Lonely Outlet 24 1 0.102 0.28 0.010 0.286 0.51 0.10 0.63 1.10 0.48 
Above Lake Lonely Outlet Al 2 0.098 0.35 0.029 0.633 1.26 0.35 0.28 0.49 0.126 
Northline Rd., below STP A2 2 0.158 0.39 0.046 1.032 2.94 0.46 0.21 0.42 0.069 
Ballston Spa, above STP A3 2 0.053 0.18 0.012 0.664c 1.68c 0.22 0.157 0.30 0.019 
Galway Rd. A4 2 0.041 0.164 0.010 0.534 1.72 0.15 0.16 0.273 0.017 

Lake Lonely 
Outlet 26 1 0.802 3.30 0.04 0.686d 1.95d 0.28 1.072 1.60 0.40 
Outlet Bl 2 0.643 1.90 0.036 1.71 3.00 0.58 0.336 0.72 0.072 

Spring Run-below STP El 2 1.923 5.65 0.64 3.759 6.40 1.89 0.767 1.34 0.22 
Mourning Kill-near mouth Cl 2 0.271 0.75 0.038 0.882 1.60 0.35 0.682 1.16 0.19 
Gordon Creek-near mouth Gl 2 0.058 0.132 0.011 0.989 3.20 0.20 0.217 0.410 0.014 
Unnamed Creek (Coffey Creek)-near mouth Fl 2 0.065 0.170 0.016 0.846 2.10 0.34 0.215 0.55 0.028 
Fish Creek 

N.Y. Rt 9P bridge 20 1 0.089 0.208 0.Q1 0.538 0.87 0.22 0.632 1.24 0.16 
N.Y. Rt. 9P bridge Dl 2 0.066 0.140 0.017 0.716 1.44 0.40 0.163 0.340 0.Q16 

a All results in mg Nlliter. 
"(1) Roetzer (1973) and Coffey (1974) data from 10/29171 through 815/73; (2) USEPA (1974) data from 11/4/72 through 10/8173; NO, includes 

N0 2 ; for locations, see Fig. 15. 
c Not including one extremely high value of 3.150 reported. 
dNot including one extremely high value of 3.25 reported. 

----_. ----------
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and nitrate but contained significant amounts of Kjeldahl nitrogen. The outlet 
from the lake had low ammonia values, moderate Kjeldahl values, and nitrate 
values that showed a significant disagreement between the RPI and the EPA data, 
with the EPA data being significantly lower in value. 

Phosphorus 

Phosphorus data are available in the August 16, 1967 study (Webster-Martin, 
Inc., 1967), the extended Rensselaer Polytechnic Institute study in 1971 through 
1973 (Roetzer, 1973; Coffey, 1974), and the EPA study of 1972-1973 (USEPA, 
1974). 

The 1967 study survey recorded only total phosphate phosphorus in a form that 
reflects the analytical techniques available at that time. The phosphate concentra
tion varied from a low of 0.00 to a high of 0.10 mg PlIiter at the various locations 
around the lake. Lake Lonely exhibited 0.60 mg P/liter of total phosphate with 
5.00 mg PlIiter entering the lake from Spring Run. The concentration of phos
phate in Bog Meadow Brook was 0.05 mg P/liter. The mouth of the Kayaderos
seras Creek contained 0.54 mg Plliter, whereas the outlet of Saratoga Lake into 
Fish Creek had 0.05 mg PlIiter. 

The phosphate concentration in the lake is related directly to anoxic conditions 
within the hypolimnion. This is graphically demonstrated by Fig. 28 (Coffey, 
1974), which shows uniform concentration of orthophosphate with depth at 
station l3 on March 31,1973, which was a time of turnover, and fairly constant 
but higher, values during the period of ice cover on February 24, 1973. However, 
on August 5, 1973, when the lake was stratified with no dissolved oxygen 
present below the 9-m depth, the phosphate content in the hypolimnion increased 
dramatically. Similar conditions existed during the previous year and at station 7. 

The variation in orthophosphate with time in the epilimnion and hypolimnion 
is depicted in Fig. 29, using station 7 as a representative location (Roetzer, 1973; 
Coffey, 1974). There was considerable variation with both season and depth. 
The variation of phosphorus content with time shows a strong inverse relation
ship between phosphorus content in the epiIimnion and hypolimnion. This in
verse relationship is apparently due to uptake of phosphorus in the epilimnion 
followed by settling of phosphorus-containing material to the hypolimnion and 
hydrolysis of this material, yielding soluble orthophosphate. The wide variance 
in phosphorus levels observed throughout the year indicates that uptake of phos
phorus by plants and algae significantly depletes the phosphorus in the epilim
nion. The minimum value detected was less than 0.003 mg PlIiter on April 23, 
1972 at the 3-m depth. Vollenweider (1968) and others suggest the value of 0.01 
mg P/liter as the critical level of phosphorus necessary to support algal blooms. 
The phosphorus levels recorded were seldom below this critical value. Gener
ally, epilimnion phosphorus concentrations were in the range of 0.0l3-0.04 
mg PlIiter. Thus, during most of the vegetation period phosphorus levels were 
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Fig. 28. Orthophosphate versus depth and time, station 13. From Coffey (1974). 

well above the critical value and in the optimal range for algal growth. The low 
-values occasionally observed and the great variations indicate that phosphorus 
uptake significantly depletes the phosphorus content of the epilimnetic waters. 
Thus, while in general the high phosphorus levels indicate that phosphorus is not 
a limiting nutrient throughout the year, it may well be a growth-limiting factor at 
certain times. 

High levels of phosphorus were observed in the' lowest portion of the 
hypolimnion at the beginning of the vegetation period until late fall, at which 
time a high phosphorus content was observed throughout the entire hypolimnion. 
Upon inspection, it can be seen that the progression of high phosphorus levels 
correlates almost exactly with the progression of anaerobic conditions in the 
hypolimnion. 

The orthophosphate data from the EPA study (USEPA, 1974) correspond well 
with the above results at station 13 off Snake Hill. There was a definite increase 
in the orthophosphate content in the hypolimnion during periods of oxygen 
deficiency. The total phosphate follows the same trend. The orthophosphate 
concentration at station 01 (see Fig. 15) showed little variation with time and 
depth, with values ranging between 0.010 and 0.016 mg P/liter with the excep
tion of one high value of 0.024 mg P/liter at the surface on May 15, 1972. On 
only two occasions was the orthophosphate concentration from the EPA study 
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Fig. 29. Orthophosphate phosphorus in Saratoga Lake, station 7. From Roetzer 
(1973) and Coffey (1974). 

less than 0.010 mg P/liter, and at all times the total·phosphorus was well above 
this level. 

As with nitrogen, considerable data are available for ortho and total phos
phorus in the streams influent to and effluent from Saratoga Lake. These results 
are summarized in Table 16. At locations where comparison can be made be
tween the RPI data (Roetzer, 1973; Coffey, 1974) and the EPA data (USEPA, 
1974), there seems to be good agreement in the orthophosphate values, but poor 
agreement in the total phosphate values, with the EPA values lower at both 
locations. The influences of the discharges from the sewage treatment plants 
upon the streams are evident. In Kayaderosseras Creek the levels were lower for 
both ortho and total phosphorus above the Ballston Spa sewage treatment plant 
discharge. At the mouth of the Kayaderosseras Creek, after the effluent from 
Lake Lonely combines with the Kayaderosseras, the phosphorus levels were 
even higher. This is expected from the high concentration of phosphorus in Lake 
Lonely Outlet. This high phosphorus concentration is contributed by Spring Run, 
which contains the effluent from the Saratoga Springs sewage treatment plant. 
Significant reductions in phosphorus are indicated as the stream flows through 
Lake Lonely, although some of this reduction may be due to dilution. 

Mourning Kill, Gordon Creek, and Unnamed Creek (Coffey Creek from the 
RPI data) were all low in phosphorus content, being similar to the levels found in 
the Kayaderosseras Creek above the Ballston Spa sewage treatment plant dis
charge. Both the ortho and total phosphorus concentrations at the outlet of 
Saratoga Lake in Fish Creek were similar to the corresponding data in Saratoga 
Lake itself. Considerably lower values for total phosphate were recorded from 
the EPA data as compared to the RPI data. 

I 

I 
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TABLE 16 

Concentrations of Ortho and Total Phosphorus in Streams in the Saratoga Lake Drainage Basin" 

Orthophosphate Total phosphate 

Location Station Reference" Avg. Max. Min. Avg. Max. Min. 

Kayaderosseras Creek 
Mouth 18 1 0.077 0.30 0.001 0.344 0.56 0.13 
Above Lake Lonely Outlet 24 1 0.044 0.140 0.001 
Above Lake Lonely Outlet Al 2 0.033 0.098 <0.005 0.076 0.230 0.020 
Northline Rd., below STP A2 2 0.052 0.180 <0.005 0.133 0.570 0.030 
Ballston Spa, above STP A3 2 0.011 0.D19 <0.005 0.052 0.170 0.015 
Galway Rd. A4 2 0.009 0.022 <0.005 0.038 0.110 0.012 

Lake Lonely 
Outlet 26 1 0.136 0.29 0.016 0.41 0.65 0.25 
Outlet Bl 2 0.144 0.370 0.027 0.22 0.63 0.060 

Spring Run below STP El 2 0.277 0.705 0.042 0.737 1.570 0.220 
Mourning Kill-near mouth Cl 2 0.012 0.052 <0.005 0.036 0.065 0.008 
Gordon Creek-near mouth Gl 2 0.010 0.023 <0.005 0.027 0.045 0.015 
Unnamed Creek (Coffey Creek)-near mouth Fl 2 0.D15 0.029 <0.005 0.032 0.170 0.015 
Fish Creek 

N.Y. Rt. 9P bridge 20 1 0.028 0.07 0.01 0.130 0.20 0.02 
N.Y. Rt. 9P bridge 01 2 0.017 0.038 <0.005 0.036 0.080 0.020 

"All results in mg Plliter. 
"(1) Roetzer (1973) and Coffey (1974) data from 10/29171 through 815173; (2) USEPA (1974) data from 11/4/72 through 

10/8/73; NO, includes NO,; for locations, see Fig. 15. 
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It may be seen that the Kayaderosseras Creek is a major source of phosphate to 
Saratoga Lake. With the regeneration of the soluble phosphate in the anaerobic 
hypolimnion of the lake during the summer, the phosphate concentration of the 
lake will maintain itself for a significant period of time despite any reduction in 
the influent due to waste treatment and/or changeover to nonphosphate deter
gents. A ban on phosphate-containing detergents went into effect in New York 
State on June I, 1973. No effects on either stream or lake phosphorus levels were 
observed in any of the samples secured after that date. There is, however, a 
potential for reducing the phosphate input to the lake because of the ban on 
phosphate-containing detergents. However, Lake Lonely has received the 

. effluent from the Saratoga Springs sewage treatment plant for 70 years and could 
conceivably serve as a phosphorus source for many years to come. The phos
phate content of Spring Run and to the lake itself were consistently above the 
recommended maximum concentration of 0.010 mglIiter, above which excessive 
algal growth may occur. 

Silicon 

In addition to the major nutrients, silicon in water is essential to an important 
phytoplankton group, the diatoms, which possess siliceous shells. Silicon can 
exist in water in several forms, the most important of which are (I) dissolved 
forms as undissociated silicic acid or silicate ions, (2) colloidal silica, for exam
ple in clay particles, and (3) in seston. The major source of silicon to the lake 
system is the weathering of silica-containing minerals (predominantly aluminum 
silicates) in the drainage basin. Both the colloidal and sestonic forms of silica can 
be converted to the dissolved form, which is then available for uptake by phyto
plankton. Diatoms are considered the only phytoplankton that utilize significant 
amounts of silicon. 

The seasonal variation of lake silica levels as shown in Fig. 30 is striking 
(Roetzer, 1973). During May, 1972 soluble levels in the epilimnion ranged from 
2.0 to above 2.5 mg SilIiter. By August, silica concentrations had been depleted 
to below 0.1 mg SilIiter, with values as low as 0.04 mg Silliter observed. 

Figure 31 illustrates the variations of silicon concentration with depth during 
1973 at station 7 (Tuttle, 1974). The silicon concentration varies only slightly, if 
at all, in the first 6-m of the epilimnion, after which the silicon concentration 
increases with depth. The hypolimnion concentrations are consistently higher 
than those in the epilimnion and sometimes exceed 3.0 mg Si/liter. The dif
ference in concentrations is especially large in October when the epilimnion 
silicon supply is depleted, whereas the hypolimnion concentration reaches 3.2 
mg Si/liter. On October 23, the 12-m sample, normally from the thermocline, 
also showed depletion because, as a temperature profile revealed, the epilimnion 
extended to below this depth. The depletion in the epilimnion is attributed to 
assimilation by the diatoms. 
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Fig. 30. Seasonal variation in silica levels in stations 7 and 13. Average epilimnion 
value .. From Roetzer (1973). 

The increase of silicon concentrations with depth suggests that the silicon is 
supplied by the bottom sediments. France (1973) has confirmed by laboratory 
experiments that the sediments in Saratoga Lake can easily supply enough silicon 
to keep the concentration in the lake water above 2.0 mg SilIiter under both 
aerobic and anaerobic conditions. The 15- and 21-m deep samples show that the 
hypolimnion silicon concentration gradually increased during the sampling 
period, a total increase ranging from 0.5-1.0 mg SilIiter. The silicon concen
trations of the Kayaderosseras Creek varied between 2.5 and 3.5 mglIiter. 

The more interesting seasonal variations occurred in the epilimnion, the upper 
1O-12-m of water (Tuttle, 1974). It is in this region that diatoms assimilate 
silicon and thereby deplete the soluble silicon. Since the silicon concentration in 
the first 6-m was nearly constant, average values during 1973 are shown inFig. 
32. The results for stations 7 and 13 are nearly identical. The silicon concentra
tion decreased from the beginning of the year until June 28 and then increased. 
On September 17 the concentration returned to a value nearly equal to the 
February concentration, after which the concentration swiftly dropped to 0.02 
mg Si/liter or less on October 23. Saratoga Lake thus experiences silicon deple-

I 
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I 
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Fig. 31. Depth variations of silicon concentrations in 1973. From Tuttle (1974). 

tion. At no other time during the year does the silicon come even close to the 
limiting concentration of 0.03-0.05 mg Si/liter reported earlier. The low silicon 
content indicates that a large standing crop of diatoms was present on October 
23. Observation of the diatom population at that date showed that Melosira and 
Steplumodiscus comprised more than 90% of the 164-208 thousand diatoms/ 
liter. The fact that silicon was utilized to concentrations slightly below the 
limiting concentration may indicate, according to Schelske and Stoermer (1971), 
that Saratoga Lake experiences an abundance of phosphorus. 

Roetzer's data of 1972 (Roetzer, 1973) did not confirm the close similarity 
between stations 7 and 13 as found in 1973. The 1972 concentrations were lower 
over a longer period of time than in 1973, with silicon depletion occurring as 
much as 1 to 2 months earlier in the 1972 season. For station 13 depletion 
occurred during mid-August and for station 7 it was probably during late October 
or even September, but the exact date is difficult to establish because of the 
absence of data. Thus depletion has been happening for a number of years in 
Saratoga Lake, and its occurrence points out the highly productive nature of the 
lake. 

Iron 

Measurements of the iron content in Saratoga Lake were made during the 1973 
sampling series (Coffey, 1974). In general, the levels of iron were very low, 
reaching the lower limits of detection. The lowest level, down to 0.001 mg/liter, 
occurred during the spring turnover on March 31, 1973. The highest value 
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recorded was 0.020 mglIiter at the 6- and 24-m depths at station 7 on February 
24, 1973. In general, the values varied between 0.005 and 0.015 mg/liter 
throughout the period of ice cover and in May and June. There was no correlation 
of iron concentration with depth or dissolved oxygen in the hypolimnion. The 
low iron concentrations found may indicate that iron approaches a limiting level 
for productivity within the lake and that all of the iron is constantly tied up in the 
biomass. Thus there is little iron remaining in solution that can enter the typical 
oxidation-reduction reaction within the aerobic and anaerobic portions of the 
lake. 

Sediment Characteristics 

A detailed study of the sediments in Saratoga Lake was made during 1973 
(France, 1973). The results of the chemical analyses of the sediments collected in 
March 1973 are shown in Table 17. Sampling site numbers are shown on the map 
in Fig. 33. The results are arranged by decreasing order of Organic Sediment 
Index (OSI) (Ballinger and McKee, 1971). 

It is generally accepted that the organic content of a lake sediment often 
reflects the level of productivity in the overlying waters (Frink, 1967; Hendricks 
and Silvey, 1973; Mackenthunet aI., 1968). These data substantiate that con
cept. The OSI correlates well with the measured volatile solids, organic nitrogen, 
and organic carbon, to a lesser extent with water depth, and inversely with 
percent solids. If the indices are applied to the chart of Ballinger and McKee 
(1971) (Fig. 34), they can be logically explained by the morphology of the lake. 



TABLE 17 

Chemical Characteristics of Sediments 

Water Volatile Organic 

Site depth Solids solids NH3-N Organic N Organic C sediments Total P Acid-sol. P Fe C. Acid-sol. Si 

No. (It) ('Yo) ('Yo) (mg/gm) (mglgm) (mg/gm) (OSI) (mglgm) (mglgm) (mg/gm) (mg/gm) (mg/gm) 

7 96 10.5 17.2 0.523 9.95 60.3 6.00 3.60 2.97 4.43 3.2 .034 
13 50 16.0 17.0 0.296 8.93 58.7 5.25 2.28 1.25 4.57 3.2 .080 

2 13 20.1 17.6 0.135 7.87 65.2 5.12 1.14 .625 4.43 5.6 .030 
9 25 17.9 16.4 0.000 7.06 60.3 4.45 2.88 1.05 4.43 6.4 .050 

12 20 19.9 15.2 0.000 6.96 40.7 2.83 1.50 1.25 4.72 4.4 .032 
11 10 26.8 11.2. 0.036 5.13 38.6 1.96. 1.67 .080 4.29 6.0 .037 
6 15 58.0 2.9 0.000 1.37 10.9 0.15 1.50 .600 4.51 2.7 .059 

18 20 66.3 3.2 0.032 0.79 4.6 0.04 1.37 .565 4.21 3.2 .086 
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The two deep wells contain the greatest amount of organic matter in their 
sediments. Both have an OSI over 5, indicating, according to Ballinger and 
McKee's scheme, "actively decomposing sludge" and "matted algae." The 
high indices reflect the accumulation of organic matter in deeper areas in the 
absence of rooted plants and aquatic animals. 

Site 2, in the southern basin of the lake, also had a high as!. The depth here is 
only 4 m (13 ft). Shallower areas in the northern basin of the lake (sites 6, 11, 
and 12) did not exhibit such a high organic content. The indication is that the 
southeast portion of the lake is more highly productive, and somewhat isolated 
from the greater portion of the lake. 

Site IS, at the mouth of the Kayaderosseras, has a very low OSI, indicative of 
the sand and silt deposited upon entering the lake. Site 9, at the' 'headwaters" of 
Fish Creek, has a high as!. 

The sediment at site 6, along the western shore, is similar to that at the mouth 
of the Kayaderosseras: primarily sand and silt. 

Ammonia in sediments often indicates that anaerobic decomposition has taken 
place in the surface sediments. The only sediments displaying any significant 
amount of ammonia are the two deep wells and the south basin (sites 13, 7 and 
2). The first two are to be expected to contain ammonia, resulting from summer 
anaerobic conditions. The presence of substantial ammonia in site 2 sediment, 
even in spring, emphasizes the highly eutrophic state that exists in the area. 

The amount of iron in the sediments is very small compared to typical lake 
mud (Serruya, 1971; Li et ai., 1972; Twenhofel and McKelvey, 1938), and is 
amazingly uniform throughout the lake. The lack of iron in the sediment is 
directly attributable to the fact that the levels of iron in the water influent to 
Saratoga Lake are also very low. The soil of the drainage basin is of a sandy 
nature, and is naturally low in iron. The very low concentrations of iron in the 
sediment, and the fact that there is no positive correlation between iron and 
phosphorus, imply that the iron hydroxide gels that control phosphorus concen
trations in other sediments are not so dominant in Saratoga Lake. In fact, the low 
concentrations of iron in the water may be an important contributing factor in the 
eutrophication of the lake, in that there is insufficient iron to precipitate and 
remove phosphorus from the lake-water system. Thus the problem of surplus 
phosphorus in the lake is compounded by the natural limitations of the lake to 
remove phosphorus. 

Saratoga Lake is noncalcareous (France, 1973), being located in a drainage 
basin of primarily sandy soils. The amount of calcium in the sediments is low for 
even a noncalcareous lake. Because the lake is fairly alkaline (75 mg/liter as 
CaCOa) and has a high pH (S.5) it might be expected that calcium adsorption 
would be the primary source of sediment phosphorus. The actual lack of any 
correlation between calcium and phosphorus discourages, although does not 
eliminate, that expectation. 
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Acid digestion was used to measure "available" silica in the sediments. It has 
been shown (Iler, 1955) that a continuous network of silica remains intact upon 
acid extraction of aluminum and other metals. Thus, despite the fact that the 
native soil, and consequently the sediments, are basically siliceous in nature, the 
acid-soluble silica makes up a very small fraction of the sediments. How closely 
this fraction represents that silica which is available to the overlying waters is a 
matter of conjecture. There is no readily obvious relation between this acid
soluble silica fraction and any other parameters in the lake sediments. 

The levels of phosphorus found in the sediments are lower than those usually 
associated with eutrophic lakes. This may be due to one or more reasons. The 
sand-silt sedimentation rate may be high, obscuring the phosphorus in an inert 
framework, or the overall sedimentation rate may be low. Most likely, the low 
phosphorus levels result from low concentrations of phosphorus-adsorbing mate
rials, particularly iron. 

The highest levels of phosphorus occur in sediments from the two deep wells 
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(sites 13 and 7) and the outlet (site 9). The phosphorus in the. former two is at 
least 50% inorganic, as represented by the acid-soluble fraction. The shallower 
areas contain less phosphorus in their sediments, and more of it is in the organic 
form. These facts support the theory (Hendricks and Silvey, 1973) that 
shallow-water sediments act as a source of nutrients overall, while deep-water 
sediments act as a nutrient sink. Profundal sediments are too isolated from 
circulation, especially during summer stagnation, to contribute nutrients to the 
euphotic zone. The warmer temperatures and the presence of rooted plants in all 
of the littoral sediments enable the rapid decomposition of organic matter and the 
return of inorganic nutrients to the water for plankton utilization. Thus the lowest 
concentration of phosphorus occurs in the sediment at site 2, because the high 
productivity there utilizes the readily available sediment phosphorus. 

The highest level of organic phosphorus occurred in sediment from site 9, the 
outlet, reflecting the high productivity and available phosphorus. The levels of 
organic phosphorus are otherwise fairly uniform throughout the lake, mostly in 
the range of 0.6-1.0 mg/gm of dry sediment. This uniformity of organic P 
indicates a uniformity of productivity in the euphotic zone, because of surface 
circulation. Differences in phosphorus concentrations are due mainly to the inor
ganic fraction, which varies from 0.08 to 2.98 mg/gm. These facts imply that the 
greater portion of phosphorus entering the lake is used directly by productive 
organisms, and that only in profundal areas does the sorption process dominate 
the phosphorus system. 

Some investigation was made into the seasonal variation of the sediment 
characteristics. It was anticipated that small variations in concentration could not 
be accurately measured using Ekman grab samples, because the sediments col
lected this way represent several years' depth of deposits. As expected, the 
volatile solids and organic carbon and nitrogen did not vary significantly be
tween the November 1972 and March 1973 samples. The one exception was site 
18, where a large decrease in the volatile solids, from 11.0 to 3.2%, was noted at 
the mouth of the Kayaderosseras. Undoubtedly the cause for this is the deposition 
during the spring runoff of large quantities of sand and silt. However, the 
amount of phosphorus in the sediment at this site increased 30% between 
November and March. Possibly there is a high concentration of phosphorus from 
agricultural runoff. 

Biological 

Light Extinction 
The 1932 survey (New York State Department of Conservation, 1932) pro

vides some background information on the transparency of Saratoga Lake. Sec
chi disk readings were taken at two locations (see Fig. 41) throughout the sum-
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mer. Station 1 from the 1932 survey is essentially equivalent to station 13 at the 
shallower hole off Snake Hill. Station 2 is the outlet at the Route 9P bridge. The 
EPA sampled the same locations in 1972 (USEPA, 1974). The results are com
pared in Table 18. The clarity generally decreased during the sampling season, 
indicating increased algal concentrations throughout the summer. The transpar
ency decreased significantly in the 40 years between the sampling periods. 

The variation with depth of the total light intensity was investigated during 
1973 using a submarine photometer (Tuttle, 1974) as shown in Table 19. The 
data for May 23 were obtained before a June recalibration of the photometer, and 
the values are thought to be high. The depth of 1 % transmittance of the surface 
illumination was graphically interpolated. 

The data show that the depth of 1% transmittance varied from about 5.0-m in 
May to 1.5-m in September. On May 23 and July 28 the I % transmission depth 
averaged 0.8-m deeper at station 7 than at station 13. Wind-induced circulation 
in the more shallow southern end of Saratoga Lake may cause more resuspension 
of sediments and thus decreased clarity, or else there may be more algae present 
at station 13. These penetration values, especially the 1.5 m in September during 
the blue-green algae bloom, are indicative of very limited transparency. If the 
photic zone is assumed to be represented by the region from the surface to the 
depth of 1 % light transmittance, it is evident that this zone is restricted to the first 
few meters of water in Saratoga Lake. The reason for such a narrow photic zone 

TABLE 18 

Secchi Disk Depths in Saratoga Lake 

Date Location Transparency (m) 

6/18/32' 1 (equiv. to new station 13) 6.0 
2 (lake outlet) 5.5 

7/13/32 1 5.8 
2 4.5 

8/8132 1 3.5 
2 3.3 

9/1/32 1 4.0 
2 3.2 

5/15/72" 02 (equiv. to station 13) 2.2 
5/18/72 01 (outlet, N.Y. Rt. 9P bridge) 3.6 
7/25/72 02 2.5 

01 2.5 
10/11/72 02 2.1 

01 2.1 

• Data from NYS Department of Conservation (1932). 
"Data from U.S. Environmental Protection Agency (1974). 
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TABLE 19 

light Penetration Data' 

Percent transmittance 

5/23/73 7/28/73 7130173 8/23/73 9/17173 

Depth (m) 

0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
4.0 
5.0 
6.0 

Depth of 1 % 
transmittance 

'Tuttle (1974). 

7 b 

19.5 
15.5 

9.5 

5.6 
3.2 
1.6 
0.64 

5.5 

13 

15.3 
10.4 

6.3 

3.7 
1.7 
0.95 

4.8 

b Data from stations 7 and 13. 

7 

10.6 

8.0 

3.2 
1.4 
0.82 

4.5 

13 7 13 7 13 7 

9.7 8.4 10.5 2.0 
9.6 5.7 5.5 7.1 1.1 

3.2 3.9 1.0 
4.7 1.6 2.0 2.1 0.9 

1.4 1.2 1.7 
2.1 0.63 0.47 0.90 
0.81 
0.21 

3.8 2.5 2.6 2.8 1.5 

is the abundance of algae, which absorb and scatter the radiation from above. 
Light availability is thusrestricted, and appears to be a factor limiting to growth 
in Saratoga Lake. 

Phytoplankton 

The primary historical source of information on the biological characteristics 
of Saratoga Lake is the report of the NYS Department of Conservation performed 
during the summer of 1932 to evaluate its fish stocking program (New York State 
Department of Conservation, 1932). This report includes some detailed phyto
plankton information that may be used as a reference point to show any changes 
or trends in quality since that time. 

The distribution of phytoplankton in Saratoga Lake during the summer of 1932 
at the surface and bottom at two different locations (see Fig. 41) is summarized in 
Fig. 35. Station I corresponds with Rensselaer Polytechnic Institute's station 13 
at the deep water off Snake Hill, whereas station 2 is located near the outlet of the 
lake. Table 20 lists the genera of algae identified and their relative abundance 
during that summer. Trap catches represent the larger individuals (retained in a 
No. 20 silk cloth), whereas the centrifuged portion represents the small individu
als (passed through the same cloth). Attention must be called to the different 
scale for each group. The larger green algae were most predominant at the 
bottom at station I in June, whereas the smaller green algae were present in 

13 
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Fig. 35. Distribution of the plankton plants in Saratoga Lake. The value of a small 
space on the scale is indicated for each group. (0) = traces. The larger organisms were 
caught in a plankton trap holding 10 liters (10.5 quarts) of water and recovered by 
straining through a net made of No. 20 silk bolting cloth. The small forms that pass 
through the meshes of the net were caught by centrifuging l-liter samples of water 
taken with the Kemmerer water sampler. The water was first strained through No. 20 
silk cloth and then run through the Foerst centrifuge. From the New York State De
partment of Conservation (1932). 

relatively large numbers at all locations during August. The larger blue-green 
algae predominated during August and September. Tremendous growths of 
Lyngbya, Aphanizomenon, Anabaena, and Coelosphaerium were observed, 
with average total counts of 55 ,000 colonies in August and 58,000 in September. 
Toward autumn Lyngbya was so abundant as to make the water "soupy," and 
collected along the shores in great stringy masses. The smaller diatoms peaked 
near the outlet in June, and the larger diatoms peaked in August. The most 
abundant diatoms encountered were Fragilaria, Asterionella, Melosira, and 
Cyciotella, with Fragilaria reaching the remarkable average of 172,000 colonies 
per liter during August. 

In an effort to identify any relationships between zooplankton reproduction 



TABLE 20 

Distribution of the Genera of Phytoplankton, 1932' 

Genera June July Aug. Sept. 

Cyanophyceae 
Anabaena 1 2 4 2 
Aphanizomenon 3 4 
Aphanocapsa 1 1 
Chroococcus 1 1 1 1 
Lyngbya 1 3 5 
Microcystis 1 2 
Oscillatoria 

Chlorophyceae 
Ankistrodesmus 1 1 1 
Botryococcus 2 
Coelastrum 1 
Cosmarium 1 
Crucigenia 1 1 
Dictyosphaerium 1 
Euastrum 1 
Eudorina 1 1 2 
Oocystis 2 1 1 1 
Pandorina 1 
Pediastrum 1 1 
Peroniella 1 
Quadrigula 1 1 
Scenedesmus 1 1 1 1 
Sphaerocystis 1 1 1 1 
Staurastrum 1 1 
Volvox 1 

Bacillariae 
Amphora 
Asterionella 3 2 1 1 
Cocconeis 1 2 2 1 
Cyclotella 2 2 2 2 
Cymbella 1 1 1 
Diatoma 1 1 
Epithemia 1 
Fragilaria 1 4 5 4 
Gomphonema 1 1 1 
Melosira 2 2 2 2 
Navicula 1 2 1 1 
Nitzschia 
Stephanodiscus 1 1 1 1 
Synedra 2 1 1 1 
rabellaria 1 1 1 

'From New York State Department of Conservation (1932). 
The numbers 1,2,3, etc., indicate the relative abundance of the 
particular organism in the opinion ofthe observers as estimated 

I from examination of the various qualitative and quantitative 
samples gathered during the summer. " rare; 5, very abundant, 

I etc. 
I 
I 

-~-
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and blue-green algal blooms, Stross (1973) conducted studies on Saratoga Lake 
during the summers of 1970-1972. He identified the predominant blue-green 
algae as Microcystis, Coelosphaerium, Anabaena, and Aphanizomenon, and 
used the last as his indicator organism. During the first two summers of his study, 
the blue-green bloom began about the middle of June, immediately after the 
decline of the Daphnia. However, in 1972 the bloom exhibited a I-month delay, 
until about the middle of July. Further interpretation of the results is still pend
ing. 

A considerable amount of phytoplankton data was collected by Rabai during 
the summer of 1972 (Rabai, 1972). This work was compiled by Novick (1975), 
and calculations were made of the equivalent amount of carbon for each or
ganisms. Sampling was conducted at both station 7, the deepest station, and 
station 13 off Snake Hill. For the sake of brevity, the results for only station 7 are 
reported here. There were some minor difference in results at the two stations, 
but in general the peaks occurred no more than one sampling date apart. In some 
instances, there were differences in absolute numbers of individual organisms, 
but the trends were similar. 

The numbers of individual phytoplankton identified during 1972 are sum
marized in Table 21. The Ankistrodesmus had its peak in May, but was present 
throughout the summer. The Chlamydomonas I had a peak in May and a higher 
peak in August; the Chlamydomonas II had a peak slightly later in August but 
both species were found throughout the sampling period. The Eudorina and 
Pandorina both had their peak in the middle of August. These were not identified 
in the samplings of May and September 23. The Pediastrum had a peak on 
August 6, and this organism was found in samples secured only during July, 
August, and up through September 9. Only a few Scenedesmus were identified in 
the August samplings. Staurastrum also indicated low numbers during the Au
gust and September samplings. The Asterionella had its major peak in June with 
no individuals being found after the end of July. The peaks for Fragilaria and 
Melosira occurred during June and July, with individuals identified throughout 
the sampling period. Navicula was present in very small numbers mostly during 
the May, June, and July samplings. Tabellaria reached its peak on the August 13 
sampling, with individuals identified from July through September. No blue
greens were identified in the May samples. Anabaena had its peak on September 
23 and was first observed on July 22. Aphanizomenon and Coelosphaerium both 
had maxima on September 23 and were found in all samples beginning with the 
middle of June. Gomphosphaeria was found in the samples from the middle of 
August to the end of September. Lyngbya was found in the samples from only 
July 22 to August 13. Microcystis reached its peak in September with high 
numbers occuring also in August. Ceratium was found in small numbers begin
ning with the samples secured on July 22. This gives one some idea of the distribu
tion of the phytoplankton in Saratoga Lake. 

---------------------------------------.~ 
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TABLE 21 

Phytoplankton Numbers, Station 7, 1972' 

Organisms/ml 

5/17 6/17 7/04 7/22 8/06 8/13 8/19 9/09 9/23 

Chlorophyta 
Chlorophyceae 

Ankistrodesmus 80 39 6 27 63 88 10 6 11 
Chlamydomonas I 38 4 19 8 53 165 47 47 81 
Chlamydomonas II 1 4 11 33 27 26 68 116 4 
Eudorina 2 4 21 129 59 10 
Pandorina 3 0 63 5 115 44 
Pediastrum 2 4 20 4 5 
Scenedesmus 1 5 
Desmidiaceae 
Staurastrum 2 2 

Chrysophyta 
Bacillariophyceae 

Asterionel/a 15 1796 2 16 
Diploneis 
Fragilaria 3 771 886 122 136 14 35 45 17' 
Melosira 5 1360 48 88 65 121 44 20 11' 
Navicula 1 3 2 1 
Nitzschia 1 
Stephanodiscus 
Synedra 
Tabel/aria 1 268 930 1852 784 71 1 : 

Chrysophyceae 
Dinobryon 

Cyanophyceae 
Anabaena 160 252 870 976 1205 248' 
Aphanizomenon 16 43 51 232 1223 1375 920 1239: 
Coelosphaerium 596 516 668 205 1166 748 2337 594· 
Gomphosphaeria 55 124 16 15: 
Lyngbya 4 22 85 
Microcystis 100 258 18 2262 960 5170 4781 

Pyrrophy1a 
Dinophyceae 

Ceratium 4 10 10 2 1 
Flagellate 

Unknown class and genera 1 22 4 7 31 87 81 189 91 

'Rabai (1972), 

I 
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For evaluation, these numbers were calculated in terms of carbon content, as 
indicated in Table 22. The total mass of Chlorophyta was the greatest during the 
August samplings, with the highest value during the middle of August. The 
diatoms, on the other hand, had their greatest mass during the June sampling with 
the Fragilaria and Melosira continuing in relatively high amounts through the 
rest of the summer. The Tabellaria had a very high peak during August. Al
though the blue-greens reached a relatively high carbon content during August, 
the greatest amount of biomass from this group occurred on September 23. The 
Ceratium reached relatively high levels during the first half of August. From 
June through September the total carbon content of all of the phytoplankton 
identified was relatively constant, with the lowest value being observed during 
July. The range in carbon content was from a low of 122.7 /Lglliter to a high of 
711. 9 /Lglliter. 

The EPA also identified some phytoplankton in Saratoga Lake during 1972, as 
shown in Table 23 (USEPA, 1974). The dynamic changes that occur are evident 
in the differences in populations I week apart in May. 

As representative of total productivity, some chlorophyll a measurements 
were made (USEPA, 1974). Although it is indicated that the results may be in 
error by ± 20%, the trends are evident. Low values, around 4 /Lg/liter, occurred 
during May. During July and October the values ranged from 12 to 22/Lglliter. 
Levels were generally high during the warm-water period, indicative of a eut
rophic lake. 

Productivity. During the summer of 1973 a series of "light-dark" bottle 
studies was conducted in Saratoga Lake (Tuttle, 1974). The light-dark bottle 
method gives a vertical profile of oxygen production per unit of water volume. 
Using a photosynthetic quotient equal to 1.25 (Ryther, 1956), the results were 
converted to the amount of carbon assimilated per unit volume. The vertical 
profiles generally showed a decrease in carbon assimilation with depth corre
sponding to the exponential decrease in light intensity. 

Occasionally, most notably on July 30, 1973, increased productivity was ob
served at some depth below the surface. An explanation for this is that July 30 
was a very calm day, and the necessary turbulence to keep the algae near the 
surface was absent, causing some accumulation of algae at a greater depth. The 
compensation depth, defined as the depth where net productivity becomes zero 
or where respiration equals gross photosynthesis, ranged from 2.3 m in August to 
about 4.0 m on October 23. The compensation depth is frequently considered to 
be the depth of I % light transmittance, and the data for Saratoga Lake uphold 
this concept. Gross photosynthesis was observed as deep as 7 m on July 8, 
1973. No decline in production close to the surface due to the inhibiting effect 
of excessive light intensity was found in Saratoga Lake. If it did occur in 
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TABLE 22 

Phytoplankton Biomass as Carbon, Station 7, 1972' 

Biomass (10 3 p,gfliter) 

5/17 6/17 7/04 7/22 8/06 8/13 8/19 9/09 9/23 

Chlorophyta 
Chlorophyceae 

Ankistrodesmus 1.6 0.8 0.1 0.5 1.3 0.8 0.2 0.1 0.: 
Chlamydomonas I 6.7 0.8 3.3 1.4 9.3 28 .. 8 8.2 8.2 15.: 

. Chlamydomonas II 0.1 1.2 1.0 3.7 0.7 1.9 1.4 1.: 
Eudorina 0.2 0.4 1.9 11.5 5.4 0.9 
Pandorina 0.1 2.8 0.2 5.0 2.0 
Pediastrum 0.1 0.4 
Scenedesmus 

Desmidiaceae 1.2 
Staurastrum 1.2 0.6 0.2 0.6 0.1 

Chrysophyta 
Bacillariophyceae 

Asterionel/a 2.1 251.4 0.3 2.2 
Diploneis 0.2 
Fragilaria 0.7 162.6 186.9 25.8 28.7 3.0 7.4 9.5 36.( 

Melosira 0.9 231.0 8.2 15.0 11.0 20.6 7.5 3.4 19.1 
Navicula 0.1 0.5 0.3 
Stephanodiscus 
Synedra 0.8 
rabel/aria 0.2 49.1 170.2 338.8 143.4 13.0 2.-

Chrysophyceae 
Dinobryon 

Cyanophyta 
Myxophyceae 

Anabaena 11.8 18.6 65.9 72.2 89.2 184.( 

Aphanizomenon 0.4 1.1 1.3 5.8 30.6 34.4 23.0 309.! 
Coelosphaerium 6.2 5.3 6.9 7.1 12.0 7.7 24.0 61.( 

Gomphosphaeria 1.3 3.1 0.4 3.1 

Lyngbya 0.4 2.2 8.5 
Microcystis 1.4 3.5 0.2 30.5 13.0 64.8 64.( 

Pyrrophyta 
Dinophyceae 

Ceratium 1.7 42.6 40.5 6.8 5.1 12.1 

Total algae 12.9 655.4 210.5 122.7 295.9 599.6 334.4 243.6 711.! 

Flagellate 
Unknown class and 
genera 0.3 0.1 0.1 0.4 1.1 17.2 2.4 1.-

'Rabai (1972). 

_
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TABLE 23 

Phytoplankton in Saratoga lake' 

Sampling Dominant Number 
date genera per ml 

05/09/72 1. Dinobryon 741 
2. Fragilaria 488 
3. Navicula 262 
4. Melosira 172 
5. Nitzschia 163 
6. Other genera 425 

2251 

05/15/72 1. Anabaena 2206 
2. Fragilaria 759 
3. Cryptomonas 579 
4. Dinobryon 344 
5. Flagellates 325 
6. Other genera 868 

5081 

07/25172 1. Dinobryon 651 
2. Flagellates 542 
3. rabellaria 410 
4. Cryptomonas 301 
5. Schroederia 217 
6. Other genera 385 

2506 

10/11172 1. Fragilaria 422 
2. Anabaena 339 
3. Cyclotella 279 
4. Flagellates 256 
5. Navicula 75 
6. Other genera 400 

1771 

a USEPA (1974). 

Saratoga Lake it was very close to the surface; however, it was not practical to 
make measurements at depths less than 0.5 m with the equipment available. 

Respiration was also less at greater depths than near the surface. This is not, 
however, due to the decrease in light because respiration is independent of light 
(Brown, 1953). Respiration is known to vary directly with temperature (Ruttner, 
1963), but there is very little decrease in temperature within 3 m of the surface, 
so this observation remains unexplained. Respiration is found to be quite substan
tial and may indicate that there is a significant respiration contribution from the 

I 
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bacteria, the zooplankton, and chemical oxidation of organic matter. Organic 
decomposition is suspected to contribute substantially to the measured respiration 
because, as Coffey's (1974) DO profiles indicate, Saratoga Lake occasionally 
experiences decomposition in the epilimnion. If the extent of this decomposition 
continues to increase, it could conceivably equal or exceed net production, 
creating anoxic conditions in the epilimnion. 

The productivity per unit of surface area, expressed as mg C/m2/day, is shown 
in Fig. 36 along with the incident solar radiation at Lake George, N.Y. in 1970 
(Williams and Clesceri, 1972). Except for the sampling on June 8, 1973, the 
productivity values obtained at stations 7 and 13 were similar. The maximum 
productivity was observed in mid-August, about 6 weeks after the maximum 
incident solar radiation. Based on a diagram by Odum (1956) of total photosyn
thesis versus total respiration per day, Saratoga Lake clearly falls in the eutrophic 
region. Since the bottle technique is generally considered to underestimate net 
production, Saratoga Lake may be even more eutrophic than Odum's diagram 
shows. 

The annual productivity was calculated to be 215-225 mg C/m2/year (2000-
2100 kcal/m2/year). Kormondy (1969), who sums tip some primary productivity 
estimates, gives a value of 800 ±400 kcal/m2/year for a "clean" temperate lake 
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Fig. 36. Productivity and solar radiation at Lake George, N.Y. From Tuttle (1974) 
and Williams and Clesceri (1972). 
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and 2400 ± 1200 kcal/m2/year for a temperate polluted lake. According to this, 
Saratoga Lake is a "polluted" or highly eutrophic lake. 

The efficiency of light-energy conversion by the phytoplankton was calcu
lated. According to the photosynthetic equation, 673 kcal are necessary to as
similate 72 gm of carbon (9.35 kcaI/gm), so the productivity can be converted 
from mg C/m2/day to caI/cm2/day, the equivalent of langleys per day. The 
calculated efficiencies are tabulated below. 

Date, 1973 
Efficiency (%) . 

6/8 (13) 
0.12 

6/8 (7) 
0.19 

7/30 
0.18 

8/20 
0.39 

8/23 
0.48 

10/10 
0.26 

10/23 
0.31 

These efficiencies range from a high of 0.48% on August 23 to a low of 0.12% 
for station 13 on June 8, with an average efficiency of 0.28%. Greater efficien
cies occurred during the periods of greater productivity. 

These calculations assume that all the algae are receiving the full incident 
illumination, but in actuality they are not, because of light extinction in the 
water. Based on the actual light measurement and productivity on August 23, 
1973, the average phytoplankton efficiency for converting solar radiation to 
chemical energy was approximately 1.8%. This is in close agreement with the 
general overall efficiency of photosynthesis of 2% (Gates, 1971). 

Diatoms. Total Diatom Population. Saratoga Lake supports a large stand
ing crop of diatoms. Figure 37 illustrates the seasonal trend of the average total 
diatoms per liter for stations 7 and 13 during 1973 (Tuttle, 1974). The diatom 
populations for both stations follow the same trends. The minimum number 
observed occurred on February 24, 1975 during the period of ice and snow cover. 
After the ice and snow melted, solar radiation increased, and the diatom popula
tion increased. The maximum number of diatoms, 3.3 million diatoms per liter, 
occurred on August 24 at station 13, at which time the maximum count of 1.2 
million diatoms for station 7 also occurred. This summer peak was largely 
attributed to one genus, Achnanthes. Sutherland (Stross et al., 1973-1974), who 
was working on the lake during the summer of 1973, found this mid-August peak 
of approximately the same magnitude. This peak also corresponded with the peak 
estimate of the primary phytoplankton productivity and the time of year when the 
autotrophs are most efficient in capturing the solar radiation. After August 24, 
the diatom population rapidly decreased until September 17. This drop corre
sponded to the near disappearance of Synedra and Achnanthes, and also occured 
at the same time that the blue-green algae were observed to bloom, indicating 
that the diatom decline may have caused or allowed the blue-green algae to 
multiply rapidly. Pearsall (1932) also believes that such blue-green blooms are 
due to the liberation of large amounts of nitrogenous organic matter as the diatom 

------------------------------------------------------.~ 
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Fig. 37. Seasonal trend of the average total diatoms per liter for stations 7 and 13 
during 1973. From Tuttle (1974). 

cells decompose. The fall peak on October 10 was larger than the March 31 peak. 
This fall peak occurs while the lake is still stratified and may possibly be due to 
the death and decay of the large blue-green algae population of September. 

The distribution of the diatom population with depth was also studied. There 
was no consistent trend in numbers at depths of 0.5, 1,3,6, and 9 m. Varying 
degrees of turbulence partially control the vertical distribution of diatoms found 
for Saratoga Lake. 

Diatom Genera. Many different diatom genera were found to occur in 
Saratoga Lake (Tuttle, 1974); these are listed in Table 24. This is not a complete 
listing; some diatoms were too small or unclear for identification and were 
classified as "unidentified." 

Figure 38 illustrates the relative percentage of the major genera for each 
sampling date during 1973 (Tuttle, 1974). A time scale of Julian days is used, 
with the intervals being determined by finding the midpoints between the adja
cent sampling dates. When a particular genus comprised less than 1 % of the total 
diatom popUlation, the space was left blank. The diatoms that occurred to the 
extend of 50% or more of the total diatom popUlation (cells/milliliter) are As
terionella, Cyclotella, Melosira, Stephanodiscus, and Achnanthes. Only As
terionella reached or exceeded the 50% level for two nonconsecutive time 
periods, once in the spring and once in the fall. The genera that exceeded or 
equaled 10%, but not 30% of the total diatom population (excluding the above), 
are Cocconeis, Fragilaria, Navicula, Diatoma, and Synedra. 

-------------------------------------------------------~ 
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The 50% or greater levels occurred in the sequence tabulated below. 

Sample date 

5123 
7130,814 

8124 
9117, 10110 

10123 
1214 

Genus 

Asterionella 
Cyelotella 
Aehnanthes 
Melosira 
Stephanodiseus 
Asterionella 

The greatest diatom numbers occurred on August 24, the same date as the 
maximum primary productivity measurement. It was marked by the presence of 
Achnanthes (69%) and Synedra (16% of the total diatoms). Because of the small 
size of these genera, they were able to become very abundant; in fact, no other 
genus of diatom was as abundant as Achnanthes. 

Melosira, predominantly Melosira granulata, was very abundant during the 
faIl. For most of September and the beginning of October, during which time 

TABLE 24 

Diatom Genera in Saratoga Lake 

Genera 
identified 

Amphora 
Asterionella 
Coeeoneis 
Cyelotella 
Diatoma 
Fragilaria 
Gomphonema 
Gyrosigma 
Melosira 
Meridion 
Navicula 
Nitzschia 
Rhoieosphenia 
Stephanodiseus 
Synedra 
rabellaria 
Aehnanthes 

Group' 

(P) 
(AP) 
(P) 
(C) 
(AP) 
(AP) 
(P) 
(P) 
(C) 

(AP) 
(P) 
(P) 

(P) 
(C) 
(AP) 
(AP) 
(P) 

• P, pennate diatoms; AP, Araphidineae 
pennate diatoms; C, centric diatoms. 

I __________________________________ r_ i 
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there were considerable amounts of blue-green algae, Melosira flourished and 
exceeded the 50% level. Pearsall (1932) concluded that Melosira granulata is 
characteristic of lakes that produce blue-green algae maxima, The Stephanodis
cus population was also large during this period, and by the end of October it also 
exceeded the 50% level. During October, Melosira and Stephanodiscus together 
accounted for 85-90% of the total diatom popUlation, By December, 
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Stephanodiscus had nearly vanished, but Melosira still accounted for 27% of the 
diatom population. Melosira was the only diatom in Saratoga Lake that never fell 
below the 1 % level of occurrence and only fell below the 5% level on three of the 
11 sampling dates. 

Data are available on the temporal distribution of the more commonly iden
tified diatoms during the 1973 survey (Tuttle, 1974). However, space does not 
permit a detailed discussion of this here. 

Diatom assemblages may also be examined from the point of view of species 
diversity. This involves the relationship between the number of species or genera 
and the number of individuals of each. In oligotrophic lakes, there are usually 
many species or genera present, but few individuals of each. Contrary to this, 
eutrophic lakes contain fewer numbers of species, with some of these present in 
large numbers. This is illustrated in Fig. 39a (Hutchinson, 1967). Figure 39b is 
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Fig. 39. Species and genera diversity: (a) typical relationships (Hutchinson, 1967); 
(b) diatoms of Saratoga Lake, August, 1973. (Tuttle, 1974). 
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the relationship for the diatoms of Saratoga Lake on August 24, 1973, the date of 
the major diatom bloom. With the peak displaced to the right, and with two or 
less genera present in very large quantities, this graph clearly illustrates the 
eutrophic state of Saratoga Lake. 

Zooplankton. The 1932 Department of Conservation report (New York 
State Department of Conservation, 1932) provides historical information on the 
zooplankton in Saratoga Lake. The temporal zooplankton distribution at the 
surface and bottom at two different locations in the lake (see Fig. 41) is shown in 
Fig. 40. Station I is essentially at the same location as station 13 off Snake Hill, 
whereas station 2 is near the outlet of the lake. The distribution of the genera 
during the summer is listed in Table 25. The copepods consisted almost entirely 
of Cyclops and Diaptomus in about equal numbers. The c1adocerans were less 
common at the bottom of the lake, a condition that appeared to be typical of the 
deep-lakes studies. At the surface, Daphnia were most common, with some 
Bosmina and Leptodora present. The rotifers were also fewer at the cold bottom 
of the lake. At the surface, the greatest numbers. were found in August. The 
protozoans were not as common as the other forms of plankton, such as algae, 
but attention must be called to the difference in the scales in Fig. 40. 

The work of Stross (1973) during 1970-1972 to evaluate the relationship 
between zooplankton and blue-green algal blooms provides some valuable in
formation on the zooplankton in Saratoga Lake. The principal grazing population 
in Saratoga Lake is Daphnia pulex, a judgement that invokes numerical density, 
length of the individuals, and the rule that describes filtration rate as varying with 
the cube of the body length (Brooks and Dodson, 1965). The rapid sequence of 
events immediately before and during the surge of the blue-green populations is 
illustrated by the population changes in density and switch in reproduction of D. 
pulex. When the ice melts in April (as in 1971), there are small numbers of adults 
that begin to release eggs into the brood pouch. Increase is slow in the cold 
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TABLE 25 

Distribution of the Genera of Zooplankton, 1932' 

Month 

Copepoda 
Cyclops 
Diaptomus 

Cladocera 
Bosmina 
Daphnia longispina 
Daphnia pulex 
Leptodora 

Rotifera 
Anuraea 
Asplanchna 
Conochilus 
Diurella 
Floscularia 
Gastropus 
Monostyla 
Mytilina 
Ploeosoma 
Polyarthra 
Rattulus 
Synchaeta 
Triarthra 

Protozoa 
Ceratium 
Codonella 
Dinobryon 
Glenodinium 
Mallomonas 
Peridinium 
Vorticella 
Undetermined 

June 

1 
1 

1 
1 

1 

2 
1 

1 

1 
2 

5 

1 
1 
2 

1 

July 

1 
1 

2 
1 

1 

2 

2 
1 
1 
1 

August 

3 
1 

1 
2 

5 

2 
2 
1 
1 

1 
4 
1 
2 
1 

2 

1 
1 

Sept. 

3 
1 

2 

3 

1 
1 

1 

1 
1 

1 

1 
1 
1 

'New York State Department of Conservation (1932). The 
numbers 1,2,3, etc., indicate the relative abundance of the par
ticular organism in the opinion of the observers as estimated 
from examination of the various qualitative and quantitative 
samples gathered during the summer: 1, rare; 5, very abundant, 
etc. 

i 
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water, and in the second week of May, the mean density for all ages of Daphnia 
is still less than 1.0 per liter in the top 7-m deep column of water in Saratoga 
Lake; the density for all species and ages of Crustacea captured in the net is only 
10.0 per liter. Thereafter the increase is rapid. The finite birth rate of Daphnia in 
mid-May is nearly a doubling per day. Within 2 more weeks the density of all 
Crustacea is at the maximum for the season at 42.0 per liter. The Daphnia 
population increased more slowly and reached a maximum 2 weeks after species 
of copepods had begun to decline, or 4 weeks from the focal point of May 11. 

The copepod populations are the first to decline in late May and account for the 
decline in total Crustacea at that time. They are followed by the decline and 
virtual disappearance of D. pulex in mid-June, 1971. The surviving Daphnia is 
likely to be D. galeata, a second species that is rare in mid-June and later. 
Another cladoceran in the plankton is a species of Bosmina, which was rare in 
mid-June but became increasingly abundant in July. At the time of its disappear
ance, the population of D. pUlex was still giving birth to young, and the popula
tion included both young and juveniles. 

Although grazers other than Crustacea may be present, their small size and 
unimpressive densities indicate that nothing in mid-June substitutes for the loss 
of the large Crustacea, especially the Daphnia. 

A blue-green bloom developed within the same week that the Daphnia disap
peared. The density of Daphnia at a depth of 1.0 m declined from 30.4 on June 8 
to 0.0 per liter on June 16. During the same period the density of the blue-green 
Aphanizomenon flos-aquae increased from 130 to more than 4000 filaments per 
liter. The Daphnia remaining at deeper levels were gone by the end of the 
following week without substantial change in density of blue-greens. A similar 
pattern prevailed during the preceding years. The transition was completed some 
10 days earlier, however, in 1970. 

Aquatic Macrophytes. The 1932 survey of Saratoga Lake (New York State 
Department of Conservation, 1932) provides the first basic information concern
ing the weeds that are now so objectionable in the lake. It is considered that the 
many weeds furnish shelter and food for the minnows and young game fish. The 
variety of bottom conditions is practically unlimited. Saratoga Lake has very 
regular and, for the most part, sandy shores, which are quite free from vegetation 
except in a few protected bays. The principal weed areas in the lake in 1932 are 
indicated on Fig. 41. The largest weed areas were observed in the northwest 
corner and along both sides of the outlet for about 3 miles. In some places the 
vegetation extended almost to the middle of the outlet. Near the shore the 
emergent species consisted mostly of Sparganium eurycarpum, Sagittaria 
latifolia, Pontederia cordata, and Eleocharis palustris. In places the narrow
leaved cattail (Typa angustifolia) , Scirpus acutus, and wild rice (Zizania pal us
tris) were prominent. Among these larger emergent weeds there was a very 
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Fig. 41. Saratoga Lake showing predominant weed beds in 1932: 1 and 2, stations 
for sampling and Secchi disk readings. From the New York State Department of Con
servation (1932). 
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prolific growth of Ceratophyllum demersum, and small pondweeds and 
duckweeds such as Lemna minor, Spirodela polyrhiza, and Wolffia columbiana. 
Among the submerged species, Elodea canadensis, Vallisneria americana, and 
the pondweeds Potamogeton natans, P. amplifolius, P. americanus, P. com
pressus, P. crispus and others were very abundant. No large weed areas were 
found along the east shore. Apparently these shallow, sandy shores are too much 
exposed to the winds. In the southeast comer, south of Snake Hill, several 
extensive areas of weeds were found in water 2 and 4 m deep. Here Potamogeton 
praelongus, P. amplifolius, and Vallisneria americana were the dominant 

. species. Another weed area, composed largely of the same species, was observed 
off the marshy shore in the northwest comer of the lake. 

On August 11, 12, and 13,1969, the Herbicide-Pesticide Unit of the Pollution 
Research Section of the NYS Department of Conservation mapped the aquatic 
vegetation in Saratoga Lake (Dean, 1969). A general outline of the beds was 
sketched from a helicopter and the details were filled in later from a boat. During 
the period of this study, a heavy algae bloom covered the lake, limiting visibility. 
A long-handled rake was used to bring up the vegetation from the depths. No 
attempt was made to make a complete listing of every species present, but each 
species that was observed was identified. The circumference of the lake was 
broken down into areas as shown in Fig. 42. 

Area 1. From Rock Ledge to Brown's Beach the vegetation was mainly 
Vallisneria americana with Anacharis canadensis the second most abundant. 
There was some occasional Potamogeton crispus, P. richardsonii, P. pusillus, 
Chara sp., and Najas flexilis. 

The weed density in this area varied, but in general was low and in no place 
did the weeds reach the surface or interfere with outboard motors, water skiing, 
or fishing. Vegetation was generally limited to depths of 1.5-1.8 m. but Vallis
neria extended into somewhat deeper areas. 

The bathing area at Brown's Beach was roped off and was in full use by 
swimmers and was not sampled. 

Area 2. Just north of Brown's Beach was similar to area 1, with Vallisneria 
and Anacharis predominating. Myriophyllum exalbescens was rarely observed. 
Growth was not to the surface in any place, and 50% or less of the bottom was 
covered. 

Area 3. In this small area just north of area 2 and nearly up to Snake Hill, 
Najas flexilis was the predominant species. Also present was the Vallisneria, 
Anacharis combination. Total density was slightly more than in previous areas. 

Area 4. This is the deep rocky bottom around Snake Hill and was free of 
vegetation. 

Area 5. From the bay area north of Snake Hill to a red camp on the shore, 
vegetation was predominantly Vallisneria, Anacharis, Najas, P. richardsonii, 

I 
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N 

1 

Fig. 42. Map of Saratoga Lake showing areas of vegetation studies, August 
11-13,1969. From Dean (1969). 
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and P. pusillus. Growth was well below the surface in relatively shallow water 
and was very spotty in density, ranging from light to heavy. Several fishing boats 
were observed here. 

Area 6. On the opposite side of the lake from Rock Ledge to the beginning of 
the bay at Chinatown, Vallisneria was the dominant species. Also present but 
relatively rare were Anacharis, P. pusillus and ampliformis, Chara, and 
Myriophyllum. One small area was predominantly Chara but this was spotty. 
There was also a small area of Nuphar along the shore in one bay. Vegetation in 
this area was in general spotty and ranged in density from light to medium. 

Area 7. The area of Chinatown Bay was found to be nearly devoid of any 
vegetation. 

Area 8. In the small area north of Chinatown Bay there was very sparse 
growth of Vallisneria and Najas, with some Nuphar (yellow pond lily) near 
Manning's Cove. 

Area 9. The Manning Cove area had quite a dense growth over most of the 
bottom, but with the exception of the water lilies did not reach the surface. The 
dominant plant was Vallisneria. Also present were Ceratophyllum demersum 
(rare), Najas flexilis (frequent), P. richardsonii (rare), P. pusillus (rare), P. 
amplifolius (rare), and Anacharis canadensis (common). In this area there were 
several small islands of Nuphar and Typha, and Scirpus in the shore area. 

Area 10. Vegetation in the small narrow area just south of Kayaderosscras 
Creek and bordering area 9 consisted of yellow water lily (Nuphar) and reed 
grass (Scirpus). 

Area it. At the mouth of Kayaderosseras Creek, there was a dense mass of 
vegetation. It was heavy enough to be a hindrance to boating, etc. The vegetation 
consisted of P. pusillus (common), P. richardsonii (frequent), Ceratophyllum 
(frequent), Vallisneria (common), Anacharis (common), P. natans (rare), P. 
pectinatus (rare), and Lemna (rare). 

Area 12. From the end of area 11 to the beginning of the amusement park, 
Vallisneria and Anacharis were the dominant and common species. Ceratophyl
lum was present but rare. Vegetation was quite dense in general but none grew to 
the surface. 

Area 13. In front of the amusement park, Vallisneria was found in a prac
tically pure stand of variable density. 

Area 14. In the narrow strip from the amusement park to the Route 9P bridge, 
vegetation was mainly Vallisneria, with Ceratophyllum common. Anacharis, 
P. pusillus, P. amplifolius, and Najas occurred rarely. Density varied from 
dense to scarce. One small spot of Nympha and Nuphar was observed, and along 
the shore was a small bay area of Sagittaria, Typha, Nympha, and Pontederia. 
No observations were made north of the Route 9P bridge. 

Area 15. From the end of area 5 to the beginning of area 16 along the east 
shore was a very narrow area of vegetation, very spotty and variable in density 
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from sparse to dense, but generally rather sparse. Predominantly Vallisneria and 
Najas were common; P. richardsonii and P. pusillus were present but rare. 
Anacharis was observed frequently. 

Area 16. Just north of area IS the composition was the .same as area IS, but 
more dense. Potamogeton ampliformis was observed rarely. 

Area 17. Between area 16 and Maple Shade, the rocky-bottom section was 
essentially free of vegetation. Very sparse growth of Vallisneria was present in a 
few spots. 

Area 18. Along Maple Shade there was variable density, moderately heavy in 
only a few spots, consisting of Vallisneria (common), Najas (rare), Ceratophyl
lum (rare), P. compressus (rare), P. pusillus (frequent), P. feliosus (common), 
and P. richardsonii (rare). 

Area 19. In the small area between Maple Shade and Cedar Bluff there was 
sparse growth of Vallisneria and Najas. 

Area 20. At Cedar Bluff there was sparse growth. The dominant species was 
either Vallisneria or Najas in small patches. Other species present were 
Ceratophyllum (rare), Anacharis (frequent), Myriophyllum (rare), P. pusillus 
(rare), P. richardsonii, and P. robbinsii (rare). 

Area 21. This small bay area just north of Cedar Bluff had the same general 
composition as area 20 but with a slightly more dense growth. 

Area 22. The north shore had generally a sparse growth dominated by Vallis
neria (common), but also included Anacharis (common), Najas (rare), 
Myriophyllum (very rare), and P. richardsonii (rare). 

Area 23. Closer to shore along area 22, the composition was the same as area 
22, but more dense. 

Area 24. A very sparse growth of Vallisneria was observed around the corner 
of the lake. 

Area 25. The next section to the north had the same vegetation as area 24, but 
more dense growth. 

Area 26. The bay area just south of the Route 9P bridge had a small patch of 
Nympha. 

Fish. Saratoga Lake's greatest reputation is for its fishing. The Bureau of 
Fisheries of the NYS Department of Environmental Conservation considers it 
one of the most productive lakes in the state in terms of fish. Annual angler 
harvest of walleye, the most popular gamefish, is high. Quantitative estimates of 
exploitation are not yet completed, but initial data examinations suggest the 
annual yield may approach 30-40% of the adult standing crop. Aerial reconnais
sance of the lake to enumerate the number of boats actively engaged in fishing 
has frequently reported the boats as "too numerous to count" (Shupp, 1975). 
Thus, fishing must be considered as a very important use of Saratoga Lake. 

One of the main purposes of the 1932 Conservation Department study (New 
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York State Department of Conservation, 1932) was to evaluate the effectiveness 
of previous stocking of fish throughout the state and to develop plans for future 
stocking activities. The numbers and types of fish stocked in the Fish Creek 
watershed from 1922-1931 are shown in Table 26. Comments on the suitability 
of various portions of the Kayaderosseras Creek for stocking were indicated as 
follows: "The lower part of the Kayaderosseras, below the mouth of its eleventh 
tributary, is polluted and not suited for stocking. Above the mouth of tributary II 
up to tributary 46-almost the entire stream-it is inhabited mainly by brown 
trout. Native trout are also taken in the portion above Rock City Falls, but these 
are taken mainly in spring when they have probably been fed into the main 
stream from the tributaries. From tributary 46 to the source it is recommended 
that speckled trout be encouraged in the main stream. The portion between 
tributaries 46 and 48 is posted. " 

"Bog Meadow Brook, tributary to Lonely Lake, shows excellent conditions for 
speckled trout, but since it is already inhabited by brown trout the latter species is 
recommended for stocking. No stocking is recommended for Lake Lonely be
cause of pollution. It receives sewage and coal-tar pollution from the city of 
Saratoga Springs. " 

"Sporter's Brook (tributary 5 ofthe Kayaderosseras) shows good conditions for 
speckled trout except for temperatures that appear somewhat warm. Since it is 
desired to save this brook for speckled trout, brown are recommended only for 
the portion below the lowest dam, and brook trout for the upper portion." 

"Rowlands Hollow Brook (tributary 2 of Sporter's Brook) is an excellent stream 
for speckled trout except for the mile above tributary 4, which goes dry during 
warm weather. Numerous cold feeder streams help to keep conditions good here. " 

"Glowegee Creek (tributary 19 of Kayaderosseras Creek) shows temperatures 
too warm for speckled trout, but favorable for browns. The stream bed shows 
evidence of scouring by high water, giving indirect evidence of the damage done 
by deforestation. Tributaries lO and 11 have good speckled trout conditions and 
are large enough for independent fishing. " 

"Crooks Brook (tributary 20 of Kayaderosseras Creek) has excellent tempera
tures for speckled trout. Food and pool conditions are rather poorer than average 
and might be improved by damming or snagging operations." 

"Tributary 21 is a good speckled trout stream although the temperatures are not 
favorable as in Crooks Brook. Hatch Brook (tributary 23) is a good speckled 
trout stream. Dake Brook (tributary 26) from the mouth to the dam, 0.8 km 
(0.05 mile), is recommended for brown trout stocking; above the dam, speckled 
trout. " 

The 1932 survey (New York State Department of Conservation, 1932) re
ported that Saratoga Lake had an area of 320 acres (130 ha) in which the depth 
exceeded 12 m (40 ft), and that temperature and oxygen relationships below this 
depth were suitable for trout and whitefish. However, other data indicate that on 
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TABLE 26 

Planting of Fish in the Fish Creek Watershed, 1922-1931 a 

Speckled Brown 
Location trout trout 

Fish Creek and its tributaries 557,175 35,500 
Lonely Lake 
Saratoga Lake 

aNew York State Department of Conservation (1932). 
bWalleye. 

Yellow 
trout 

3,800 
42,500 

Small-
Pike- mouthed 

perch b bass 

1,750,000 400 
750,000 3,650 

13,450,000 28,450 

Muskellunge 

30,000 

Total 

2,343,075 
757,450 

13,550,950 
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July 6, 1932 the DO saturation was less than 50% below the 15-m (48-ft) depth, 
and was only 17% at the bottom. This condition generally is not considered to be 
conducive to trout and whitefish. This conclusion is further supported by the 
complete lack of trout and whitefish reported in Table 27, which shows the 
relative abundance of fish found in Saratoga Lake. On the other hand, the water 
in one-third of the lake is less than 9 m (30 ft) deep. This 1400 acres (567 ha) of 
water supports most of the fish population. Excellent angling opportunities exist 
for small mouth bass, largemouth bass, pike perch (walleye), yellow perch, 
bullheads and sunfish. Many northern pike are taken, especially in the winter. 
Suckers, minnows, crayfish, and insects are abundant. The many weed beds 
furnish shelter and food for the minnows and young game fish. The variety of 
bottom conditions is practically unlimited. Areas suitable for the spawning of the 
several species of fish inhabiting the lake are presently in good number. Condi
tions for fish life are ideal and the history of the lake shows a high rate of 
production. There is a minimum of complaints with respect to fishing conditions. 
Night fishing during the winter is looked upon with disfavor by some of the local 
sportsmen, while others object to carp spearing during the bass spawning season. 

As part of their routine studies, the NYS Department of Environmental Con
servation (DEC) conducted a fairly detailed study of Saratoga Lake during June 
23-27, 1969 (Brewer, 1970). Fish were caught using trap nets, gill nets, and 
seining. The results are summarized in Table 28. Age and growth studies were 
also conducted, as shown in Table 29. Observations made were as follows: 

Walleye (pike-perch) appear to be quite abundant and exhibiting about average 
growth. Angler reports indicate this species to be the most popular game fish 
present and is providing excellent angling. 

Black basses, both the small mouth and largemouth bass, are indicated by 
sampling to be present in desirable numbers. Growth rates are average for the 
more productive warm-water lakes. They seem to be present in about equal 
numbers. It is suspected that anglers are not taking fullest advantage of these two 
species. 

Northern pike are also abundant, but are not the dominant game fish. Growth 
may be slightly below average, compared to other similar waters. There seems to 
be a good size distribution of the northerns, with trophy fish present (Table 30). 

Panfish-perch, sunfish, bullheads, etc.-are present in good numbers as 
they are in most good warm-water lakes, and are providing excellent fishing. 
Certainly very desirable-sized fish are abundant, and these species occur in good 
balance with the game fish. 

Carp are moderately abundant, but do not appear to be seriously limiting other 
more desirable species. Large carp are reported and do provide recreation for a 
limited number of bow hunters. This sport should be encouraged. The sucker 
popUlation seems to be quite low, which might be a good thing. Minnows, 
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TABLE 27 

The Relative Abundance of Fish in Saratoga Lake' 

Present 
1932 Common name common name b Taxonomic name b Abundance 

Common sucker White sucker Catostomus commersoni Fairly common 
Carp Carp Cyprinus carpio Abundant 
Black-nosed dace Blacknose dace Rhinichthys atratulus Rare 
Cayuga minnow Bridle shiner Notropis bifrenatus Fairly common 
Black-chinned shiner Blackchin shiner Notropis heterodon Fairly common 
Spot-tailed minnow Spottail shiner Notropis hudsonius Rare 
Satin-fin minnow Spotfin shiner Notropis spilopterus Abundant 
Common shiner Common shiner Notropis cornutus Fairly common 
Golden shiner Golden shiner Notemigonus crysoleucas Abundant 
Silvery minnow Silvery minnow Hypognathus nuchalis Fairly common 
Blunt-nose minnow Bluntnose minnow Pimephales notatus Common 
Common bullhead Brown bullhead Ictalurus nebulosus Abundant 
Little pickerel Redfin pickerel Esox americanus spp. Common 
Chain pickerel Chai n pickerel Esox niger Rare 
Northern pike Northern pike Esox lucius Fairly common 
Muskalonge Muskellunge Esox masquinongy Stocked but not taken or reported as taken 
American eel American eel Anguilla rostrata Common 
Barred killifish Banded killifish Fundulus diaphanus Fairly common 
Yellow perch Yellow perch Perca flavescens Abundant 
Pike-perch (walleye) Walleye Stizostedion vitreum vitreum Common 
Johnny darter Johnny darter Etheostoma nigrum Common 
Small mouth bass Small mouth bass Micropterus dolomieui Abundant 
Large mouth bass Largemouth bass Micropterus salmoides Fairly common 
Common sunfish Pumpkinseed Lepomis gibbosus Abundant 
Red-bellied sunfish Redbreast sunfish Lepomis auritus Fairly common 
Total minnows Abundant 

, New York State Department of Conservation (1932). 
b American Fisheries Society, 1970 "A List of Common and Scientific Names of Fishes from the United States a,..d Canada," 3rd Ed., Special 

Publication No.6. 
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TABLE 28 

Total Catch In Saratoga Lake by Species, All Methods: June 23-,27, 1969" 

Method 

Trap Gill Estimate of 
Species netting netting Seining Total abundance 

Walleye (pike-perch) 19 11 30 A 
Yellow perch 60 27 440+ 530+ A 
Smallmouth bass 14 2 1 17 C+ 
Largemouth bass 17 17 C+ 
Sunfish 298 34 77 409 A 
Bluegill 322 77 399 A 
Rock bass 48 4 52 C-
Black crappie 29 29 C-
Brown bullhead 45 8 53 C 
Northern pike 11 1 13 C-
Common sucker 9 6 15 C-
Golden shiner 4 4 C 
Carp 28 15 43 C 
Logperch 108 108 C+ 

'Brewer (1970). 

TABLE 29 

Age and Growth of Certain Fish Species, Saratoga Lake---June, 1969" 

Average length (in.) by class b 

Species 1 2 3 4 5 6 7 

Walleye (pike-perch) 12.9(1) 16.2(8) 18.6(9) 20.2(7) 21.2(2) 23.8(2) 
Yellow perch 10.8(1 ) 10.2(7) 11.0(5) 11.7(2) 
Smallmouth bass 10.7(7) 14.2(3) 14.7(4) 16.4(2) 
Largemouth bass 7.1 (1) 9.1 (4) 13.2(9) 14.6(2) 
Sunfish 5.5(2) 7.9(3) 8.3(12) 
Bluegill 6.2(2) 8.3(8) 9.5(4) 10.0(1 ) 
Rock bass 4.9(1 ) 6.2(7) 7.3(5) 9.7(3) 
Black crappie 9.5(3) 9.9(11 ) 
Northern pike 15.6(4) 17.8(2) 22.0(5) 26.2(1 ) 28.2(1) 

'Brewer (1970). 
bNumber in age class in parentheses. 
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TABLE 30 

Summary of Walleye and Northern Pike Caught in Trap Nets In Saratoga Lake, 
April 1975" 

Average length Average weight 

Male Female Male Female 

Fish in. em in. em Ib gm Ib gm 

Walleye 16.2 41.1 18.9 48.0 1.5 680 3.9 1769 
Northern pike 18.9 48.0 24.3 61.7 1.4 635 4.0 1814 

"Shupp (1975). 

chubs, dace, shiners, etc. are at a low ebb, which is not surprising in the face of a 
large predator-fish population. " 

The Bureau of Fisheries of the NYS Department of Environmental Conserva
tion is presently conducting a 5-year study of Saratoga Lake (1975-1980) to 
quantify the statistics on walleye and northern pike population, size, recruitment, 
mortality, angler success rates, age, and growth data. The studies are being 
conducted with the goal of preparing a management plan for the lake. Progress 
reports of the ongoing studies are presently available, and the final report is 
expected to be completed by 1980. Typical results are shown in Table 30, which 
is a summary of the data for walleye and northern pike caught in trapnets during 
April 1975. 

Saratoga Lake has an excellent warm-water fish population in good balance, 
and is providing good to excellent angling for large numbers of people on a 
year-round basis. Conflicts between anglers and nonangling users of the lake 
appear to be increasing every year, in particular that between the tip-up fishers 
and the snowmobilers. The need for more stringent regulations involving the use 
of the lake becomes increasingly more evident every year. 

Bacteria. The NYS Department of Health monitors the coliform content of 
public bathing beaches in the state at least once a year. As typical of the levels 
encountered in Saratoga Lake, the results of the sampling at Brown's Beach and 
Kaydeross Park Beach on July 11, 1973 are shown in Table 31 (New York State 
Department of Health, 1975, personal communication). At both locations, the 
highest counts were found at the center of the bathing area, and the lowest values 
were at the "far offshore" locations. No information was available concerning 
the distance from shore of these last two sampling locations. These results 
suggest that the higher coliform levels may be attributed to the swimming area, 

! · ________________________ I~I 
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TABLE 31 

Coliform Counts at Public Bathing Beaches in Saratoga Lake, July 11, 1973' 

Beach Location Total coliform/l00 ml Fecal coliform/l00 ml 

Brown's Northeast 120 <10 
Center 300 10 
Center 700 40 
Southwest 140 30 
Center far offshore 20 <10 

Kaydeross West 500 <10 
Center 2200 10 
Center 300 40 
East 100 10 
Center far offshore 36 10 

'New York State Department of Health, 1975, personal communication. 

and the general coliform levels in Saratoga Lake are within the state limits of 
2400 coliforms/l00 ml for public bathing beaches. 

Additional information was obtained by personnel at RPI concerning the col
iform content of various streams in the area. This information was gathered 
primarily to indicate the sources of human contamination to the lake itself. The 
results of the coliform determination are summarized in Table 32. The informa
tion in this table represents data compiled from two different sources (Leemhuis, 
1973; Coffey and Connor, 1973). 

Although the locations of the sampling stations indicated in Table 32 are 
shown in Fig. 43, a more detailed explanation of each specific station is apropos. 
The sampling stations are segregated into the two main tributaries to Saratoga 
Lake and the outlet at Fish Creek. 

A. Kayaderosseras Creek Sampling Stations 
1 This represents the Kayaderosseras Creek upstream from Ballston 

Spa, giving a background level before any significant influence from 
population centers. 

la Kayaderosseras Creek downstream from any potential influences 
from the village of Ballston Spa, approximately 60 m (200 ft) up
stream from the Ballston Spa sewage treatment plant effluent dis
charge conduit. 

Ib The Kayaderosseras Creek at the discharge conduit from the Ballston 
Spa sewage treatment plant. 

Ic Kayaderosseras Creek, approximately 460 m (1500 ft) downstream 
from the discharge conduit from the Ballston Spa sewage treatment 
plant. This location provides adequate distance for mixing of the 



TABLE 32 

Summary of Coliform Data Relating to Saratoga Lake' 

Sample designation 11/17172 12/2172 213173 2/25173 4/10173 5/12173 8/27173 Average 

Kayaderosseras Creek 
1 160 800 400 453 
la 14,000 6,000 10,000 
lb 1,337 x 10' 3 x 10' 670 x 10' 
lc 41,000 >1 x 10' 520,000 
2 15,000 7,500 30,000 17,500 
3 21,000 9,300 6,300 23,000 25,000 16,920 

Spring Run-Lake Lonely 
10 33,000 2,100,000 1,066,500 
8 <5 1 <2 <2 2,675(?) <2.5 
8a 6,671 x 10' 8 X 10' 3,340 X 10' 
7 100,000 12,000 110,000 19,200 900,000 700,000 306,867 
7a 35,000 1,820,000 927,500 

Saratoga Spri ngs 
STP effluent 32.25 x 10' 2.5 X 10' 17.4 X 10' 

6 >100,000 2,000,000 >100,000 1,200,000 1,400,000 960,000 
5 >100,000 >100,000 160,000 >100,000 >100,000 160,000 
4 100 >1,000 8,000 6,500 1,400 3,400 

Fish Creek 
9 400 1,700 4,600 14 1,678 

'Data in number/l00 mi. From Leemhuis, 1973; Coffey and Connor, 1973. 
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Fig. 43. Location of sampling stations, drainage pattern, and layout of the area 
under study. 

treatment plant effluent with the main portion of the stream and is 
upstream from the influence of the Mourning Kill. 

2 The Kayaderosseras Creek downstream from the confluence with the 
Mourning Kill, providing adequate time for the mixing of the two 
streams. 

3 Kayaderosseras Creek at the gauging station located at County Road 
64. 

B. Spring Run-Lake Lonely Drainage Area 
10 This sample was taken at the mouth of the twin concrete culverts that 

essentially designate the origin of Spring Run. The water coming 
from these twin culverts is supposedly all storm-water runoff and may 
include some overflow from several of the mineral springs in Saratoga 
Springs. 

8 The outlet from Lake Loughberry, which is the water supply for the 
city of Saratoga Springs, is Village Brook. The city maintains a sand 
filtration plant at this site and the sampling location is downstream 
from the discharge from the backwash of the sand filter. Therefore, 

I 
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the flow is extremely variable and frequently contains much turbidity 
from the backwash of the sand filter. 

8a Approximately 25 m (75 ft) upstream from the confluence of Village 
Brook and Spring Run, there is a raw sewer outfall. This apparently 
represents the overflow from the Excelsior Avenue force main that 
pumps the sewage from the sewer system of Saratoga Springs to the 
sewage treatment plant. It is interesting to note that as far back as 
1963 (New York State Department of Health, 1963), sewage over
flows were reported to occur from this sewage pumping station into 
Village Brook. 

7 Spring Run, approximately 60 m (200 ft) downstream from the con
fluence of Spring Run and the outlet from Lake Loughberry (Village 
Brook). This location provides adequate mixing of the two streams 
before sampling. 

7a Spring Run, approximately IS m (50 ft) upstream on Spring Run from 
the confluence with the effluent from the Saratoga Springs sewage 
treatment plant. 

6 Spring Run, approximately 5 m (15ft) downstream from the culvert 
under N. Y. Route 29. This location is sufficiently far downstream 
from the discharge of the effluent from the Saratoga Springs sewage 
treatment plant to provide adequate mixing with the stream. 

5 Spring Run, approximately midway between station 6 and the dis
charge into Lake Lonely. 

4 Lake Lonely outlet at the gauging station. 
C. Fish Creek 

9 Fish Creek at the gauging station near Grangerville. 

The results in Table 32 show that on the Kayaderosseras Creek, the coliform 
levels above Ballston Spa are very low, indicating quite satisfactory water. 
However, downstream from Ballston Spa, even above the influence of the sew
age treatment plant discharge, there is a marked increase in the coliform level 
within the stream. The effluent from the treatment plant obviously has a very 
high coliform count. Slightly downstream from the treatment plant, the coliform 
level is still quite high, indicating the effects of dilution by the flow within the 
Kayaderosseras itself. Below the confluence with the Mourning Kill, the col
iform levels are still lower, most likely representing the influence of· the 
additional dilution from the Mourning Kill. There was not much further reduc
tion in the coliform count as the Kayaderosseras proceeded toward the gauging 
station. In general, this represents an improvement from the coliform levels 
reported in 1963 (New York State Department of Health, 1963). At that time, the 
stations upstream from Ballston Spa had coliform densities in the thousands. 

I 
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However, below the discharge from the sewage treatment plant, the coliform 
density approached 1 million/l00 ml in a trend similar to the 1973 results. 

In the Spring Run-Lake Lonely section, it becomes obvious that the source of 
Spring Run is not entirely storm runoff. The coliform count indicates the pres
ence of human wastes in this location. The effluent from Lake Loughberry had a 
low coliform count except for 1 day. It is not certain whether this represents an 
error in analysis or whether the sample was taken during the period of filter 
backwash and may represent the accumulation of coliform bacteria on the filter 
surface. In any event, this high value was not included in the average since it is 
not truly representative of the quality of water in Lake Loughberry. Station Sa 
definitely reflects the influence of the raw sewer discharge at this location. With 
further dilution and stream flow, these coliform levels are somewhat reduced at 
stations 7 and 7a, although the average of the results at 7a was approximately 
three times higher than that at station 7. The effluent from the Saratoga Springs 
sewage treatment plant indicates a high level of coliforms, typical of an un
chlorinated but treated sewage effluent. As Spring Run proceeds to Lake Lonely, 
there is a noticeable decrease in the coliform content compared to the upstream 
values plus the discharge from Saratoga Springs Sewage treatment plant. The 
effluent from Lake Lonely has a relatively low coliform count. 

The one sampling location in Fish Creek indicates a relatively low coliform 
count. This represents the purification by both Saratoga Lake and Fish Creek to 
the sampling location. In 1963 (New York State Department of Health, 1963) the 
coliform density was determined from Saratoga Lake to the discharge into the 
Hudson River at Schuylerville. At that time the values at the outlet of Saratoga 
Lake were on the order of 500 coliforms/l00 ml and increased slightly to approx
imately 1000/100 ml in the Grangerville area. During that time the Grangerville 
Milk and Cream Company, Inc. was discharging insufficiently treated wastes to 
Fish Creek. There was a marked increase to over 10,000/100 ml prior to the 
discharge into the Hudson River at Schuylerville. This represented the influence 
of untreated wastes from the Schuylerville area. In general, the conditions in 
1973 are not too unlike those observed during 1963. 

NUTRIENT BUDGETS 

Two sets of studies were conducted independently during essentially the same 
period of time, providing information upon which a nutrient budget could be 
estimated. 

From November 1972 to October 1973 the U.S. Environmental Protection 
Agency (EPA) conducted a survey in the streams tributary to Saratoga Lake 
(USEPA, 1974). For this study, monthly near-surface grab samples were col-
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lected, with additional samples being collected during the high runoff months of 
April and May. Stream flow data were provided by the New York District Office 
of the United States Geological Survey. Nutrient loadings from the Saratoga 
Springs wastewater treatment plant were based on monthly analyses and corre
sponding flow data were provided by the treatment plant operator. Loadings from 
the Ballston Spa and Geyser Crest Treatment plants were based upon 3.4 kg (7.5 
Ib) Nand 1.13 kg (2.5 Ib) P/capita-year, and the population served was as shown 
in Table 8. 

Coffey (1974) collected data over the period of October 22, 1972 through 
August 5, 1973, with less frequent sampling. The stream loadings were projected 
from monthly flow averages (Connor, 1974) on corresponding sampling dates. 
The annual loading was determined by averaging the calculated loadings for the 5 
months in which chemical data were available and mUltiplying by 12. The 
nutrient loadings for the treatment plants were based on 3.94 kg of Nand 0.795 
kg of P/capita-year (Shannon and Brezonik, 1972). (This assumes that the ban on 
phosphates in detergents, which went into effect in New York State on June I, 
1973, was in effect throughout the study.) Populations served were rounded to 
the next nearest thousand persons. 

It must be considered that different methods of sampling, preservation, stor
age, transportation, length of time between sampling and analysis, and labora
tory techniques were involved in the two separate studies. Therefore, precise 
agreement between the two sets of results cannot be expected. No effort is being 
made to imply that one set of data is any more reliable than the other. 

Nitrogen 

The inorganic nitrogen levels in Saratoga Lake during 1973 (Coffey, 1974) are 
shown in Table 33. For these calculations, the lake volume was considered 
constant, the average value for the two lake sampling stations was used, and the 

TABLE 33 

Inorganic Nitrogen Levels in Saratoga Lake, 1973' 

Concentration at spring turnover (mg Nfliter) 
Spring standing mass (kg N) 
Late summer hypolimnion concentration (mg Nfliter) 
Late summer mass of nutrient in hypolimnion (kg N) 
Fraction of spring standing mass (%) 

'Coffey (1974). 

Inorganic nitrogen 
(ammonia and nitrate) 

1.07 
130,000 

0.75 
14,600 

11.2 

--------------------------I~ 
i 



TABLE 34 

Summary of Total Nitrogen Loadings in Saratoga Lake 

1. Inputs 
Lake Lonely basin 

Saratoga Springs STP 51,678 
Nonpoint sources (by difference) 71,887 
Lake Lonely Outlet 

Kayaderosseras basin 
Ballston Spa STP 16,901 
Geyser Crest STP 6,359 
Nonpoint sources (by difference) 207,358 
Kayaderosseras above l.l.O. 

Total mouth of Kayaderosseras Creek 
Additional runoff to lake 
Direct precipitation 
Septic tanks 
Total loading 

2. Outlet-Fish Creek 
3. Net annual accumulation 

'Revised data from USEPA (1974). 
bFrom Coffey (1974). 
e Based on 297 lakeside dwelling only. 
dBased on 3000 septic tanks in total basin. 

-1 __ ~_ 

EPA data total' 

kg/yr % of total 

15.2 
9.6 

185,715 24.8 

5.0 
1.9 

60.9 
230,618 67.8 
314,933 92.5 

4,640 1.4 
17,618 5.2 
3,166 e 0.9 

340,357 100.1 
276,415 77.1 

82,077 22.8 

Coffey data inorganicb 

kg/yr 

75,000 
(-34,000) 

41,000 

19,800 
8,000 

264,200 
292,000 
333,000 

28,000 
12,400 
8,000d 

381,400 
186,000 
195,400 

% of total 

19.7 
(-9.0) 

5.2 
2.1 

69.3 

10.7 

76.6 
87.3 

7.3 
3.3 
2.1 

100.0 
48.8 
51.2 



TABLE 35 

Comparison of Mean Values of EPA and Coffey's Data for Nitrogen" 

No. of 
Period covered samples NH3-N Total Kjeldahl N0 3-N Total N 

Location EPA Coffey EPA Coffey EPA Coffey EPA Coffey EPA Coffey EPA Coffey 

Lake Lonely Outlet 11/4172- 10/22172- 14 5 0.643 0.08 1.71 0.93 0.336 0.82 2.046 1.75 
10/8173 6128173 

Kayaderosseras Creek above L.L.O. 11/4172- 10/22172- 13 0.098 0.633 0.28 0.913 
10/8173 6128173 

Mouth of Kayaderosseras Creek 11/4172- 10/22172- 6 0.13 0.69 0.67 1.36 
10/8173 6128173 

Fish Creek at Rt. 9P bridge 11/4172- 10/22172- 14 5 0.066 0.112 0.716 0.63 0.163 0.54 0.879 1.17 
10/8173 6128173 

"All values in mg Nlliter. Data from USEPA (1974) and Coffey (1974). 

-j 
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volume of the hypolimnion was estimated at 16% of the total volume. Organic 
nitrogen was not included in the calculation since it was present in a relatively 
low concentration, and the concentration in Fish Creek was nearly the same as 
that in the lake influent. Slightly less inorganic nitrogen was present in the 
anaerobic hypolimnion during the late summer period of stratification. 

The nitrogen loadings to Saratoga Lake as calculated from the EPA (USEPA, 
1974) and Coffey's (1974) data are summarized in Table 34. The values listed for 
the EPA data have been revised, with the permission of the authors, from the 
original values given in Working Paper No. 168 to correct a minor error in 
stream-flow calculation. Despite some discrepancies, the two sets of data are in 
the same range. Approximately 90% of the nitrogen influent to the lake can be 
accounted for in the inflow to the lake from the Kayaderosseras Creek. The 
controllable sources include approximately 15-20% from the Saratoga Springs 
sewage treatment plant, 5% from Ballston Spa, 2% from Geyser Crest, and 
1-2% from septic tanks. It may be seen that construction of the Saratoga County 
sewer system can reduce the nitrogen contribution to the lake by a maximum of 
about 28%. It is interesting to note that Coffey's data indicate that there is less 
nitrogen coming out of Lake Lonely than going in. This indicates that Lake 
Lonely is a sink of nitrogen, thereby protecting Saratoga Lake at its own ex
pense. 

The mean values of the nitrogen contents of the various streams as calculated 
from the two sources of data are compared in Table 35. Different locations were 
selected for the sampling in the Kayaderosseras, but an estimate of the values at 
the mouth can be made for the EPA data by averaging the values from Lake 
Lonely Outlet and the Kayaderosseras Creek above the confluence with this 
stream. There are no consistent variations in the data, and in general the corre
sponding values are not in serious disagreement. In all cases the total nitrogen 
exceeds the recommended limit suggested by Vollenweider (1968) above which 
excessive algal growths may be expected to occur. 

TABLE 36 

Total Phosphorus Levels in Saratoga Lake 1973" 

Concentration at spring turnover (mg P/liter) 
Spring standing mass (kg P) 
Late summer hypolimnion concentration (mg P/liter) 
Late summer mass of nutrient in hypolimnion (kg P) 
Fraction of spring standing mass (%) 

"Coffey (1974). 

Total phosphorus 

0.06 
7000 

0.48 
9350 

133 



TABLE 37 

Summary of Total Phosphorus Loadings in Saratoga Lake 

1. Inputs 
Lake Lonely basin 

Saratoga Springs STP 
Nonpoint sources 
Lake Lonely Outlet 

Kayaderosseras basin 
Ballston Spa STP 
Geyser Crest STP 
Nonpoint sources 
Kayaderosseras above L.L.O. 

Total mouth of Kayaderosseras Creek 
Additional runoff to lake 
Direct precipitation 
Septic tanks 
Total loading 

2. Outlet-Fish Creek 
3. Net annual accumulation 

'Revised data from USEPA (1974). 
bData from Coffey (1974). 
e Based on 297 lakeside dwellings only. 
dBased on 3000 septic tanks in total basin. 

16,323 
-7,527 

5,634 
2,118 

11,487 

~--------

EPA data' 

kg/yr 

8,796 

19,239 
28,035 

535 
286 
86 e 

28,942 
12,170 
13,920 

% of total 

56.4 
neg. 

30.4 

19.5 
7.3 

39.7 
66.5 
96.9 

1.8 
1.0 
0.3 e 

100.0 
46.6 
53.4 

15,100 
1,100 

4,000 
1,600 

94,200 

kg/yr 

Coffey data b 

16,200 

99,800 
116,000 

2,000 
1,000 

400 d 

119.400 
49,000 
70,400 

% of total 

12.7 
0.9 

13.6 

3.4 
1.4 

78.9 
83.6 
97.2 

1.7 
0.8 
0.3 d 

--~ 

100.0 
41.0 
59.0 
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TABLE 38 

Comparison of Mean Values of EPA and Coffey's Data for Phosphorus" 

Period covered 

Location EPA Coffey 

Lake Lonely Outlet 11/4172- 10/22172-
1018173 6128173 

Kayaderosseras Creek above L.L.O. 11/4172-
10/8173 

Mouth of Kayaderosseras Creek 10/22172-
8/05173 

Fish Creek at Rt. 9P bridge 11/4172- 2124/73-
10/8173 81 5173 

"All values in mg Plliter. From USEPA (1974) and Coffey (1974). 

No. of samples Orthophosphate Total P 

EPA Coffey EPA Coffey EPA Coffey 

14 5 0.144 0.19 0.22 0.41 

13 0.033 0.076 

6 0.19 0.39 

14 5 0.017 0.02 0.038 0.13 
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Phosphorus 

The total phosphorus levels in Saratoga Lake are shown in Table 36 (Coffey, 
1974). The hypolimnion during late summer contained more total phosphorus 
than the entire lake at spring turnover. This may reflect additional phosphorus 
inputs and/or regeneration of precipitated phosphorus in the anaerobic hypolim
nion. France's study (1973) confirms the ability of sludges from Saratoga Lake to 
resolubilize phosphorus under anaerobic conditions. 

The total phosphorus loadings to Saratoga Lake as calculated from the EPA 
(USEPA, 1974) and Coffey's (Coffey, 1974) data are summarized in Table 37. 
The values listed for the EPA data have been revised, with the permission of the 
authors, from the original values given in Working Paper No. 168 to correct a 
minor error in stream-flow calculation. Although the loadings from the three 
treatment plants are similar by both calculations, there is a major difference in the 
estimated nonpoint sources in Kayaderosseras basin. This significantly affects 
the total input to the lake and therefore, the percentage of contributions from the 
point sources. Both studies agree that approximately 97% of the phosphorus 
loading to the lake has as its source the inlet from the Kayaderosseras Creek, and 
that less than 1 % comes from the septic tanks in the area. 

The source of the discrepancy between the two calculations for the phosphorus 
loadings may be seen in Table 38, which compares the mean values used for the 
calculations by each group. In all cases the mean values obtained by Coffey 
(1974) were higher than those obtained by EPA (USEPA, 1974). However, both 
sources conclude that the levels of phosphorus in Saratoga Lake and its trib
utaries exceed the recommended levels of less than 0.01 mg/liter as suggested 
by Vollenweider (1968) for the control of excess algae. 

DISCUSSION 

Trophic State 

Saratoga Lake may be considered an intermediate-size lake from the 
standpoint of length, width, depth, and, accordingly, volume. It is subject to 
stratification during the summer, with bottom temperatures approaching 4°C. Its 
drainage basin is quite large relative to the surface area of the lake. The large 
drainage basin area results in the transport of large amounts of nutrients to the 
lake, which are then dispersed in a small volume of water, thereby maintaining 
the lake in a more eutrophic state. Saratoga Lake may be considered to be in a 
eutrophic state. 

Contributing to this condition are the activities on the watershed. There are 
several medium-sized population centers on the watershed. In the past there were 
numerous industries, although these have diminished in recent years. The tourist 

-------------------r~-
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industry is one that has been maintained at a relatively constant level. Agriculture 
is still an important industry in the area, although this too has diminished some
what recently. In general, the anthropogenic influences on the watershed are 
significant. 

It is difficult to attribute the eutrophic state of Saratoga Lake to any singular 
factor. It is also difficult to establish a time when any significant changes took 
place. All records indicate that the lake was oligotrophic before the European 
settlers arrived to the area. The eutrophication of the lake has most likely been 
the result of a combination of natural conditions, human population increase, 
industrial activities, and farming practices. The major anthropogenic changes 
have taken place over the last 200 years. 

Vollenweider (1968) has devised a system for classifying the trophic state of a 
lake based upon the phosphorus inputs and the surface area of the lake. This 
system is based upon the observation that phosphorus is most frequently the 
limiting nutrient in a lake. Using this method, the present trophic state of 
Saratoga Lake based on Table 37 and the projected trophic state after diversion of 
the major sewage discharges from the lake watershed based on Table 40 (see 
later) are shown in Fig. 44. Using both the EPA (USEPA, 1974) and Coffey's 
(1974) data, both the present and projected condition of Saratoga Lake may be 
listed as eutrophic. 

In a revision of the original work, Vollenweider and Dillion (1974) have 
included lake flow-through time. Using the same data as above, Fig. 45 was 
prepared, showing that at the present time both the EPA data (USEPA, 1974) and 
Coffey's (1974) data indicate Saratoga Lake to be in a "dangerous" condition. 
After the predicted diversion of all major sewage discharges to the Lake in 1977, 
Coffey's data indicated that the lake would be in a less "dangerous" state, 
whereas the EPA data predicted that the improvement would move Saratoga 
Lake just within the admissible limits. Without more extensive phosphorus mea
surements in the watershed, it is impossible to resolve the differences between 
these two sets of data. 

Although a relatively high eutrophic state may be desirable for productive 
fishery, the conditions in Saratoga Lake are possibly near an ecological transition 
point. Algal growths are the base of the food chain for fish, and macrophyte beds 
provide spawning areas for the fish. However, excessive algal growths may 
absorb much of the incident solar radiation, thereby limiting macrophyte photo
synthesis. On at least one occasion, DO depletion was observed above the 
thermocline at the 9-m depth. This occurred on a calm day and is considered to 
be the combined result of severe light absorption and lack of mixing in the 
epilimnion. Although it is not necessarily a frequent occurrence, the fact that it 
was observed indicates that it is a matter of concern. Such conditions may restrict 
fish populations to the upper layers of the lake, a condition that cannot be 
considered optimal. Thus, excessive algae may create a problem. 

I 

I 
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Fig. 44. Classification of Saratoga Lake according to phosphorus loading. From 
Vollenweider (1968). 

Even greater is the problem created by the annual bloom of blue-green algae 
that occurs near the end of the summer. It is not clear whether this bloom is 
related to the decline in predators (Stross, 1973) or lack of competition with the 
diatoms for raw materials (Tuttle, 1974). Blue-green algae are considered par
ticularly undesirable since they tend not to enter into the food web, and they 
sometimes excrete metabolites or produce compounds upon decay that may be 
toxic to fish and other organisms (Ruttner, 1963). Thus the blue-green algal 
bloom in Saratoga Lake is considered undesirable. 

Aquatic macrophyte growth too, may become excessive. Macrophyte growth 
generally occurs in shallow areas along the shore. Since Saratoga Lake has 
considerable shallow areas, control of undesirable plant growth may be difficult. 
However, nutrient availability is also a significant factor in determining mac
rophyte distribution. Nutrients such as nitrogen and phosphorus for rooted mac-
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Fig. 45. Classification of Saratoga Lake according to phosphorus loading and lake 
retention time (Zlw). From Vollenweider and Dillion (1974). 

rophytes, however, are generally provided from the bottom sediments (France, 
1973). Therefore, a modification of the nutrient levels in the lake water will not 
have an immediate or significant effect upon rooted macrophyte productivity. 
Moreover, an excess of rooted aquatics interferes with both fishing and swim
ming. Fishermen get their lines tangled in the plants, and therefore are less able 
to catch the fish. Since removal of fish is one means of removing biomass from a 
lake, inability of fishermen to catch the fish may possibly result in a higher 
trophic state in the lake. 

The eutrophic state of the lake has some influence on human use and percep
tion of the lake. User complaints at Saratoga Lake have centered around the 
excessive algae and weed growth in the lake (Kooyoomjian, 1974). Although 
lakeside property owners will continue to use the lake because of their invest-
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ment, visitors tend to go elsewhere to find a more desirable lake. A more 
significant economic situation is created when a property owner attempts to sell 
his house and the potential buyer cannot secure a mortgage on the house because 
the bank does not consider the area a safe investment. Thus there is an economic 
factor to be considered in evaluating the effects of the eutrophic state of Saratoga 
Lake. 

All information available confirms that Saratoga Lake is a highly eutrophic 
lake that is very near to a critical state in its survival as a recreational lake. The 
nutrient levels are high, permitting high biological productivity. The hypolim
nion is devoid of oxygen for most of the summer. This condition results in the 
release of more nutrients from the bottom sediments into the overlying water, 
permitting even greater biological growth. Furthermore, the anaerobic conditions 
in the hypolimnion and in the lower parts of the epilimnion on a calm day restrict 
the fish to the upper layers of the lake. The photic zone may be as shallow as 1.2 
m during periods of peak algal productivity. This light extinction is caused 
primarily by interception of the light by the algal cells. A predominant blue
green algal bloom occurs every summer. The areas of rooted macrophytes around 
the lake seem to be increasing over a period of the last 40 years. User complaints 
are numerous, and it becomes evident that the highly eutrophic state of Saratoga 
Lake is undesirable. 

Interrelationships 

The lake ecosystem is a very dynamic one. Unlike a terrestrial ecosystem 
where one generation of plants usually survives for the whole summer or even 
years (trees are known to survive hundreds of years), the algal population is 
never in a state of equilibrium, and it experiences many complex seasonal suc
cessions (Hutchinson, 1967). Controlling or causing these changes are the physi
cal, chemical, and biological parameters present in the aquatic environment 
surrounding the algae. With such a wide array of parameters, complex interac
tions and relationships exist among the algae. It is difficult to ascribe a specific 
cause for each change in lake condition. It is possible, however, to measure a few 
of what are considered to be the more important parameters and to try to relate 
their behavior to changes in the algal flora. However, it must be understood that 
such a relationship does not necessarily imply causality. It is hoped that the 
relationships will lead to valuable insights into the aquatic ecosystem. At most, 
some relationships can be suggested. Bearing this in mind, what follows are 
correlations between the parameters measured by Coffey (1974) and Tuttle 
(1974). 

During 1973, the epilimnion temperature was about 4°C to the end of March, 
reached a maximum of 23-25°C during July, and returned to 4°C by the end of 
November. A comparison of this to the primary productivity and the total 
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diatom-count data shows that the primary productivity was greater during the 
warmer months, during which time the total diatom population was rapidly 
increasing. This clearly reflects the increase in metabolism and reproduction with 
increased temperatures. However, the spring peak on March 31 was definitely 
not due to an increase in water temperature, which was still close to 4°C. 
Furthermore, the decline in temperature during the fall was not marked by a 
decrease in the diatom population, but an increase. This is attributed to the 
reappearance of the cold-water genera. Thus temperature alone does not control 
algal populations. 

Hutchinson (1967) considers Asterionella formosa and perhaps Stephanodis
cus to be cold-water genera. This was apparently true for Saratoga Lake. As
terionella formosa exceeded 50% of the total diatom popUlation during the spring 
and late fall, during which time the temperature was about 13° and 14°C, respec
tively. During the warmer months it was present only in minimal quantities. 
Stephanodiscus was not a major genera during the spring; however, it exceeded 
50% of the diatom population on October 23, 1973, when the temperature was 
13°_14°C. Since Stephanodiscus was absent during the warm-water months, it 
too appears to be a cold-water species. Its variations may have been caused by 
some other factors. 

The genera that strongly appear to prefer warm water are eyclotella, 
Diatoma, Achnanthes, and Synedra. However this temperature dependence may 
be illusionary, and some parameters are probably more important. Thus tempera
ture appears to be a more important parameter for controlling seasonal succession 
in Saratoga Lake during the spring and fall. 

The maximum primary phytoplankton productivity as well as the maximum 
diatom population in Saratoga Lake lagged the solar radiation peak by about 6 
weeks during 1973. Local weather conditions may have caused some of this 
delay, but it is unlikely that it can all be attributed to this. Even though there was 
a lag, the solar radiation was still nearly 400 langleys per day, so that the greater 
illumination coupled with other parameters stimulated phytoplankton growth. 
Light and not temperature alone stimulated the growth for the spring diatom 
increase at a time when other nutrients were plentiful. To make any correlation 
with individual diatom genera would be questionable because it is usually in 
connection with other parameters that light is important. 

Light may well be limiting to growth in Saratoga Lake. The rapid light extinc
tion with depth, a characteristic of eutrophic lakes, was found to restrict net 
photosynthesis to the first 2 or 3 m of water. The algae are exposed to optimal 
light intensities only when they are very close to the surface. The effect is to 
cause excessive algal production near the surface as opposed to distributing it 
throughout more of the water column. This in turn increases the light extinction. 

Normally, as diatoms become more abundant, their increased silicon assimila
tion causes the epilimnetic silicon concentration to decrease. Provided there is a I 

I 
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large, viable diatom population, this assimilation continues until depletion of 
silicon occurs (Kilham, 1971). Other environmental factors occasionally inter
rupt this active assimilation by causing a decline and decay of the standing 
diatom crop, which in turn temporarily increases the silicon concentration. For 
Saratoga Lake, the spring silicon concentration decreased as the diatom popula
tion expanded, as may be seen by comparing Fig. 31 and 37. However, from 
June 28 to August 24, both the diatom numbers and the silicon increased. A 
decrease in the number of diatoms following the August 24 peak resulted in a 
continued increase in silicon to 2.4 mg Si/liter. A slight increase in the number of 
diatoms in late September corresponded to a sharp drop in silicon, reaching near 
zero concentrations shortly after the October diatom peak. Following this, the 
silicon concentration increased as the number of diatoms declined. 

An explanation for the increase in both the number of diatoms and the silicon 
concentration from June 28 to August 24 is apparent from an examination of the 
individual genera involved (see Fig. 38). Stephanodiscus appears to have been 
the cause. During the period, Stephanodiscus decreased to zero cells per liter on 
August 24 while the silicon concentration increased, even though the other 
diatom genera were increasing. Stephanodiscus, along with the Melosira, also 
appears to be the cause of the silicon depletion on October 23. This close 
correlation indicates that Stephanodiscus, more than other diatom in Saratoga 
Lake, was responsible for the silicon concentration changes during the year. The 
influence is probably so great because Stephanodiscus is the largest diatom pres
ent in Saratoga Lake. Although there was a greater total number of diatoms 
preseilt on August 24, their individual size was smaller and thus their total mass 
was much less, and the total amount of silicon assimilation was less. 

Relations between silicon concentrations and specific diatom genera or species 
are difficult to formulate. For example, a diatom that appears to thrive at lower 
concentrations may actually have caused the depletion, and while present at the 
time of depletion, the cells may have ceased active uptake of silicon and thus 
growth. If this is not the case, then perhaps this diatom has a greater ability than 
other diatom genera present to compete for the silicon at the lower concen
trations. It would then be able to flourish at these times. In Saratoga Lake, the 
concentration of silicon remained sufficiently high for most of the growing 
season. Silicon not being limiting, other factors were probably more important in 
establishing the seasonal succession during these times. During part of October 
and November when the silicon concentration reached a low of from 0.02 to 0.7 
mg Si/liter, Stephanodiscus and Melosira were 91 % of the total diatom popula
tion. Active assimilation, however, ceased because their numbers began to de
cline. Kilham's review (1971) of the literature on silicon levels and diatom 
species concluded that Stephanodiscus was often dominant when the silicon 
concentration was between 0.01 and 0.5 mg Si/liter. He observed that 
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Stephanodiscus was also able to cause rapid silicon depletion. These conclusions 
are in agreement with the Saratoga Lake data. 

Unlike silicon, nitrogen and phosphorus are utilized by all the forms of algae. 
The form of nitrogen utilized by algae is nitrate, N03 • Coffey's data (1974) 
revealed that nitrogen was sufficiently high during the spring, and it gradually 
decreased to O. 15 mg N/liter in August. This is slightly below the limiting 
concentration of 0.3 mg N/liter (Vollenweider, 1968). Thus nitrogen was proba
bly limiting to growth at the time of the August 24, 1973 diatom peak and was 
possibly one factor causing the subsequent diatom decline and the appearance of 
blue-green algae. There were no nitrogen data for the October silicon-depletion 
period; however, the silicon depletion was more limiting than the nitrate concen
tration would have been. 

Orthophosphate phosphorus, the form of phosphorus assimilated by phyto
plankton (Hutchinson, 1967), was also high during the spring. The first decline in 
the concentration was at the same time as the spring diatom peak on March 31, 
1973. This indicates the utilization of orthophosphate phosphorus by diatoms and 
other algae. Coffey (1974) suggests lUXUry uptake at this point. For station 7, 
orthophosphate phosphorus was then found to increase from March 31 to May 
24. This may reflect the release of phosphorus by the dying diatom population 
and/or by anaerobic conditions in the sediments; however, it was not observed 
for both sampling stations. During the remainder of the growing season phose 
phorus was low, but in relation to nitrogen it is probably not limiting. Additional 
research is needed to establish whether or not phosphorus is important in 
stimulating silicon assimilation during the depletion period (Schelske and 
Stoermer, 1972). 

Alkalinity, the source of inorganic carbon for algae, is expected to decrease as 
growth occurs. This was found to occur for the spring diatom peak on March 31 , 
1973. The alkalinity, measured by Coffey (1974), decreased from 64 mglliter as 
CaC03 on February 24 to about 54 mg/liter on March 31, a peak for some 
diatoms and for other species of algae. The alkalinity reached its low value on 
June 28, when the diatoms were rapidly reproducing. Thus the diatom population 
changes are somewhat reflected in the alkalinity variations. 

Anticipated Future Changes 

A possible solution that was considered for alleviating the problem in Saratoga 
Lake was aeration of the lake. A proposal was submitted by the Hinde Engineer
ing Co. (1971) to install an aeration system to mix the lake completely so that 
natural reaeration could occur at the surface. The system would use three sets of 
diffusers, two in the deepest portion of the lake and one in the shallower hole off 
Snake Hill. The initial cost of this system was estimated at about $130,000 
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(1972), with about $11,000 per year for year-round operating costs. This was 
considered too expensive by the property owners, especially since they did not 
consider themselves responsible for the damage. In 1973 a suit by the Saratoga 
Lake Property Owners Association was filed against the City of Saratoga Springs 
and the Village of Ballston Spa for damages to the water quality of the lake 
(Breen, 1973; Quinn, 1973), with any financial settlement obtained being used to 
purchase the aeration system. The suit was discontinued when the judge refused 
to hear the testimony of an expert witness. Thus all attempts to install an aeration 
system in Saratoga Lake have been discontinued, and any potential benefits 
cannot be evaluated. 

In another effort to reduce the nutrient inputs into Saratoga Lake, Saratoga 
County (1976) constructed a sewer system and treatment plant to bypass com
pletely all sewage and industrial wastes presently entering the Saratoga Lake 
watershed. (This plant began operation in October 1977.) In view of the antici
pated completion of the treatment system, the nitrogen and phosphorus loadings 
to the lake were projected based upon complete removal of all sewage treatment 
plant (STP) effluents from the Saratoga Lake watershed, as shown in Tables 39 
and 40, respectively. The results show that the major source of nitrogen and 
phosphorus will most likely still be the mouth of the Kayaderosseras Creek. As 
seen from Table 34, only 22-27% of the nitrogen and, from Table 37, 17-83% of 
the phosphorus are presently attributable to sewage discharges. These are the 
amounts that will be removed with the completion of the new treatment system. 
As seen from Figs. 44 and 45, with the possible exception of calculations based 
on the EPA (USEPA, 1974) data using Vollenweider and Dillion's (l974)re
vised technique, the lake is still likely to remain in a highly eutrophic or 
"dangerous" state. 

The present design of the Saratoga County sewer system does not include 
sewering the properties around the lake itself. Only about an additional 1 % of the 
nitrogen and phosphorus contributions to the lake is generated from this area (see 
Tables 34 and 37). However, residents of the lake are obtaining estimates and 
considering the costs of constructing a separate sewer and pumping station to 
connect to the County system. Negotiations are complicated by the fact that the 
lake is situated in three towns, and each must vote individually on the additional 
sewer system. Preliminary estimates indicate that it would not be economically 
sound to form the additional sewer subdistrict. 

Another consideration is the large amounts of nutrients presently stored in the 
lake sediments. These will be released annually under the anaerobic conditions of 
the hypolimnion during the summer, thus providing a source of nutrients for a 
significant period of years. Estimates presently made show that during the late 
summer the hypolimnion contained more total phosphorus than the entire lake at 
spring turnover. This indicates the magnitude of phosphorus release from the 
sediments. 
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TABLE 39 

Projected Nitrogen Loadings in Saratoga Lake after STP Diversion 

Inputs 

Lake Lonely basin 
Saratoga Springs STP 
Non-point sources 
Lake Lonely Outlet 

Kayaderosseras basin 
Ballston Spa STP 
Geyser Crest STP 
Non-point sources 
Kayaderosseras Creek above Lake Lonely Outlet 

Total at mouth of Kayaderosseras Creek 
Additional runoff to lake 
Direct precipitation 
Septic tanks 
Total loading 

'USEPA (1974). 
"Coffey (1974). 

o 
32,637 

o 
o 

207,358 

EPA data revised' 

kg/yr 

32,637 

207,358 
239,995 

4,640 
17,618 
3,166 

265,419 

% of total 

o 
12.2 

o 
o 

78.1 

12.2 

78.1 
90.4 

1.8 
6.6 
1.2 

100.0 

o 
o 

o 
o 

264,200 

Coffey data" 

kg/yr 

o 

264,200 
264,200 

28,000 
12,400 
8,000 

312,600 

% of total 

o 
o 

o 
o 

84.5 

o 

84.5 
84.5 

9.0 
4.0 
2.5 

100.0 



TABLE 40 

Projected Phosphorus Loadings in Saratoga Lake after STP Diversion 

Inputs 

Lake Lonely basin 
Saratoga Springs STP 
Non-point sources 
Lake Lonely Outlet 

Kayaderosseras basin 
Ballston Spa STP 
Geyser Crest STP 
Non-point sources 
Kayaderosseras Creek above Lake Lonely Outlet 

Total at mouth of Kayaderosseras Creek 
Additional runoff to lake 
Direct precipitation 
Septic tanks 
Total loading 

'From USEPA (1974). 
"Coffey (1974). 

l __ _ 

o 

o 
o 

11,487 

EPA data revised' 

kg/yr 

o 

11,487 
11,487 

535 
286 
86 

12,394 

0 

0 
0 

% of total 

0 

92.7 
92.7 
92.7 
4.3 
2.3 
0.7 

100.0 

kg/yr 

0 
1,100 

0 
0 

94,200 

Coffey data" 

% of total 

1,100 

94,200 
95,300 

2,000 
1,000 

400 
98,700 

o 
1.1 

o 
o 

95.5 

1.1 

95.5 
96.6 

2.0 
1.0 
0.4 

100.0 
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It becomes obvious that simply bypassing all sewage discharges presently 
entering Saratoga Lake will not immediately solve all the problems in the lake. It 
may prevent conditions from continuing to worsen. However, a greater overall 
water-quality management program must be initiated for the Saratoga Lake 
watershed. Investigations must be made to determine the sources of the non
point sources of pollution. This will include evaluation of discharges from farm
lands and from any upstream industries not included in the County sewer system. 
A program must be set up to control any nutrient sources where possible. The 
need for an aeration system for the lake may still exist in order to stabilize the 
nutrients in the bottom sediments. It is possible that aeration for a limited number 

. of years coupled with adequate watershed management may be required to 
stabilize the eutrophication of Saratoga Lake and, it is hoped, restore it to a 
somewhat lower trophic state, which will allow the lake to continue to be used 
for all recreational purposes for which it has been noted in the past. 

SUMMARY 

Saratoga Lake is a medium-size lake that has had a reputation as a fine 
recreational lake with particular emphasis on its excellent warm-water fishery. 
The high fish productivity of the lake reflects the overall advanced trophic state 
of the lake. The lake is naturally beset by a relatively large watershed area and 
large areas of shallow water around the shores. Anthropogenic influences include 
discharges from domestic sewage treatment plants, industrial wastes, and ag
ricultural practices. It is difficult to attribute the eutrophication of Saratoga Lake 
to any single cause; however, the most significant changes appear to have taken 
place over the last 200 years. Indian lore indicates that trout were fished from the 
lake. By the time the earliest recorded study of the lake was made in 1932, the 
lake had reached a eutrophic state. 

The critical state of the lake today is revealed in the lack of dissolved oxygen 
in the lower levels of the epilimnion on a calm summer day. This is the result of 
the prolific algal bloom restricting the sunlight at the greater depth. The nutrient 
inputs to the lake are sufficient to maintain the eutrophic conditions within the 
lake. Although the nutrient inputs will be reduced with the completion of the 
Saratoga County sewer system, present estimates indicate that the reduction will 
not be sufficient to change the nutrient state of the lake significantly. However, 
the reduction may slow the present rate of eutrophication, and preserve the lake 
for a longer period of time. This may provide the time necessary to reevaluate the 
lake and its watershed to determine what additional steps may have to be taken to 
preserve the lake. 

With the background provided by the studies conducted on Saratoga Lake up 
to the present time, the stage has been set for a study of the lake after the Saratoga 
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County sewer system has gone into operation. This will show the effects of 
diversion of the present point-source wastes and nutrients from the lake. It will 
also help indicate what additional watershed management programs should be 
established to maintain the water quality of the lake and lessen the complaints by 
users relating to the excessive algal and weed growths. 

Saratoga Lake is a highly eutrophic lake that is serving the recreational needs 
of a large population. It is worth spending the time, effort, and money to prevent 
excessive eutrophication of the lake in order to maintain its use as a recreational 
resource. 

ADDENDUM 

No extensive studies of the lake have been conducted since the original com
pletion of this chapter. The Saratoga County sewage treatment plant began opera
tion in October 1977. This system collects all the sewage effluents which pre
viously reached Saratoga Lake and diverts them to a treatment plant at 
Mechanicville on the Hudson River. Presently, property owners surrounding the 
lake are considering construction of a sewer system with a pump to lift the 
sewage into the Saratoga County sewer system. This, however, is proving to be 
quite expensive, and, according to estimates presented in this chapter, may have 
little effect on improving the quality of the lake. 

Meanwhile, in the two summers since the diversion of sewage effluents out of 
the lake basin, complaints of aquatic weed growths and subsequent odors from 
decaying vegetation have increased. This confirms the conclusion herein that 
removal of sewage effluents from the lake drainage basin, while a significant step 
in reducing nutrient loadings to the lake, is not sufficient to control problems of 
excessive growths within the lake. A water quality management plan for the 
Saratoga Lake drainage basin is essential to control the excess productivity of 
Saratoga Lake. 
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