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"It was the grandest and most majestic sight | had seen.
It was exquisitely beautiful., The sun in its full spilendor
at the western horizon gilding the enlightened clouds, the
islands, the shores, the woods, and all seemed to vie with
each other for preference. The evening was sarene and
delightful; a soft breeze curled the waves and fringed them
with white while the sun, sinking toward the west beautified
the whole scene.'

Description of Oneida Lake by
Francis Adrian VanderKemp in

1792.
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LIMNOLOGY OF ONEIDA LAKE
WITH EMPHASIS ON
FACTORS CONTRIBUTING TO ALGAL BLOOMS

by

Phillip E. Greeson

ABSTRACT

Oneida Lake is a naturally eutrophic lake that has existed for about
10,500 years. it has been in a eutrophic state for at least 350 years,
and the geochemically derived dissolved materials entering the lake from
the drainage basin are of sufficient quantity (449,700 tons per year) to
support annual algal blooms. The greatest amount of the dissolved mater-
ials (72 percent) comes from the southern tributaries to the lake, of which
Chittenango Creek carries the largest load of almost all major chemical
substances. The stream contributes 37 percent of all dissolved solids
entering the lake. Ground water is negligible in both the water and the
nutrient budgets.

Oneida Lake retains 50,000 tons of dissolved solids each year. These
materials become incorporated in the bottom sediments. About 89 percent
of all dissolved solids entering the lake leave the lake by the Oneida
River.

Water in Oneida Lake represents a hydrologic equilibrium. Water
entering the lake is from direct precipitation (149,600 acre-feet per year)
and from surface water inflow (1,729,000 acre-feet per year). Water leaves
the lake by outflow through the Oneida River {1,730,400 acre-feet per year)
and by evaporation (148,200 acre-feet per year). Sixty-seven percent of
all water entering Oneida Lake originates in the northern part of the
drainage basin.

Quality of the lake water depends on the quality of inflowing water.
Quantity of dissclved nutrients in the lake fluctuates seasonally with
changes in the amount of surface water inflow and annually with changes
in the annual water budget. On any ice-free day, the dissolved nutrients
in the lake are virtually uniform in concentration, both vertically and
areally. Stightly higher concentrations in the western and the southern
parts of the lake result from the inflow of highly mineralized water from
the southern tributaries.

Uniform concentrations of dissolved nutrients result from several mix-
ing processes, the most important of which is wind-generated wave action.
Prevailing westerly winds create a maximum wave height exceeding .6 feet
on Oneida Lake. Effective mixing occurs to a depth of about 30 feet, a
depth where a sharp dissolved-oxygen stratification develops during the
growing season of the phytoplankton. The stratification is not accompanied
by thermal variations.



Because the lake is shallow {(the average depth is only 22 feet), bottom
materials on 65 percent of the lake bottom can be subjected to mixing with
the overlying water. On the basis of composition and size, the bottom
materials of Oneida Lake can be divided into five types. The types and their
percentage distribution on the lake bottom are cobble and rubble, 10.2 per-
cent; gravel, 4.2 percent; sand, 17.8 percent; silt and clay, 40.3 percent;
and mud (silt, clay, and organic matter), 27.5 percent. Distribution of
bottom materials has not changed significantly in the past 60 years.

Additional water mixing occurs by seiches and currents. A typical
seiche in the lake is uninodal and extends along the long axis of the lake.
The vertical displacement of water may exceed 1.6 feet during a period of
about 2.4 hours. Surface currents in the lake are usually in the direction
of the prevailing winds, and greatest current velocities are associated
with sustained moderate winds of about 5-10 miles per hour. Deep water
currents generally flow opposite the direction of the winds.

0f the elements, ions, and compounds studied, none appears to be a
limiting factor on the bodily processes of algae or on the extent of bloom
formation. Bloom-essential nutrients in Oneida Lake reached critical minimal
concentrations many vyears ago and, subsequently, have increased in concentra-
tion. Concentrations of nutrients in the lake today are more than adequate
for the healthy existence of phytoplankton, even during large algal blooms.
Nitrogen and phosphorus never approached growth-limiting concentrations.
Dissolved-solids content of the lake water seems to be an index of growth
conditions in the lake because it integrates the total nutritional complex
with the interactions of environmental factors.

Observed biological changes in Oneida Lake in the past 50 years are
not dramatic. Of the 117 species of algae observed in the phytoplankton,
42 can be considered common or abundant. The four species of blue-green
algae that characterize Oneida Lake are Anabaena flos-aquae, Aphanizomenon
holsaticum, Microcystis aeruginosa, and Anabaena circeinalis. Other abundant
blue-green algae include Anabaena spiroides, Gloeotrichia echinulata,
Microcystis incerta, Lyngbya Birgei, and Oscillatoria subbrevis.

Phytoplankton populations (sometimes approaching | million cells per
milliliter) are seldom uniform over the entire lake. Heavy concentrations
in bay areas and localized blooms are common. Heavy algal concentrations
along the shore and decaying heaps of algae on the shore usually result
from wind-swept drifts of algal mats from the open iake.

The four most important factors affecting the ecological processes in
Oneida Lake are: (1) high fertility of the drainage basin, (2) physical
position and shallowness of the lake, (3) mixing as caused by wind, and
(4) fertility of the bottom sediments. The hydroleogic regime of Oneida
Lake and its drainage basin is a principal factor in the production of
algae. Drought years and years in which the contribution of water from
the southern tributaries is larger than usual can be associated with
nuisance algal conditions in the lake.

A reduction in quantity of inflowing nutrients to Oneida Lake would
reduce the nutrient content in the lake and would decrease the potential



for bioclogical production. The amount of inflowing naturally derived
nutrients could be decreased by diverting the southern tributaries around
or away from the lake.

Diversion of the southern tributaries would have no effect on many
of the physical processes in the lake. The most pronounced changes would
occur in the annual water budget and in the concentrations of chemical
substances. Enough water to maintain the hydrologic equilibrium enters

Oneida Lake from its northern tributaries. Diversion of the southern trib-

utaries would probably reduce the average dissolved-solids content in the

lake from 163 to about 70 milligrams per liter. Diversion would also remove
the greatest amount of artificial enrichment that the lake is receiving and

would have minimal effect on the dynamics of the downstream Oneida River.






THE PROBLEM

Cneida Lake, with a surface area of 79.8 square miles (206.7 square
kilometers), is the largest lake wholly within New York State (fig. 1).
It is used almost exclusively for recreation, but it also serves as an
important link in the New York State Barge Canal System. During the summer,
Oneida Lake exhibits a tremendous growth of planktonic blue-green algae.
(See Glossary.) Production of these organisms is so great that the recrea-
tional uses of the lake are hindered, and the decomposition of algae along
the shore becomes esthetically unpleasant for lakeside residents.

The problem in Oneida Lake is a result of eutrophication, the inevitable
natural aging process affecting every body of water. Figure 2 shows that
lake eutrophication consists of the gradual progression (termed 'ecclogical
succession'') from one life stage into another. In the youngest stage of
the 1ife cycle, a lake is called an oligotrophic lake and is characterized
bv cold, unproductive water. HNutrients accumulate and algal production
increases; at some point the lake becomes mesotrophic and later eutrophic,
or highly productive.

The final life stage before the climax extinction is a pond, marsh,
or swamp. The extinction of a lake is a result of enrichment, productivity,
decay, and sedimentation (Greeson, 1969).

As a lake passes through each stage of life, enrichment by nutritive
materials increases. In general, a lake will serve as a trap for part of
the nutrients originating in the surrounding drainage basin and entering
through streams, precipitation, and ground-water inflow. Some of the
entrapped nutrients are recycled by the aquatic vegetation during each
growing season.

A eutrophic lake, such as Oneida Lake, is distinguished by a high
content of dissolved nutrients and an abundance of aguatic organisms.
Plants, particularly the planktonic blue-green algae, are of first concern
because they utilize the dissolved inorganic salts {(nutrients) directly
from the water. {f all other factors are favorable, blue-green algae grow
to bloom proportions, which adversely affect man's use of the water body.

Oneida Lake has b=en eu

trophic for at least 350 years, =and possibly
.

it has been eutrophic from its formaticn. in the early 1600's, Samuel D.
Champlain, believed to be the first white man to see Uneida Lake, described
its condition as being what is now known as eutrophic. In 1809, James

Fenimore Cooper described the lake as, "a broad, dark colored body of water,
unwholesome to drink and strongly blended h dark particlies which the
boatmen called lake blossoms'' (New York State ervation Department, 1947).
Similar '"lake blossoms'' are in evidence today (1971) in Oneida Lake.

Although control measures for excessive al
in certain lakes, the size of Cneida Lake prohi
justification for any of the known messures. Fur
of algal control are generally oriented to the direct elimination of algae;
that is, toward the effect rather than the cause of the problem. Such
methods are only of temporary effectiveness.

growths are practiced
nractical and economic
rmore, present measures
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i
Dry land

Figure 2.--Eutrophication, the process of aging by ecological
succession (from Greeson, 1969).

In April 1967, the U.S. Geological Survey, in cooperation with the
New York State Department of Environmental Conservation, began a compre-
hensive program to study the eutrophication of Oneida Lake. In essence,
the program objectives were to define the cause and effect relationships
contributing to algal production in the lake and to provide the necessary
information for controlling the algal blooms.

Basis of the study was the determination of water, mineral, and organic
nutrient balances of the entire lake system, including contributions from
streamflow, precipitation, ground-water inflow, and cultural activities.

The study also included (1) physical and chemical descriptions of Oneida

Lake and its drainage basin, (2) description of type and quantity of

organisms present, (3) analysis of chemical and physical conditions of the

lake system, which appeared to cause or be associated with the various

biological changes within the lake, and (4) evaluation of algal control

methods and their applicability to the problems in Oneida Lake. Several {
reports (Greeson and Meyers, 1969; Pearson and Meyers, in press) based on

these investigations have been completed.

This final report of the study, including description and discussion
of the limnology of Oneida Lake and its basin, emphasizes factors contribut-
ing to the annual nuisance algal blooms in the lake.
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PHYSICAL AND CULTURAL FACTORS OF ONEIDA LAKE AND DRAINAGE BASIN

Lake Morphometry

Oneida Lake, the largest lake whoily in New York State, lies about
i1 miles north of Syracuse in Oneida and Oswego Counties. The lake is
regulated by a tainter-gate dam, Caughdenoy Dam (fig. 12), constructed in
1910 on the Oneida River at Caughdenoy, 1.6 miles (2.6 kilometers) down-
stream from Brewerton, the mouth of the lake. The lake drains to the west
through the Oneida and the Oswego Rivers into Lake Ontario at Oswego.

The main axis of the lake is 20.9 miles (33.6 kilometers) in length
(table 1) and extends from the State Highway 13 bridge at Sylvan Beach on
the east to the U.S. Highway 11 bridge in Brewerton on the west. Maximum
width is 5.5 miles (8.8 kilometers) and average width is 3.8 miles (6.1
kilometers).

Oneida Lake has a surface area of 79.8 square miles (206.7 square
kilometers) at the normal summer stage of 369 feet (112 meters) above mean
sea level. Thirty-four streams drain into the lake, but only eight of these
carry significant guantities of water. They are Scriba, East Branch Fish,
West Branch Fish, and Wood Creeks from the north and Oneida, Canaseraga,
Cowaselon, and Chittenango Creeks from the south.

The shore of the lake is uniformly low, sandy, and, in places, wooded
and swampy. On the north shore are the villages of Constantia, Bernhards
Bay, Cleveland, and North Bay. The viliages of Bridgeport and Lakeport
are on the south shore. Sylvan Beach and Verona Beach are on the east shore.
The shoreline, which extends for 54.7 miles (88.0 kilometers), is dotted
with summer cottages and fishing camps.

Oneida Lake is shallow, with an average depth of 22.3 feet (6.8 meters)
and a maximum depth of 55 feet (16.8 meters) near the north shore off
Cleveland. The development of volume {dv) or the index of bottom uniformity
is 1.2. (See Glossary.) This indicates that the lake bottom is siightly
concave (fig. 3).

Oneida Lake, as are most natural lakes, is deepest toward its source
{on the east) and shallowest toward its mouth (on the west). Numerous
shoal areas exist through the lake. The most extensive of these are
Shackelton Shoals at mid-lake and Pancake Shoals off Constantia. Figure b
shows where five bottom profiles were determined, and figure 5 shows the
profiles,

About 25.7 percent of the lake bottom consists of shoal areas or areas
shallower than 14 feet (4.3 meters). This depth, shown in figure 6, is
considered to be the depth least preactical for navigation.

Mean annual discharge from the lake is 2,390 cubic feet (67.7 cubic
meters) per second or 1,563 million gallens (5.92 x 10° liters) per day
(U.S. Geological Survey, 1969b). Flow-through time, sometimes called
"retention time,' is about 235 days.

-8 -



Oneida Lake is centrally located in a drainage basin (fig. 7) at the
southeast end of Lake Ontario in ceniral Hew York State. The long axis
of the basin is approximateily 63 miles (i0! kilometers) in length and
extends from about 42°L7' to about 43°437 north latitude. The short axis
is approximately 39 miles (63 kilometers) in length and extends from about
75°27' to about 76°1h' west longitude. The 1,382 square miles (3,579
square kilometers) of watershed inciudes parts of Lewis, Oswego, Oneida,
Onondaga, and Madison Counties.

Table 1.--Dimensions of Oneida Lake

(See Glossary for definition of terms)

Factor Value or remark
Area
Drainage Erea......cceeeenenensnnas. 1,382 sq mi (3,579 sq km)
SUrface area.....eveeeeeecnnneneen. 79.8 sg mi (206.7 sq km)
Shoal Ared.....veir oo cneennns 20.5 sq mi (53.1 sq km)

or 25.7 percent of
surface area

L ength e et et e e e e e 20.9 mi (33.6 km)
AXis, 1ONg. v ittt ionscenncanneneacs west-northwest to east-
sotutheast
o o2 « A cee. 20 mi (32 km)
Prevailing winds. ... ... iiiorecnonennsas west to northwest
Width
Maximum width...... e ... 5.5 mi (8.8 km)
Mean width. .. .o vrienreneeenon.. 3.8 mi (6.1 km)
Depth
Maximum depth. ....oeruernenennnens 55.0 ft (16.8 m)
Mean depth........cvivinveiineinann 22.% ft (6.8 m)
Shoal depth. .. ineneienunens 4.0 ft (4.3 m)
Volume (at 369 ft stage)...o.oeeneeinannn. 496 x 10% cu ft
(140 x 107 cu m)
Development of volume.................. ... i.2
Length of shoreline........ccciveiieinenne.. 54.7 mi (88.0 km)
Development of shoreline.................... 1.7
Stage
Normal summer stage................ 369 ft (112 m)
Normal winter stage..........c..o.. 366 ft (111 m)
Effluent discharge, mean......ooeeeeueesnons 1,563 miilion gallons
per day (59.2 x 107
m® per day)
Flow-through time.... ..o ereennnene 235 days
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Figure 3.--Area of lake bottom included at various depths
{from Greeson and Meyers, 1969).
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Transects as shown in figure 4
(from Greeson and Meyers, 1969).
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Geology

Oneida Lake was preceded by Lake lIrogquois, a large late-glacial lake,
which was also an ancestor of Lake Ontario and the Finger Lakes of central
New York. Lake lrogquois' level remained stable long encugh to develop
shoreline features that remained after the lake level dropped. Gravel and
sand were deposited along the shore in beaches, bars, spits, and deltas;
silt and clay were deposited in areas of deeper water.

Lake lroquois came into existence upon recession of the glacier from
the divide between the Oneida and the Mohawk basins. According to Hough
(1958), the east beach of Lake Irogquois extended northeastward to Covey
Hill, at the north end of the Adirondack Mountains and about 1 mile (1.6
kilometers) north of the international boundary in Ontario. During the
melting of the ice sheet, the level of Lake lroquois was maintained by an
outlet on the east. This is known as the Rome outlet (Muller, 1965). The
ice sheet to the north prevented outflow through the steeply sloping, broad,
Tow valley of the St. Lawrence River.

After the glacier wasted and receded from the Adirondack Mountains,
the drainage of Lake lroquois shifted to the St. Lawrence valley (MacClintock
and Terasmae, 1960). As the St. Lawrence outlet became ice-free, the level
of Lake lroquois gradually lowered. The final sequence in Lake lroquois
history was the formation of short-1lived Lake Frontenac (Leverett and Taylor,
1915). The episode was brief, and no separate shorelines are referable
to the event.

Radiocarbon dating by Karrow and others (1961) showed that Lake
lroquois existed for about 2,000 vyears, from 12,500 tc 10,500 years ago.
Oneida Lake, therefore, has been in existence for about 10,000 years, and
part of its watershed was once the bottom of an inland freshwater sea.

Cicero and Canastota Swamps, now mucklands, were originally part of
the historic lake sequence, but it is not clear how much time elapsed before
these areas became fiiled. A col at an altitude of 395 feet is located
near Lakeport. Another col existed near Bridgeport. The areas south of
the two cols are now drained by Chittenango Creek and Canaseraga Creek;
they consist of extensive muck and (or) peat deposits overlying well-
preserved, charophytically deposited marl., Peat and marl can be readily
observed at Oniontown, about 2 miles (3.2 kilometers) southeast of
Lakeport. Bays of early Oneida Lake probably extended into these two areas.
Upon separation from the lake proper, the two bays became shallow ponds
and, finally, filled.

Geologic history and resulting physiographic setting of Oneida Lake
are significant because a large part of the nutrients entering any lake
become entrapped within it and, ultimately, become part of the bottom
sediments. Therefore, part of the bottom sediments with the accumulated
nutrients of Lake iroquois are now the fertile soils of the drainage basin
of Oneida Lake. Drainage from these lands brings into the lake an abundance
of soluble minerals and dissolved organic materials (Pearson and Meyers, in
press), which become nutritive matter for plants, enrich or fertilize the
water of the lake, and make it a favorable culture medium for aquatic
vegetation.

mig.&.




Physiography

Oneida Lake drainage basin is underlain by sedimentary bedrock of
Paleozoic age (Broughton and others, 1962), which is undeformed but includes
rock units that differ widely in their resistance to ercsion. The differ-
ences are reflected in three physiographic regions: Erie-Ontario Lowland,
in which Oneida Lake is positioned, and Tug Hill and Appalachian Uplands,
which border it on the north and south, respectively (Muller, 1965).

Tug Hill Upland, a plateau remnant preserved by the erosional
resistance of Ordovician Oswego Sandstone {Muller, 1965), has altitudes
approaching 1,950 feet (600 meters).

The northern part of Appalachian Upland is delineated by a north-facing
escarpment in the Oneida Lake basin. The escarpment is indented by short
north-trending streams with steep gradients and small drainage basins. The
altitude at the crest of the escarpment is about 2,000 feet (610 meters).

Erie-Ontario Lowland is a relatively flat region lying entirely below
an altitude of 820 feet (250 meters) and averaging about 400 feet (120
meters). The lowland includes the plains bordering Lake Ontario and merges
east of Oneida Lake with the lowlands through which flow the Mohawk and
the Hudson Rivers. Erie~Ontario Lowiand differs from the uplands only
because of the erosional susceptibility of its underlying bedrock (Muller,
1965). The bedrock is composed of shale, limestone, and minor amounts of
sandstone and is overlain with as much as 100 feet (30 meters) of unconsol-
idated glacial deposits. The limestone units form low ridges (called
Hcuestas'') trending east to west. The topography of the lowland is strongly
drumlinized because of extensive glacial modification.

Oneida Lake is the latest water-level stand in a sequence of shrinking
and lowering lakes developed in Erie-Ontaric Lowland since glaciation. The
prolonged stand of Oneida Lake at a surface altitude of about 369+ feet
results from a balance of hydrologic and morphologic conditions.

Pearson and Meyers (in press) state that the Oneida Lake drainage
basin could be divided into five hydrochemically distinct and internally
homogeneous terranes, exclusive of the lake itself. They are Tug Hill,
Lake Plain, Till, Sand and Gravel, and Salina Group Terranes (fig. 8).

Tug Kill Terrane forms 36 percent of the drainage basin and consists
entirely c¢f Tug Hill Upland. It includes most of the region north of the
lake and is underlain by chemically unreactive earth materials. The pre-
dominant rock is sandstone that is highly resistant to arosion.

Lake Plain Terrane surrounds Oneida Lake and forms 21 percent of the
drainage basin. It consists of the Erie~Ontario Lowland described earlier.

The three other terranes form the Appalachian Upland part of the
drainage basin. Till Terrane consists of poorly sorted ice-laid glacial
deposits with small areas of sand and gravel. These deposits are virtually
chemically unreactive. Seventeen percent of the drainage basin is encom-
passed by Till Terrane.

- 16 -
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Figure 8.--Oneida Lake drainage basin showing five hydrochemically
distinct terranes (from Pearson and Meyers, in press).

Valley Heads Moraine (Muller, 1965} forms the Sand and Gravel Terrane,
which is interspersed in the Till Terrane. Well-sorted sand and gravel
as well as silt and clay are interbedded with till in these areas that yield
relatively large amounts of ground water to the streams. The materials
in this 6 percent of the drainage basin have a low content of soluble or
reactive mineral matter.

Only one of the consolidated geologic units in the basin has an ap-

preciable direct effect on the hydrochemistry of the streams (Pearson and
Meyers, in press). This unit is the Salina Group Terrane, which consists of
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Yernon Shale, Syracuse Salt, Camillius Shale, and Bertie Limestone. Ranging
from 700 to 900 feet (213 to 27k meters) in thickness (Leutze, 1964), it

is exposed along the lower edge of the escarpment bordering the Appalachian
Upland. The group crops out along the sides and the bottoms of some of the
deeper valleys cut into the escarpment and extends under the unconsolidated
materials in the Erie-Ontario Lowland south of Oneida Lake. The Salina
Group Terrane forms 1h percent of the drainage basin.

Salina Group is easily erodable and contributes substantial quantities
of dissolved minerals to the streams. These minerals are primarily calcium
bicarbonate and calcium sulfate, which originate in carbonate rock (dolo-
mite) beds and shale beds that contain lenses and numerous disseminated
grains of gypsum. The Syracuse Salt of the group contains beds of sodium

chioride, which are in contact with ground water.

Data used to prepare figure 8 suggest that the 43 percent of the
irainage basin north of Oneida Lake contributes 67 percent of the water
and only 18 percent of the dissolved solids entering the lake. On the
other hand, the 51 percent of the drainage basin south of the lake delivers
33 percent of the water and 82 percent of the dissolved solids.

Composition of the terrane of each major tributary to Oneida Lake is
given in table 2.

Cultural Development and Land Uses

Oneida Lake was first visited in the autumn of 1615 by Samuel D.
Champlain; but it was not until 1789 that the first resident settled at
Fort Brewerton. The first village, New Rotterdam (now called 'Constantia'!),
was established in 1798.

Construction of the Erie Canal in the early 1800's and development of
a side-cut from Wood Creek to the canal at Higginsville opened Oneida Lake
as a trade route. Development of the lake rapidly increased. A lock and
dam were built on the Oneida River at Oak Orchard in 1840 for the improve-
ment of navigation, which was further enhanced by the completion of a lock

at Caughdenoy in 1841. The first steamboat was placed on the lake in 1846.

By the late 1840's, cultural development of the lake had increased
considerably. Through-dredging was completed in 1848, and the first plank
road was laid along the north shore in 1849. This permitted stage coaches
to travel between Syracuse and the rapidly growing villages along the lake.
A railroad was built along the north shore in 1868 to increase the shipment
of lumber, leather, and window glass, which were manufactured in Cleveland.

Caughdenoy Lock and Dam was constructed in 1910, and, with the comple-
tion of the New York Barge Canal in 1916, Oneida Lake became a vital link
in the route between the Eastern United States and the Great Lakes.

Today, the eastern part of the Barge Canal between Oswego and Albany

is heavily traveled. The total freight tonnage in 1962 was approximately
1.5 million. The number of boats carrying this tonnage was estimated at

- 18 -




‘sueddsl dnody euljeS = [9% pue ‘auedus]
[9ABIY pUB DUBY = 8 PUB § ‘SUBUIS] |1l = || ‘OUBJLIDL UlB|d 3BT = 147 ‘suedda] [|IH
Bnl = LHL ‘®|lW s4enbs 31ssieau 01 papunos sanjep  C(SS4d Ul) SA2A9 pue UOSIEIJ WOL4

o 61 9 28 L1 9¢7 1z €92 9¢ 609 001 2851 Aouspybne)
SACQE UlSEQ [B3O)

- - - -- - - . -- - - g 86/ oxev eplaug

Ul 01 -~ ot - - A 08l iz e gl a4z sesue pabebup

97 g 0¢ £9 £5 991 { i - - 14 hle eed) obueusillyg

9 [44 i 3 Lz gl 8 9 - - K] ¢'69 eed] Uo|esency

8¢ 71 - - 7y 8 - —— - - { 102 seedy ebedsseue)

1

q¢ LYy A 91 39 1% 0z 9¢ - - 0t £ed A88d] Bpiaug o
- -~ - - -- S ZL 99 82 gz g §°06 @ed] poop M
- - - - - - e -= 001 ggt el 381 }88.dg Ysid yosuedg 1sey

- - - - - - - -~ 00t %0¢ 51 70¢ A89d] Ysid youedg Jssp

- o - - -- -~ z | 86 LS ¢ 7' gt A9947 Bqi4og
jues  jw bs  jued  tw bs juen  jw bs juss  jw bs  jusn  jw bs RREER! jw bs
-aad ~aad -Jad -Jad -4ad -Jdad urseqgng

198 9 pue s Ll 1d1 LHL eody sbeujeuq

EPEREET

souelJ21 BUIING14IUOD JO seade pue uiseq sbeuledp oyeT BplOUQ U] SUISEqQNS JO $8Z(S sA|le|8Y--"7 2|qel



ut 750 (U.S. Congress, House of Representatives, Subcommittee of the
ittee on Government Operations, 1966).

C’) i})

T
1

The number of dwellings on the shore of UOneida Lake increased more
than 9 times between 1900 and 1960 (table 3). A cursory survey indicates
that most of these dwellings are for permanent residence; the remainder
are used as temporary or short-term housing during the summer. On the basis
of the average size of a household in the 1960 census, the population of the
shoreline increased from 1,600 in 1900 to 14,100 in 1960. In addition to
the permanent population, more than 1 million sportsmen and water enthusiasts
visit the area annually (U.S. Congress, House of Representatives, Subcom-
mittee of the Committee on Government Operations, 1966).

For this report, the shoreline of Oneida Lake has been defined as
extending from the water edge back 0.2 mile (320 meters). In 1900, 71
percent of the shoreline was undeveloped forestland or wetland. In 1960,
the extent of undeveloped land had decreased to less than 50 percent of
the total. Development has been greatest along the south shore. This is
shown in table 3 by the increase in number of dwellings from 168 in 1900
to 2,582 in 1960--a 1,540 percent increase, or a rate that is almost three
times faster than the development along the north shore. Construction of
residential areas along the south part of Oneida Lake is continuing today.
The information for table 3 was obtained from old and new U.S. Geological
Survey topographic maps, U.S. Lake Survey maps, and aerial photographs.

Oneida Lake is used extensively for recreation. A recreational survey
by the New York Conservation Department (T. King, written commun., 1969)
found 85 commercial recreational facilities. These included 24 private
beaches with a capacity of about 5,700 persoms, and marinas for about a
000~ boat capacity, with the tie-up capacity for another 6,300 boats.

There are about 40 commercial boat taunch ramps around the iake In addi-
tion, New York State maintains three public launch sites at Delmarter Bay,
Godfrey's Point, and Three Mile Bay. About 35 picnic areas are available

o the public.

Sylvan Beach, a public beach, and Verona Beach State Park offer
virtually unlimited facilities for swimming and picnicking. Records from
Vercona Beach State Park indicated an attendance of 161,207 persons during
the 1968 season.

More than 5,000 boats have been reported using Oneida Lake on a
typical summer day (Federal Water Pollution Control Administration, 1968).
An aerial survey by the New York Conservation Department on August 3, 1969,
showed 985 motorboats, 140 sailboats, 50 yachts, 230 rowboats, and 120 water
skiers at 1530 hours.

A similar aerial survey at 1500 hours on February 25, 1968, counted
LD snowmobiles, 5 automobiles, and 100 persons ice fishing. Oneida Lake
is a truly vear-round recreational lake.

Grosslein (1961) estimated that during the summer and the winter of
1959-60, more than 1.3 million man-hours were spent by fishermen on Oneida
Lake., He estimated the catch of walleyed pike (Stizostedion vitreum),
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smallmouth bass (Micropterus dolomieui), and yellow perch (Perca flavescens)
to total about 690,000. This was in addition to the catch of other fishes.

Artificial propagation of walleyed pike is done at New York State's
Fish Hatchery at Constantia. The culture of walleyed pike was started in
1893. During a normal spawning season, a total of 315 million eggs are
processed (N. Youmans, written commun., 1967).

According to the LUNR (Land Use and Natural Resources) program developed
by the Center for Aerial Photographic Studies at Cornell University (R. L.
Sheldon, written commun., 1970), the drainage basin north of the lake is
primarily undeveloped forestland and wetland. About 76 percent of the area
is undeveloped. Only 15 percent of the north part of the basin is used for
farming, whereas less than 1 percent of the north area is used for resi-
dential and commercial purposes.

In the south part of the basin, about 56 percent of the land is farmed.
Dairy farms are numerous in the Appalachian Upland region, and truck farming
is common in the Lake Plain south of Oneida Lake. Principal crops are
onions, carrots, and potatoes. About 33 percent of the south basin is
undeveloped forestland and wetland. Five percent of the south area is
used for residential and commercial purposes. This latter includes the
east fringes of the city of Syracuse.

Table 4, developed from the LUNR program, shows land uses of the trib-
utary basins to Oneida Lake and for the entire basin above Caughdenoy Dam.
More than 54 percent of the total drainage basin is undeveloped (that is,
forestland and wetland), and about 35 percent is used for farming. Oneida
Lake drainage basin, therefore, can be considered primarily rural.

Population of the basin is greatest south of the lake. About 85,000
people (U.S. Congress, House of Representatives, Subcommittee on Government
Operations, 1966) in 17 major communities live in the drainage basins of
Chittenango, Canaseraga, and Oneida Creeks. Eight of the communities,
exclusive of Syracuse, are sewered and have primary sewage-treatment facili-
ties. The population served by these facilities totals about 29,800 (Federal
Water Pollution Control Administration, 1968).

Only about 6,200 persons reside in the sparsely populated area north

of Oneida Lake. They are concentrated in seven major communities, only
one of which is partly sewered.
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Table L4.--Percentage land uses of the Oneida Lake drzinage basin

Residential

Drainage basin and Farmland Forestiand Wetland Othei
commercial uses
Scriba Creek <1 15 53 31 <]
West Branch Fish Creek <1 16 68 13 2
East Branch Fish Creek <1 7 78 13 ]
Wood Creek 2 34 L6 13 5
Oneida Creek 3 £2 30 2 3
Canaseraga and Cowaselon 3 61 28 6 2
Creeks
Chittenango Creek 6 50 28 7 9
Ungaged areas 3 38 Lo 16 3
Lake surface 0 0 0 0 100
Total basin above 3 35 43 11 8

Caughdenoy Dam

! includes water surfaces, transportation surfaces, industrial and

extractive areas, and natural sand and rock surfaces.
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Sampling Network

Routine field investigations of chemical and biclogical characteristics
of Oneida Lake and drainage basin were started in May 1967 and continued
until October 1969. A network of 25 sampling stations was established for
uniformity in sampling. Locations of 16 lake stations plotted on figure 9
are given in table 5. The remaining nine stations will be discussed later.

During a few periods of adverse weather, when sampling was impossible
by boat, samples were collected from station 21b at the outlet of Oneida Lake
at Brewerton. Analyses of samples collected at that location and at station
21a are reported as data for station 21 (table 33.)

Mid-lake sampling stations (8, 12, 15, 18, and 2la) were located at
navigation buoys of the New York State Department of Transportation. The
other 10 sampling stations were marked by location buoys. Each international
orange location buoy, shown in figure 10, was constructed of Styrofoam
and measured 22 x 22 x 8 inches (56 x 56 x 20 centimeters). A steel rod,

3 feet (0.9 meter) in length, was mounted through each buoy and a red flag
was attached. The buoy was anchored by a 150 pound (68 kilogram) block of
concrete. The buoys were visible with the unaided eye at a distance of
about 2.5 miles (4.0 kilometers).

To determine the relative contributions of water and dissolved solids
from each of the tributaries to Oneida Lake, a network of nine tributary
stations was established, including a station at Caughdenoy Dam to measure
the total outflow from the drainage basin. Methods for determining water
and nutrient budgets from the subbasins are discussed in later sections
of this report.

Locations of the sampling stations (fig. 11 and table 6) were
selected because of their proximity to the lake and immunity from lake
backwater. The stations coincided with either continucus-recording stream-
gaging stations or long-term partial surface-water record stations. The
stations are shown in figures 12 through 16.

For this report, reference to a tributary or tributary basin includes
that part upstream from the respective sampling station. Ungaged areas
include downstream parts of the drainage basin that are not inciuded in the
sampling-station network.
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Table 5.--Approximate locations of sampling stations on Oneida Lake

U.s.
Sampling Geological )
station Survey Location
station

8 0h245904 75°45" W, about 1 mile north of south
shore (South Bay)

9 04245900 75°45" W, midlake at buoy 107-FIW

10 04245901 75°45% W, about 1 mile south of north
shore (North Bay)

11 04245932 75°50' W, about 1 mile north of south

shore (Lakeport Bay)

12 0k245934 75°51" W, midlake at buoy 117-F1W

13 0Lk245940 75°52% W, about 1 mile south of north
shore

14 oh2h595h 75°55% W, about 1 mile north of
Shackelton Point

15 04245955 75°55¢ W, midlake at buoy 123-F1W

16 04245961 75°56' W, about 1 mile south of north
shore

17 0Lk245978 76°00" W, about 1 mile north of south
shore {Maple Bay)

18 04245970 75°59' W, midlake at buoy 129-F1IW

19 04245975 76°00' W, about 1 mile south of north
shore between Little lsland and
Long lsland

20 04245988 76°0L4" W, about geographical center
of Lower South Bay

21a 04245995 76°05" W, midlake at buoy 134-FIR

21b 04246000 Below U.S. Highway 11 bridge at gage
house in Brewerton (lake outlet)

22 04245998 76°07"' W, about geographical center

of Big Bay
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Figure 10.--Sampling-station location buoy. C, Coupler; EB, Eye Bolt;
N, Nut; SC, Steel cable; SP, Steel plate; and SR, Steel rod.
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Table 6.--Locations of sampling stations in Oneida Lake drainage basin

u.s.
Sampling Geological i .
station Survey Location
station

C 04246601 Oneida River below dam at Caughdenoy

0 04245840 Scriba Creek at bridge on road to
Ingersoll Cemetery near Constantia

1 04241200 West Branch Fish Creek at bridge on
McConnelsville-Blossvale Road, 0.4
mile southwest of Blossvale

2 04242500 East Branch Fish Creek at bridge on
State Highway 69 at Taberg

3 04242800 Wood Creek at bridge on State Highway
kg, 1.2 miles north of New London

L 04243530 Oneida Creek at bridge on State High-
way 31 at Oneida Valley

5 04243700 Canaseraga Creek at bridge on Tag
Road, 3.4 miles southeast of
Lakeport

6 04243800 Cowaselon Creek at bridge on Gees Road
at Oniontown (2.7 miles south of
Lakeport)

7 04245500 Chittenango Creek at bridge on State

Highway 31 at Bridgeport
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Figure 12.--Caughdenoy Dam on the Oneida River (sampling station C).
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Figure 13.--A. Scriba Creek near Constantia (sampling station0).
B. West Branch Fish Creek near Blossvale (sampling station 1).



Figure 14.--A. East Branch Fish Creek at Taberg (sampling station 2)
B. Wood Creek near New London (sampling station 3).




Water Resources

Water in Oneida Lake is from precipitation directly on the lake sur-
face or watershed. Some of the precipitation returns to the atmosphere by
evapotranspiration. The remainder flows through the basin into the lake
and drains from the basin by the Oneida River.

The amount of precipitation on the basin varies arealily from north to
south. South of Oneida Lake, precipitation generally ranges from 38 inches
(96.5 centimeters) to 42 inches (106.7 centimeters) per year and averages
k0.2 inches (102.1 centimeters) (fig. 17).

The area north of Oneida Lake lies in the snow-belt and has a high
annual rate of precipitation and large accumulations of snow because of
strong, water-laden prevailing winds off Lake Ontario. The higher altitude
of the area (for example, Tug Hill) cools the easterly moving air masses to
produce precipitation. The mean annual precipitation in the north part of
the basin is 49.1 inches (124.7 centimeters) and generally ranges from 40
inches (101.6 centimeters) to 60 inches (152.4 centimeters).

Mean annual precipitation on the drainage basin of Oneida Lake is 44.0
inches (111.8 centimeters). Direct precipitation on the surface of Oneida
Lake is 38.5 inches (97.8 centimeters) per year. The mean annual precipita-
tion for each of the sub-basins is listed in table 7.

The difference between amount of precipitation on the drainage basin
of Oneida Lake and amount of water flowing into the lake represents evapo-
transpiration from the basin. The amount of ground water, to be discussed
later, is included in the surface-water runoff. The total discharges of
the subbasins is 2,388 cubic feet (67.6 cubic meters) per second, which
equals about 1,729,000 acre-feet (213 x 107 cubic meters) of water per year.
Forty-four inches (111.8 centimeters) of precipitation on 1,302 square miles
(3,359 square kilometers) of watershed is equal to about 3,070,000 acre-feet
(379 x 107 cubic meters) of water. FEvapotranspiration from the drainage
basin is the difference between the two volumes (precipitation and discharge),
or about 1,341,000 acre-feet (165 x 107 cubic meters) or 19.2 inches (48.8
centimeters) per year. Therefore, 56 percent of the precipitation on the
drainage basin eventually flows into Oneida Lake,

Ground water is not lost from the basin's hydrologic system because
it flows to the lowest levels, the valleys containing tributaries to the
lake. Ground water may discharge to the streams by springs or, more com-
monly, by imperceptible seepage. During prolonged dry periods, seepage
contributes most of the streamflow. Low-flow discharges from the major
tributaries to Oneida Lake are listed in table 7.

For the basin as a whole, the lowest level of the water table is Oneida
Lake. Kantrowitz (1970} estimates that, at maximum, no more than | percent
of the water entering Oneida Lake is ground water. Pearson and Meyers (in
press) indicate that ground-water contribution to the lake is closer to
0.1 percent of the total inflow. In either case, the percentage contribu-
tion is well within the margin of error in computation; therefore, ground-
water inflow to Oneida Lake can be considered as negligible.
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Figure 17.--Mean annual precipitation for Oneida Lake drainage
basin, 1931-60 (0. P. Hunt, written commun., 1969).
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Table 7.--Precipitation and discharge for the subbasins
in the Oneida Lake drainage basin

Mean annual Mean annual

Drainage basin precipitation discharge! LO?Cgl?WZ
(inches per vyear) {cfs) (cfsm)

Scriba Creek LL 6 80 2.08 7
West Branch Fish Creek L3 R hgg 2.45 65
East Branch Fish Creek 55.1 555 2.95 21
Wood Creek 43.3 140 1.55 ==
Oneida Creek 4o.5 173 1.30 25
Canaseraga Creek 4,2 27 1.36 2.5
Cowaselon Creek 39.8 95 1.38 14
Chittenango Creek 0.6 L2sg 1.35 35
Ungaged areas 39,5 394 1.61 -
Lake Surface 38.5 -- - --
Total basin

(at Caughdenoy Dam) 3.7 2,390 1.73 112

! values represent discharge for standard period, 1931-1960.
2 Values represent discharge for 7 day-2 year recurrence intervals.

Streamflow in the basin varies with the amount of precipitation.
During pericds of heavy rainfall or snow melt, overland runoff causes
occasional floods. The annual high flow in tributaries to Oneida Lake
generally can be expected during April; low flow occurs during August or
September.

Amount of water in the basin varies annually because of variations in
precipitation. For many streams, long periods of continuous records are
available from which mean annual flows and flows at other time intervals
can be estimated. The same information can be obtained by a variety of
methods (Hunt, 1963, and Riggs, 1968) for ungaged streams or for those
streams where only a few instantaneous discharge measurements have been
made. For uniform comparison, mean annual discharges of the tributaries
to Oneida Lake and of the entire basin have been estimated for a standard
30-year period, 1931-1960 (0. P. Hunt, written commun. 1969) (table 7).
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During the 3%-vyear study, discharge past Caughdenovy Dam varied slight-
ly from the long-term average of 2,390 cubic feet (67.7 cubic meters) per
second. In the 1967 water vear (that is, October 1966 through September
1967), average outflow was 1,819 cubic feet (51.5 cubic meters) per second
or 23.9 percent lower than the long-term average (U.S. Geological Survey,
1968). The 1968 and the 1969 water years were above average; the flows
were 2,647 cubic feet (75.0 cubic meters) per second and 2,897 cubic feet
(82.0 cubic meters) per second, respectively (U.S. Geological Survey, 1969b
and 1970b). They represented a 10.8 percent and a 21.2 percent increase
over the long-term average.

Evaporation from Oneida Lake was determined indirectly as the differ-
ence between the evapotranspiration from the total drainage area above
Caughdenoy Dam and the evapotranspiration from the drainage basin of the
lake. This can be expressed as:

E, e = ET

LS - ET

DA DB,

where E; ¢ is the annual rate of evaporation from the lake surface times
79.8 square miles (206.7 square kilometers), ETpp is the evapotranspiration
from the total drainage area above Caughdenoy Dam times 1,382 square miles
(3,579 square kilometers), and ETpg is the evapotranspiration from the
drainage basin of Oneida Lake times 1,302 square miles (3,359 square kilo-
meters) . ‘

The method used for estimating evapotranspiration from the drainage
basin of Oneida Lake was also used for estimating evapotranspiration from

the drainage area above Caughdenoy Dam. Table 7 shows that the annual
precipitation in the area above the dam equals 43.7 inches (111.0 centi-
meters), or about 3,220,000 acre-feet (397 x 107 cubic meters). Mean
annual discharge past the dam is 2,390 cubic feet (67.7 cubic meters) per
second or about 1,730,000 acre-feet (213 x 107 cubic meters). Evapotrans-
piration from the drainage area above Caughdenoy Dam is the difference
between the two volumes or about 1,490,000 acre-feet (184 x 107 cubic
meters) or 20.2 inches (51.3 centimeters) per year.

Use of the preceding equation shows that evaporation from the surface
of Oneida Lake is about 36 inches (92 centimeters) per year.

Water in Oneida Lake, as indicated by stage and (or) volume, repre-
sents a dynamic equilibrium of hydrologic conditions (fig. 18). The stage
of the lake at about 369 feet (112 meters) altitude is maintained by an
equal inflow and outflow of water. When inflow exceeds outflow, as during
the annual spring runoff, the stage of the lake rises. When outflow through
the Oneida River exceeds inflow to the lake, as during the dry months of
August and September, the stage of the lake gradually lowers.
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Figure 18.--Water budget of Oneida Lake.

Bottom Sediments

The major quantity of sedimentary materials in a lake is derived from
decaying plant and animal matter and from the sediments originating in the
lake's drainage basin. Tributaries to Oneida Lake carry solid materials,
both mineral and organic in origin. Some of the materials are in colloidal
suspension, and some are maintained in suspension by upward components of
turbulent currents. Other solids are carried in the bedload sediment. The
ability of each stream to transport sediment varies proportionally with
velocity; therefore, some sediment deposition normally occurs whenever the
velocity of a sediment-laden stream decreases. Because the velocity of a
stream decreases abruptly where the stream enters the lake, deposition
occurs. The relative size of deposited particles decreases with increased
distance from the mouth of the tributary.

The near-shore bottom sediments in Oneida Lake generally are charac-
teristic of the surficial geology of the watershed drained by each stream,
For example, the vast deposits of sand in the eastern part of the lake
typify sandstones in the watersheds of Fish and Wood Creeks (fig. 19).
Long-shore currents and wave action account for shifting of the sandy
sediments.
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Figure 19.--Development of sandy beaches in the scutheastern part of Oneida
Lake. (Photograph courtesy of Rome Air Development
Center, Griffiss Air Force Base, New York.)
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Sediments of the deeper lake consist of fine materials such as silt,
clay, and precipitated collicids transported by currents. In some places,
significant quantities of sediments are the remains of plant and animal
matter.

Organic matter, whether allochthonous (from the tributaries) or
autochthonous (produced in the lake), decomposes and oxidizes in the aer-
obic (oxygenated) parts of the lake. Organic deposition, during periods
of large algal blooms and in anaerobic zones, occurs when biological
production exceeds oxidizing capacity of the water. This results in
higher concentrations of organic detritus in the bottom sediments of deep-
water areas. Highly productive areas of the lake, as in a bay choked with
vascular vegetation, also exhibit accumulations of organic debris.

During this study, types and distribution of bottom materials in
Oneida Lake were determined from several hundred Eckman dredge samples
taken randomly. Sediments from deep-water areas were sampled with a
Peterson dredge (fig. 20A). Additional information was obtained by visual
observation of divers and by visual surveys of nearshore areas.

Bottom materials from 27 locations in Oneida Lake were obtained on
May 8, 1968, and again on August 1L, 1969. The character of these mater-
ials was determined by the methods of Mahin and Carr (1923). Results are
shown in table 8.

On the basis of composition and size of materials, bottom sediments
of Oneida Lake can be divided into five types: (1} cobble and rubble,
(2) gravel, (3) sand, (&) silt and clay, and (5) mud. Areal distribution
of bottom materials in Oneida Lake is illustrated in figure 21.

Mud, as defined for this report, includes a mixture of silt, clay,
and organic matter; it has the appearance and texture of black ooze. Cob-
ble and rubble in Oneida Lake date from glacial times and were deposited
as drumlins (Baker, 1916c). Four major drumlins exist in the lake; the
largest is Shackelton Shoals. The others in order of decreasing size
include Pancake Shoals, Frenchman and Dunham Isiands, and Messenger
Shoals. Gravel also was glacially deposited.

Silt and clay, the dominant sedimentary material, occupies 32.2
square miles (83.4 square kilometers) or 40.3 percent of the bottom of
Oneida Lake. Mud occupies 22.0 square miles (57.0 square kilometers) or
27.5 percent of the bottom; sand, 1L.1 square miles (36.5 square kilo-
meters) or 17.8 percent; cobble and rubble, 8.1 square miles (21.0 square
kilometers) or 10.2 percent; and gravel, 3.4 square miles (8.8 square
kilometers) or 4.2 percent.

Except for higher concentration of organic matter, mud has a composi-
tion similar to that of silt and clay. Distribution of mud, in most loca-
tions, is below the contour depth of oxygen stratification. (See 'Vertical
Stratification.'')

Oneida Lake was originally mapped in 1911 by the U.S. Army Corps of
Engineers (1912a, 1912b). Concurrent observations of bottom types were
made. A comparison of these early observations with the present distrib-
ution of bottom materials indicates only minor, insignificant changes in
the past 60 years.
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Figure 20.-~Collection of bottom samples from Oneida Lake with
Peterson dredge (A) and piston corer (B).
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Table 8.--Composition of bottom materials at selected

locations in Oneida Lake

Type of bottom material (in percent)

Locat ion Cobble Silt )
and Gravel Sand and Organic
rubble clay1
Sampling station 8 -— -- 66.7  33.3 5.4
Sampling station 9 -- -- 58.0 42.0 2.4
Sampling station 10 - -— 51.3  48.7 8.2
At buoy 109-F1W - - 2.0 98.0 10.1
At buoy 113-F1W -- -- 2.8 97.2 11.0
150 yds north of Bushnell Point - -- 93.4 6.6 .9
Sampling station 11 -- .- 9.4  90.6 7.1
Sampling station 12 - -- 1.0 99.0 9.0
Sampling station 13 - - .9 99,1 11.6
200 yds north of Canaseraga - - 70.0 30.0 6.1
Creek mouth
LOO yds south of Cleveland -- 100 -- -- --
1,000 yds south of buoy 121-FIW 100 -- - - -
200 yds east of Shackelton Point 100 -- -- - --
Sampling station 14 -- - 27.8  72.2 5.8
Sampling station 15 100 - - - -
Sampling station 16 -- -- 2.7 97.3 9.2
200 yds south of Bernhards Bay -- -- 82.0 18.0 1.7
200 yds west of Chittenango - -- by 58.9 2.6
Creek mouth ‘

Sampling station 17 -- -- 1.2 98.8 10.8
Sampling station 18 -- -- 9.2 90.8 7.1
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Table 8.--Composition of bottom materials at selected

locations in Oneida Lake {(Continued)

Type of bottom material (in percent)

Location Cobble Silt )
and Gravel Sand and Organic
rubble clay1
Sampling station 19 -- - L6 95.4 3.4
LoO yds east of Dunham Island -- -~ 38.1 61.9 3.4
Center of Threemile Bay - -- 100.0 - .
Sampling station 20 - - 42 .1 57.9 10.7
400 yds west of Frenchman Isltand 100 - -- - -
Sampling station 21 - -— 20.5 79.5 5.2
Sampling station 22 e - 39.6  60.4 5.4

! Includes organic fraction.

Dredging Practices

The Syracuse District Office, New York State Department of Transporta-
tion, is responsible for dredging in Oneida Lake. Periodical dredging
maintains a water depth of 14 feet (4.3 meters) in the New York Barge Canal,
which extends the tength of the lake. Dredging has not been necessary since
the middle of 1950 (New York Department of Transportation, written commun.,
1968). Dredging spoils were placed at the entrance of Big Bay, along the
shore west of Long Point and west of Dunham Island.

Oneida Lake was dredged every 5 or 6 years near Sylvan Beach from 1929
to 1948. The lake was last dredged in that area in 1950. Dredgings were
deposited north of the canal channel behind the breakwater, south of the
channel, and occasionally in deep water. In the 1950's or early 1960's,
the lake at Brewerton was dredged for construction of Interstate Highway 81.

Depth soundings are made each spring along the Barge Canal and in some
tributaries flowing into the east end of Oneida Lake. The canal and the
tributaries such as Fish and Wood Creeks are dredged annually wherever re-
quired. Annual dredging spoils of 350,000 to 400,000 cubic yards (268,000
to 306,000 cubic meters) are placed behind levees at the Rome summit.
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Vertical Stratification

A take in the temperate zone will generally undergo seasonal varia-
tions of temperature through the water cclumn. These variations, with
accompanying thermal stratification, are perhaps the most influential
factors within a lake and are the substructure upon which the entire bio-
logical framework rests.

Generally and briefly, a lake is homothermous during the spring (fig.
22). As air temperature rises, the temperature of upper layers of water
also rises; and upper layvers mix with lower layers. By late spring or
early summer, differences in thermal resistance cause the mixing to cease
ard the lake approaches thermal stratification of the summer season. In
this period, the warm upper layer of water (the epilimnion) is isolated
from the cold lower layer (the hypolimnion) by the thermocline. When
thermal stratification becomes established, the lake enters the summer
st-qnation period (the period when the hypolimnion becomes stagnated).

As the temperature of air decreases in the fall, the temperature of
the epilimnion also decreases. Successive cooling through the thermocline
to the hypolimnion results in a homothermous condition. The lake then
enters the fall circulation period (sometimes referred tc as the ''fall
turnover'') and is again subjected to mixing.

Declining air temperatures and formation of an ice cover in the winter
produce an inverse, but subtle, thermal stratification in which the densest
water occupies the deeper parts of the lake. With the coming of spring and
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Figure 22.--Seasonal temperature variations in a temperate lake
and generalized thermal stratification during
the summer season (Greeson, 1969).
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gradually rising air temperatures, the ice begins to melt and the tempera-
ture of the surface water rises. The lake again becomes homothermous and
spring circulation begins.

The most important phase of the thermal regime of a lake, from the
standpoint of eutrophication, is the summer stagnation period. The hypo-
Pimnion, by virtue of its stagnation, becomes the zone of entrapment for
inflowing materials and for decaying plant and animal matter. Because of
the entrapment, less nutrients for algae are available during the critical
growing season.

The hypolomnion becomes anaerobic, or devoid of oxygen, because of
increased content of highly oxidizable material and separation from the
atmosphere. In the absence of oxygen, conditions for chemical reduction
become favorable (Hasler, 1947) and a part of the chemical constituents of
the bottom materials are released into solution. During the fall circula-
tion, nutrients are distributed through the water column for reuse during
the following growing season. A continual supply of nutrients from the
drainage basin, therefore, is not mandatory for sustaining continued plant
production. Fruh (1967) stated that, after an initial stimulus, recycling
of nutrients in a lake might be sufficient to sustain highly productive
conditions for a period of years.

Oneida Lake did not thermally stratify during the summer but did
exhibit near-anaerobic conditions in the lower layers of water during the
the growing seasons of 1967 and 1968. Figure 23 shows that water tempera-
ture gradually deciined from surface to bottom. Mean variations in vertical
profiles were 4.4°C (Celsius) in 1967 and 3.0°C in 1968. Maximum variation
in temperature in the growing season of 1967 was 9.9°C on June 13 (table 9).
Maximum variation in temperature in the growing season of 1968 was 7.4°C on
July 17 (table 10). In the fall and the spring seasons, a homothermous
condition existed.

The vertical profile of temperature under ice cover had a typical, but
subtle, stratification. Figure 24 shows that the coldest water was near the
ice-water interface; the temperature increased with depth. The densest
water, with a temperature of 4°C, occupied the deeper parts of the lake be-
low a depth of about 45 feet (13.7 meters).

Even though Oneida Lake did not thermally stratify, dissolved oxygen
stratified sharply at an average depth of about 30 feet (9 meters) in the
growing season of 1967 and at about 32 feet (9.8 meters) in the same period
of 1968 (tables 9 and 10). Level of stratification was very pronounced.
High dissolved-oxygen contents (as much as 18 mg/1) were detected above
the level of stratification, and near-anaerobic conditions existed, at
times, below that ltevel. A low dissolved-oxygen content of 0.77 milligrams
per liter was measured on July 27, 1967.

Oxygen stratification generally began with the start of increased
phytoplankton production and accompanying increase of oxidizable mater-
jals. Figure 25 shows the depths of stratification in the growing seasons
of 1967 and 1968. Depth fluctuated with changes in phytoplankton produc-
tion. The longer period of stratification in 1967 resulted from the sub-
stantially larger phytoplankton population that vear.
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able 9.--Vertical profiles of water temperature and dissolved
oxygen, June through October 1967

(°C, degrees Celsius; ft, feet; mg/l, milligrams per
liter; D.0., dissolved oxygen)

Depth Temp D.O. Depth Temp D.o. Depth Temp D.0.
(fr) () (mg/1) | (ft) (°c) (mg/1) | (ft)  (°C) (mg/1)

June 6 June 13 June 20
0 19.4  9.58 0 23.5  8.19 0 22.0 7.75
10 7.5 §.52 10 211 8.45 10 21.4  7.64
20 5.5  9.09 20 17.7  7.74 20 19.9 6.80
30 13.6 7.64 30 15.8  6.46 30 16.4  h4.29
Lo 12.6  6.33 Lo 13.6  4.33 4o 13.8  3.56
June 27 June 30 July 1
0 22.k 9,05 0 20.8  9.33 0 22.4 8.33
10 20.8  8.79 10 20.8  9.33 10 21.5  8.05
20 20.1 8.08 20 20.8 9.22 20 21.0  8.00
30 18.9  6.63 30 20.4 9,19 30 21.0  7.81
Lo 17.0 4.83 Lo i7.1 2.22 Lo 18.6 5.05
July 4 July 10 July 14
0 21.6  9.43 0 25.2 9.82 0 24.3 7.52
10 21.5 14.72 10 22.9 8.78 10 23.5 7.36
20 21.5 11.17 20 22.2  8.12 20 22.8  6.22
30 20.4 8.1 30 21.8 7.17 30 21.5  4.78
Lo 18.9  6.37 4o 21.0  L.71 4o 20.4 3.24
July 18 July 27 August |
0 25.1 9.00 0 25.0 9.57 0 24.8  8.85
10 23.0 10.66 10 23.2 9.07 10 23.9  9.17
20 23.0  8.21 20 22.7  8.12 20 23.2 7.66
30 20.5 2.02 30 22, 7.18 30 23.0 7.25
Lo 18.3 1.12 4o 17.6 77 4o 21.9  6.77
August 10 August 17 August 22
0 23.5 10.09 0 23.8 10.09 0 2h.0  8.14
10 23.5  9.13 10 23.0  9.45 10 23.0 8.55
20 23.5  9.22 20 22.6  §8.69 20 22.5  8.13
30 23.5  9.13 30 22.1 7.89 30 22.5 7.57
Lo 21.6 1.07 Lo 21.2 2.70 Lo 21.8 1.16
September 27 October 9 October 30
0 18.1 9.92 0 15.8 9.84 0 11.6 10.20
10 17.9  9.68 10 15.8  9.84 10 11.0 10.20
20 17.5  8.97 20 15.8  9.84 20 11.0 10.00
30 17.5  8.66 30 15.8  9.70 30 11.0 10.00
Lo 17.2  7.66 Lo 15.8  9.54 Lo 11.0  9.80
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Table 10.--Vertical profiles of water temperature and dissolved

oxygen, June through October 1968

(°C, degrees Celsius; ft, feet; mg/l, milligrams per
liter; D.0., dissclved oxygen)

Depth Temp b.0. Depth Temp D.0. Depth Temp  D.O.
(ft)  (°c) Amg/1) | (ft)  (°c) {mg/1) § (ft)  (°C) (mg/1)

June 5 June 14 July 3
0 5.5 11.20 6] 8.6 10,44 0 20.0 8.20
10 15.2 11.20 10 18.5 10.60 10 19.8 8.10
20 15.0 11.50 20 18.3 10.00 20 19.4 8.05
30 4.5 10.30 30 18.1 9.85 20 18.2 6.25
4o 13.3 8.07 Lo 15.7 6£.07 Lo 16.5 L. 50
July 10 July 17 July 31
0 22.0 9.22 0 26.7 13.10 0 21.9 8.43
10 21.9 9.31 10 25.2 13,65 10 21.7 8.54
20 21.2 9.17 20 22.8 10.32 20 21.7 8.54
30 18.0 6.57 30 19.8 7.23 30 21.7 8.4t
Lo 17.3 b 48 Lo 19.3 6.02 Lo 20.8 ]
August 6 August 20 August 28
0 23.3 10.00 0 22.5 g9.01 0 21.8 11.00
10 23.0 10.40 10 19.0 8.80 10 21.8 10.65
20 22.2 10.00 20 18.4 8.71 20 21.7 10.32
30 22.2 9,12 30 18.1 8.46 30 21.5 10.05
4o 22.2 .25 Lo 18.0 7.92 4o 21.5 10.00
September 24 October 3 ‘
0 21.6 12.08 0 18.6 5.27
10 21.0 10.80 10 i8.6 £.27
20 20.5 9.80 20 18.6 5.18
30 19.6 7.42 30 18.6 5.18
Lo 19.2  6.04 Lo 18.6  5.15
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Mixing of the Water Body

One year before this journey in 1791, a Mr. Watson of Albany

took a trip through Oneida Lake and thus described it: ''It

is exceedingly turbulent and dangerous, a small breeze produc-
ing a short bobbing sea, in consequence of its shallow waters..."
(Landgraff, 1911, p. 15).

One of the principal mechanisms preventing thermal stratification in
Oneida Lake and, perhaps, the single most important factor affecting chem-
ical recycling processes of the lake is mixing of the water body. Because
the long axis of the lake lies in a nearly east-west direction, Oneida
Lake is constantly subjected to waves, seiches, and currents that are
produced primarily by the prevailing west and northwest winds.

Data from the U.S. Weather Bureau at Hancock Field in Syracuse (U.S.
Department of Commerce, 1967, 1968, and 1969) show that during calendar
years 1967 and 1968, winds were from the west about 36 percent of the time
and from the northwest about 24 percent of the time (fig. 26). Average
wind velocity was 10.0 miles per hour (4.5 meters per second). In the
growing seasons, June through September 1967, 1968, and 1969, west and
northwest winds occurred about 57 percent of the time (fig. 27); average
velocity was 7.8 miles per hour (3.5 meters per second).
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A. 1967

NW 22.7

£ 10.9

$12.8

NW 24.5
B. 1968

W 36.4 E11.2

Figure 26.--Wind roses for calendar years 1967 (A) and 1968 (B),
Hancock Field, Syracuse, New York, showing percentage

of time that wind was recorded from each direction.
(Data from U.S. Department of Commerce, 1967 and 1968.)
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W 30.3 «—E6.6
SE 4.1
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B. 1968
$13.9
N 6.6
NE 8.2

NW 27.9

C. 1969

SW 139

§12.3

Figure 27.--Wind roses for growing seasons, June through September 1967 (A),
1968 (B), and 1969 (C), Hancock Field, Syracuse, New York,
showing percentage of time that wind was recorded from
each direction. (Data from U.S. Department of Commerce,

1967, 1968, and 1969.)
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Waves

When wind begins to flow over a smooth water surface, small waves are
produced by the tangential force between the wind and the water.

it the
water is not confined by shallowness or within a small basin, waves increase
in size and celerity until they move with the same velocity as the wind.
Because wind forces acting on the wave are a function of the difference be-
tween wind speed and wave speed, further growth of a wave ceases when the
two speeds become equal.

Actual wave height (H), depending on sustained wind velocity (Wy), in
meters per second, is calculated by the formula,

H = (0.26/q) (W),
where g is the acceleration of gravity (9.809 meters per second per second)
(after Sverdrup and others, 1942).

According to Stevenson (1852, after Welch, 1952), maximum wave height

(Hmax), in meters, or the maximum vertical distance between crest and trough
(fig. 28) is proportional to the square root of the fetch (F), in kilometers,
during optimum wind conditions. The fetch is the distance from shore to the

Wind
RSN LALL S,
[ L w -..J
Crest
H=2a
‘L Trough

Figure 28.--Wave of oscillation and circular pattern

in deep water. (L, =

of water movement
a:

wave length; H = wave height; and
wave amplitude) (from Greeson and Meyers, 1969).
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location of the wave in question and is equal to a maximum of 20 miles (32
kilometers) for Oneida Lake (table 1). By the formula,

H 173 VF,

max
the maximum wave height that can theoretically occur on Oneida Lake was
determined to be 6.17 feet (1.88 meters). Actual maximum wave height is
slightly lower, about 6 feet (1.8 meters), because the east end of the lake
consists of shallow sandy deposits.

Figure 29 shows the relationship between wave height and wind velocity
and indicates that a maximum wave height on Oneida Lake can be produced by
a persistent west wind of about 20 miles per hour (8.96 meters per second).
Wind velocities greater than this were recorded on 21.3 percent of the days
in the growing season of 1967, 22.1 percent in the growing season of 1968,
and 18.0 percent in the growing season of 1969 (U.S. Department of Commerce,

1967, 1968, and 1969).

Wave length (Ly) is the horizontal distance from crest to crest or from
trough to trough. Theoretically, the wave height may obtain one-seventh of

WIND VELOCITY, IN METERS PER SECOND
0 2 4 6 8 10 12 14 16

T T T T T T T 4
12 |-

10 - -3
i »
Ll o-
e ]
z 8} o
- =
z =
(L'u? Maximum wave height on Oneida Lake - 2 !i
T 6 T T T e e e e e e / \ e G
L _ =
z Henas™ 1/3VF o
Ll
- 2
41 =

H =(0.26/g) (W, 2 1

e Hiay = (0.26/0) (W) .
2 b
0 . ] ] | 1 1 o
0 5 10 15 20 25 30 35

WIND VELOCITY, IN MILES PER HOUR

Figure 29.--Development of waves on Oneida Lake
(from Greeson and Meyers, 1969).
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the wave length (Dapplies, 1959); but, generally, sufficient departure from
the theoretical form exists to cause the wave to collapse before the height
is reached. In Oneida Lake, which is shallow and interrupted by islands

and shoal areas, the wave length is shortened, and thus, waves are compacted.
As a result, the theoretical ratio of wave length to wave height, probably

in the order of 10 to 1 (Ly : H= 10 : 1), is approached. A wave length of
about 62 feet (18.8 meters), therefore, can accompany the maximum wave

height of 6 feet (1.8 meters) in the open spaces of Oneida Lake.

Individual water particles within a wave are considered to revolve in
circles (fig. 28). With increased depth below the surface, according to
Dapples (1959), the diameter of circular motion decreases exponentially and
diminishes at a depth approximately equal to the wave length. Gross (1967)
states that effective mixing occurs to about one-half of this depth.

With a wave length of 62 feet (18.8 meters), effective mixing by wave
action occurs to a depth of 31 feet (9.45 meters) in Oneida Lake. The sig-
nificance of this depth was shown during the growing seasons when dissolved
oxygen sharply stratified at an average depth of about 30 feet (9 meters).

Accordingly, the importance of bottom sediments and their contained
chemical nutrients is greatly accentuated because 52 square miles (134
square kilometers) or 65 percent of the lake bottom is less than 30 feet (9
?eters) in depth and can be subjected to mixing with the overlying water

fig. 30).
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Seiches

Additional water mixing and partial horizontal transfer of materials
in Oneida Lake are produced by seiches. A seiche (also called a standing
wave) is the oscillation of water about one or more nodal points (fig. 31).
it is a localized and periodic shift of the water level in which the water
particies advance and return in the same path rather than travel in circular
motion. :

A persistent west wind over Oneida Lake creates a positive displacement
(d+) of water to the east. When the inertia of the displaced water exceeds
the kinetic energy of the wind or when the wind subsides, the lake surface
rebounds with an alternating rise and fall. Because a seiche is an oscil-
lating system, harmonics are formed (fig. 32).

Actual displacement of water from equilibrium (E) is the seiche ampli-
tude (a). The range of the seiche is the maximum change in the water stage
between positive and negative displacements and is equal to twice the ampli-
tude. Amplitude and period of oscillation of a seiche rapidly decrease with
cessation of wind (fig. 33).

The period of seiche oscillation (t) is a function of the length (1) of
the axis of the seiche and the mean depth (d) of water along the axis. Forel
(1895, after Welch, 1952) defined the relationship as

where t is the time of one~half oscillation and g is the acceleration of
gravity (9.809 meters per second per second).

By this formula, the period of oscillation for a uninodal longitudinal
seiche in Oneida Lake was determined to be 2.4 hours. This time was con-
firmed by recordings at the lake outlet at Brewerton (fig. 33).

Seiches are common in Oneida Lake, and the displacement of water has
exceeded 1.6 feet (49 centimeters) in the period of record (1964-69).
Figure 34 shows that a maximum displacement occurred at Brewerton on August
16, 1966, during an east wind.

A temporary stage recorder was installed at the mouth of Oneida Creek
on the east end of the lake in the growing season of 1968. Records from
this recorder were compared with those from Brewerton. Figures 35 and 36
show that the largest seiches developed in Oneida Lake during west, north-
west, and east winds. Positive displacement of water at Brewerton was ac-
companied by negative displacement at the mouth of Oneida Creek. Period of
oscillation was about 2.4 hours. A typical seiche in Oneida Lake, there-
fore was uninodal and extended along the long axis of the lake (that is, a
longitudinal seiche).

Displacement of water at Brewerton was generally larger than the dis-
placement at the mouth of Oneida Creek. This resulted from the deflection
of energy by the lake shore and the constriction of the hydraulic channel
at the west end of the lake.
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Figure 31.-=Fluctuation of the water surface in a uninodal seiche
(a = seiche amplitude, N = nodal point, E = water
surface at equilibrium, and d = water surface
at displacement}.
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Figure 32.--Harmonic train of seiches, September 23-26, 1966,
Recorded at outlet of Oneida Lake at Brewerton.
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Figure 33.--Development and extinction of a seiche, August 9-10, 1966.
Recorded at Oneida Lake cutlet at Brewerton.
A. Water stage (E = water stage at equilibrium,
a = seiche amplitude, d = water stage at
displacement, t = period of oscillation).
B. Wind velocity and wind direction as indicated
by arrows.
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Figure 34.--Development of seiche, August 16-17, 1966.
Recorded at Oneida Lake outlet at Brewerton.

A. Water stage.

B. Wind velocity and wind direction

as indicated by arrows.
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Figure 35.--Development of seiche in Oneida Lake, July 30-August 1, 1968.

A. Water stage at Brewerton.

B. Water stage at mouth of Oneida Creek.
C. Wind velocity and wind direction as indicated by arrows.
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Currents

Water currents in Oneida Lake were measured by Houde (1968) in springs
and summers of 1965-67. Houde measured surface currents with drift cards
described by Olson (1951). Subsurface currents were determined with drouges
(drift crosses) and a Savonius rotor-type current meter.

Observations of Houde are summarized as follows:

Surface currents usually moved in the direction of the prevailing winds.
No current patterns independent of wind direction were observed. Swiftest
surface currents, as great as 0.43 feet per second (13.0 centimeters per
second), were associated with sustained moderate winds of a velocity of 5-10
miles per hour (2.2-4.5 meters per second).

Subsurface currents in bays were modified into weak eddies at depths be-
low 6.7 feet (2 meters) during west winds. Generally, greater currents near
the bay centers averaged about 0.23 feet per second (7.0 centimeters per
second) .

Houde (1968) often detected strong currents below 6.7 feet (2 meters)
in the open lake at depths more than half the distance to the bottom. Cur-
rent directions were opposite wind directions or were consistently toward
the west when winds were from the west. Velocities were occasionally as
great as 0.39 feet per second (11.8 centimeters per second).

Langmuir Vortices

The Onondaga indians, one of the Five Nations of the lroguois, called
Oneida Lake, Seughka, which means ''striped with blue and white lines diverging
and coming together again.'' Landgraff (1911) stated, 'at particular times
its surface presents blue and white lines distinctly traceable from its head
to its outlet."

The phenomenon of streaking (and mixing) is very common in Oneida Lake.
Mechanisms of the process are known as Langmuir vortices. Langmuir (1938)
observed in Lake George, New York, that the wind drift of surface water had
definite structures. The structures formed a series of parallel helices,
alternating clockwise and counterclockwise along the long axis of the wind.
The surface of & lake, therefore, can be marked by linear convergences of
leaves, oil films, debris, and foam. These convergences are called 'wind
streaks.'

Langmuir found that a wind velocity of 13.4 miles per hour (6.0 meters
per second) would produce streaks at intervals of about 82 feet (25 meters).
Downward velocity of water under these conditions approached 0.08 feet per
second (2.3 centimeters per second). Hutchinson (1957) indicated that helices
become less definite with depth but serve to transfer momentum from the sur-
face through the freely circulating part of the lake.

Even though Langmuir vortices were never gquantified in this study, they
were observed on many occasions. The most pronounced streaking on Oneida
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Lake occurred with moderate west winds when wave height equaled 1-2 feet
(0.3-0.6 meters). Such conditions would accompany maximum surface currents
reported by Houde (1968).

Figure 37 illustrates wind streaks on Oneida Lake. The photograph was
taken at 1020 hours on September 23, 1967, when wind was from the west at a
sustained velocity of about 11.5 miles per hour (5.1 meters per second).
The interval of streaking was about 73 feet (22 meters).

0 ~ CeMILE

i S : ¥

Figure 37.--Wind streaks on Oneida Lake, September 23, 1967. (Photograph
courtesy of Reconnaissance Branch, Rome Air Development Center,
Griffiss Air Force Base, New York.)
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ice Cover

Ice began to form on Oneida Lake about mid-December of each study year
and remained until the spring surface-water runoff. lce breakup was rela-
tively fast (5-7 days) and generally occurred during the first week of April.

Formation of ice cover started in bay areas and along the shere and,
subsequently, extended across the lake as the shallow water rapidly cooled.
An ice cover over the entire lake had formed by late December and a thickness
of about 1 foot (0.3 meter) was common in early to mid-January. Additional
ice buildup resulted primarily from frozen precipitation on the ice surface.
lce thicknesses of 3 feet (0.9 meter) or more during late March were common.

fce cover confined the water of the lake for about 4 months each year
and isolated it from wind-mixing processes. In that period, inflowing water
from tributaries remained more or less as homogeneous water masses.

Displacement of lake water by tributary water continued through the
winter. Strong currents were occasionally produced by the displacement and
by partial mixing of water masses as amount of inflow fluctuated.

By late March, before the ice breakup, water masses were distinct be-
because of differences in their water chemistry (fig. 38). lIce-free condi-
tions during April resulted in total mixing of the lake water.
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Light (Solar Radiation)

Light is a key factor in the extent and the rate of biological produc-
tion in a lake. Solar radiation is the basic source of energy for photo-
synthesis and primary production and, thus, a highly critical factor in all
biological processes. Because of this fundamental role, light can influence
the size of an aquatic community and the vertical and the horizontal distrib-

of the organisms.

Extent of illumination in a lake depends on geveraI factors. Incident
radiation, one of the factors, is influenced by season, time of day, and
cloud cover. The degree to which lTight penetrates water is determined by
angle of contact of light with the water surface and dissolved and suspended
materials in the water. Other conditions being favorable, the greatest il-
lumination in a lake in the northern latitudes should occur on June 21 (the
summer solstice).

Figure 39A illustrates possible duration of daylight and amount of solar
radiation available at the latitude of Oneida Lake. Figures 39B-D indicate
weekly mean values of sunlight over the lake from May through November 1967-
69. The period in 1969 received 54 percent of possible sunlight as compared
with 51 percent in 1967 and 50 percent in 1968. Values were derived from
?ata of the U.5. Department of Commerce (1967, 1968, and 1969) and from Perl

1935) .

Transmission of light through a column of water has been determined
customarily with a Secchi disc first used by A. Secchi in 1865 (Cialdi, 1866
after Hutchinson, 1957) according to the method of Juday and Birge (1933).
Even though the Secchi disc transparency is not an actual quantitative indi-
cation of light transmission, it serves as an index and a means of comparison
of similar bodies of water or of the same body of water at different times

or under different conditions.

Muenscher {1928) measured the Secchi disc transparency of Oneida Lake
four times in June through August 1927. The mean value of his readings was
11.5 feet (3.5 meters). The values ranged from 9.5 feet (2.9 meters) to
13.5 feet (4.1 meters).

In the present study, Secchi disc transparency of Oneida Lake was de-
termined during approximately 60 visits to stations 12 and 2la. The average
reading was 5.86 feet (1.79 meters). Table 11 indicates that greater depths
were recorded at station 12 and lesser depths were observed at station 21.
The mean Secchi disc transparencies at these two stations were 6.41 feet
(1.95 meters) and 5.24 feet (1.60 meters), respectively.

Secchi disc transparency in Oneida Lake has apparently decreased since
the measurements by Muenscher (1928). The difference in mean values between
the two periods, 1927 and 1967-69, was about 5.6 feet (1.7 meters). Because
the conditions under which the Secchi disc transparency is determined greatly
influence the results, a single or few measurements can imply erroneous con-
ditions. For example, the maximum Secchi disc transparency in this study
was 14.10 feet (4.40 meters) at station 12 on June 14, 1968. The minimum
value was 1.32 feet (0.40 meter) at the same station on August 14, 1969.
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Table 11.--Secchi disc transparencies in Oneida Lake during
the growing seasons 1967-69

(Values for Stations 12 and 21 represent
mean-transparency depth)

Unit of Station Lake
Year depth 12 21 average
feet 6.95 5.59 6.32
1967 neters 212 1.70 1.93
feet 6.99 5.19 6.13
1968 cters 2,13 1.58 1.87
feet 5.22 4,93 5.08
1969 meters 1.59 1.50 }.55
feet 6. 41 5.24 5,86
Mean meters 1.95 1.60 1.79

Either of these two extremes, taken as a representative Secchi disc trans-
parency, would have falsely characterized the conditions in Oneida Lake.
Therefore, a series of readings should be made over an extended period of
time.

Quantitative transmission of light in Oneida Lake was determined on
October 1, 1969, between 1130 and 1330 hours. Measurements were made at
five random locations. The lake was calm and the sky was clear and sunny.
incident illumination during the 2-hour period averaged 34,000 lux. Mean
surface concentration of phytoplankton was 29,000 cells per milliliter,
and the population was dominated by Aphanizomenon holsaticum.

Figure 40 illustrates the curve of light penetration. The l-percent
penetration depth averaged 13.1 feet (4.0 meters). This l-percent penetra-
tion depth was defined by Sauberer and Ruttner (1941, after Nall, 1965) and
Talling (1962) as the lower limit of the euphotic zone. During the five
measurements, the l-percent penetration depth ranged from 11.7 feet (3.6
meters) to 17.2 feet (5.2 meters).

Concurrent Secchi disc transparency readings were made at each loca-

tion. They averaged 5.6 feet (1.7 meters) and equalled the 10.5-percent
penetration depth.
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CHEMISTRY OF ONEIDA LAKE AND DRAINAGE BASIN

Nutrientg

Bodily processes of algae utilize dissolved substances from water in
a lake. These substances (nutrients) are necessary for growth, repair of
tissue, and reproduction. Any chemical element or compound required for
the normal and healthy existence of an alga is a nutrient. Elements that
are required in large quantities are known as macrometabolites (macronutri-
ents or major nutrients), whereas those needed in minute quantities are
called micrometabolites (micronutrients or minor nutrients). Micrometabo-
lites are generally those essential elements that occur in trace quantities
in the environment.

At least 21 elements in some chemical combination are known to be
essential for the sustenance of algae. Most essential elements are re-
quired by all forms of algae. The essential elements and the estimated
minimum requirement of each are listed in table 12. Minimum requirements
of nutrients by the algae in the natural environment are difficult to de-
termine. Uncertainty as to what concentrations of some elements are essen-
tial is shown by the wide range of minimum requirements in the table.

Knowledge of concentrations of essential elements in a lake is
important, as concentrations serve as an index of nutrient enrichment and
characterize the degree of lake eutrophication. Furthermore, if all other
environmental factors are favorable, available nutrients decrease as the
size of the algal population increases. At some point, one or more of the
nutrients becomes depleted and the growth of the algae ceases. Thus, the
maximum algal population that a lake can support depends on the availabil-
ity of nutritive materials. An understanding of the limiting nutrient
concentrations in a body of water is a step toward the control of eutrophic
symptoms that are responsible for lake deterioration. The conditions of
limiting factors were first described by Liebig in 1840 in what is called
"the law of the minimum."

0f the essential elements, nitrogen and phosphorus are considered to
be key elements required by phytoplankton. In many lakes, concentrations
of these two nutrients are considered vitally important in controlling
biological production. When concentrations are high, algal blooms usually
occur; when concentrations are low, no blooms occur.

Sawyer (1947) stated that when the concentrations of nitrogen and
phosphorus exceeded 0.3 and 0.01 mg/1 (milligram per liter), respectively,
nuisance algal conditions can be expected. Even though nitrogen and phos-
phorus are frequently considered to be limiting factors in phytoplankton
production, some studies have shown that neither was limiting (Kuentzel,
1969). This will be shown also to be true for Oneida Lake. Concentrations
of these two elements in precipitation have been reported to be more than
adequate for supporting algal blooms (Carroll, 1962 and Voight, 1960).
(Also see section, ''Chemical Contributions to Oneida Lake.')
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Table 12.--Elements essential to the production of algae

{(from Greeson,

1969)

Minimum requirements

Element Symbol {mg/1) References
(7) Aluminum Al Probably trace quantities Meyer and others, 1964
Borcn B 0.1 Eyster, 1965; Provasoli, 1958
Calcium Ca 20 Allen and Arnon, 1955; Walker,
1953
Carbon C Quantities always sufficient Mever and others, 1964
in surrounding medium
Chlorine Ci Trace quantities Levin, 1960; Meyer and others,
1964
Cobalt Co .5 Buddhari, 1960 after Miller and
Tash, 1967; Pirson, 1937
Copper Cu . 006 Walker, 13853
Hydrogen H Quantities always sufficient Meyer and others, 1964
in surrounding medium
fron Fe .00065 - 6.0 Gerloff and Skogg, 1957; Ryther
and Kramer, 1961; Schelske,
1962
Magnesium Mg Trace quantities Kratz and Myers, 1955; Krauss,
1956
Manganese Mn . 005 Gerloff and Skoff, 1857, Krauss,
1956; Pirson, 1937
Molybdenum Mo Trace quantities Bortels, 1940; Cobb and Meyers,
1964 ; Walker, 1953
Nitrogen M Trace quantities - 5.3 Birge and Juday, 1922; Chu,
1943; Hutchinson, 1957; Palmer,
1967; Sawyer, 1547
Oxygen 0 Quantities always sufficient Meyer and others, 1964
in surrounding medium
Phosphorus P .00z - .09 Benoit and Curry, 1961; Chu,
1943; Gerloff and Skogg, 1954;
Rodhe, 1949: Sarles, 1961;
Sawyer, 1947
Potassium K Trace quantities Meyer and others, 1964; Krauss,
1956
Silicon Si 5 - .8 Lund, 1959, 195k4; Pearsall,
1932
Sodium Na 5.0 Phillips and others, 1965
Sulfur ) <5.0 Fogg, 1966; Meyer and others,
1964 ; Rodhe, 1949
Vanadium \ Trace quantities Provasoli, 1958; Shannon, 1965
after Fruh, 1967
Zinc Zn 01 - 1 Provasoli, 1958; Provasoli and

Pinter,

1953
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Methods of Routine Investigations

Water samples for chemical analysis were collected biweekly from
Oneida Lake from May 1967 through April 1969. Samples from stations 8
through 22 (table 5 and fig. 9) were obtained from the lake surface and
from 10-foot (3.05-meter) depth intervals with a Kemmerer water sampler.
A1l samples were filtered through a 0.45 micrometer membrane filter in a
water-sample filtration unit (Skougstad and Scarbro, 1968). Periodic un-
filtered samples alsc were collected.

Each filtered sample was divided into three parts. One part, for the
determination of nitrogen species (for example, nitrate, nitrite, ammonia,
and organic nitrogen), was placed in a 500-milliliter polyethylene bottle
and preserved with mercuric chloride (HgCl2), as described by Jenkins
(1968). A second aliquot was collected in a soft-glass (citrate of magne-
sia) bottle for determination of dissolved phosphate. The remainder of
the filtered sample was stored in a 2-liter polyethylene bottle.

ATl samples were returned to the U.S. Geological Survey laboratory
in Albany for processing. Standard chemical analytical methods were used
(American Public Health Association and others, 1965, or Rainwater and
Thatcher, 1960). The following constituents were determined: silicon
dioxide (Si02), calcium (Ca), magnesium (Mg), sodium (Na), potassium (K),
bicarbonate (HCO3), carbonate (CO3), sulfate (SO4), chloride (C1), fluoride
(F), nitrate (NO3), nitrite (NO2), ammonia (NHy), organic nitrogen (org-N),
total dissolved nitrogen (computed as N}, and total dissolved phosphate
(tot-POy). The dissolved-solids content was computed as the sum of the
determined constituents.

Dissolved oxygen, water temperature, and specific conductance were
determined during each visit to a sampling station; pH and alkalinity were
determined during some of the visits.

Periodic filtered samples were obtained at station 12 and occasionally
at station 21b for determination of trace metals by emission spectroscopy.
Samples were filtered in the field and were stabilized with nitric acid
(HNO3) . Laboratory work was done by the U.S. Geological Survey laboratory
in Denver, Colorado, and results were reported in micrograms per liter
(ng/1), which is milligrams per liter x 1073, Metals included in the
determinations were: aluminum (A1), barium (Ba), beryllium (Be), bismuth
(Bi), boron (B), cadmium (Cd), chromium (Cr), cobalt (Co), copper (Cu),
gallium (Ga), germanium (Ge), iron (Fe), lead (Pb), lithium (Li), manganese
(Mn), molybdenum (Mo), nickel (Ni), rubidium (Rb), silver (Ag), strontium
(sr), tin (Sn), titanium (Ti), vanadium (¥}, zinc (Zn), and zirconium (Zr).

To determine individual nutrient budgets (that is, amounts of nutrient
inflows and outflow) for Oneida Lake, periodic samples were collected from
tributary stations, € through 7 (table 6). Analytical methods used both
in the field and in the laboratory were the same as described above.

An instantaneous discharge was determined when a sample was collected
from a tributary station. The derived data provided the relationship be-
tween stream discharge and water chemistry. Most discharges were determ-
ined by current-meter measurement. Discharge based on stream stage was
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sometimes used for gaged sites and for long-term partial record stations
where a stage-discharge relationship had been established.

Long-term data and interpretive methods are not available for the
chemistry of most streams; so these data must be determined indirectly as
mean annual chemical loads, which are used in the determination of nutrient
budgets. The particular method used in this study was described by Pearson
and Meyers (in press). The method establishes the relationship between
stream discharge and individual concentrations of dissolved nutrients.
Long~term stream discharge data and the relationship are used then to de-
termine the mean annual nutrient contents.

Several simultaneous discharge and chemical measurements are required
to construct such curves. Measurements do not have to be dispersed over
many years but must represent a wide range of instantaneous discharges in
order to define as much of the curve as possible (Pearson and Meyers, in
press). During the study, measurements were made biweekly to monthly for
about 2 years and included measurements at times of extreme high and low
flows.

Variations of the Chemical Constituents in Oneida Lake

Oneida Lake lies within a fertile drainage basin. On an average day
about 1,250 tons of dissolved solids are carried into the lake by streams
(Pearson and Meyers, in press). About 11 percent, or about 137 tons of
these materials, is retained or entrapped within the lake. Because the
streams of the basin contain primarily calcium sulfate and calcium bicar-
bonate water, a large part of the disscived solids flowing into the lake
is of direct nutritional value to algae and to other plants.

Nutrients entering the lake become incorporated in various chemical-
cycling processes. Part of the nutrients are utilized in the metabolism
of organisms (for example, phytoplankton, zooplankton, vascular plants,
and fish); and on death and decay of the organisms nutrients are liberated
for reuse. Part of the nutrients remain in solution; part become temporar-
ily or permanently incorporated in the bottom sediments; and part flow out
of the lake.

Part of the nutrients accumulate in the lake and, after a period of
years, become available in concentrations sufficient to support algal
blooms. Concentrations of nutrients in Oneida Lake reached essential lev-
els many years ago and, subsequently, have increased in concentration. The
slow buildup of nutrients in Oneida Lake will continue for many years. The
buildup is, in essence, the inevitable natural process of eutrophication.

Spatial and temporal variations of chemical constituents in Oneida

Lake during the study resulted primarily from fluctuating inputs of chem-
ical loads from the drainage basin.
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Spatial Differences

On any sampling day during ice-free conditions, concentrations of dis-
solved nutrients in Oneida Lake were virtually uniform both vertically and
areally: only subtle differences were detected. The ever-present winds
immediately mixed water from tributaries entering the lake. Significant
differences are discussed in the section, ''fce Cover.!

Mean, maximum, and minimum values of the chemical constituents at each
sampling station on Oneida Lake during the study period are given in table
13. Part of the data from which this table and succeeding tables were de-
veloped has been published by the U.S. Geological Survey (196%9a, 1970a, and
1971). A complete tabulation of routinely collected data is shown in the
Appendix (tables 30 and 31).

The high range of values indicated for the constituents at several
stations reflects the unique situation when water masses were isolated
under ice cover. For example, the lowest dissolved-sclids content during
the study was 57 mg/1. The sample was collected from station 9 on December
18, 1967. The highest dissolved-solids content during the study was 282
mg/1 at station 21b on February 27, 1968. Both extreme values occurred
during ice conditions and exemplify separation of water masses.

As indicated in the discussion of Secchi-disc transparency, circum=
stances that prevail during sample collection can greatly influence the
results. Analytical results from a single sample or from a series of
samples collected over a brief period of time can imply erroneous condi-
tions because chemical conditions can change by day, season, and year.
Combined results of many samples collected over a long period will approxi-
mate more closely the true chemical conditions in the lake. Mean values
shown in table 13 fulfill this requirement.

Areal variations of the dissclved-solids content of Oneida Lake were
slight during the study. Figure 41A indicates that slightly higher
dissolved-solids contents were recorded at the west stations (numbers 17
through 22) than at the rest of the stations. The mean dissolved-solids
content at these six stations was 168 mg/1; at the east stations (numbers
8 through 13) it was 163 mg/1.

d
u

South stations (numbers 8, 11, 14, 17, and 20) had a mean dissolved-
solids content of 170 mg/1 (fia. 41B), which was slightly higher than the
164 mg/1 at the north stations (numbers 10, 13, 16, 19, and 22). The mid-
lake stations (numbers 9, 12, 15, 18, and 21) had a mean dissolved-solids
content of 159 mg/1. This somewhat lower mean value for the mid-lake sta-
tions reflects the low winter dissolved-solids content at station 9, which
resulted from the infiow of low-mineralized water from Fish and Wood Creeks.
Enriched water from Oneida, Canaseraga, Cowaselon, and Chittenango Creeks
accounts for the slightly higher dissolved-solids content along the south
shore and the west end of the lake,

In the vertical profile (fig. 41C) the dissolved-solids content was
virtually uniform. A small increase was observed at the 50-foot depth
(15.2 meters). Mean dissolved-solids contents at the surface and at 50~
foot (15.2 meters) were 170 and 177 mg/1, respectively.
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Table 13.--Mean, maximum, and minimum values of physical properties, chemical constituents, and
phytoplankton at each sampling station on Oneida Lake, May 1967 through October 1969

{Values are for surface samples and except for pH represent milligrams per liter unless otherwise indicated)

Dis~ Specific ‘
. solved conduct- . ; . Organic  Total  Total Dis~
. bis- axygen ance Temper- Silica  Cal-  Magne- Stron~  Sodium Potas- Bicar-  Sul- Chie-  Fluo- ‘ﬂv Nf: AOTOSrge nitro-  phos-  solved P?{Wy}cr
Station pH solved (percent (smhos/cm g»ﬁ;re, (5102) cium sTum tium (Na) sium bonate fate rich‘e ride trate trite nium gen gen phate viO’,EdS Mar}mon
axygen satu- at (°c (Ca) (Mg) (sr) (K) (HCOg) (504) (ct) (F) {NO &) {NO ) (NH4) (3 Ny (Pog) (residue  (cells/mb}
ration)  25°C) mgﬁc)
Maximum 8.9 12.10 1234 320 26.0 2.4 43 9.9 0.56 5.5 1.1 108 57 10 0.2 0.2 8.03 9.17 0.19 0.25 0.26 179 94, 400
8 MEAN 8.3 9.43 105.2 285 20.% T.h b1 9.2 .56 5.1 -9 103 55 9.5 1 .1 L0 .07 .15 .18 .08 173 12,500
Minimum 7.7 7.20 79.0 220 0 2 39 8.5 .56 Gub .8 95 50 9.0 .0 .0 .00 .00 .09 .09 .03 166 <1
Maximum 8.7 12.00 133.8 315 25.5 4.8 L2 9.5 .56 5.0 1.2 106 55 9.5 .3 2.0 22 110 .39 .88 1,01 176 65,400
9 MEAN 7.8 9.79 107.9 238 16.9 2.9 30 7.0 .25 4.1 8 83 34 7.5 h .7 01 ik 1 .36 7 127 9,900
Minimum 7.3 7.20 81.4 98 -0 .9 2 3.5 .01 2.1 3 38 Il 3.5 .0 .0 .00 .co .00 .09 .02 57 <l
Maximum 8.6 11.82 129.4 350 28.5 2.4 50 9.6 - 5.3 1.0 104 57 9.5 .2 5.t .02 L2k .23 1.33 4o 175 Lb, 000
o MEAN 8.2 9.50 107.1 275 21.1 1.5 40 8.7 - 4.8 .8 39 50 8.3 R 7 o1 .09 16 62 0 162 8,300
Minimem 7.8 7.68 96.G 150 o .3 29 6.4 - 3.3 .7 78 30 5.2 .0 o .00 .02 2 26 02 120 <l
Maximum 9 12.03 1154 315 2 3.0 41 9.6 .57 5.4 [ m 57 9.9 .2 2 .03 .30 .28 .30 49 175 33,70C
T MEAN 8.4 5.27 104.8 294 21.0 1.3 ki 9.0 57 5.1 103 sl 9.4 .1 1 01 1 L6 .20 .10 171 10,100
Minfmum 8.1 7.4 87.0 265 .2 39 8.5 57 bob 8 96 50 5.8 .0 0 .00 .00 .02 .03 .0l 165 <i
Maximym 8.8 17,85 210 26.3 4.3 43 10.0 .61 6.8 1.3 108 56 .2 2.4 12 .63 71 71 27h 201,900
12 HEAN 8.1 10.06 277 18.9 2.1 39 8.6 .52 5.0 1.0 100 LG . R 01 il 32 17 169 17,900
Minimum 7.4 5.27 235 .0 .0 17 b7 .38 3.1 .6 55 13 .0 .0 .08 .00 o6 00 77 <1
Maximum 9.0 14.21 310 25.8 3.5 43 9.5 - 5.5 1 107 55 0 .2 11 03 .59 45 51 bz 78 22,100
13 MEAN 8.4  9.52 268 201 1.9 39 8.8 - 5.0 .9 100 50 8.9 N 2 ot th 2 .38 i2 167 5,500
# 7.4 7.8 110 .0 .2 30 7.0 - 3.9 .8 83 31 7.1 0 0 00 o0 ¢ .22 00 126 <1
Maximum 8.6 13,60 310 [ L 9.5 .60 5.4 1.2 110 59 10 R .ol 64 &7 RS L2 184 8,400
e MEAN 7.5 9.66 271 2.2 38 8.7 47 .8 .9 99 kg 9.0 1 .01 10 A 47 .08 162 10,200
Hinimum 7.3 5.0 75 3 23 5.9 30 3.5 .6 65 23 6.0 0 a0 o0 02 12 00 164 1
Maximum 8.8 17.85 159.9 310 27.8 L5 L3 9.7 5k 5.7 1.3 108 55 9.8 .2 2.9 Ol .67 R P77 75,300
15 MEAN 8.0 10.20 1084 275 17.8 2.1 37 8.4 L8 5.8 1.0 a6 u5 8.9 1 5 L0t .31 13 156 10,500
Minimum 7.2 6.09 66.0 220 .0 .0 ig 5.2 27 3.5 7 &1 16 5.8 .0 0 60 00 .00 87
Maximum 8.7 10,83 131.3 310 5 2.9 42 5.8 - 1.0 07 56 9.4 .2 .2 .70 6] L4 174 66,700
16 MEAN 8.2 9.12 105.8 293 21.9 .7 41 9.3 - 9 102 54 9.1 N B .21 3k 13 172 12,600
#inimum 7.3 7.16 83.4 280 0 .2 39 9.1 - 7 92 53 8.8 .0 h o .07 .00 ] <1
Maximum  B.6 12,18 153.0 320 27.0 3.8 43 9.7 .53 H 110 40 10 .2 .5 R .70 .32 .30 186 150,600
17 MEAN 8.3 9.2 105.8 294 21.6 1.7 b1 9.2 .53 1.0 103 ol Lt .2 .at .19 .25 By 173 24,600
Minimum 7.9 7.00 80.4 260 .0 5 33 8.1 .53 8 98 48 .0 .0 .00 .00 B .02 159 <i
Maximem 8.7 18,03 148.6 315 26.9 k.7 b3 .58 1.2 1 56 11 3 2.3 0 140 .36 .67 .52 181 55,200
18 HEAN 8.1 10.26 1.2 280 9.1 1.9 40 .55 ] 103 50 9.3 1 ki Lot ik ik .28 L 168 11,200
Minimom 7.5 8.81 88.1 240 .0 .0 33 54 .8 a1 33 g5 ¢ R 00 .00 06 o .02 163 «l
Maximum 9.0 11,00 138.7 310 7.2 3.8 43 9.7 53 1.0 e 56 5.9 .2 R o3 49 .32 .63 2k 176 43,300
19 MEAN 8.4 9.04 103.0 251 211 2.0 40 8.9 .53 5] 1oz 50 9.3 B .2 LG 17 .25 b2 .09 167 th,200
Minimym 7.9 7.09 83.7 250 .0 H 35 7.2 .53 .7 52 37 8.6 .0 N .00 .00 21 .23 .00 Thil <1
Maximum 3.0 14.16 177.2 26.8 3.5 42 9.6 L5k i1 167 54 9.9 2 2 02 L5k .35 .38 St 176 45,000
20 MEAN 8.6 9.50 109.0 z1.5 1.8 4o 3.0 L5k El 99 53 9.5 N . .01 6 .23 26 .13 170 19,700
Minimum 8.1 6.30 N .0 2 37 7.5 L5l 8 87 4g 9.1 .0 R .00 00 Ll 13 .02 162 <l
Maximum 9.0 16,20 203.7 320 27.6 6.2 7 17.0 40 5.6 P2 270 56 11 .z 4,5 .06 g }LbG 140 47 282
1 MEAN 8.1 .86 106.3 280 16.3 2.3 iy 9.9 .53 5.0 .9 167 by G5 Lt N L0l W07 15 .39 2 173
Minimum 7 5.23 60.1 240 .0 N 34 7.5 Wik 4.3 -8 88 32 7.9 .0 .0 .00 90 .00 .02 .00 i3
Maximum 9.4 15,85 206.1 285 28.8 5.6 41 9. .55 5.8 1.6 197 52 1o .2 .6 .02 .7 .50 150 k2 170
22 MEAN 8.5  9.79 112.8 266 18.8 2.5 37 8.5 .51 h4.9 1.0 a7 47 9.3 o W2 L01 2 W22 L3k R 161
Minimum 7.6 _5.76 67.8 230 .0 .2 32 7. .39 L3 .8 72 3 8.3 .0 .00 .00 .00 .00 .06 .00 il <}
Total Maximum 9.4 18.03 206.1 350 28,8 6.2 74 17.0 J61 7.1 1.6 270 60 Nl b 5.1 .22 1.50 1.50 1.50 1.01 282 201,900
L;’ke MEAN 8.1 9.69 107.0 275 19.1 2.1 38 8.6 6 L. 9 99 48 9.0 B Lk 01 12 16 34 12 163 13,600
Minimum 7.2 5.23 56.7 75 .0 0 12 3.5 .0t 2.1 3 38 1 3.5 N .0 .00 .00 .00 .00 .00 57 <}
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Dissolved-oxygen stratification had no effect on the vertical distrib~
ution of dissolved solids (tabie I14)}. Because there were no appreciable
vertical variations, chemical reduction in the lower layers of water during
the study was most likely of minor significance. Larger amounts of silicon
dioxide (Si0,), ammonium ion (NH4+1), and total phosphate ion (P04_3) were
noted in the deep zone. Increased amounts of these three chemical constit-
uents were probably due to bacterial and biochemical decomposition of
organic materials.

Temporal Differences

Because hydrologic equilibrium of Oneida Lake primarily depended on
inflow of water from its tributaries, quality of the lake water was related
to quality of the inflowing water. The individual concentration of most
dissolved substances in the tributary streams varied inversely with the
amount of discharge. When the discharge of water was high, the concentra-
tion of dissolved substances was low. This condition resulted from dilution
by overland runoff that had a lower dissolved-solids content. The highest
dissolved-solids content of a stream occurred in periods of low flow.

Because of the short flow-through time (or retention time) of Oneida
Lake, the dissolved-solids content of the lake fluctuated seasonally with
amount of surface-water inflow. Mean concentrations of individual chemical
constituents in the lake were minimal during winters, spring runoffs, and
periods of displacement under ice cover. The largest mean concentrations
occurred during dry months. Mean monthly concentrations of various chem-
ical constituents, phvtoplarkton, and dissolved-solids content of Oneida
Lake are plotted on figures 42 and 43. Mean monthly water temperature of
the lake is plotted in figure L2.

Figure 42C shows that the dissolved-solids content of the lake was
lowest in December 1967 and March 1969. The mean values were 113 and 103
mg/1, respectively. The highest mean values of 175 and 171 mg/1 occurred
in November 1967 and 1968, respectively.

Iindividual concentrations of dissolved substances in Oneida Lake
varied not only monthly with changes in inflow but also annually with
changes in the annual water budget. As indicated in the section, ''Water
Resources,' the total amount of water flowing through the system in the
1967 water year (that is, October 1966 through September 1967) was 23.9
percent below the long-term average. In the comparable period 1967-68,
the total amount of water was 10.8 percent above the long-term average.
The dissolved-solids content of the lake varied inversely with streamflow.

In the growing season (June through September) of 1967, dissolved-
solids content of the lake averaged 171 mg/l. In the wetter growing season
of 1968, dissolved-solids content averaged 161 mg/1. Even though routinely
collected data are not available for the growing season of 1969, a wet year,
the mean dissolved-solids content of 6 specially collected samples was 162
mg/ 1.

Concentrations of most major ionic constituents in Oneida Lake varied

proportionally with changes in the dissolved-solids content. Sodium (Na)
was the only nutrient whose concentration was consistently below the
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Figure 43.--Mean monthly concentration of selected chemical
constituents, Oneida Lake, June 1967 through

April 1969.
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estimated minimum requirement of 5.0 mg/!l necessary for healthy existence
of algae. (See table 12.) During the growing seasons 1967, 1968, and 1969,
sodium concentrations averaged 5.4, k.6, and 4.8 mg/l, respectively.

Average values of total phosphate far exceeded the minimum nutritional
requirement of 0.01 mg/1 indicated by Sawyer (1949). Total phosphate aver-
aged 0.16, 0.14, and 0.13 mg/1 in 1967, 1968, and 1969, respectively.

Mean concentration of total nitrogen, however, was below the minimum
requirement of 0.3 ma/1 (Sawyer, 1947) in the growing seasons of 1967 and
1968. Mean concentrations were 0.24 and 0.27 mg/1, respectively. In the
summer of 1969, the mean concentration of total nitrogen was 0.42 mg/1 in
the 6 samples mentioned earlier. The higher concentration during 1969 prob-
ably resulted from nitrogen-fixation by the abundant blue-green algae.

Long-term chemical variations.--The earliest reported investigation of
Oneida Lake appeared in the annual report of the New York State Board of
Health in 1888. The recorded observations were made in the summers of 1885
and 1886 by S. A. Lattimore, who measured several chemical and physical par-
ameters of the lake water. The parameters included color, chloride, ammo-
ria, total solids, loss on ignition, mineral matter, and hardness of water.

Due to changes and improvements in analytical methods since the time
of S. A. Lattimore's visits to Oneida Lake, only chioride and hardness of
water can be used as parameters Tor comparison with data collected during
the current study. Table 15 shows that the chloride content of Oneida Lake
during 1885 and 1886 averaged 4.2 and 3.0 mg/1, respectively. These data
were based on the contents of 10 samplies. In the current study, chloride
content in the lake averaged 9.0 mg/l but ranged from 3.5 to 11 mg/l.

In 1886, the reported hardness of water of Oneida Lake was 84 mg/1.
in 1967-69, it averaged 124 mg/! and ranged from 38 to 150 mg/1.

25 in chloride concentra-
s sparsity of data

k of knowledge of the

period. However, chlor-

have probably increased

tt fe diff i ssess the &
tion and hardness durirg the past 83
collected during 1885 and 1886 and be =
overall envircnmental conditions during ti
ide content and hardness of water of Onei
during the period of record.

ot
o)
o
v W

Mean values in table 15 represent samples collected from the surface
of Oneida Lake in an 85-year period. Mean concentrations were used to de-
emphasize extreme values, to deemphasize geographical or areal variations,
and to provide single values for compariscn. Samples collected from the
take outlet at Brewerton represent the chemical conditions in Oneida Lake,
and, therefore, data from that location were included when computing the
mean values.

Wagner (1928) reported that in 1927 the alkalinity concentrations of
Oneida Lake off Cleveland ranged from 9.7 to 19.8 mg/1. At a depth of 49
feet (15 meters). Wagner reported that alkalinity ranged from 11.9 to 31.7
mg/1. During the same vear, he reported that the alkalinity concentration
at Brewerton was 78 mg/1. Mean alkalinity for Wagner's six surface samples
was 16 mg/1.
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Table 15.--Long-term mean variations of selected chemical constituents
and properties of Oneida Lake

(Chemical data in milligrams per liter)

N
Alkalinity . Hardness Total Number of

Year (as CaC03) Chioride (as CaC03) phosphate  samples Reference
xiggﬁ - L}.Z - - 8 f
1886 - 3.0 8L - 2 1

27 78 -- -- .- 6 2
1946 7h - - .11 il 3
1954 84 - -- - 15 N
1956 77 5.5 128 -- 9 5
1961 86 13 145 .21 116 6
1964-66 83 - -= .35 32h 7
1967-69

Mean 81 9.0 124 12 >h25 8

Max i mum 221 11 150 1.0

Minimum 31 3.5 58 .0
References:

1. New York Sta.. Board of Health, 1888.

2. Wagner, 1928.

3. Burdick and L csctietz, 1946.

k. Dence and Jackson, 1959,

5. New York State Dept. of Health, 1957. h]

. Mt. Pleasant and others, 1961.

7. M. C. Lehne, Onondaga County Dept. of Public Works, written commun.

8. Current study.

The author questions the validity of Wagner's data reported in 1928
because the water flowing past Brewerton is lake water, and its chemical
constituents are the same as those in the lake proper. Furthermore, differ-
ences reported between surface and bottom alkalinities at the location off
Cleveland are extremely large for a lake that is well mixed and that does
thermally stratify: therefore, alkalinity reported for Brewerton (78
1) probably approximated true alkalinity of Oneida Lake during 1927.
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Assuming that 78 mg/l was the approximate alkalinity in Wagner's study,
table 15 indicates that no significant change occurred in the alkalinity of
Oneida Lake during the period 1927-69. Subtle differences in alkalinity re-
ported by various investigators result from variations of enivronmental
conditions (for example, the amount of water inflow from the drainage basin)
during periods of sample collection, number and frequency of samples col-
lected, and analytical errors.

Chemical Values of Oneida Lake

Concentrations of 25 trace metals in Oneida Lake are given in table 16.
Variations in concentrations of the metals generally were minimal, and no
significance could be placed on fluctuations.

In Oneida Lake, all but four metals essential to the growth of algae
occurred in quantities adecuate for algal nutrition. Mean annual concentra-
tions of copper (Cu) and manganese (Mn} fluctuated above and below the
estimated minimum recuirements of 0.006 and 0.005 mg/i, respectively. Mean
annual concentrations of boron {B) and cobalt (Co) were considerably below
the estimated minimums of 0.1 and 0.5 mg/l, respectively.

The mean concentration of copper in Oneida Lake was 0.007 mg/1, slight-
iy above the reported minimum reguirement. Mean concentration was 0.007
mg/1 in the growing season of 1968. In the growing seasons of 1967 and
1969, concentration of copper averaged 0.005 mg/1.

Mean annual concentrations of manganese were generally above the re-
ported essential minimum values. During the study the mean was 0.016 mg/1.
Only during the growing season of 1968 did the concentration average below
the minimum requirement: it was 0.004 mg/1.

Concentrations of boron and cobalt never approached the estimated
minimum reguirements for algal nutrition. The concentrations were about
0.024 and less than 0.005 mg/1, respectively. These low concentrations of
the two metals had no perceptible effect on phytoplankton production,

Because of increased concern during the spring of 1970 over mercury
contamination in natural water, dissolved mercury content of four specially
collected samples from Oneida Lake and wvicinity was determined. Locations
of sample collections and respective dissolved mercury contents, in micro-
grams per liter, were as follows: Oneida River at Caughdenoy, <0.1; Oneida
Lake at Brewerton, 0.2; Oneida Lake at Sylvan Beach, <0.1; and Chittenango
Creek at Bridgeport, 0.1. The concentrations of dissolved mercury were
well within the safe Timits for any use of the lake and its water. They
probabiy refliected & natural background level.

Concentrations of most pesticides in both water and sediment samples
from two locations on Oneida Lake on October 1, 1969, were below the detec-
tion Timit. Concentrations of eight chlorinated hydrocarbon insecticides
and three herbicides in water and the sediment are given in table 17.
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Mean concentrations of dissolved chemical constituents at the surface
of Oneida Lake from May 1967 through October 1969 are given in table 18.
Elements and compounds essential to production of algae are indicated by
footnote 1 of the table.

0f those studied, no particular element, ion, or compound seemed to
be a limiting factor on the bodily processes of algae or on the extent of
bloom formation in Oneida Lake. Even during the large blooms of the grow-
ing seasons of 1967 and especially of 1969, mean concentrations of most
dissolved nutrients were above the estimated minimum requirements for the
healthy existence of phytoplankton. Variations in concentrations of dis-
colved nutrients could not be correlated with changes in phytoplankton
populations.
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Table 16.-~Concentrations of trace metals in Oneida Lake

(Samples were collected from the surface at station 12 and values represent micrograms per liter. ND means not determined)

- 06 =

Alumi- RBeryl- 8is- Chro= o . Gal- Garma= L . Lith- Manga- . Tita=- Zi
Date num Barifum Tium uth BC:?? fum Cﬁmvf CQ'\WQYI" tium nium };C: L:fs i ’e;e gw,L,M:I nium n
(A1) ®a) ey (i) P (G L0 ay rgey R IPRY oy ey i) (Ti :
45 35 <0.2 ND 30 ND i <2 3 ND ND 35 <2 3 5 <0.5 <2 2 ND
70 33 <.2 ND 19 ND g <3 5 ND ND 70 8 4 13 <.6 .9 3 ND
30 31 <.2 ND 22 ND 9 <3 k ND ND 11 22 4 i3 <.6 <.6 . ND
6-20-67 40 31 <.2 ND 4 ND 4 <3 7 ND ND 14 7 L 9 <.6 <.6 £ N
6-27-67 41 34 <.2 ND 22 ND 7 <3 5 ND ND 20 5 3 25 <.6 <.6 6 ND
6-29-67 43 32 <.2 ND 18 ND 13 <3 3 ND ND 8 7 4 [ <.6 <.6 <2 R ND
7- 167 28 35 <.2 ND 26 ND 12 <3 10 ND ND 20 6 3 8 <.6 <.6 <1 2 ND
7= 3-67 60 3L <.2 ND 21 ND 8 <3 3 D ND 65 L 3 7 <.6 <.6 <1 .7 D
7~ 6-67 13 35 <.2 ND 26 ND 8 <3 4 ND ND 6 19 3 3 <.6 <.6 <1 .3 ND
7-10~67 sk 4o <.2 ND 25 ND 12 <3 4 ND ND 33 ] 4 Th <.6 <.6 <1 .5 HE
7-14-67 L1 35 <.2 ND 27 ND 21 <3 L ND ND 55 7 4 16 <.6 ! <1 i <20 ND
7-18-67 28 30 <.2 ND 25 ND 12 <3 14 ND ND 1o g 3 25 <.6 i <1 .7 - ND
7-27-67 30 31 <.2 ND 26 ND 8 <3 3 ND ND 45 3 3 8 <.b .7 <} 2 (28 ND
8- 1-67 23 32 <.2 ND 31 ND 8 <3 5 ND ND 18 5 L 8 <.6 <.6 <1 9 ND
8-10-67 60 31 <.2 ND 25 ND 1o <3 5 ND ND 3 5 3 - <.6 .8 <1 Sk KD
8-18-67 13 35 <.6 ND 34 ND 3 <3 3 ND ND 45 18 4 17 <i g <1 <2
8-22-67 18 38 <.6 ND 30 ND 5 <3 4 ND ND 9 3 L L <1 .7 <1 <2
9-27-67 50 30 <.6 ND 20 ND 6 <3 i ND ND g 2 3 2 6 <.9 .8 <2
10~ 9=67 100 40 <.2 <3 25 <2 50 <2 6 <2 ND 260 3 3 5 <.6 2 .9 <3
Tom 1457 30 33 <.l <3 20 <15 i3 <2 5 <2 ND 70 12 3 i2 <.6 .7 i <2
10-30-67 8 Lo <.2 <3 24 <2 1 <2 3 <2 ND In 8 L 2 <.6 <.6 1 <2 3 <15 8D
121867 25 30 <.1 <3 20 <15 3 <2 7 <2 ND 50 17 3 1 <.6 ' 8 «2 <2 17 ND
1~ 3-68 20 - <.1 ND 30 ND 7 <5 1o ND ND 27 6 4 8 <.5 <.6 .8 05 <k ND N
2-13-68 30 30 <.6 ND 4o ND L <8 10 ND ND 1o ic [ 95 <.6 2 8 <2 < ND ND
25 31 <.7 ND 23 ND 8 <5 30 ND ND 85 20 3 4o <.5 4 .9 <2 <2z ND ND
28 33 <.6 ND 2i ND 5 <k 3 ND ND 70 9 2 38 <.k 2 £ ND
20 29 <2 ND 17 ND 3 <5 5 ND ND 21 <3 3 7 <1 4 38 ND
12 33 <.8 <2 17 <16 2 <8 8 -~ <k 7 <b 3 7 <.8 <5 & -
25 31 <2 ND iR ND 5 <5 4 ND ND 17 3 2 4 <1 <l <.5 ND
50 36 <.8 <2 17 <16 15 <8 7 - <h - 4 3 - <.8 <5 6 --
17 34 <.8 <2 H <16 3 <8 [ - <4 8 <k 3 L <.8 <5 -
16 32 <.8 <2 32 <17 2 <8 [ - <b 12 7 4 1 <.8 <6 -
24 31 <.8 <2 17 <17 2 <8 8 - <4 18 <k 4 iy <.8 <6 ! -
33 <.8 ND 18 ND <lb <8 12 - ND L <k 3 2 <2 <h 8 -
13 25 <.8 ND 17 ND <h <8 7 - ND g <k 3 5 <2 <k . -
12 29 <.8 <2 20 <16 2 <8 5 -- ND 9 9 k4 3 1 -
12 29 <.8 <2 19 <16 <2 <8 5 - ND L 8 3 <1 .8 -
& 22 <.b <3 22 <30 <3 <3 £ -- ND 9 <3 2 <3 .5 -
g-12-68 22 31 <.8 <l 28 <ho 6 <k 5 - ND 33 <k 4 <k .8 -
16 35 <2 <8 32 <16 <6 <8 16 - <8 24 <4 4 13 1 -
40 25 <.7 <2 17 <35 5 <3 2 - 3 23 2 2 Lg <.7 & i «3 --
34 38 <2 <8 37 <80 3 <8 7 -- <8 33 <k 2 3 <2 1 <k <h -
12 27 <.8 <k 35 <38 <b <3 L ND <b 16 <3 3 [ <.8 ! ol < ND

lEssential element of aigae.
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Table 17.--Pesticide concentrations in samples from Oneida Lake o

October 1, 1969

(Values represent micrograms per liter for water and micrograms per
= trace amount detected.)

kilogram for sediment; tr

Pesticide
. Al- Diel- En- Hepta- Lin- Sil-
Location Sample drin DDD DDE DDT drin drin  chlor dane 2,4-p  2,4,5-T vex
Oneida Lake at Water 0.00 0.01 0.00 0.00 0.00 0.00 tr tr 0.00 0.00 0.00
Shackelton Point
Sediment .00 .00 .00 .00 .00 .00 .00 .00 -- - -
Oneida River Water .00 .00 .00 .00 .00 .00 tr tr .00 .00 .00
at Brewerton
Sediment .00 2.00 .80 .00 .00 .00 .00 .00 - - --
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able 18.--Mean water temperature, specific conductance, pH, and

concentrations of dissolved chemical constituents in

Oneida Lake, May 1967 to October 1969

(Except for pH, values are expressed as milligrams per liter

unless otherwise indicated. ND =

not detected)

Parameter Value Parameter Value
Aldrin ND Magnesium {(Mg)1/ 8.6
Alkalinity (as CaC03) 81 Manganese (Mn)T/ 0.016
Aluminum (A1) 1/ 0.03 Mercury (Hg)3/ ~.0001
Barium (Ba) .032 Molybdenum (Mo)1/ <.001
Beryilium (Be) <.0008 Nickel (Ni) - <.00]
Bicarbonate (HCO3)1/ 99 Nitrogen (N)1/

Bismuth (Bi) <.00k Ammonia {as NHuy) 2
Boron (B)1/ .024 Nitrate (NO3) b
Cadmium (Cd) <.03 Nitrite (NO2) .01
Calcium (Ca)l/ 38 Organic (N) .16
Carbonate (C03)1/ <. Total nitrogen (N) .3k
Chloride (C1)1/7 9.0 pH 8.1
Chromium (Cr) .007 Phosphate, total (POy)1/ 12
Cobalt (Co)l/ <.008 Potassium (K)1/ .9
Copper (Cu)1/ .007 Rubidium (Rb) <.001
DDD <.00001 Silica (Si02)1/ 2.1
DDE ND Silver (Ag) <.0004
pDT ND Silvex ND
Dieldrin ND Sodium (Na)1/ k.9
Dissolved oxygenl/ 9.692/ Specific conductance 275 umhos/cm
Dissolved solids (sum) 163 at 25°C
Endrin ND Strontium (Sr) Ry
Fluoride (F) . Sulfate (SO4)1/ 48
Gallium (Ga) <.002 Temperature, water 19.1°C
Germanium (Ge) <, 004 Tin {sn) <.008
Hardness (as CaCO03) 124 Titanium (Ti) <, 004
Heptachlor Trace 2,4-D ND
iron (Fe)l/ .037 2,4,5-T ND
Lead (Pb) <,006 Vanadium (V)1/ <, 004
Lindane Trace Zinc (zn)1/ <.02
Lithium (L) .003 Zirconium (Zr) ND

Essential to algal growth.

i/
2/ 107 percent saturation.
3/

Mercury determined during midsummer, 1970.
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Chemical Contributions to Oneida Lake

Amounts of dissolved chemical substances entering Oneida Lake were re-
presented by the sum of dissolved materials from the tributaries, from
direct precipitation on the lake surface, and from man's activities on and
around the lake. Contributions from ground water were negligible.

Mean annual loads, expressed as tons per day, of the chemical constit-
uents carried by the streams to the lake were determined mostly from data
of Pearson and Meyers (in press). To estimate chemical contributions from
unmeasured areas of the basin, Pearson and Meyers determined the chemical
yields (load per day, in tons per square mile) of the five terranes. From
yield information and with knowledge of the terrane composition of unmeas-
ured areas, it was then possible to estimate the mean annual loads from any
area of interest.

Mean annual loads of major chemical constituents entering Oneida Lake
are summarized in table 19. It was impossible to quantify the loads of
trace metals because of minute quantities present and lack of numerous
routinely collected samples. Estimated mean annual loads, however, of the
essential metals entering Oneida Lake from all sources generally ranged
from 1 to 50 1bs per day. Essential metals included aluminum boron, cobalt,
copper, iron, manganese, molybdenum, vanadium, and zinc. Concentrations of
trace metals in the tributaries to Oneida Lake during two sampling visits
in 13969 are given in table 20.

Fish Creek, including East and West Branches, which contributed about
LL percent of the water entering Oneida Lake, carried only 125 tons per
day, or 10 per cent of the total inflowing dissclved solids. Other north
tributaries, Scriba and Wood Creeks, also carried relatively small chemical
loads.

Chittenango Creek contributed 458 tons per day, or 37 percent of the
dissolved solids entering the lake. Most of the materials originated in
the soluble deposits of the Salina Group Terrane (fig. 4). The stream was
the major contributor of dissolved nutrient materials even though its annual
discharge represented only 17.8 percent of the total water budget. The
annual amount of water from Chittenango Creek was less than the amount of
water from either East Branch or West Branch Fish Creeks, yet the south
stream carried almost four times as much dissolved materials as the two
north streams combined.

The second largest load of dissolved sclids was carried by Oneida
Creek. The load averaged 220 tons per day, or 17.8 percent of the total.
The complex of Cowaselon and Canaseraga Creeks contributed about 16.6 per-
cent of the dissolved solids, or about 206 tons per day. Even though
Cowaselon and Canaseraga Creeks represented only 6 percent of the drainage
basin and carried only about 5 percent of the water, their dissolved-solids
contribution to Oneida Lake was almost as great as the entire north basin.

Chittenango Creek carried the largest loads of most major chemical

substances, including calcium, magnesium, potassium, strontium, bicarbonate,
sulfate, and tctal nitrogen. Ungaged areas contributed slightly larger
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amounts of sodium, chloride, and total phosphate. The sources of larger
amounts of sodium and chloride were extensive salt deposits in the Salina
Group Terrane (Pearson and Meyers, in press).

Chemical loads delivered to the surface of Oneida Lake by precipita-
tion were determined by F. J. Pearson, Jr., from unpublished data obtained
from a statewide sampling network. prcin?tation carried about 0.4 percent
(5 tons per day) of the dissoived solids entering the lake.

The nitrogen load in precipitation was greater than the nitrogen loads
contributed by four of the major tributary systems, including Scriba, Wood,
Cowaselon, and Canaseraga Creeks. The 0.20 tons per day of total nitrogen
in precipitation was equivalent to a concentration of 0.33 mg/l. The aver-
age concentration of total nitrogen dissolved in Oneida Lake during the
study was 0.3L4 mg/1 (table 18).

The phosphate locad in precipitation was greater than the phosphate
loads contributed by both Scriba and Canaseraga Creeks. The milligram per
liter equivalent of the precipitation-contributed 0.04% tons of phosphate
per day was 0.06. According to Sawyer (1947), this concentration is six
times that necessary for supporting algal blooms.

Pearson and Meyers (in press) determined that streams draining the
relatively undeveloped north parts of the basin had combined average nitro-
gen vields of 0.0016 tons per day per square mile or a total load of 0.97
tons per day. They found that the streams of the south basin carried an
average of 0.0020 tons per day per square mile or a total of 1.46 tons per
day.

The difference between contributions of nitrogen from the north and
the south parts of the basin (that is, 0.0004 tons per day per square mile)
reflected a larger population ser aed by sewers in the south. The average
load of nitrogen in the south streams, exclusive of sewered domestic wastes,
therefore, could be said to be 0. QQE} tons per day per square mile, or the
same as the nitrogen loads in the north streams. Pearson and Meyers (in
press) concluded that the basinwide nitrogen vield, exclusive of sewered
wastes, approximated the vields expected from nonagricultural lands. Nitro-
gen contributions, therefore, from nonsewered domestic wastes and from
agriculture were minimal.

According to the American Water Works Association (1967), the per
capita load of nitrogen in domestic sewage ranges from 0.011 to 0.017 x
1673 tons per day. The contribution of nitrogen to Oneida Lake from lake-
shore residents ({(about 14,000 persons) and from visiting sportsmen was
probably near the lower vailues of the range because the population fluctu-
ated considerably with lake usage. Assuming that the per capita contribu-
tion was 0.013 x 1073 tons per day, the total nitrogen contribution from
lake users would have been 0.18 tons per day.

Pearson and Meyers (in press) also found that the north drainage basin
contributed less phosphate to the lake than the south basin. Contributions
were 0.0006 and 0.0021 tons per day per square mile, respectively. The
authors attributed the load difference to differences in geology and popu-
tation. The sewered waste of population in the south basin accounted for
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0.0006 tons per day per square mile (0.32 tons per day), a quantity equal
to the amount of total phosphate contributed by the entire north basin.

The greatest source of phosphate in the Oneida Lake basin is the Lake
Plain. Pearson and Meyers (in press) estimated that the natural contribu-
tion of phosphate from the Lake Plain was 0.034 tons per day per square
mile. Phosphate originated in the peaty sediments of ancestral Oneida
Lake and in extensive swamp and marsh areas.

The large natural contribution of phosphate from the Lake Plain ac-
counted for the relatively large phosphate load in Wood Creek. It was
0.24 tons per day (table 19), the third largest load in all sampled streams.

Users and lake-shore residents of Oneida Lake contributed 0.013 x 1073
tons of phosphate per capita per day, on the basis of values published by
the American Water Works Association (1967). The total amount of phosphate
from lake usage, therefore, was 0.18 tons per day. '

Cultural contributions of total nitrogen and total phosphate to Oneida
Lake were determined to be at maximum 0.48 and 0.50 tons per day, respect-
ively (table 21). These values represented about 17 percent of the nitro-
gen and 20 percent of the phosphate entering Oneida Lake.

If the cultural sources of the two nutrients were eliminated, loads of
nitrogen and phosphate entering the lake from natural sources would be suf-
ficient to maintain concentrations above the minimums necessary to support
farge algal blooms in Oneida Lake. Even though nitrogen and phosphorus are
not limiting factors on algal growth in the lake, they are key nutrients
that contribute to increased enrichment. An elimination of the cultural
influences would, in theory, decrease the rate of eutrophication by as much
as 20 percent.

Table 21.--Cultural contributions of nitrogen
and phosphate to Oneida Lakel

Cultural Percent of total
source Tons per day inflowing load

NITROGEN

Basin 0.30 10.7

Lake shore 0.18 6.4

Total 6.48 17.1
PHOSPHATE
T Basin 0.32 12.7

Lake shore 0.18 7.1

Total 0.50 19.8

! Based on Pearson and Meyers (in press).

...97‘




Nutrient Budgets of Oneida Lake

Nutrient budgets of Oneida Lake were established by determining the
quantities of nutrient materials entering the lake and the quantities of
nutrient materials leaving the lake through its outlet, the Oneida River.
Differences between the values were the result of chemical and biological
processes in the lake.

Table 22 presents chemical budgets of the major nutrients in Oneida
Lake for 1967 through 1969. The north drainage basin, which consists of
43 percent of the total basin and supplied 67 percent of the water, con-
tributed only 17.4 percent or 215 tons per day of the dissolved solids that
entered Oneida Lake. The naturally fertile south basin, which forms 51
percent of the total basin and supplied one-third of the water, supplied
82 percent, or 1,017 tons per day, of the dissolved solids. Contributions
of dissolved solids from precipitaton and from man's activities on and
around the lake was 5 tons per day (0.4 percent), negligible compared with
the stream loads.

Daily inflow of dissolved solids to Oneida Lake was 1,237 tons or
about 450,000 tons per year (fig. 44). These nutrients supported the algal
blooms. About 89 percent, or 1,100 tons per day, of the nutrients that en-
tered the lake was discharged from the lake by the Oneida River. About 11
percent, or 137 tons per day, of the nutrients was retained by the lake.

OUTFLOW INFLOW

Scriba Creek

4,400 tons per year

West Branch Fish Creek

23,700 tons per year

East Branch Fish Creek

21,900 tons per year

Wood Creek

1 b

TRIBUTARIES b Orbide (s Por year

449,700 tons per year 80,300 tons per year

Canaseraga Creek

17,200 tons per year
Cowaselon Creek
58,000 tons per year
Chittenango Creek
167,200 tons per year
Ungaged areas

\ 69,100 tons per year

ONEIDA RIVER
401,500 tons per year

P
~

e ONEIDA LAKE

LAKE RETENTION
50,000 tons per year

Figure L4i.--Chemical budget of dissolved solids in Oneida Lake.
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Table 22.=~Chemical budgets of the major nutrients in Oneida Lake

(Upper values represent tons per day; lower values, in parenthesis, represent percentage of total)

Total Total

Inflows Sili Cal~- Magne- So- Potas- Stron- Bicar- Sul- Chlor- . Dis-
ilica . 7 : . . ! . nitro- phos-
and (SIOZ) cium sium @;um stum tium bonate fate ide gen ohate solyed
outflow (ca) {Ma) (Na) (K) (sr) {HCO3) (s0,) (c1) (N) (POL) solids
Northern drain- 12.1 5E.5 13.5 8.2 1.5 0.2 136 L3 16.0 0.97 0.62 215
age basin (50.2) (18.8) (19.3) (29.7) (22.7)y {(3.9) (20.4) (10.9) (28.8) (34.5) (24.6 ) ( 17.W)
Southern drain- 12.0 239 52.0 19.2 5.0 L.g 530 350 36.3 1.4é6 1.68 1,017
age basin (49.8) ( 81.0) (80.5) (69.6) (75.8) (96.1) ( 79.6) ( 88.3) (70.8) (52.0) (66.7 ) ( 82.2)
Other sources? - .5 1 .2 . - - 3 .2 .38 .22 5
¢ .2y ( .2y ( .70 (1.5 ¢ .8 ( . (3.5) (8.7) ( )
Total inflow 24 .1 295 65.6 27.6 6.6 5.1 666 396 55.5 2.81 2.52 1,237
to lake
Total outflow 24.0 260 58.0 27.0 6.5 3.7 660 330 59.0 2.26 .96 1,100
from lake
Retention by 1 35 7.6 .6 o 1.4 6 66 -3.5 .55 1.56 137
lake ( .4 (119 (10.2)y (2.2) (1.5 (27.8)y ( .9y (16.7) -- {(19.6 Y (61.9) ( 11.1)

1 precipitation and lake and lake-shore population.




Percentage retention of calcium and magnesium by Oneida Lake approxi-
mated percentage retention of dissolved solids. Values were 11.9 percent
and 10.2 percent for calcium and magnesium, respectively. Pearson and
Meyers (in press) found that Oneida Lake was oversaturated with calcium
carbonate; therefore, lake retention of calcium and magnesium ions was
probably by chemical precipitation.

Relatively small quantities of sodium, potassium, silicon dioxide,
and bicarbonate were retained. Percentage retentions of each was insig-
nificantly less than has been reported for other north lakes (Miller and
Tash, 1967).

0f the 396 tons of sulfate per day that flowed into Oneida Lake, 330
tons per day, or 83.3 percent, left by way of the Oneida River. The fate
of retained sulfate was difficult to determine because sulfate concentra-
tion was less than saturation in the lake water and because a similar
calcium concentration precluded precipitation of minerals such as gypsum
(Cas0,+2H,0) (Pearson and Meyers, in press). A considerable quantity of
sulfate, however, is converted into the protoplasm of blue-green algae.
On death and decay of wind-blown algae on the lake shore, obnoxious hydro-
gen sulfide (from reduced sulfate) is released to the atmosphere. Every
user of Oneida Lake has observed such offensive decaying masses. This
release of sulfide partly accounted for loss in the sulfate budget; how-
ever, it could not be quantified.

Computations indicated that 59.0 tons of chloride per day was leaving
the lake through the Oneida River whereas only 55.5 tons per day was enter-
ing the jake from aii sources. The difference of 3.5 tons per day probably
reflected error in sampling and analysis.

Total nitrogen input to Oneida Lake was estimated to be 2.8 tons per
day, of which 2.3 tons per day left the lake. Table 22 shows that the
lake retained 0.55 tons per day, or 19.6 percent of the total nitrogen it
received. Nitrogen retention was less than that found by Sawyer (1947) in
three Wisconsin lakes. He reported that nitrogen retention in the lakes
ranged from 30.4 percent to 60.5 percent but that the lakes had been en-
riched with domestic wastes.

Oneida Lake retained 61.9 percent (1.56 tons per day) of inflowing
dissolved phosphate (table 22). Phosphate retention was about 20 percent
higher than had been reported in Lake Sebasticook, Maine {(Mackenthun, and
others, 1968, and Federal Water Pollution Control Administration, 1966),
and in Upper Klamath Lake, Oregon (Miller and Tash, 1967). Retention of
phosphate by Oneida Lake occurred as accumulations in the bottom sediments
of organic debris and of inorganic precipitates, such as apatite (Pearson
and Meyers, in press).

Retained nutrients will remain in solution, become incorporated in
living organisms, or become part of the bottom sediments. Recycling of
nutrients occurs among the three. Because previous discussion (see sec-
tion, "Long-term chemical variations,') has shown that no definable in-
crease in the gross chemical composition of Oneida Lake has occurred during
the period of record, most of the materials retained by the lake have prob-
ably become a permanent part of the bottom sediments.
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Only a small amount of nutrients have contributed and are contributing
to the increased enrichment (that is, eutrophication) of the lake water.
Therefore, the rate of eutrophication of Oneida Lake can be considered to
be slow, and the eutrophic state of the lake can be considered to have re-
mained virtually unchanged for many years. In Oneida Lake, natural eutro-
phication has been a very slow process.
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BIOLOGICAL CHARACTERISTICS OF ONEIDA LAKE

Flora and Fauna

From the days of Samuel D. Champlain, who described the fish as being
very plentiful (Biggar, 1929), the production capabilities of Oneida Lake
have been well known. In 1792, Francis Adrian Vanderkemp described enormous
mayfly hatches. He wrote, '"The lake was covered with hundreds, thousands,
millions of insects which in Holland we call haft, and which lay on some
parts of the shore one and two inches deep'' {after Landgraff, 1911).

James Fenimore Cooper, in 1809, in addition to describing the algae
(see section, '"The Problem'), stated that the boatmen on the lake asserted
that more than a hundred salmon could be caught in 1 day (after Landgraff,
1911} . Mozley (1954) cited Oneida Lake as ''one of the most productive lakes

H

I have seen on any continent."

The first scientific observation of Oneida Lake (in 1886) was described
in the annual report of the New York State Board of Health (1888). The re-
port discussed the physical setting of the lake, currents, water chemistry,
and planktonic organisms. OFf the latter, the report stated, '"'microscopic
plants and infusorial animais, somewhat numerous.' Algal blooms were de-
scribed as thick, vellowish-green scum through which the 'track of a boat
could be seen for many rods in its wake.'' The report concluded that Oneida
Lake existed under conditions especially favorable to maintenance of a pro-
lific growth of organisms during summer months.

Because of prolific growths and diversities of aquatic organisms and
because of the proximity of the lake to academic institutions, Oneida Lake
was the site of several classical studies during the early 1900's. The
first two by Baker (1916c¢c, 1918) considered invertebrate benthos and empha-
sized moliuscan fauna. Baker (1916b) said that except for the fresh-water
molluscs in Saginaw Bay in Lake Huron, the fresh-water molluscs in Oneida
Lake were greater in number of species than that of any similar body of
water in the United States. He found 62 species.

Baker (1918) observed that conditions necessary for abundant growth of
algae in the lake were "'admirably met'' and, as a result, the algal flora was
abundant in both species and individuals. Baker (1916c) reported a bloom of
RFivularia in September 1916,

Arnother classical study from 1914 through 1927 (Adams and Hankinson,
1928f) considered the fish fauna. The major objective of these investigators
was to develop a fish-management system for the lake. The result of their
work was a lengthy description of 59 species of fish, including life histo-
ries, habits, ecology, and economics. The authors, in addition, reported
"water blooms'' on Oneida Lake and specifically described a bloom of
Gloeotrichia echinulata on August 30, 1918.

Gloeotrichia echinulata s a blioom-forming, blue-green alga that is
visible to the unaided eye. It appears as & small dark-brown, burrlike ball
(fig. 45C). This alga is the only alga having such an appearance. Undoubted-
ly, the alga described in 1809 by James Fenimore Cooper as a ''dark particle
...called lake blossoms'' was Gloeotrichia echinulata.
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Phytoplankton population in Oneida Lake in August and September 1927
consisted primarily of diatoms (Muenscher, 1928). Asterionella was the most
common. Blue-green algae, however, were 'well represented” by Anabaena and
Microcystis. Because of reported blue-green algal blooms before and after
the visit by Muenscher, the summer of 1927 was probably atypical of normal
conditions in the lake. This assumption is strengthened by an examination
of hydrologic records for 1927 (U.S. Geological Survey, 1958), which reveals
that the flow of water from the north drainage basin was about 25 percent
more than the long-term average. Such a large flow of water from the north
probably resulted in a decrease of available nutrients in the lake (see
section, ''Temporal Differences') and accompanying reduction of algal produc-
tion. (See section, ‘Ecological implications.')

Muenscher (1928) found the seston (see Glossary) to average 4.56 mg/1.
During the current study, seston averaged 13.2 mg/1 and ranged from 0 to

41 4 mg/1.

Changes in the biota of Oneida lLake were described by Dence and Jackson
(1959), Harman and Forney (1970), Jacobsen (1966), and Noble (1968, 1969).

Dence and Jackson (1959) discussed changes in fish fauna. The most re-
markable change was the complete absence of the Atlantic salmon (Salmo
salar), which was extremely abundant when Champlain visited the area in the
early 1600's. Tullibee or cisco, sea lamprey, and American eels have become
scarce. Increases in the numbers of gizzard shad, white perch, and sheeps-
head or fresh-water drum have become obvious to the benefit of walleye
(Stizostedion vitreum) and yellow perch (Perca flavescens).

Production of walleye and yellow perch makes Oneida Lake ''the fishiest
lake of them all" {(Karas, 1967). J. L. Forney (written commun., 1969)
stated that the fishes' populations were fairly stable and that Oneida Lake
contains up to 1,400,000 pounds of age [!! or older walleyes. Recent stud-
ies of the dynamics of Oneida Lake fish populations include Forney (1961a
and b; 1963; 196hka, b, and c¢; 1965a, b, and c; 1966a, b, c, and d); Forney
and Houde (1964 and 1965); and Forney and Taylor (1963).

The most thorough examination of biclogical changes in Oneida Lake was
undertaken by Noble (1969}, who emphasized aquatic vascular plants and
benthic fauna. His area of study was Lower South Bay, the same area studied
by Baker (1916c, 1918). Noble found that by 1967 there had been a general
increase in sponges, tubificids, and amphipods and a decrease in numbers of
isopods, mayflies, and caddisflies. Bithynia tentaculata, a gastropod that
Baker found to be relatively uncommon, was the principle mollusc in Noble's
collections. It dominated all studied habitats.

Harman and Forney (1970) concurred with Noble about the dominance of
Bithynia and found an accompanying decrease in the pleurocerid snails,
Pleurocera and Goniobasis. The authors concluded that continuing eutrophi-
cation of Oneida Lake was responsible for the reduction in the molluscan
species diversity. They predicted that a small number of species, occur-
ing in vast numbers, would eventually dominate the molluscan fauna of
Gneida Lake.




Jacobsen (1966) was the first investigator to observe a change in the
structure of the benthic community in Oneida Lake. He found a decrease in
abundance of the burrowing mayfly, Hexagenia limbata a tremendously abun-
dant insect during the studies of Baker (1916c, 1918) and Adams and
Hankinson (1928b). Jacobsen found that the mayfly had been replaced by
chironomids, and he accredited the succession to oxygen depletion in the
deeper water of the lake in summer. He was the first to report the oxygen
depletions that are characteristic of Oneida Lake.

Noble (1969) found that the dominant species of vascular plants,
particularly the submergent forms, had changed from several species of
Potamogeton to Heteranthera dubia and Ceratophyllum demersum. He found
Chara, stated by him to be previously uncommon (see section, ''Geology''),
to be common in 1967. Emergent and floating plants were virtually un-
changed.

Zooplankton of Oneida Lake was first examined by Muenscher (1928), who
found Daphnia to be the most common genus. Digptomus and Cyclops were also
quite common. According to Hall (1967) and Houde (1968), zooplanktonic
populations are dominated by the crustaceans, Daphnia galeata mendotae,
Epischura lacustris, Diaptomus minutis, and Cyclops bicuspidatus thomast.

Neither recent studies nor the present study has undertaken comprehen-
sive survey of flora and fauna characteristic of Oneida Lake. Only a few
major groups of organisms have been studied, and any significance of changes
in organismal dominance or species diversity can only be speculated. The
changes, yet to be fully defined, seem toc be another step in the never-
ceasing natural process of lake succession, or eutrophication.

Table 32 in the Appendix is a partial checklist of organisms collected,
observed or identified, and probably still present in Oneida Lake. Names
are in current taxonomic terminology. The compilation was obtained from
data collected in the current study f{especially for algae and vascular
plants) and from information available in the following publications: Adams
(1928a and 1928b); Adams and Hankinson (1916, 1928a, and 1928b); Baker
(1916a, 1916b, 1916c, and 1918): Dence and Jackson (1959): Flory (1956);
Hall (1967); Hankinson (1928a and 1928b): Harman and Forney {(1970); Houde
(1968) ; House (1918); Noble (1968 and 1969); Pilsbry (1917); Pratt (1923);
Raney and Lachner (13942); and Transeau (1917).

Phytoplankton
Methods of Routine investigations

Routine field investigations of phytoplankton of Oneida Lake were
started in May 1967 and continued through April 1969. Weekly samples for
guantitative and qualitative analyses were obtained from the surface and
from 10-foot (3.05-meter) depth intervals at each of the 15 sampling sta-
tions in the growing seasons of 1967 and 1968. Biweekly samples were col-
lected in fall, winter, and spring. Occasional grab samples were obtained
during the summer of 1969. A total of about 900 phytoplankton samples
were collected and examined.




Phytoplankton samples were treated on collection with 40-percent form-
aldehyde solution for preservation, with a concpnfrated solution of cupric
sulfate for maintaining color of cells, and with a 20-percent detergent
solution for prevention of coagulation of settled material. The resultant
solution had a 3 to b percent concentration of formaldehyde. Occasional
unpreserved samples were returned to the laboratory for examination. Un-
concentrated plankton samples were used for quantitative evaluations. Net
(no. 20 standard silk bolting cloth) samples and concentrates of whole
samples were used for identifications.

A Sedgwick-Rafter counting cell and a whipple ocular micrometer were
used for counting at 100X magnification. A 21X objective and a stereozoom
fens were used for scanning fields and for greater magnification. The
counting cell was filled three times with each sample, each filling was
counted, and results were averaged. Twenty to 100 fields were normally
counted, depending on the number of algal cells present. When concentra-
lons were too thick for proper counting, samples were diluted with dis-
{iled water and counts were repeated. Final counts were expressed in
umber of cells per milliliter of sample. No attempts were made to enumer-
ate the number of cells in colonies of Microcystis aeruginosa, Microcystis
incerta, Gloeotrichia echinulata, Entophysalis lemaniae, or Volvos aureus.

IS 1

Temporary wet mounts of sample concentrates were used for identifica-
fons. Diatoms (Bacillariophyceae) were cleared by the method of Prescott
£ and permanent mounts were made with heated Caedax. Species were

fied when possible.
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Observations of the Phytoplankton

One hundred and seventeen species of algae were observed in the phyto-
plankton of Oneida Lake in the study (table 23). Of these species, 42 were
common or abundant; and their types and distribution followed the general
pattern for a eutrophic lake (Greeson and Meyers, 1969). Table 24 indi-

er forms of algae that have been recently observed in the phyto-
ton of ah@ lake but that have not been observed during this study.
sentative phytoplankton are pictured in figures 45 and 46,

“igure L7, which shows relative abundances of the major groups of
ae composing the phytoplankton of Oneida lLake, indicates that green
{Chlorophyta) were dominant during late spring and early summer.
were replaced by the blue-green algae (Cyanophyta) in the summer,
Tight and temperature conditions were favorable. In general, blue-
¢ n algae exhibited blooms with the start of their dominance; decreased
in ﬂumbers to a more or less constant level; and, in the late surmers or
earty falls, manifested a second major bloom before the approach of lower
water temperatures. Secondary algal blooms occurred sporadically in the
growing seasons (June through September). Diatoms (Bacillariophyceae) be-
came dominant with the decline of the blue-green algae and remained domi-
nant through winters. Species of algae observed two or more times are
given in table 25.
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Blue-green algae interfere with recreation more than other algae be-
cause blooms occur when recreation is maximal. They became dominant in
Oneida Lake by June 20, 1967, and June 1L, 13968, when Anabaena flos-aquae
comprised 91.4 percent and 76.3 percent of the standing crops, respectively
(table 26). Aphanizomenon holsaticum was the dominant blue-green alga at
the beginning of the growing season of 1969, when it formed 80.8 percent of
the population. On October 9, 1967, and September 24, 1968, blue-green
algae still dominated the phytoplankton populations and constituted 54.9
percent and 88.7 percent of the collections, respectively.

in the initial bloom of 1967, phytopianktcn consisted almost entirely
of blue-grezen algae. Average concentratic. =» July 10 was about 71,000
cells/ml (cells per milliliter). A maxi. i1 concentration of 201,900 cells/
mi was observed at station 12. The most abundant alga was Anabaena flos-

'l Y
aquas.

No algal blooms occurred during the growing season of 1968. But the
blue-green algae became dominant, and their population reached an average
concentration of 7,650 cells/ml on July 24. Maximum concentration on that
date was 12,300 cells/ml. Aphanizomenon holsaticum attained a large popu-
lation in late November 1968. Average concentration on November 26 was
10,850 celis/ml, which was 99.% percent of the total population. A maximum
concentration of 24,550 cells/m! was cobserved at station 12. Average
surface-water temperature in the iake on that date was 4.4°C.

Oneida Lake experienced an enormous blue-green algal population during
the entire growing season of 1969. According to local residents, the extent
of the summer-long bloom was the most severe that has been witnessed in the
éake. Uﬂ‘@rtunately, routine sampling for this study had terminated in the
spring of 1969; but a few random seamples taken in the summer indicated that
the population consisted primariily of Microcystis aeruginosa. Aphanizomerion
holeaticum was also very abundant.

During the study, the four most common species of blue-green algae in
Oneida Lake were Anabaena flos-aquae, Aphanizomenon holsaticum, Microcystis
aeruginosa, and Anabaena circeinalis. Anabaena flos-aquae and Aphanizomenon
holsaticum dominated 89 percenf of the blue-green algal populations. Other
abundant blue-green algae included Anchaena spiroides, Cloeotrichia echinul-
ata, Microcystis inceréa& Lyngbya Birgei, end Oscillatoria subbrevis.

Diatoms were the second most abundant type of algae in Oneida Lake and
dominated the algal populations in fall, winter, and spring. Although the
number of diatoms decreased during the summers, they were present during
the entire study.

In the growing season of 1968, when the blue-green algae failed to
attain bloom concentrations, diatoms were abundant. On July 10, 1968,
Melosira spp. dominated the phytoplankton population with 56.8 percent of
the standing crop. Representative species of diatoms in Oneida Lake were
Melosira granulata, Asterionella formosa, Fragilaria brevistriata, and
Fragilaria crotonensis. Other common diztoms included Melosira ambigua,
Melosira varians, Fragilaria capucinc, Tabellaria fenestrata and Stephano-
discus niagarce.
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Commonty occurring green
morum, Sphaerocystis Schroetert, Mic
paradoxum. Ceratium hirundinell
common in spring, summer,

Phytoplankton populations were seldom uniform over the entire lake.

Heavy concentrations in bay areas and localized blooms were common. Figure
48 shows spatial variations of phytoplankton in the growing seasons of 1967
and 1968. in general, concentrations of phytoplankton were heavier in the

#est end of the lake and along the south shore than in other areas of the
i This resulted from higher concentrations of nutriencs In those areas
protection from prevailing winds.

in the summer of 1967, Big Bay (station 22) wes the site of the first
occurrence of blue-green algae. On June 20, 6 of the 16 species were of
that type. An increase in concentrations of cells in the bay preceded two
major blooms and most of the population pulses during 1967. Even though
nc algal blooms were developed in the lake in 1968, concentrations of blue-
green algae were generally higher in Big Bay than in other areas of the
lake.

Mutrient-rich water from Big aaw Swamp Tlows directly into Blg Bay.
The nutrients in that water, supplemented by other nutritional materials
;YGH vast amounts of decaying vascu lar plants in the area, increase the
suitability of Big