








































































































































































































































































































































































































PHYTOPLANKTON, IN THOUSANDS OF CELLS PER MILLILITER
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Figure 47.--Relative abundances of the major groups of algae composing
the phytoplankton of Oneida Lake.
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Table 25.--Distribution of algae observed two or more times
the phytoplankton of Oneida Lake

Species of alga
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Table 26.--Dominant phytoplankton organisms in Oneida Lake

(Values represent mean concentrations in cells per milliliter;
parenthetic values are percent of standing crop)

May 29, 1967

June

June

June

June

July

July

July

July

July

Ulothriz aequalis 1,690, (56.3); Lyngbya Birgei 470, (15.7);
Asterionella formosa 400, (13.3); Fragilaria spp. 340, (11.3).

6, 1967
Sphaerocystis Schroeteri 565, (78.5); Coelastrum microporum 115,
(16.0); 4sterionella formosa 40, (5.5).

13, 1967
Sphaerocystis Schroeteri 115, (84.6); Meloeira spp. 15, (11.0);
Stephanodiscus wiagarae 5, (3.7).

20, 1967
Anabaena flos-aquae 6,170, (91.4); Sphaerocystis Schroeteri 430,
(7.2); Melosira spp. 60, (0.9); Scenedesmus quadricauda 30, (0.4).

27, 1967
Anabaena flos-aquae 18,300, (87.2); Microcystis colonies; Anabaena
cireinalis 565, (2.7); Synechococcus aeruginosa 355, (1.7).

6, 1967

Anabaena flos-aquae 15,930, (89.5); Microcystis colonies;

?pha?izomenon holsaticum 1,265, (6.7); Coelastrum microporum 265,
1.5).

10, 1967
Anabaena flos-aquae 50,700, (71.1); Aphanizomenon holsaticum 19,750,
(27.7); Microcystis colonies; Synechococcus aeruginosa 185, (0.3).

Th, 1967
Aphanizomenon holsaticum 6,395, (45.4); Anabaena flos-aquae 5,340,
(38.5); Microcystis colonies; Melosira spp. 595, (4.2).

18, 1967
Aphanizomenon holsaticum 8,410, (39.1); dnabaena flos-aquae 7,635,
(35.5); Microcystis colonies; Anabaena circinalis 2,290, (10.7).

27, 1967
Anabaena flos-aquae 8,650, (43.1); Aphanizomenon holsaticum 5,910,
(29.4) 5 Pandorina morum 1,830, (9.1); 4nabaena cireinalis 1,115, (5.6).

August 1, 1967

Anabaena flos-aquae 14,900, (63.8); Aphanizomenon holsaticum 6,200,
(26.8) ; Pandorina morum 500, (2.3); Microcystis colonies.

August 9, 1967

Aphanizomenon holsaticum V1,355, (61.7); Anabaena flos-aquae 3,780,
(2035%; Anabaenc circinalis 1,170, (6.4); Dictyosphaerium pulchellum
5305 2‘9)‘
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Table 26.--Dominant phytoplankton organisms in Oneida Lake
(Continued)

August 17, 1967
Aphanizomenon holsaticum 10,900, (51.4); Anabaena cireinalis 3,770,
(17.8); Anabaena flos-aquae 3,330, (15.7); Anabaena spiroides 1,260,
(5.9).

August 22, 1967
Aphanizomenon holsaticum 16,900, (42.6); 4nabaena flos-aquae 9,930,
(25.0); Anabaena cireinalis, 9,730, (24.5); Microcystis colonies.

September 13, 1967
Anabaena cireinalis 9,900, (37.0); Aphanizomenon holsaticum 7,850,
(29.3); Melosira spp. 4,235, (15.8); Fragilavia spp. 1,785, (6.7).

September 27, 1667
Anabaena cireinalis 3,915, (40.8); Melosira spp. 1,685, (17.6);
Aphanizomenon holsaticum 935, (9.7); Pandorina morum 800, (8.3).

Gctober 9, 1967
Anabaena cirvceinalis 2,950, (46.1); Fragilaria spp. 1,560, (24.4);
Melosira spp. 940, (14.7); Aphanizomenon holsaticum 560, (8.8).

October 30, 1967
Melosira spp. 2,350, (50.0); Anabaena flos-aquae 1,085, (23.1);
Fragilaria spp. 835, (17.8); Microcystis colonies.

December 4, 1967
Anabaena flos-aquae 1,000, (80.0); Melosira spp. 200, (16.0);
spp. 40, (3.2).

January 17, 1968
Synedra spp. 15, (60.0); Melosira spp. 10, (L0.0).

January 30, 1968
Melosira spp. 20, (66.7); Chlamydomonas sp. 10, (33.3).

February 13, 1968
Melosiva spp. 120 (100.0).

February 27, 1968
Melosira spp. 60, (100.0).

March 13, 1968
Melosira spp. 45, (86.5); Fragilaria spp. 5, (9.6}.

April 2, 1968
Melosira spp. 90, (90.0); Nitzschia sigmoidea 5, (5.0).

May 9, 1968

Fragilaria spp. 450, (B4.1); Tabellaria fenestrata 210, (20.6);
Melosira spp. 175, (17.2); Asterionella formosa 110, (10.8).
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Table 26.--Dominant phytoplankton organisms in Oneida Lake
(Continued)

May 28, 1968
Sphaerocystis Schroeteri 405, (95.3); Anabaena flos-aquae 10, (2.4}
Melosira spp. 5, (1.2).

June 5, 1968
Sphaerocystis Schroeteri 125, (59.5); Anabaena flos-aguae 50, (23.8);
Melosira spp. 15, (7.1); Fragilaria spp. 10, (4.8).

June 14 1968
Anabaena flos-aquae 820, (76.3); Melosira spp. 230, (21.4); Fragilaria
spp. 10, (0.9); Chlamydomonas sp. 10, (0.9).

July 2, 1968
Anabaena flos-aquae 3,650, (54.6); Microcystis colonies; Aphanizomenon
holsaticum 2,360, (35.3); Pleodorina californica 555, (8.3).

July 10, 1968
Melosira spp. 525, (56.8); Mougeotia sp. 175, (18.9); Actinastrum
Hantzschii 90, (9.7); Synedra spp. 35, (3.8).

July 15, 1968
Anabaena flos-aquae 4,525, (85.4); Chlamydomonas sp. 700, (13.2);
Ceratium hirundinella 25, (0.5); Melosira spp. 25, (0.5).

July 24, 1968
Aphanizomenon holsaticum 7,150, (73.0); Ancbaena circinalis 1,500,
(15.3); Actinastrum Hantzschii 700, (7.1); Melosira spp. 450, (4.6).

July 31, 1968
Aphonizomenon holsaticum 3,700, (81.3); Pediastrum duplex 460, (10.1);
Melosira spp. 130, (2.9); Sphaerocystis Schroeteri 80, (1.8).

August 6, 1968
Anabaena flos-aquae 2,290, (40.9); Aphanizomenon holsaticum 2,130,
(38.4); Anabaena cirveinalis 523, (9.4); Chlamydomonas sp. 350, (6.2).

August 20, 1968
Anabaena flos-aquae 6,030, (42.4); Oscillatoria limmetica 4,000,
(28.1); Lphanizomenon holsaticum 2,470, (17.4); Anabaena circinalis

575, (3.9).

August 28, 1968
Aphanizomenon holsaticum 5,865, (39.9); Anabaena flos-aquae 5,210,
(35.5); Sphaerocystis Schroeteri 2,130, (14.5); Anabaena circinalis

575, (3.9).

September 12, 1968
Anabaena flos-aquae 6,250, (64.4); Aphanizomenon holsaticum 2,425,
(25.0); 4nabaena circinalis 575, (5.9); Actinastrum Hantzschii 200,
(2.1).
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Table 26.--Dominant phytoplankton organisms in Oneida Lake
(Continued)

September 24, 1968
Aphanizomenon holsaticum 7,830, (70.2); Anabaena flos-aquae 2,060,
(18.5); Actinastrum Hantzschii 465, (4.2); Melosira spp. 310, (2.8).

October 3, 1968
Melosira spp. 2,540, (55.1); Aphanizomenon holsaticum 1,440, (31.2);
Pediastrum duplex 300, (6.5); Fragilaric spp. 200, (4.3).

October 23, 1968
Fragilaria spp. 525, (61.8); Stephanodiscus niagarae 300, (35.3).

November 5, 1968
Aphanizomenon holsaticum 450, (36.0); Asterionella formosa h25,
(34.0); Actinastrum Hantzschii 200, (16.0); Gyrosigma attenuatwn 25,
(2.0).

November 26, 1968
Aphanizomenon holsaticum 10,810, (99.6); Stephanodiscus niagarae 25,
(0.2).

January 7, 1969
Melosira spp. 5, (100.0).

February 13, 1969
Melosira spp. 205, (100.0).

March 11, 1969
Melosira spp. 75, {75.0); Synedra spp. 15, (15.0).

April 29, 1969
Fragilaria spp. 290, (47.5); Tabellaria fenestro=a ?E@yt(zkhé?;
Asterionella formosa 115, (18.9); Synedra spp. 30, (4.9).
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Figure 48.--Spatial variations of phytoplankton during the
growing seasons 1967 and 1968.
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Figure 50.--Decomposing algal mats near Bushnell Point,
August 17, 1967.




ECOLOGICAL IMPLICATIONS

New York State and the Federal Government cooperatively studied the
limnology of Oneida Lake and its drainage basin to define environmental
conditions associated with annual production of enormous populations of
algae in the lake. Initially, three assumptions were made about Oneida
Lake: (1) An understanding of hydrological, physical, chemical, and biolog-
ical processes is a necessary first step toward algal control. To alter
a natural system successfully, cause and effect relationships within the
system must be defined. (2) Oneida Lake is part of a complex hydrological
entity that serves as the end point of a large drainage network. Events
within the network can influence, either directly or indirectly, events
within the lake. (3) Oneida Lake is in a state of dynamic equilibrium,
tending toward but seldom attaining stability. Algae in the lake are part
of the problem of eutrophication, and control measures for the problem must
¢ nsider the fundamental causes.

The approach used in the study was to consider how one major environ-
mental factor affected another. Emphasis was placed on the discovery of
phencmena that were operationally significant to the physiological proces-
ses of the algae and on the determination of how the phenomena affected the
algal populations. This section of the final report is restricted to the
principal involved relationships and is directed toward the control of
algal probiems in Oneida Lake.

Two interim reports on the study have been completed. The first con-
sidered the limnology of Oneida Lake (Greeson and Meyers, 1969); the second
discussed the hydrochemistry of Oneida Lake basin (Pearson and Meyers, in
press). The latter report stated that the quantities of major chemical
species dissolved in the streams of the basin were established by the geo-
chemistry of five internally homogeneous terranes and that cultural influ-
ences on the quantities were minimal. The report concluded that the content
of major chemical species dissolved in Oneida Lake was determined by the
combined quality of the inflowing streams.

The report by Greeson and Meyers (1969) concluded that the four most
important factors affecting the biological processes in Oneida Lake were
(1) high fertility of the drainage basin, (2) physical position and shallow-
ness of the lake, (3) mixing caused by wind, and (4) fertility of the bottom
sediments. The report further concluded that Oneida Lake was a naturally
eutrophic lake and that nutrients entering the lake from natural sources
alone were of sufficient quantity to support the annual algal blooms.

Figure 51 shows that when a lake has reached the eutrophic stage,
aging is hastened. Because no pronounced changes have occurred in Oneida
Lake during the period of technical record, the rate of eutrophy in the lake
has probably plateaued in the latter part of the eutrophic stage. Future
long-term changes in lake conditions, if uninfluenced by outside factors,
should progress at a slow rate.

Previous discussion has considered the effect of outside factors on
the rate of eutrophication in Oneida Lake. Cultural contributions of nitro-
gen and phosphorus to the lake were responsible for 17.1 percent and 19.8
percent of the total budgets for the two elements, respectively. As a
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Figure 51.--Hypothetical curve of eutrophication (modified
from Hasler, 1947).

result, cultural contributions have slightly enhanced the rate of enrich-
ment and have subsequently increased the rate of eutrophication in Oneida
Lake. Effects of this artificial enrichment can be abated by elimination
or control of cultural sources.

Effect of increased nutrient envichment in a lake is well known and
apparent. Cessation of artificial enrichment also has been shown to have
dramatic effects on lake dynamics. The classic case is Lake Washington in
the State of Washington (Edmondson, and others, 1956; and Edmondson, 1970),
which immediately changed from a pea-souplike mixture to a clear-watered
lake after diversion of municipal wastes from the lake.

Exact reasons for excessive productivity in Oneida Lake and in Lake
Washington differ, but the reasons for improvement of Lake Washington
exemplify the important relationship of cause and effect. The relationship
is similar to a balanced equation. For example, if nutrients are added to
a lake (a cause), productivity increases (an effect); and, conversely, if
nutrients are removed from a lake, productivity decreases.

Abatement of artificial enrichment can have a tremendous effect on a
lake; and further removal of naturally supplied nutrients should have an
even greater effect, especially in a lake that has a short flow-through
time. A short flow-through time results in fluctuations in nutrient con-
tent with changes in nutrient inflow. Such characteristics are typical of
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Oneida Lake; therefore, a reduction in quantity of inflowing nutrients to
the lake would reduce the nutrient content of the lake. This condition
would decrease the potential for biological production. Quantities of in-
flowing, naturally derived nutrients to Oneida Lake could be reduced by
stream diversion.

Several observations during the study suggested stream diversion as a
possible means of controlling excessive biological primary productivity in
Oneida Lake. An important observation was the displacement of lake water
by north tributary water under ice cover. Figure 38 shows that by late
March of each year, the greatest percentage of water in Oneida Lake con-
sists of low-mineralized water that entered the lake from the east through
the New York State Barge Canal. Sources of water to the canal were from
East and West Branches of Fish Creek and from Wood Creek.

Lowest dissolved-solids content of the lake occurred annually during
the spring runoff. It resulted from the combined low-mineralized water
that had entered the lake in the winter and the large volume of water from
the north during snowmelt and spring-runoff periods. Average dissolved-
solids content of the lake increased in the summer, as the heavily mineral-
ized water from the south mixed with lake water.

In the growing season of 1967, Oneida Lake contained a large popula-
tion of blue-green algae. Several algal blooms were observed in the summer.
According to local residents, the largest blue-green algal population ever
observed in the lake occurred in the summer of 1969. The summer of 1968
was unique in that blue-green algae in the lake never reached nuisance or
bloom quantities.

Examination of physical, chemical, and biological data did not reveal
reasons for annual variations in algal production. The only apparent sig-
nificant changes in environmental conditions were small variations in the
mean annual dissolved-solids content of the lake. As discussed earlier,
dissolved-solids content averaged 171 and 161 mg/1 in the growing seasons
of 1967 and 1968, respectively. An average value could not be established
for the growing season of 1969, because routine collection of data had been
terminated. However, a few specially collected samples during 1969 indi-
cated that the average dissolved-solids content in 1969 was higher than it

was in 1968.

High dissclved-solids contents of Oneida Lake in 1967 and 1969 accom-
panied the high production of algae. Low dissolved-solids content in 1968
accompanied algal production. The relationships indicated that dissolved-
solids content was an important index of potential productivity conditions
because no element, ion, or compound was a limiting factor on algal produc-
tion. Dissolved-solids content integrates the total nutritional complex
with interactions of environmental factors. Larkin and Northcote (1968)
and Rawson (1960) previously discussed the importance of dissolved-solids
content as a lake index.

Mean annual variations of dissolved-solids content, as associated with

annual production of phytoplankton in the lake, and seasonal fluctuation of
dissolved-solids content suggested that the hydrologic regime of Oneida
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Lake was an important influencing factor on biological primary productiv=-
ity. As the annual water budget changed, dissolved-solids content in the
lake could be expected to change.

Previous discussion of the water budget of Oneida Lake stated that the
amount of water flowing through the system during 1967 water year was about
24 percent below the long-term average. In 1968 and 1969 water years, it
was about 11 and 21 percent, respectively, above the long-term average.

The pattern of change of the three annual water budgets did not explain
variations of dissolved-solids content of the lake. A breakdown of water
contributions to the lake, however, showed the expected annual patterns.

In winter and spring seasons 1966-67, information derived from records
of the U.S. Geological Survey (1968) showed that 615,712 acre-feet of water
entered Oneida Lake from the north tributaries. This volume of water was
63.4 percent of the total inflow to the lake and represented 54.4 percent
of the volume of the lake.

In the comparable period 1967-68, 732,256 acre-feet or 65.9 percent
of the water entering Oneida Lake came from the north tributaries (U.S.
Geological Survey, 1969b). The north inflow was 116,544 acre-feet greater
than that for the previous year. |t virtually displaced the water in the
lake with low-mineralized water. In the following growing season, algal
blooms were of no consequence.

Weather Bureau records for winter and spring 1968-69 indicated that
precipitation in Oneida Lake drainage basin was considerably greater than
for the two previous winters and springs (0. P. Hunt, written commun.,
1969). The greater precipitation resulted in a larger spring runoff and
an annual water budget 21 percent above the long-term average. Even though
the volume of water from the north tributaries amounted to 869,427 acre-
feet in winter and spring seasons of 1968-69, the amount of water from the
south tributaries was proportionally larger than during the two previous
winters and springs (U.S. Geological Survey, 1970b). The result was a per-
centage decrease of inflowing water from the north. |t amounted to 57.2
percent of the water budget.

The mixture of water from north and south tributaries produced a com-
paratively high dissolved-solids content in Oneida Lake in the growing
season of 1969. In that summer, severity of algal blooms in Oneida Lake
was reported to have been the worst ever observed.

Water budgets, dissolved~-solids contents, and algal populations of
Oneida Lake during the study are summarized in table 27. The table implies
that a relatively large percentage of water from south tributaries produces
a relatively high dissolved-solids content in the lake and that a large
algal population results.

Unfortunately, the periods in which algal blooms have been reported
in the past do not coincide with historical records of streamflow; there-
fore, no conclusive comparisons can be made with past data. Muenscher
(1928) stated that algae were of no consequence in 1927, when a 25 percent
larger than average volume of water entered Oneida Lake from the north
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Table 27.--Summary of water budgets, dissolved-solids contents,
and algal blooms in Oneida Lake, May 1967 through
September 1969

Water budget (during

winter and spring) Dissolved-solids

Algal populations

Year Percent Percent ?oni??t (severity)
from north from south mg
1967 63.4 36.6 171 Numerous algal
blooms.
1968 65.9 34,1 161 No algal blooms.
1969 57.2 42.8 Greater than Largest popula-
during 1968. tion ever ob-
served.

drainage basin. Burdick and Lipschuetz (1946) reported algal blooms in
1942 and 1944, Hydrologic records, although incomplete, showed that East
Branch Fish Creek, a north stream, carried | percent and 19 percent less
water than the long-term average in 1942 and 1944, respectively.

Because of observations in the current study and of suggested environ-
mental relationships in past studies, the author concluded that years of
drought and years in which the contribution of water from the south streams
is larger than usual were associated with nuisance algal conditions in
Oneida Lake. Therefore, the hydrologic regime of Oneida Lake and its
drainage basin is a principal factor in the production of algae. Control
of algal blooms might be accomplished by diversion of the south tributaries
around or away from the lake.

The obvious question to such a postulation is what would be the effect
of such a change on the dynamics of Oneida Lake. The answer is not so ob-
vious, but prediction can be made with some deqgree of certainty. First,
an alteration of the hydrologic regime would have little effect on many of
the lake's physical processes including thermal variations, wave action,
seiches, currents, mixing, shifting of sedimented materials, formation and
deterioration of ice cover, light penetration, and solar insolation. All
these processes have been shown to be important environmental factors, and
they would be virtually unchanged.

Most pronounced changes would occur in the annual water budget and in
concentrations of chemical substances (for example, plant nutrients). These
changes, particularly the latter, would reduce the degree of biological pri-
mary productivity.

- 128 -




If the discharge of water into Oneida Lake from the four south tribu-
taries (that is Oneida, Canaseraga, Cowaselon, and Chittenango Creeks) was
diverted, annual inflow of water to the lake would be decreased by about
28 percent or about 521,300 acre-feet per year (table 28). Hydrologic
equilibrium of the lake would depend on water from the north tributaries
(that is, Scriba, West Branch Fish, Fast Branch Fish, and Wood Creeks),
from the ungaged areas surrounding the lake, and from precipitation onto
the lake surface. These three sources represent a combined contribution
of about 1,357,200 acre-feet per year or about 72 percent of inflowing
water.

If the amount of water entering the lake is decreased, the amount of
water leaving the lake would be decreased if the lake stage is maintained
at 369-foot altitude, the normal summer stage. With such a change, the
outflow of water through the Oneida River would be decreased to about
1,209,100 acre-feet per year. The decrease in outfliow would reduce the
mean annual discharge of the Oneida River past Brewerton to about 1,670
cubic feet per second. It is presently about 2,390 cubic feet per second.
Evaporation from the lake surface would remain unchanged at about 148,100
acre-feet per vyear.

Water now entering Oneida Lake from north tributaries, from ungaged
areas, and from precipitation would be adequate to maintain the 369-foot
stage of the lake. The 1.3+ million acre-feet of water per year from these
sources is about 120 percent of the volume of the lake or about 227,200
acre-feet greater than the lake's 1,130,300 acre-feet. In drought years,
augmentation from the south tributaries might be necessary to maintain the
lake stage. During floods, on the other hand, it might be necessary for
the lake to receive water from the south to prevent flood damage in the
south drainage basin.

Table 28.--Predicted water budget of Oneida Lake
after diversion of south tributaries

Factor Acre-feet/year
INFLOW
North tributaries 922,376
Ungaged areas 285,256
Precipitation 149,560
Sum 13357y¥92
QUTFLOW
Oneida River 1,209,080
Evaporation 148,112
Sum 1,357,192
DIVERSION
South tributaries . 521,280
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Reduction of inflow to the lake and accompanying reduction in outflow
would increase the flow-through time of water in the lake. Diversion of
the four south tributaries would probably increase retention time from 235
days to 340 days, an increase of 105 days, or 45 percent.

It is difficult to predict the result of an increased fiow-through
time because little study has been done on the topic. However, the great-
est change would probably be a delay of seasonal chemical conditions now
typical of the lake.

The greatest volume of water enters Oneida Lake during spring runoff.
It is derived principally from north tributaries. This water has a rela-
tively low dissolved-solids content compared with water entering the lake
during low-flow periods.

After diversion, inflow of water would still be greatest in the spring.
At the beginning of the growing season, nutrient concentrations in the lake
would be at their annual minimum values. The minimums typically occur in
late winter or early spring seasons.

As the year progressed, the volume of inflowing water would decrease
as the nutrient concentrations increased. The highest dissolved-solids
content of the lake would occur in the winter season, when primary produc-
tivity is of minimal significance. The highest dissolved-solids content
in the lake occurs in late summer or the last part of the growing season
when primary productivity is of significance,

An increased flow-through time would probably have little effect on
the transfer of dissolved materials from the bottom sediments into solu-
tiorn, because the current study has found that oxidizing conditions exist
at the mud-water interface. Those conditions wouid remain unchanged after
diversion, because the downward transport of water by mixing would remain
unchanged.

The most significant alteration of the lake environment because of
diversion, and subsequent change in the water budget, would be a decrease
in the dissolved-solids content. As was discussed in the section on tem-
poral variations of chemical constituents in Oneida Lake, the quality of
Cneida Lake water depends on the quality of inflowing water.

The combined effect of low-mineralized water from the north plus
heavily mineralized water from the south is a chemical mixture whose
dissolved-solids content averages 163 mg/1. The effect is analogous to
mixing salt water with fresh water; a weak salt solution results. |If salt
water is not added to the container, the fresh water remains pure. Such
an analogy would be applicable to the chemical conditions in Oneida Lake
if the south tributaries were diverted. Low-mineralized water from the
north would become the 'pure'’ water in the lake; it would be supplemented
only by water from ungaged areas and from direct precipitation.

Table 29 shows that the average dissolved-solids content of the north
tributaries is 54 mg/1, that of ungaged areas is 153 mg/1, and that of
precipitation is 9 mg/l. A mixture of water from the three sources would
have a dissolved-solids content of about 70 mg/l, which, theoretically,
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Table 29.--Pradicted znrnual chemicsl hudoet of dissclved solids
in Oneida Lake after diversion of south tributaries

o Dissolved-
Factor Chemical load solids content
(tons/yr) (mg/1)
INFLOW
North tributaries 67,890 54
Ungaged areas 59,130 153
Precipitation 1,825 9
128,845 ( 70)
OUTFLOW
Oneida River 122,403
Lake retention 6,442
128,845
DIVERSION
South tributaries 322,660 (455)

would be the approximate dissolved-solids content of Oneida Lake after
diversion of the south streams. This theoretical dissolved-solids content
is about 43 percent of the dissolved-solids content of the lake during this
study. The chemical load contribution to the lake from the three sources
would be about 29 percent of the present inflowing load. It would approxi-
mate 128,850 tons per year.

If the amount of dissolved materials in the lake were reduced, the
percentage retention of dissolved solids would probably be reduced. The
concentration of some ions would be below the level of saturation, and thus
these ions would not precipitate. Assuming a dissolved-solids retention
of about 5 percent after diversion, dissclved materials accumulated in the
lake would total about 6,450 tons per year. During this study, the lake
retained 50,000 tons per year, or about 11 percent of the inflowing quan-
tity. Theoretically, the 87 percent reduction in quantity of retained
materials would slow the rate of eutrophication by 87 percent, or 1 year
at the present rate of enrichment would be equal to about 8 vears after
diversion.

The balance of dissolved materials (or 122,403 tons per year) would
leave the lake by way of the Oneida River (table 29).

Because of interest in nitrogen and phosphorus as plant nutrients,

calculations were made to estimate the inflow of the two nutrients after
diversion. Total phosphate input would be reduced by about 45 percent, or

- 131 -




from 2.52 to about 1.38 tons per day. Total nitrogen input would be re-
duced about 36 percent, or from 2.81 to 1.79 tons per day. It is not pos-
sible to estimate what the concentrations of the two nutrients would be in
the lake water. The concentrations are influenced by "luxury' consumption
of phosphorus by algae, nitrogen-fixation by blue-green algae, and incor-
poration of the two nutrients into the bottom sediments.

0f the diverted phosphate and nitrogen, 0.32 tons per day and 0.30
tons per days, respectively, originated from the population served by
sewers in the south basin (table 21). Stream diversion, therefore, not
only would reduce total inflow of phosphate and nitrogen to the lake but
also would remove the greatest amount of artificial enrichment that the
lake is experiencing. After diversion, the only cultural influences on
the chemical quality of lake water would come from the lake and the lake-
shore population.

The effect of diversion of the south tributaries on the downstream
Oneida River would probably be minimal. Assuming that diversion was ac-
complished to the part of the Oneida River between Brewerton and Caughdenoy
Dam, the quantity and the quality of water below the point of diverted
water inflow would be virtually the same as it is now.

A mixture of water from south tributaries would have a dissolved-
sclids content of 455 mg/1. The combination of that water with lake water
{¢issclved-solids content about 70 mg/1) would have a dissolved-solids
content of about 174 mg/1. A slightly higher dissolved-solids content in
the downstream Oneida River, after diversion, would result from decreased
retention of dissolved materials by the lake. The effect of the slight
increase on the dynamics of the Oneida River would be insignificant.
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SUMMARY AND CONCLUSIONS

In the spring of 1967, the U.S. Geological Survey, in cooperation with
the New York State Department of Environmental Conservation, began a com-
prehensive program to study the eutrophication of Oneida Lake. The objec-
tives of the program were to define cause and effect relationships contrib-
uting to algal production in the lake and to provide necessary information
for controlling the algal blooms.

The approach used during the study was a consideration of how one major
environmental factor affected another. Emphasis was placed on the discovery
of phenomena that were operationally significant to the physiological proc-
esses of the algae and on the determination of how the phenomena affected
the algal populations.

This finail report of the study describes and discusses the limnology of
Oneida Lake and its drainage basin. The report emphasizes factors contrib-
uting to the annual nuisance algal blooms in the lake. Conclusions based on
the study follow:

I. Oneida Lake is a eutrophic lake that has existed for about 10,500
years. The fertile drainage basin of the lake was once the bottom
of an inland fresh-water sea, and drainage from the area brings an
abundance of soluble minerals and dissolved organic materials into
the lake.

2. The drainage basin of the lake can be divided into five hydrochem-
ically distinct and internally homogeneous terranes. They are Tug
Hill, Lake Plain, Till, Sand and Gravel, and Salina Group Terranes.
A1l except the Salina Group Terrane have little effect on the hy-
drochemistry of the streams in the basin.

3. Oneida Lake has become eutrophic through natural events. Geochem-
ically derived dissolved solids entering the lake from the drain-
age basin support the annual algal blooms.

L. The lake has been eutrophic for at least 350 years. Early settlers
observed that the algae in the lake were of the bloom-forming type.
The same forms are still evident in Oneida Lake.

5. Oneida Lake drainage basin can be considered primarily rural, be-
cause more than 54 percent of the basin is undeveloped and about
35 percent is used for farming. The 91,000 persons in the basin
are concentrated in the area south of the lake. The population
served by sewers totals about 29,800.

6. Population of the shoreline of Oneida Lake has increased from about
1,600 persons in 1900 to about 14,100 persons in 1960. In addition
to the resident population, more than | million sportsmen and water
enthusiasts annually visit the area.

7. Mater in Oneida Lake, as indicated by stage and (or) volume, rep-

resents a dynamic equilibrium of hydrologic conditions. Water
entering the lake is from direct precipitation (149,600 acre-feet
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per year) and surface-water inflow (1,729,000 acre-feet per year).
Ground-water contributions are negligible. 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).

Oneida Lake has a surface area of 79.8 square miles and serves a
drainage basin of 1,382 square miles. The lake is 20.9 miles long
and 5.5 miles wide. [Its maximum depth is 55 feet and its average
depth is only 22.3 feet. Flow~through time of the lake is 235 days.

Bottom sediments of Oneida Lake can be divided into five types
based on composition and size of materials. The types and their
percentage distribution are cobble and rubble, 10.2 percent; grav-
el, 4.2 percent; sand, 17.8 percent; silt and clay, 40.3 percent;
and mud (silt, clay, and organic matter), 27.5 percent. Distribu-
tion of bottom materials has not changed significantly in the past
60 years.

Oneida Lake does not stratify thermally during the summer but does
exhibit near-anaerobic conditions in the lower layers of water dur-
ing the growing season. A sharp dissolved-oxygen stratification

at about 30-foot depth accompanies the increase in phytoplankton
productivity in the upper layers of water.

One of the most influential factors among the processes in the lake
is wind-~generated wave action. Prevailing westerly winds can cre-
ate a maximum wave height of about 6 feet on Oneida Lake and ef-
fective mixing to a depth of about 30 feet, the same depth as
dissolved-oxygen stratification. Sixty-five percent of the lake
bottom is shallower than 30 feet and can be subjected to mixing
with the overlying water.

Seiches are responsible for additional water mixing and for par-
tial horizontal transfer of materials in Oneida Lake. The typical
seiche is uninodal and extends the long axis of the lake. 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 wind, and greatest current velocities are associated
with sustained moderate winds of 5-10 miles per hour. Deep-water
currents generally flow opposite the direction of the winds.

Wind streaks on Oneida Lake are most pronounced during periods of
moderate westerly winds, when wave height ranges from |1 to 2 feet.
The streaks correspond with the maximum surface currents.

lce cover confines the water of the lake for about 4 months each
year, and an ice thickness of 3 feet or more is common during late
March.

Lake water is displaced by inflowing tributary water under ice

cover. Water from each of the tributaries remains more or less
as separate water masses. Mixing occurs only after ice breakup.
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23.
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25.

Secchi disc transparency averages about 5.86 feet. Greatest
transparencies occur in the open lake; the l-percent penetration
depth averages 13.1 feet. This depth represents the lower limit
of the euphotic zone in Oneida Lake.

Bloom-essential concentrations of nutrients in Oneida Lake reached
critical minimal concentrations many years ago and, subsequently,
have increased. Concentrations of nutrients in the lake are more
than adequate for the healthy existence of phytoplankton, even
during large algal blooms.

Dissolved nutrients in Oneida Lake are virtually uniform in con-
centration, both vertically and areally. However, concentrations
in the west and the south parts of the lake are slightly higher
than in the rest of the lake because of inflow of high-mineralized
water from the south tributaries.

Quality of the lake water depends on quality of inflowing water.
Dissolved=-solids content of the lake fluctuates seasonally with
changes in the amount of surface-water inflow and annually with
changes in the annual water budget.

Available data indicate that the chemical quality of Oneida Lake
was virtually stable from 1927 through 1969.

0f those studied, no element, ion, or compound seems to be a lim-
iting factor on the bodily processes of algae or on the extent of
bloom formation in Oneida Lake. Nitrogen and phosphorus did not
approach growth-limiting concentrations during the study. The
quantity of dissolved solids is probably an index of growth condi-
tions in the lake, because it integrates the total nutritional
complex with interactions of environmental factors.

The greatest amount of dissolved solids (72 percent) enters Oneida
Lake through the south tributaries, whereas the greatest amount of
water (67 percent) enters through the north ones. Chittenango
Creek carries the largest load of almost all major chemical sub-
stances and contributes 37 percent of all dissolved solids enter-
ing Oneida Lake.

Maximum cultural contributions of total nitrogen and total phos-
phates to the lake were 0.48 and 0.50 tons per day, respectively.
The two loads represent about 17 and 20 percent of the total loads,
respectively. If the cultural sources of nitrogen and phosphate
were eliminated, the quantities entering the lake from natural
sources could maintain concentrations above the minima needed to
support large algal blooms in Oneida Lake.

Dissolved solids entering Oneida Lake are from the drainage basin
(449,700 tons per year) and from direct precipitation (1,800 tons
per year). The lake retains 50,000 tons of dissolved solids per
year. The balance (401,500 tons per year) leaves the lake through
the Oneida River.
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26.

28.

29.

30.

3t.

33.

36.

Because there has been no detectable increase in the nutrient en-
richment of the lake water, the rate of eutrophication of Oneida
Lake can be considered to have remained virtually unchanged for
many vears.

Observed biological changes in Oneida Lake from 1916 through 1969
are minimal. A1l changes seem to be steps in the never-ceasing
natural process of lake succession.

0f the 117 species of algae observed in the phytoplankton, 42 are
common or abundant. The four species of blue-green algae that
characterize Oneida Lake are Anabaena flos-aquae, Aphanizomenon
holsaticum, Microcystis aeruginosa, and Anabaena cireinalis.

Other abundant blue-green algae in Oneida Lake include Anabaena
spiroides, Gloeotrichia echinulata, Microcystis incerta, Lingbya
Birgei, and Oscillatoria subbrevis.

Phytoplankton populations usually vary throughout the lake. Heavy
concentrations in bay areas and localized blooms are common.

Algal production seems to be stimulated near shoal areas and in
certain bays. Heavy algal concentrations along the shore and de-
caying heaps of algae on the shore usually result from wind-swept
drifts of algal mats from the open lake.

Because most blue-green algae are buoyant, the apparent severity
of established algal blooms in Oneida Lake is inversely propor-
tional to wind action.

The four most important factors affecting the 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.

Observations during the current study and suggested environmental
relationships in past studies indicate that nuisance algal condi-
tions in Oneida Lake are associated with years of drought and
vears in which the contribution of water from the southern streams
greater than usual. The hydrelogic regime of Oneida Lake and
drainage basin is a principal factor in the production of
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Reduction in quantity of nuirients flowing into Oneida Lake would

reduce the nutrient content in the lake and would decrease the po-
tential for biological production. The reduction could be accom-

plished by diversion of the south tributaries around or away from

the lake.

Diversion of the south tributaries would have little effect on
many of the physical processes in the lake. The most pronounced
changes would occur in the annual water budget and in the
dissolved-solids content.




38.

39.

4o.

Enough water to maintain the hydrologic equilibrium of the lake
enters Oneida Lake from the north tributaries.

Diversion of the south tributaries would probably reduce the aver-
age dissolved-solids content of the lake from 163 to about 70

mg/1.

Stream diversion would remove the greatest amount of artificial
enrichment that the lake is now receiving.

The effect of diversion of the south tributaries on the downstream
Oneida River would probably be minimal.
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GLOSSARY
AEROBIC: requiring oxygen; oxygenated; having oxygen.

ALGAE: the group of simple or primitive plants that generally are micro-
scopic in size and live in wet or damp places.

ALGAL BLOOM: the relatively rapid increase in the total number of phyto-
plankton per unit time to the extent that their presence hinders the
utility of a body of water.

ALLOCHTHONOUS: produced outside (of a lake) and transported in.

ANAEROBIC: devoid of oxygen.

ARTIFICIAL ENRICHMENT: the addition to a body of water of nutritive mater-
ials derived from cultural activities.

AUGMENTATION: supplementation.
AUTOCHTHONOUS: produced within (a lake).
BENTHIC ALGAE: algae that grow in or on the bottom of a body of water.

BENTHIC FAUNA: animal organisms that live in or on the bottom of a body
of water.

BENTHIC FLORA: plant organisms that live in or on the bottom of a body of
water.

BENTHOS: organisms that live in or on the bottom of a body of water.
BIOLOGICAL GRAZERS: animal organisms that feed on vegetation; herbivores.
BLOOM: (see ALGAL BLOOM).

BLUE-GREEN ALGAE: algae (Division Cyanophyta) that lack chloroplasts and
have pigments dispersed through the entire protoplast.

CELERITY (of waves): the speed of movement.

CHAROPHYTIC: of or pertaining to the class of green algae containing
charophytes (that is, Chara, Nitella, and Tolypella).

CHEMICAL CYCLE: the circular path of an element in its various combina-
tions from the environment to the organism and back to the environment.

CHEMICAL REDUCTION: the addition of hydrogen to or the substraction of
oxygen from a substance; a reaction opposite to the chemical oxidation.

COL: a gap across or depression in a ridge.

CUESTA-FORM TOPOGRAPHY: a sloping plain that is abrupted on one side by a
steep slope.
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DEPTH: the vertical distance between the surface and the bottom.

DEVELOPMENT OF SHORELINE: the uniformity index of the shoreline. The in-
dex of 1 represents a circle.

DEVELOPMENT OF VOLUME: the uniformity index of volume. The index of 1
represents a cone.

DIATOMACEOUS MATERIALS: a conglomerate consisting primarily of diatom
frustules. :

DIATOMS: a group of algae, Division Chrysophyta, characterized by a cell
wall of pectic materials impregnated with silica, which gives it a
glass-like appearance and texture.

DINOFLAGELLATE: an organism having two flagella.

DISCHARGE: the volume of water (or total fluids) that passes a given point
within a given period of time.

DRAINAGE AREA: land and water surfaces from which a lake derives its in-
flow of water.

DRAINAGE BASIN: (see DRAINAGE AREA).
DRUMLIN: an elongated, glacially~-deposited hill of gravel.

ECOLOGICAL SUCCESSION: the gradual progression from one life stage into
ancther.

ENRICHMENT : addition or accumulation of nutrients within a body of water.

EPILIMNION: the upper layer of water during periods of thermal stratifica-
tion in a lake.

ESCARPMENT: & steep slope abruptly terminating a high plain.

ESSENTIAL ELEMENT: any element that in some chemical form is required for
the nutrition of an organism.

EUPHOTIC ZONE: the lighted region of a lake.

EUTROPHICATION: the natural process of aging of a body of water through
ecological succession and enrichment.

EUTROPHIC LAKE: a lake having an abundant amount of dissolved nutrients.

EVAPORATION: the conversion of water from the liquid to the vapor state
at a temperature lower than the boiling point.

EVAPOTRANSPIRATION: the sum total of evaporation and transpiration.

FAUNA: animal organisms.
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FETCH: the uninterrupted, straight-line distance from the shore to the
point of interest, usually associated with wave formation.

FILAMENTOUS ALGAE: threadlike forms of algae having a linear arrangement
of cells. These forms are generally macroscopic and benthic.

FLORA: plant organisms.

FLOW-THROUGH TIME: the time necessary for the volume of a lake to be re-
placed by inflowing water, assuming that there is a complete mixing of
the lake water.

FRUSTULES: the siliceous, or ''‘glass-like' shells of diatoms.

GEOCHEMISTRY: the science of the chemical characteristics of the earth.

GREEN ALGAE: algae (Division Chlorophyta) that contain chloroplast in
which chlorophyll is predominant.

GROUND WATER: the water beneath the surface of the ground.
HIGHER PLANT: (see VASCULAR PLANTS).

HOMOTHERMOUS: wuniform or equal in temperature.

HYDROCHEMISTRY: the science or study of the chemistry of water.

HYDROGRAPHIC MAP: a chart of the lake bottom indicating various depth con-
tours.

HYDROLOGY: the earth science that relates to the occurrence of water in the
earth, its physical and chemical reactions with the rest of the earth,

and its relation to living organisms.

HYPOLIMNION: the bottom layer of water during period of thermal stratifica-
tion in a lake.

ISOHYETAL MAP: a map that shows the distribution of precipitation by lines
connecting points of equal precipitation.

LENGTH: the long axis of a lake.
LENGTH OF SHORELINE: the linear distance of the lake shore.

LIMITING FACTOR: any substance or condition that approaches or exceeds the
upper or lower tolerance limits of an organism.

LIMNOLOGY: the science of fresh water, especially of ponds and lakes,
inctuding physical, chemical, and biclogical conditions.

LONG AXIS: the greatest length of a lake.

MACROBENTHOS: large, nonmicroscopic organisms that live in or on the bot-
tom of a body of water.
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MACROMETABOLITE: a nutrient that is required in relatively large quantities.

MACRONUTRIENT: (see MACROMETABOLITE).

MACROPHYTES: (see VASCULAR PLANTS).

MACROSCOPIC: wvisible to the unalided eye.

MARL: calcareous deposits; calcium carbonate.

MESOTROPHIC LAKE: a lake with a moderate content of dissolved nutrients.

MICROMETABOLITE: a nutrient that is required in relative small or trace
guantities.

MICRONUTRIENTS: {see MICROMETABOLITE).

MUCILAGE: the gelatinous sheath enveloping most colonial species of blue-
green algae.

MUCKLAND: commonly a wet area having dark-colored soil that has a high
percentage of decomposing or finely pulverized organic matter such as
peat.

MUD:  a mixture of silt, clay, or organic matter having an appearance of
black ooze.

NITROGEN FIXATION: the ability of certain bacteria and blue-green algae to
utilize atmospheric or dissolved gaseous nitrogen in their physiolog-

ical processes.

NODAL POINT: the point in an oscillating medium at which the amplitude is
reduced to zero; the point of rotation of an oscillation; (see SEICHE).

NUTRIENT: any substance that is required by an organism for the continua-
tion of growth, for repair of tissue, or for reproduction.

OLIGOTROPHIC LAKE: a lake with a low content of dissolved nutrients.
ORGANISM: a living plant or animal.

PERIPHYTON: the miscelianeous assemblage of organisms living upon the free
surfaces of objects submerged in water.

PHOTOSYNTHES1S: the utilization of light as an energy source for the con-
version of inorganic solutes to living matter by chlorophyll-bearing
organisms. N

PHOTOSYNTHETIC ZONE: (see EUPHOTIC ZONE).

PHYSIOGRAPHIC: of or pertaining to the genesis and evolution of land forms.

PHYTOPLANKTON: plant organisms of the plankton.
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PLANKTON: passively fleating or weskly swimming aquatic organisms of rel-
atively small size that are at the mercy of the water currents.

PLANT TRANSPIRATION: (see TRANSPIRATION).
PREVAILING WINDS: average or normal winds.

PRIMARY PRODUCERS: plant organisms that utilize dissolved nutrients di-
rectly from the water.

PRODUCTIVITY: total amount of organic matter that is formed from raw
materials.

RETENTION TIME: (see FLOW-THROUGH TIME).

SEDIMENTATION: deposition of suspended or dissolved materials on the bot-
tom of a lake or stream.

SEDIMENTS: mineral or organic solid materials carried in suspension or
settled from suspension in a liquid.

SEICHE: oscillation of water about one or more nodal points within a lake.
It is a localized and periodic shift of the water level in which the
water particles advance and return in the same path.

SETCHE AMPLITUDE: wvertical extent of water displacement during a seiche.

SESTON: total heterogeneous mixture of living and non-living materials
suspended in water.

SHOAL: (see SHOAL AREA).

SHOAL AREA: the part of the lake that is shallower than 14 feet in depth.
SHORELINE: the margin of land surrounding the lake surface.

SOLAR RADIATION: Tlight received directly from the sun.

SPATIAL: of or in space; areal.

STAGE: elevation of the surface of a body of water.

STANDING CROP: total quantity of living material at any moment in time.
STANDING WAVE: {see SEICHE).

STREAM DIVERSION: act of taking water from the natural stream channel and
introducing it into a canal or other conduit.

SUMMER STAGNATION PERIOD: period of thermal stratification in a lake when
the hypolimnion is anaerobic.

SURFACE AREA: the expanse of the lake surface.
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SURFACE WATER: water that flows over or rests upon the surface of the
ground.

SURFICIAL GEOLOGY: characteristics of the earth's uppermost layers.
TEMPORAL: of or in time.

TERRANE: a complex group of strata accumulated within a definite geologic
epoch.

THERMAL RESISTANCE: the resistance to mixing because of thermally produced
density differences between the upper and the lower layers of water.

THERMAL STRATIFICATION: distinct layering of a body of water because of
thermal differences.

THERMOCLINE: the layer of water between the epilimnion and the hypolimnion
where the temperature rapidly declines per unit depth from the upper

margin to the lower margin.

TRACE ELEMENT: an element that exists in very minute quantities in the
environment.

TRANSPIRATION: the process by which water vapor is transferred to the at-
mosphere from a living plant.

TRIBUTARY: any stream that contributes water to another stream or body of
water.

TYCHOPLANKTON: planktonic organisms that originated from attached commu-
nities.

VACUCLIZED: containing vacuoles or ''air pockets."

VASCULAR PLANT: highly developed plants with a water conducting system.
Generally, those plants with leaves, stems, and roots.

VERNAL: of or in the spring.

VERNAL PULSE: increase in standing crop of plankton during the spring
season.

VOLUME: amount of water in lake.

WATER COLUMN: wvertical profile in a lake from surface to bottom.
WATERSHED: (see DRAINAGE AREA).

WAVE AMPLITUDE: one-half of the wave height.

WAVE HEIGHT: maximum vertical distance between crest and trough of a wave.

WAVE LENGTH: linear distance from crest to crest or from trough to trough
between successive waves.
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WAVE OF OSCHILLATION: wvertical rise and fall of the water at successive
positions in which the water particles move in a circular path.

WIDTH: the short axis of a lake.

WIND ROSE: a diagrammatic representation of wind directions at a given lo-
cation.

WIND VELOCITY: speed of the wind.

ZOOPLANKTON: animal organisms of the plankton.

- 144 -







REFERENCES

Adams, C. C., 1928a, General description of Oneida Lake: Roosevelt Wild
Life Annals, v. 1, p. 247-253.

1928b, The economics and' social value of Oneida Lake fish:
Roosevelt Wild Life Annals, v. 1, p. 254-260.

Adams, C. C., and Hankinson, T. L., 1916, Notes on Oneida Lake fish and
fisheries: Trans. Am. Fisheries Soc., v. 45, p. 154-169.

1928a, Annotated list of Oneida Lake fish: Roosevelt Wild Life
Annals, v. 1, p. 283-521.

_ 1928b, The ecology and economics of Oneida Lake fish: Roosevelt
Wild Life Annals, v. 1, p. 239-548,

Allen, M. B., and Arnon, D. |., 1955, Studies on nitrogen-fixing blue-green
algae. 1. Growth and nitrogen fixation by Anabaena cylindrica Lemm.:
Plant Physiolegy, v. 30, p. 366-372.

American Public Health Association, American Water Works Association, and
Water Pollution Control Federation, 1965, Standard methods for the
examination of water and wastewater including bottom sediments and
sludges (H. P. Orland, ed., 12th ed.): New York Am. Public Health
Assoc., 769 p.

American Water Works Association, 1967, Sources of nitrogen and phosphorus
in water supplies: Am. Water Works Assoc. Jour., v. 59, p. 344-366.

Baker, F. C., 1916a, Description of a new variety of Lampsilis from Oneida
Lake with notes on the L. luteola group: Nautilus, v. 30, p. 74-77.

1916b, The freshwater mollusca of Oneida Lake, New York: Nautilus,

v. 30, p. 5-9.

1916¢c, The relation of mollusks to fish in Oneida Lake, New York:
New York State Coll. Forestry Technology. Pub. no. 4, 366 p.

1918, The productivity of invertebrate fish food on the bottom of
Oneida lLake, with special reference to mollusks: New York State Coll.
Forestry Technology. Pub. no. 9, 264 p.

Benoit, R. J., and Curry, J. J., 1961, Algae blooms in Lake Zoar, Connecticut,
in Algae and Metropolitan Wastes. USPHS Tech. Rept. W61-3, p. 18-22.

Biggar, H. P., 1929, The works of Samuel de Champlain: Toronto, The
Champlain Soc., v. 3, 418 p.

Birge, E. A., and Juday, C., 1922, The inland lakes of Wisconsin. The

plankton -~ 1. lts quantity and chemical composition: Wisc. Geol. and
Nat. History Survey Bull., v. 64, p. 1-222.

- 145 -




Bortels, H., 1940, Uber die Bedeutung des Molybbans fur stickstoff-
bindendene Nostocaceen: Arch. Mikrobiol., v. 11, p. 155-186.

Broughton, J. G., Fisher, D. W., Isachsen, Y. W., and Rickard, L. V., 1962,
The Geology of New York State: New York State Mus. and Sci. Service,
Geol. Survey, Map and Chart Ser. no. 5 (Text), 42 p.

Buddhari, W., 1960, Cobalt as an essential element for blue-green algae:
Ph. D. thesis, Berkeley, Univ. of Calif., 163 p.

Burdick, G. E., and Lipschuetz, M., 1946, A report on the investigation of
Oneida Lake: New York State Conserv. Dept., mimeo, 23 p.

Carroll, D., 1962, Rainwater as a chemical agent of geoiogical processes --
a review: U.S. Geol. Survey Water-Supply Paper 1535-G, 18 p.

Chu, S. P., 1943, The influence of the mineral composition of the medium on
the growth of planktonic algae. |l. The influence of the concentra-
tions of inorganic nitrogen and phosphate phosphorus: Jour. Ecology,
v. 31, p. 109-148. ‘

Cialdi, A., 1866, Sul motoc ondoso del mare (2d ed.): Roma, v. 28, 693 p.
(after Hutchinson, 1957).

Cobb, H. D., and Meyers, J., 1964, Comparative studies of nitrogen fixation
and photosynthesis in Anabaena cylindrica: Am. Jour. Botany, v. 51,

p. 753-762.

Dapples, E. C., 1959, Basic geology for science and engineering: New York,
John Wiley and Sons, 609 p.

Dence, W. A., and Jackson, D. F., 1959, Changing chemical and bioclogical
conditions in Oneida Lake, New York: School Sci. and Math., v. 59,

p. 317-32h.

Edmondson, W. T., 1970, Phosphorus, nitrogen, and algae in Lake Washington
after diversion of sewage: Science, v. 169, p. 690-691.

Edmondson, W. T., Anderson, G. C., and Peterson, D. R., 1956, Artificial
eutrophication of Lake Washington: Limnology and Oceanography, v. 1,

p. 47-53.

Eyster, C., 1965, Micronutrient requirements for green plants, especially
algae, in Algae and Man (D. F. Jackson, ed.): Syracuse, Syracuse Univ.
Press, p. 86-119.

Federal Water Pollution Control Administration, 1966, Fertilization and
algae, in Lake Sebasticook, Maine: Cincinnati, Robt. A. Taft Sani-
tary Eng. Center, 124 p.

L 1968, Water pollution problems and improvement needs, Lake Ontario
and St. Lawrence River basins: Chicago, Federal Water Pollution Con-
trol Administration, 125 p.

- 146 -




Flory, R. D., 1956, Report on a study of the flora at the Cornell Bio-
logical Field Station (Shackelton Point Estate): Cornell Univ. Biol.
Field Sta., unpub., 115 p.

Fogg, G. E., 1966, Algal cultures and phytoplankton ecology: Madison, Univ.
Wisc. Press, 126 p.

Forel, F. A., 1895, Le Leman: Lausanne, Monographie limnologique, v. 2,
651 p.

Forney, J. L., 196la, Growth, movement, and survival of smallmouth bass
Micropterus dolomieui in Oneida Lake, New York: New York Fish and
Game Jour., v. 8, p. 88-105.

1961b, Year-class distribution of walleyes collected by five types
of gear: Am. Fisheries Soc. Trans., v. 90, p. 308-311.

Mﬁl963, Distribution and movement of marked walleyes in Oneida Lake,
New York: Am. Fisheries Soc. Trans., v. 92, p. 47-52.

1964a, Evaluation of pulsed direct current for collecting fish in
Oneida Lake: Rept. of Proj. no. F-17-R-8, job no. I-c, Cornell Univ.
Biol. Field Sta., mimeo, 2 p.

___1964b, Marking of walleyes and smallmouth bass; routine sampling of
Oneida Lake fish populations: Rept. of Proj. no. F-17-R-8, job no.
I-a, Cornell Univ. Biol. Field Sta., mimeo, 9 p.

~ 196hc, Utility of a small spawning impoundment for increasing
northern pike production: Rept. of Proj. no. F-17-R-8, job no. Il-a,
Cornell Univ. Biol. Field Sta., mimeo, 1 p.

19652, Factors affecting growth and maturity in a walleye popula-
tion: New York Fish and Game Jour., v. 12, p. 217-232.

_ 1965b, Marking of walleyes and smallmouth bass; routine sampling
of Oneida Lake fish populations: Rept. of Proj. no. F-17-R-9, job no.
I-a, Cornell Univ. Biol. Field Sta., mimeo, 24 p.

1965¢c, Utility of a small spawning impoundment for increasing
northern pike production: Rept. of Proj. no. F-17-R-9, job no. Il-a,
Cornell Univ. Biol. Field Sta., mimeo, 7 p.

1966a, Factors affecting first-year growth of walleyes in Oneida
Lake, New York: New York Fish and Game Jour., v. 13, p. 146-167.

o 1966b, Marking of walleyes and smallmouth bass; routine sampling
of Oneida Lake fish populations: Rept. of Proj. no. F-~17-R-10, job no.
I-a, Cornell Univ. Biol. Field Sta., mimeo, 34 p.

__1966c, Study of conditions influencing year-class strength of wall-
eyes in Oneida Lake: Rept. of Proj. no. F~-17-R-10, job no. I-b,
Cornell Univ. Biol. Field Sta., mimeo, 23 p.

- 147 -




1966d, Utility of a small spawning impoundment for increasing
northern pike production: Rept. of Proj. no. F-17-R-10, job no. Il-a,
Cornell Univ. Biol. Field Sta., mimeo, 5 p.

Forney, J. L., and Houde, E. D., 1964, Study of conditions influencing year-
class strength of walleyes in Oneida Lake: Rept. of Proj. no. F~17-R-
8, job no. I-b, Cornell Univ. Biol. Field Sta., mimeo, 29 p.

1965, Study of conditions influencing year-class strength of wall-
eyes in Oneida Lake: Rept. of Proj. no. F~17-R-9, job no. !-b, Cornell
Univ. Biol. Field Sta., mimeo, 13 p.

Forney, J. L., and Taylor, C. B., 1963, Age and growth of white bass in
Oneida Lake, New York: New York Fish and Game Jour., v. 10, p. 194~
200.

Fruh, E. G., 1967, The overall picture of eutrophication: Jour. Water
Pollution Control Federation, v. 39, p. 1449-1463,

Gerloff, G. C., and Skogg, F., 1954, Cell content of nitrogen and phospho-
rus as a measure of their availability for growth of Microcystis
aeruginosa: Ecology, v. 35, p. 348-353.

1957, Nitrogen as a iimiting factor for the growth of Microcystis
aeruginosa in southern Wisconsin lakes: Ecology, v. 38, p. 556-561.

Greeson, P. E., 1969, Lake eutrophication. A natural process: Water Re-
sources Bull., v. 5, p. 16-30.

Greeson, P. E., and Meyers, G. S., 19639, The limnology of Oneida Lake. An
interim report: New York State Water Resources Comm. Rept. of lInv.
RI-8, 64 p.

Gross, M. G., 1967, Oceanography: Columbus, Charles E. Merrill Books,
297 p.

Grosslein, M. D., 1961, Estimation of angler harvest on Oneida Lake, New
York: Ph. D. thesis, lthaca, Cornell Univ., 169 p.

Hall, D. J., 1967, Limnology of Oneida Lake: Prog. Rept. Hatch 479,
Cornell Univ. Biol. Field Sta., mimeoc, 8 p.

Hankinson, T. L., 1928a, Breeding habits of Oneida Lake fishes: Roosevelt
Wild Life Annals, v. 1, p. 260-270.

1928b, ldentification of Oneida Lake fishes: Roosevelt Wild Life
Annals, v. 1, p. 2L40-283.

Harmon, W. N., and Forney, J. L., 1970, Fifty years of change in the mol-
luscan fauna of Oneida Lake, New York: Limnology and Oceanography,

v. 15, p. h5h-460.

Hasler, A. D., 1947, Eutrophication of lakes by domestic drainage: Ecology,
v. 28, p. 383-395.

A




Houde, E. D., 1968, The relation of water current and zooplankton abundance
to distribution of larval walleyes Stizostedion vitreum vitreum, in
Oneida Lake, New York: Ph. D. thesis, Ithaca, Cornell Univ., 164 p.

Hough, J. L., 1958, Geology of the Great Lakes: Urbana, Univ. [1l. Press,
313 p.

House, H. D., 1918, The vegetation of the eastern end of Oneida Lake: New
York State Mus. Bull. 197, p. 61-110.

Hunt, 0. P., 1963, Use of low-flow measurements to estimate flow duration
curves: U.S. Geol. Survey Prof. Paper 475-C, p. 196-197.

Hutchinson, G. E., 1957, A treatise of limnology. Geography, physics, and
chemistry: New York, John Wiley and Sons, v. 1, 1015 p.

Jackson, M. L., 1964, Soil chemical analysis: Englewood Cliffs, Prentice-
Hall, 498 p.

Jacobsen, T. V., 1966, Trends in abundance of the mayfly (Hexagenta limbata)
and chironomids in Oneida Lake: New York Fish and Game Jour., v. 13,

p. 168-175.

Jenkins, David, 1968, The differentiation, analysis, and preservation of
nitrogen and phosphorus forms in natural waters: Washington, Am. Chem.
Soc., Advances in Chem. Ser. 73, p. 265-280.

Juday, C., and Birge, E. A., 1933, The transparency, the color, and the spec-
ific conductance of the lake waters of northeastern Wisconsin: Wisc.
Acad. Arts & Letters Trans., v. 28, p. 205-259.

Kantrowitz, 1. H., 1970, Ground-water resources in the eastern Oswego River
basin: New York State Water Resources Comm. Basin Planning Rept.
ORB-Z, 130 p.

Karas, Nicholas, 1967, Oneida...fishiest lake of them all: Field and
Stream, v. 72, p. 98-105.

Karrow, P. F., Clarke, J. P., and Terasmae, J., 1961, The age of Lake
Iroquois and Lake Ontario: Jour. Geology, v. 69, p. 659-667.

Kratz, W. A., and Myers, J., 1955, Nutrition and growth of several blue-
green algae: Am. Jour. Botany, v. 42, p. 282-287.

Krauss, R. W., 1956, Photosynthesis in the algae: Ind. and Eng. Chemistry,
v. 48, p. 1449-1458.

Kuentzel, L. E., 1969, Bacteria, carbon dioxide, and algal blooms: Jour.
Water Pollution Control Federation, v. 1969, p. 1737-1747.

Landgraff, H. C., 1911, Oneida Lake - past and present: Albany, New York
State Libr., 20 p.




Langmuir, lIrving, 1938, Surface motion of water induced by wind: Science,
v. 87, p. 119-123.

Larkin, P. A., and Northcote, T. G., 1958, Factors in lake topography in
British Columbia, Canada: Verh. int. Ver. Theor., angew, Limnoclogy,
v. 13, p. 252-263.

Leutz, W. P., 1964, The Salina Group, in New York State Geological Associa-
tion Guidebook: 36th Ann. Meeting of New York State Geol. Assoc., p.
57-65.

Leverett, F., and Taylor, F. B., 1915, The Pleistocene of Indiana and
Michigan and the history of the Great Lakes: U.S5. Geol. Survey Mon.

53, 529 p.

Leven, G. V., 1960, Sodium chioride uptake by algae: Public Waters, v. 91,
p. 7 and 95.

Lund, J. W. G., 1950, Studies on Asterionella formosa Hass. Ii. Nutrient
depletion and the spring maximum: Jour. Ecology, v. 38, p. 1-35.

o 1954, The seasonal cycle of the plankton diatom, Melosira italica
(Ehr.) Kutz, subsp. subartica 0. Mull.: Jour. Ecoloagy, v. 42, p.
151-179.

MacClintock, Paul, and Terasmae, Jaan, 1960, Glacial history of Covey Hill:
Jour. Geology, v. 68, p. 232-2471.

Mackenthun, K. M., Lowell, E. K., and Stewart, R. K., 1968, Nutrients and
algae in Lake Sebasticook, Maine: Jour. Water Pollution Control Feder-
ation, v. 1968, p. 72-81.

Mahin, E. G., and Carr, R. H., 1923, Quantitative agricultural analysis:
New York, McGraw-Hill, 329 p.

Meyer, B. S., Anderson, D. B., and Bohning, R. H., 1964, Introduction to
plant physiology: Princeton, D. Van Nostrand Co., 541 p.

Miller, W. E., and Tash, J. C., 1967, Interim report- Upper Klamath Lake
studies: Fed. Water Pollution Control Adm. Pub. no. WP-20-8, 37 p.

Mozley, Alan, 1954, An introduction to molluscan ecology: London, H. K.
Lewis Pub., 71 p.

Mt. Pleasant, R. C., Rand, M. C., and Nemerow, N. L., 1961, Chemical and
microbiological aspects of Oneida Lake, New York: New York State Dept.
of Health, Research Rept. no. 8, 95 p.

Muenscher, W. C., 1928, Plankton studies of Cayuga, Seneca, and Oneida Lakes,
in A biological survey of the Oswego River system, Suppl. to 17th Ann.
Rept., 1927: New York State Conservation Dept., p. 140-157.

Muller, E. H., 1965, Quaternary geology of New York, im Wright, H. E., and
Frey, D. G., eds., Quaternary of the United States: Princeton, Prince-
ton Univ. Press, p. 99-112.



Nall, R. W., 1965, Some factors affecting phytoplankton pulses in the Ohio
River at Louisville, Kentucky: Ph. D. thesis, Louisville, Univ. of
Louisville, 138 p.

New York State Board of Health, 1888, Annual report of the New York State
Board of Health: Albany, N.Y., p. 194-202 and 233-235.

New York State Conservation Department, 1927, A biological survey of the
Oswego River system: Ann. Rept. of the New York State Conserv. Dept.,

248 p.
1947, Oneida Lake: Conservationist, v. 1, p. 8-11.

New York State Department of Health, 1957, Oneida River drainage area: New
York State Dept. Health, Oswego River Drainage Basin Survey Rept. no.

5, 173 p.

Noble, R. L., 1968, Effect of limnological changes on survival of young
fish in Oneida Lake: Rept. of Proj. no. F-17-R-12, job no. li-e,
Cornell Univ. Biol. Field Sta., mimeo., 5 p.

1969, Effect of limnological changes on survival of young fish in
Oneida Lake: Rept. of Proj. no. F-17-R-13, job no. l-e, Cornell Univ.
Biol. Field Sta., mimeo, 10 p.

Olson, F. C. W., 1951, A plastic envelope substituted for drift bottles:
Jour. Marine Research, v. 10, p. 190-193.

Palmer, C. M., 1967, Environmental needs of nuisance algal forms: Albany,
N.Y., 4th Ann. Water Quality Symposium Proc., p. 8-35.

Pearsall, W. H., 1932, Phytoplankton in the English lakes. 2. The composi-
tion of the phytoplankton in relation to dissolved substances: Jour.
Ecology, v. 20, p. 2k1-262.

Pearson, F. J., Jr., and Meyers, G. S., Hydrochemistry of the Oneida Lake
basin: New York State Dept. Environmental Conserv. Rept. of Inv. RI-
12 (in press), 56 p.

Perl, G., 1935, Zur Kenntnis der wahren Sonnenstrahlung in verschiedenen
geographischen Breiten: Met. Zeitschr., v. 52, p. 85-89.

Phillips, K. N., Newcomb, R. C., Swenson, H. A., and Laird, L. B., 1965,
Water for Oregon: U.S. Geol. Survey Water-Supply Paper 1649, 150 p.

Pilsbry, H. A., 1917, Amnicolidae from Oneida Lake, New York: Nautilus,
v. 31, p. L4h-L46.

Pirson, A., 1937, Ernahrungs- und Stoffwechselphysiologische Untersuchungen
an Fontinalis and Chlorella Z.: Botan., v. 31, p. 193-267.

Pratt, H. S., 1923, Preliminary report on the parasitic worms of Oneida
Lake, New York: Roosevelt Wild Life Bull., v. 23, p. 55-71.

- 151 -




Table 31.-=Field weasurements and chenical analyses of surface samples collected routinely from stations on Oneida Lak
- axe

(Except for p, values represent nilligrans per Jiter unless otherwise indicated)
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Table 30.--Field measurements and chemical analyses of samples collected routinely from stations i

-

the Oneida Lake drainage basin {Continued)

(Except for pM, values represent milligrams per liter unless otherwise indicated)
Dis~ Specific g~
solved conduct= Organic  Total Total solved
Dis~ oxygen ance Temper- Silica Cal- Magne- Stron- Sodium Potas~ Bicar- Sul-  Chlo- Fluo-  Ni- Ni-  Ammo- nitro-  nitro- phos- solids
Date Time pH solved {percent {pmhos/cm ature (si0,) cium  sium tium (Na) sium  bonate fate ride ride trate trite nium ger gen phate (residue  Discharge
oxygen satu- at ) (ca)  (Mg) (sr) (K) (HCO4)  (S0,) (C1)  (F) (NOg)  (NO,)  (NH,) () (N) (PO,) at {cfs)
ration) 25°¢) 180°¢)
DRATNAGE BASIN SAMPLING STATION NO. 3, WOOD CREEK NEAR NEW LONDON
16-10-67 1140 7.8 - - 310 13.1 4.7 7 3.1 0.46 20 1.7 113 4 4o 9.2 1.8 2.0t 0.00 0,03 0. 44 1.50 185 6l
11-13-67 1515 7.0 10,50 8L.8 150 5.8 4,0 20 4.9 .ol 3.7 1.0 6L 13 6.0 .2 1.2 .00 .02 L2 i .08 8s uy3
12-13-67 1400 7.5 - - 137 1.7 3.3 13 4.1 .06 4.1 .8 52 15 6.1 . 1.3 .02 .00 .21 .51 .78 75 687
1-19-68 1100 7.6 - - 300 .0 5.0 36 9.1 .22 8.u 1.2 124 26 ik R 4.2 .07 16 .00 1,09 .32 7 120
2- 1-68 1020 7.5 - - 240 .0 Lo 27 6.8 .15 10 [ 82 2% 20 A 1.8 .02 .06 .07 .53 .02 132 233
2-15-68 1600 8.0 - - 300 .0 L9 35 10 .21 10 1.2 118 23 19 .2 3.8 .02 .01 .27 1.14 .05 165 103
3- 7-68 1205 7.5 - B 370 .0 5.0 38 9.9 .25 24 1.2 122 25 42 .1 3.6 .0t .15 .09 1.02 .02 209 135
3-20-68 1230 5.8 - - 130 1.1 3.0 15 3.8 .10 3.4 1.0 46 15 7.0 L 1.3 .02 .02 MR L45 Ok 73 587
- 3-68  1L00 7.5 -- - 200 7.8 2.9 26 6.8 .16 6.0 1.0 86 19 12 B 2.2 .01 .00 .08 .58 S 118 167
4-16-68 1030 8.0 - -- 285 8.9 2.8 38 8.4 .26 7.7 1.2 120 29 15 .2 1.9 .00 .05 .05 .52 19 1ok 98
5- 1-68 1115 7.9 - -- 275 10.0 2.6 31 7.5 7 7.4 10 106 15 16 .2 2.1 .02 .08 15 .69 .06 135 94
5-22-68 1245 7.7 - - 205 12.8 3.2 27 6.5 .08 5.8 .9 93 13 9.9 1 1.4 03 04 12 48 .0k Tk 130
6- 7-68 0930 7.6 - .- 260 15.4 2.3 33 8.2 15 6.7 1.1 120 16 12 .2 1.8 .04 .00 L0k L6 .23 Vil Sl
7-30-68 1120 7.5 - - 185 16.1 4.5 27 6.4 .05 k.7 1.0 102 12 8.8 .3 1.7 .01 .21 .10 .65 .20 Ty 75
4-29-69 1220 7.8 10.59 93.4 230 9.4 2.5 30 7.5 -- 6.0 1.0 106 15 10 -- 3.1 .02 5 .07 .89 .0k 127 139
9-30-69 1145 8.0 - - 240 13.9 2.5 32 5.0 - 6.9 1.0 106 8.1 12 - 3.1 .04 .10 .15 .23 2 123 43
DRAINAGE BASIN SAMPLING STATION NO. 4, ONEIDA CREEK AT ONEIDA VALLEY
6- 8-67 2020 8.1 6.65 75.1 800 21.1 [ nE 29 - 13 2.6 24 222 19 . R .66 66 - -- 140 sl £9.0
6-21-67 1645 8.6 1240 149.9 830 25.0 2.9 126 30 -- 13 2.5 235 231 20 .2 .5 .67 5 - - Ok 548 Sh.t
7- 7-67 1100 7.8 6.50 71.9 820 20.0 4.0 145 26 - 17 3.2 240 224 21 .2 2.4 .86 .51 - - 1S 563 -
7-14-67 1445 8.0 8.80 97.1 800 19.9 3.9 107 27 - 14 2.7 243 200 20 .2 1.8 .36 .00 - - 1.80 498 43.0
7-26-67 1330 8.6 11.90 140.3 740 23.6 4,6 98 24 - 11 2.6 228 185 17 .2 1.7 W12 .98 - - 1.20 458 47.8
8-10-67 1225 7.7 6.60 76.0 620 22.2 10 91 22 - 14 3.5 208 153 24 1 1.7 .56 .31 L1 .90 .51 423 181
9- 8-67 1310 8.3 6.60 745 900 21.1 .7 150 30 2.9 23 2.9 237 253 30 .1 2.9 .03 .07 A7 .89 3.00 625 31.7
10-10-67 1045 8.0 - - 975 13.3 3.8 149 26 3.5 18 3.5 264 273 23 .2 2.5 L2 .38 .12 1.0k .10 634 38.0
11-13-67 1435 7.5 10,20 84.3 580 6.7 5.2 88 21 1.5 8.2 2.8 256 101 T4 .2 2.9 .02 W3k .00 .90 .25 371 -
12-13-67 1545 7.9 - - 530 3.3 by 7518 1.0 7.2 2.2 224 71 12 . L1 .03 .07 At 110 .21 305 598
1-19-68 1430 7.8 -- -- 900 .0 5.1 P24 29 2.9 10 2.0 291 195 18 L1 4.6 .03 Jbo120 2.59 .78 535 93.0
2- 2-68 0915 7.8 - - 540 .0 b4,2 70 18 1.1 8.7 2.0 206 75 16 .2 3.5 .03 .00 W16 .96 e 300 -
2-16-68 1415 7.6 -- - - .0 4,9 125 29 2.6 11 1.9 293 187 9 .2 L.8 .ok .25 L2 Vb .59 530 [
3- 1-68 1045 7.6 -- -- 867 .0 4.9 131 29 3.0 14 2.1 285 214 22 n 3.7 .05 .37 .19 1.33 .77 562 85.0
3-10-68 1500 7.8 - - 420 3.3 3.6 63 15 .8 5.8 1.9 186 58 12 .1 3.8 .02 A .09 1,04 L3 255 754
L- 3-68 1300 8.3 -- - 525 9.4 2.9 88 21 1.6 7.7 1.7 252 96 15 .1 3.4 L0t .06 .19 1.0l 32 362 237
L4-16-68 1130 8.3 -- - 630 12.2 .8 13 26 2.3 10 1.9 262 164 18 .2 1.5 Lok 12 .00 Lk .60 L6y 132
5- 1-68 1400 8.0 - - 754 - .5 17 26 2.6 12 2.2 262 174 21 .3 1.6 L 07 .ol iy .55 ) L87 116
5-22-68 1330 7.9 - - 410 13.3 3.5 101 24 1.8 10 1.8 266 134 16 A 1.7 .09 .24 .10 .70 .73 425 163
6- 6-68 1600 8.5 - - 770 16.4 1.5 o 27 2.5 6 2.1 258 178 23 .2 1.5 .30 L2k 13 .75 1.20 490 7601
6-28-68 1515 7.7 - - 397 18.0 4.9 57 13 .7 L6 2.6 179 45 8.0 .0 4.5 .05 .03 Rl 1.20 .16 228 1,300
7-30-68 0930 7.7 - - 809 19.4 1.5 1729 2.8 15 2.5 252 200 26 3 1.5 .22 .24 .23 .82 1.00 521 56.3
L4L-29-69 1000 8.2 1. 89 90.0 600 6.7 1.9 92 20 - 7.5 1.6 26k 96 12 - 3.2 L0k b .07 .91 .23 364 245
9-30-69 1255 8.2 - - 950 Vi b 2.7 156 28 .- 19 3.2 213 313 23 - 5.1 .09 .10 .36 1.62 2,40 658 24.0
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Table 31.--Field measurements and chemical analyses of surface samples collected routinely from stations on Onedia take {Continued)

(Except for pH, values represent mi

f

tigrams per liter unless otherwise indicated)

Dis- Specific Bis-
solved conduct~ Organic Total Total solved
Dis- oxygen ance Temper=- Silica Cal- Magne- Stron- Sodium Potas- Bicar- Sul- Chio~ Fluo- Ni- Ni- Arms = nitro- nitro-  phos- sclids Phyto-
Date Time pH soltved {percent {pmhos/cm ature (sig,} cium sium Tium (Na) sium  bonate fate ride ride trate trite nium qen gen phate {residue plankton
oxygen satu- at (°cy {ta) (Mg} {sr) (K} (#eoy)  (S0,) (v (F) (NOg) (nvoy)  (NHy) (N) (N} (Po,) at {celis/ml}
ration) 25°¢) ) 180°¢)
ONEIDA LAKE SAMPLING STATION N0, 9 nued)
2-13-68 1445 7.3 - -- - 0.0 bk 14 4.8 0,06 2.3 .5 50 ! 5.5 0.2 15 0.00  0.00 0,01 6.35 6,06 73 <1
2-27-68 1300 7.k -- -- 150 .0 4.8 18 5.6 W11 3.0 .6 50 H 6.5 .0 .8 .00 .38 .18 .88 .02 86 <t
4-18-68 1030 7.5 - -- 220 10.0 2.3 18 4.6 W21 5.3 .7 58 Z 6.9 .2 .8 .00 .00 i5 .33 W13 89 -
5- 8-68 1055 7.8 11,70 110.1 220 12.2 1.0 35 7.8 .46 bt ] el 42 9.5 .2 .2 .03 .08 .09 .21 L0l 146 -
6~ 8-68 0925 7.7 16.40 107.8 200 16.8 1.9 25 6.2 .27 3.3 .7 75 27 6.0 3 1.2 .00 .08 04 .37 15 109 100
6-14-68 0900 . 10,14 108.7 280 18.4 - - — e - - - - - - - . - - - - - 200
7-10-68 0700 - 8.85 103. 4 260 23.0 - - - - - - -- - - - - - - -- - - - 400
7-15-68 1710 -- 11,48 133.6 240 22.8 2.2 76 8.1 .50 k.7 1.0 100 39 9.0 .1 . 02 .05 .07 .18 .12 150 --
7-24-68 0815 - 10.70 129.8 -~ 25.2 - - - . - -- -— e — - - -— - - - - - 12,300+
8- 6-68 1730 - 11.40 133.8 225 23.3 2.3 4i 8.9 .53 L6 1.0 104 48 9.3 .2 1.1 .00 .08 .10 RA .03 168 4,200
8-20-68 0840 8.1 8,18 93.6 240 21.8 3.7 4o 8.9 .56 .9 V.1 104 57 9.0 B L .00 .13 .02 .21 13 167 22,200+
8-28-68 0930 “- 10.10 115.6 -- 21.8 == -- -~ -- - - - -- -- - - - - - -- -- - 43,500+
9-24-68 1135 -— 10.90 124.0 - 21.5 -- . - -- -— - - .- - - - L - - - -- - -
10-23-68 0945 7.4 10,05 98.2 -- 4.0 4.3 Lo 8.3 - 5.0 1.1 104 45 8.8 -- .0 .00 W2 .16 .25 .1z 164 400+
1- 6-69 1200 7.5 12,00 82.3 120 .0 4.5 % ok - 2.2 i 50 13 3.9 - .8 .00 212 .02 .29 17 67 10
8-1h~69 1320 8.6 - - 265 24,4 2.9 41 7.4 - L.7 .9 9k 49 8.2 - .0 .01 W45 .22 .57 .10 163 -
ONEIDA LAKE SAMPLING STATION NO. 10
5-29-67 1230 -- -- - -- 13. .- -- - -- - - - - - - - - - - -- - - 2,200
b~ 6-67 1715 8.3 10,00 109.2 280 19.4 .3 L1 .1 - 5.3 .8 104 52 9.2 .2 .2 .0} 224 - - .03 169 <]
6-13-67 1325 - 7.59 96.9 270 25.8 - - - e - - - - . - - . - - - - - <1
6-20-67 1820 8.5 8.20 96.1 290 23.2 .6 4o 9.6 - 5.0 .8 104 sh 8.2 .2 1 .00 10 - - .02 170 <1
6=27-67 1020 - 9.50 to. 275 22.5 - - -- - - - - - - -— - - - - - - - <1
7- 6-67 1150 - 8.98 102.2 280 21,5 1.8 4 3.1 - 5.1 1.0 103 57 8.9 .1 o1 .00 212 - - .ok 175 11,200+
7-10-67 1230 - 11,27 138.4 - 28.5 - - - e - -- - - - - - - - - - - —— 46, 000+
7-14-67 1235 7.9 7,92 9h.1 290 24.0 1.9 39 9.1 - 5.0 .9 101 53 8.8 B .1 .00 .05 - - .22 168 6, 400+
7-18-67 1510 - 10,08 t21.7 - 24.9 - -- - - - - -- - - - - - - - - - - 6,600+
7-27-67 1830 - 10.53 129.4 300 25.8 2.4 39 9.0 - 5.0 .9 104 55 9.5 .1 N .02 0 e - .o 172 18,700+
8- 1-67 1050 . 9.22 111.5 . 25.0 - - e - - - - - -— - - - - - - - -
8-17-67 1315 8.6 8.66 103.2 310 24.2 - 40 - - - - 97 - - .1 R .00 .02 Sl 26 .03 - -
8-22-67 0930 8.2 7.68 90.0 350 23.2 - 50 - - - - 102 . - .0 .0 00 .07 .23 .28 4o - -
9-27-67 1145 - 10.47 Lo -- 17.9 - -- - - - - - - - -- -- - - -- - - - -
10~ 9-67 1255 o 10.30 104.8 - 15.9 - - - - — - - - - - - .- - - - - - -
5. 8-68 1020 . 11.82 108.1 240 1.0 - - - e - - - - - - - - - - - - - --
8-20-68 0900 - 8.52 98.6 230 22.5 - - - - - - - - e -~ - - - - - - -— -
4-29-63 1500 7.8 10.49 94.9 190 1.1 2.0 29 6.4 - 3.3 o7 78 30 5.2 - 5.1 .02 .07 .12 1.33 .05 120 320



-gglm

Table 31.-~Field measurements and chemical analyses of surface semples collected routinely from stations on Oneida Lake (Continued)

{Except for pH, values represent milligrams per liter unless otherwise indicated)
Dis- Specific Dis~
Dis- solved conduct~ Organic Total Total solved
Date Time PH solved oxygen ance Temper- Silica Cal~ Magne- Stron- Sodium Potas- Bicar- Sul-  Chlo- Fluo-  Ni=~ Ni-  Ammo- nitro-  aitro- phos- solids Phyto-
oxygen {percent {umhos/cm ature (8i0,) clun  sium tium (Na) sium  bonate fate ride ride trate trite nium gen gen phate (residue plankton
satu- at o) {Ca) {Mg) (sr) (K) (Heo,)  (S0,)  (c1) (F) (Nog)  (NOL)  (NHy) (N) (N) (POL) at (cells/ml)
ration) 25°C) 180°¢C)
ONEIDA LAKE SAMPLING STATION NO. 11
1315 - -— -— - 12.2 - - - -— - - - - - - - - - - -- - - 4,200
1030 8.4 g.50 100.9 290 18.0 0.2 41 9.2 - 5.2 0.8 103 sk ER 0.2 0.2 0.01  0.16 - -- 0.02 171 100
1505 - 7,93 94.5 285 24.2 - - - - - - - - - - -- - - - - - - <1
2940 5.5 8.20 94,5 300 22.2 .5 4 9.6 - 5.4 .8 o4 5l 9.0 .2 .0 .02 .09 - . .01 172 <1
1130 - 3.39 107.8 290 22.0 - - - - - - - - - - - - - - - - - 6, 740
1435 - 9.29 105.7 290 21.5 2.2 41 8.9 - 5.2 1.0 104 54 8.8 .1 .0 .00 T J— - oh 172 33,700+
1055 - 9.28 112.2 - 25.0 - - - - - - - - - - - - - - - - 23,900
1440 - 9.56 113.8 - 24,1 - - — e - - - - - - - - - - - - - 18,600+
1800 - 9.21 111.8 308 25.2 30 39 8.8 - 5.1 -9 104 57 9.7 .0 .0 .01 <30 - - -05 175 3,500+
1025 - 9. 56 154 e 24,9 - e - - — - - - - - b - - — - - — b
0855 - 8.87 10h.h 290 23.4 - - - - - - e - Lol - - - - - - - - 5,100+
1255 9.0 9.20 108.4 k3l 3.5 - 41 - - b - 96 - -- o Al .00 .09 .18 27 Bu - -
0500 8.1 7.45 87.0 315 23.0 - L1 o~ - - - it - -— .0 o1 .00 .00 W28 .30 49 - ~—
1330 - 10,48 IREO) - 17.8 B - - - - — - - - - — - - - -— - - —
1225 - 10.00 01,9 - 16.0 - - - — - - —— - - - - - - - — - - -
5- B-68 0315 8.1 12.03 1101 265 1.0 -5 4o 3.5 .57 b Te1 101 50 9.5 .2 .0 203 .00 .02 .02 Ok 165 e
8-20-68 1015 - 8.43 97.6 -— 22 - - - - - - - - - - - - - - - - -
- GNEIDA LAKE SAMPLING STATION NO. 12
1345 - - - - 12.2 - - - - - . - -— . - - - . - - _— - 5,100
1940 8.4 9,60 104.9 290 19.4 0.2 42 9.1 . 5.1 .8 104 56 9.5 .2 .2 .01 .52 - . .02 175 3,200
1400 - 97.0 285 24,0 - - - - - - - - - - - - - - - - 1,600
1710 8.6 1.3 280 22.k <5 41 - 5.2 .8 10k Bk 2.2 o ol .00 .09 - - .02 7t 10,500
11o0 - 103.0 290 21.5 - - - - - - - - - - - - - - - —— - 2800+
1400 - 97.6 295 21.5 41 9.9 - 5.1 .o 1ok 54 8.9 1 50 W12 A7 - -— 06 2 23,300+
e —— 119.2 —— 25.2 e o - — — - - - e - e o o - - —— 201,900+
1015 8.3 87.3 310 24,4 41 9,2 — 5.0 .9 102 54 9.0 1 1 .00 - - .07 171 26,000+
1520 - 109. 1 —— 25,1 - - — - - e - - - - - - . - - o
1730 —— 113.9 270 26.0 38 8.7 == 5.0 .9 104 5 5.5 .0 .0 .02 2h 0 e - .06 173
1010 106.6 - — - - . - - - - . - - -
8-10-67 0920 118.8 290 2.3 Ly 1.3 .2 ot o7 03 173
1350 i16.7 230 3.2 +0 -9 L1 o o i 171
1ok0 6.7 300 . 2.8 &1 LG Y L0 00 08 169
1315 - - 310 - 9 43 B .1 .3 06 .03 177
9-27~67 1435 10.30 109.4 295 i8.0 1.9 43 1.0 107 5k .1 ] 00 L10 .62 178
10~ 9-67 1315 - 5.84 99.9 00 15.8 . - - - - -- - - - - -
10-30-67 1245 7.8 10.20 93.3 300 1.0 o3 ko 1.0 108 23 -0 .00 9 172
2-27-68 1145 7.4 14.60 101.2 260 L0 3.9 33 P 92 37 L0 L00 -3 145
4-18-68 0330 7.6 - - 265 8.z 1.9 38 1.0 Gi L& 2 .00 G0 274 -
5- 8-68 1150 8.1 12.25 1nt.a 265 0.9 .6 39 8.3 .53 4.2 1.0 97 +7 G.0 .2 .2 03 .00 PR 2,300
6- 8-68 qous 7.9 11.20 113.0 275 i5.5 1.0 38 .5 .53 LN i.o 98 49 3.0 W2 .6 G L 36 & 500
6-1h-68 0950 - 10 bk 112.2 275 8.6 - - - - - - - - - -- —— - - - - - - 100
7- 2-68 0730 -~ 8.20 90.7 260 20.0 2.8 38 8.4 52 4.6 1.0 100 48 9.1 0 .2 .00 .06 A7 W26 W20 162 7,700
7-10-68 0730 - 9.22 105.8 Q 22.0 - - - - - - - - - - -— - - - - - . 850
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Table 21.--Field measurements and chemical analyses of surface samples collected routinely from stations on Oneida Lake {Continued)
(Except for ph, values represent miiligrams per liter unless otherwise indicated)
Dis~ Specific Dig-
solved conduct- Graganic Total Total solved
Dis=~ oxygen ance Temper- Silica Cal- Sodium Potas- Bicar- Sul- Flup= Ni- nitro~ nitro- phos- solids Phy ton
Date Time pH sotved  {percent {umhos/cm ature  (S10,) ¢ {Na} sium  bonate fate ride tri gen gen phate  {residue plankton
oxygen satu= ar ey (K] (HCOG)  (50,) (F) (o, () ) () (PO4) ar (celts/ml)
ration) 25°¢) 180°¢C)
ONEIDA LAKE SAMPLING STATION NO. 19
5-29-67 1145 -- -- -- 12.2 - - - - -- - - - -- - -- - - - - 2,300
6~ 6-67 1515 - 5,90 109.5 20.0 0.2 40 9.0 - 5.2 0.8 102 52 0.2 6,49 -- - 0,02 168 <1
6~13=67 1020 - 8.64 98.5 21.6 - — - - - - - - - - - - - - - 1o
6-20-67 1240 8.k .20 83.7 22.4 .8 4o 9.7 -- 5.0 .7 103 N .1 .00 Ok - - .00 170 36,600
6-27-67 1330 - 8.84 100.6 21,5 - - -- -- - - - -- -- - -- - -- e - - - o
7- 6-67 1030 -- 774 295 20.0 3.5 i 8.9 -- 5.0 1.0 106 sk 8.6 0 .3 .00 .32 - -- .09 175 13,200+
7-10-67 1330 - 138.7 - 27.2 - -— - - e - - -~ - - -- - - - - - - 43,300
7-1h-67 1435 8.3 81.2 305 24,9 2.8 40 9.2 - 5.1 .9 103 52 9.2 .0 1 0 .00 -~ -- 17 17 11,800+
7-18-67 1655 - 109, -- 23.0 - - - - - - - - - - -- - - -- - - - 15,00+
7=27-67 1020 - 85.7 310 22.8 3.8 3% 9.2 -- 5.1 .9 106 56 9.8 .1 1 .03 Ok -- -- Ll 176 16,400+
8- 1-67 1230 - 125.3 -- 26.0 -- - -- -- e -- -- -- -- - -- -- -- - - - - -
8-10-67 0905 -— 1104 295 23.7 — - -- - - — - - - -- -- - - -~ -- - - 13,000+
8-17-67 1445 4.0 124.3 310 24.3 - 39 -- - - - g2 - -- 1 o .00 .00 .21 .23 10 - -
8-22-67 1300 6 8.3 305 22.7 - 43 - - - - 1o -- -- [ N .01 .37 .32 .63 24 - -
9-13-67 1115 -- (ARSI 295 19.4 - - - - - - - -- -- - - - -- - - - - 21,200+
9-27-67 1005 -- 103.1 -- 17.3 - - -- -- -- - -- -- - -- - - - - -- - - -
5- 8-68  1h4hs 7.9 56.8 250 11.3 .7 35 7.2 .53 L5 1.0 98 37 9.9 .2 ok az o .24 A1 01 il -
7- 2-68 0803 -- 101.2 -- 19.7 — -- -- - - - - -- - - -- - - - - -- - 2,900+
8-20-68 1315 - 107.0 - 21.5 - - - -- .- - - -- - - - - - - - - - -
ONEIDA LAKE SAMPLING STATION NO. 20
- —— - - Th. b - -— -- - - - - - - - -— - - - - —— - 800
8.4 9.60 106.2 265 20.0 .2 41 9.1 - 5.2 .8 103 54 9.7 A 1 .00 sk -- -- .02 172 <1
- 7.87 97.6 280 26.3 - - -- -- - - -- -- -~ .- - -- - - - - -~ -
8.1 6.30 74,0 280 23.2 1.3 42 9.6 -- 7.1 .8 105 5k 9.5 .1 .0 .00 .00 -- - .02 176 800
- 10.28 120.5 -- 23.2 - - -- - -- -- - - - -- - -- -- -- -- -- - 10,900+
-- 5.10 104.5 285 22.0 2.4 4o 9.1 - 5.1 .9 104 54 9.1 .1 .2 .00 .28 - -- .04 172 25,200+
-- 116 177.2 -- 26.8 - - -- - - - - - - -- - - - -- - - —— 45,000+
8.9 8.n 104, 6 280 24,6 2.7 Lo 9.2 -- 5.2 -9 23 53 9.3 .0 1 .00 .03 - - .3k 7t 23,200+
- 10, 4k 124.3 - 24.1 — - - - - - - - - - - - - - - - - 28,900+
8.8 8.37 99.0 290 23.8 3.5 37 9.1 -- 5.1 .8 g4 54 9.4 .1 .0 .01 b -~ -— t 168 33,000+
- 9.4k 2.1 290 24,0 - - - - - - -- - - - - - - - - - - 28,800+
8.7 9.67 115.9 295 24,5 - 37 - - - - 87 -- -- B B .00 .00 S .13 .06 - 20,800+
8.6 §.64 99.2 305 22.0 - 40 - - - - 107 - - .0 1 .00 .00 .25 .27 51 - -
9.0 10.61 113.8 290 18.5 -- - - -- - - - - - - - - -- -- -- - - 29,100+
-- 10.32 105.4 - 16.1 - - -- - -- -- -- -- -- - - - - - -- - -— -
8.2 10.00 92.8 240 11.6 .5 39 7.9 -5k 4.3 1.1 100 49 9.9 .2 N .02 03 .35 .38 .05 162 -
- &.90 100.7 - 21.2 - - e - - - - - - e - - e e P - - 8,700+
- 9.21 Tok.8 -- 21.5 - - -- - - - - - - -- -- - -- -- - -- - -
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Table 32.--Checklist of the flora and the fauna of Oneida Lake

A. Algae (other than phytoplankton). B. Fish.
C. Macroinvertebrates. D. Vascular Plants.
E. Zooplankton

A. Algae
(0Other than Phytoplankton)!

CHLOROPHYTA (GREEN ALGAE)
Actinastrum Hantzschii
Chara globularis
Characium sp.
Cladophora glomerata
Closterium acuminatum
Closterium manilifernum
Closterium strigosum
Cosmarivum Boeckii
Cosmariun Meneghinii
Hydrodictyon reticulatum
Kircehneriella lunaris
Microthamion strictissimum
Mougeotia americana
Vitella flexilis
Nitella gracilis
Oedogonium crassum
Pandorina morum
Pediastrum bivadiatum
Pediastrum Boryanum
Pediastrum duplex
Pediastrum tetras
Protosiphon botryoides
Ehizoclonium hieroglyphicum
Scenedesmus bijuga
Scenedesmus dimorphus
Seenedesmus hystrix
Scenedesmus Longus
Seenedesmus obliquus
Seenedesmuis quadricauda
Sorastrum spinulosum
Spilrogyra sp.
Staurastrum natator
Staurastrum paradoxum

CHRYSOPHYTA (YELLOW-BROWN ALGAE INCLUDING DIATOMS)
Achnanthes sp.
Bumilleria sp.
Cocconetis pediculus
Cyclotella sp.

! The 1ist includes benthic algae and algae observed in the periphyton
and tychoplankton. See table 23 for list of phytoplankton.
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Table 32.--Checklist of the flora and the fauna of Oneida Lake--Continued

CHRYSOPHYTA (YELLOW-BROWN ALGAE INCLUDING DIATOMS)--Continued
Cymatopleura solea
Cymbella sp.

Diatoma sp.

Epithemia sp.
Fragilaria sp.
Gomphonema spp.
Gyrosigma spp.
Melosira spp.
Navieula spp.
Nitzschia sp.
Rhoicosphenia curvata
Stephanodiscus niagarae
Surtella sp.

Synedra spp.
Tabellaria fenestrata

CYANOPHYTA (BLUE-GREEN ALGAE)
Anabaena circinalils
Anabaena flos-aquae
Anabaena spiroides
Aphanizomenon holsaticum
Cylindrospermun stagnale
Entophysalis lemaniae
Lyngbya Birgeil
Lyngbya epiphytica
Merismopedia elegans
Myerocystis aeruginosa
Nostochopsis lobatus
Oscillatoria lacustris
Oscillatoria subbrevis
Oscillatoria tenius

EUGLEMNOPHYTA {EUGLENOIDES)
Colacium vesiculosum
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Table 32.--Checklist of the flora and the fauna of Oneida Lake--Continued

B. FISH

ACIPENSERIDAE (STURGEON FAMILY)
Acipenser fulvescens, lLake Sturgeon

AMIIDAE (BOWFIN FAMILY)
Amic calva, Bowfin

ANGUILLIDAE (FRESHWATER EEL FAMILY)
Anquilla rostrata, American Eel

ANTHERINIDAE (SILVERSIDES FAMILY)
Labidesthes sicculus, Brook Silverside

CATOSTOMIDAE (SUCKER FAMILY)
Catostomus commersoni, White Sucker
Erimyzon oblongus, Creek Chubsucker
Evimyzon succetta, Lake Chubsucker
Hypentelium nigricans, Hogsucker
Moxostoma aureolum, Northern Redhorse

CENTRARCHIDAE (SUNFISH FAMILY)
Ambloplites rupestris, Rock Bass
Lepomis cyanellus, Green Sunfish
Lepomie gibbosus, Pumpkinseed
Lepomis macrochirus, Bluegill
Lepomis megalotie, Longear Sunfish
Micropterus dolomieui, Smallmouth Bass
Micropterus salmoides, largemouth Bass
Pomoxise annularis, White Crappie
Pomoxis nigromaculatus, Black Crappie

CLUPEIDAE (HERRING FAMILY)
Also pseudoharvengus, Alewife
Dorosoma cepediarum, Gizzard Shad

COTTIDAE (SCULPIN FAMILY)
Cottus bairdi, Northern Sculpin

CYPRINIDAE (MINNOW FAMILY)
Cyprinus carpio, European Carp
Exoglossum maxillingua, Cutlip Minnow
Hybognathus nuchalis, Silvery Minnow
Notemigonus crysoleucas, Golden Shiner
Notropis atherinoides, Emerald Shiner
Notropis bifrenatus, Bridled Shiner
Notropis cayuga, Cayuga Minnow
Notropis cornutus, Common Shiner
Notropis deliciosus, Sand Shiner
Notropis dorsalis, Bigmouth Shiner
Notropis heterolepis, Blacknose Shiner
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Table 32.--Checklist of the flora and the fauna of Oneida Lake--Continued

CYPRINIDAE (MINNOW FAMILY)--Continued
Notropis hudsonius, Spottail Minnow
Notropis rubellus, Rosyface Shiner
Notropis whippli, Steelcolor Shiner
Pimephales notatus, Bluntnose Minnow
Rhinichthys atratulus, Blacknose Dace
Rhinichthys cataractae, Longnose Dace
Semotilus atromacutatus, Creek Chub
Semotilus corporalis, Fallfish

CYPRINGDONTIDAE (KILLIFISH FAMILY)
Fundulus diaphanus, Banded Killifish

ESGCIDAE (PIKE FAMILY)
Fgox lucius, Northern Pike
Esox masquinongy, Muskellunge
Esox wniger, Chain Pickerel

GADIDAE (COD FAMILY)
Lota lota, Freshwater Burbot

GASTEROSTEIDAE (STICKLEBACK FAMILY)
Fucalia inconstans, Brook Stickleback

HIODONT IDAE (MOONEYE FAMILY)
Hiodon tergisus, Mooneye

ICTALURIDAE (CATFISH FAMILY)
Ietalurue natalis, Yellow Bullhead
Tetalurue nebulosus, Brown Bullhead
Ietalurus punctatus, Channel Catfish
Noturue flavus, Stonecat
Noturus gyrinus, Madtom
Noturus miurus, Madtom

LEPISOSTEIDAE (GAR FAMILY)
Lepisosteus osseus, Longnose Gar

PERCIDAE (PERCH FAMILY)
Etheostoma exile, lowa Darter
Etheostoma flabellare, Fantail Darter
Etheostoma nigrum, Johnny Darter
FPerca flavescens, Yellow Perch
Percina caprodes, Log Perch
Percina maculata, Blackside Darter
Stizostedion vitreum, Pikeperch or Walleye

PERCOPSIDAE (TROUTPERCH FAMILY)
Percopsis omiscomaycus, Eastern Troutperch
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Table 32.--Checklist of the flora and the fauna of Oneida Lake--Continued

PETROMYZONTIDAE (LAMPREY FAMILY)
Petromyzon marinus, Sea Lamprey

SALMONIDAE (SALMON FAMILY)
Coregonus artedi, Cisco
Salmo gairdneri, Rainbow Trout
Salmo salar, Atlantic Salmon?2

SCIAENIDAE (DRUM FAMILY)
Aplodinotus grunniens, Freshwater Drum

SERRANIDAE (BASS FAMILY)
Roceus americana, White Perch
Roccus chrysops, White Bass

UMBRIDAE (MUDMINNOW FAMILY)
Umbra 1imi, Central Mudminnow

2 Atlantic salmon at one time were very abundant in Oneida Lake but the
fish have not been observed in the lake for almost one hundred vears.
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Table 32.--Checklist of the

flora and the

rauna O

Oneida Lake--Continued

£. MACROINVERTEBRATES

(MITES)
Arvenurus
Arrenurus
Arrenurus
Aﬁrac aﬂ*

ACART
(americanis)
(ma Wsnn7¢?§
(superior)
ar ‘sz etabula
4udrae7wa sp,

Hygpcba 28 sp.

Lebertia artoacetabula
Lebertia porosa

Limmesia sp.

Limmochares agquaticus
Untonicola sp.

AMPHIPODA
Gammarus
Gammarus Lacus
Hyalella azteca (H. knickerboc

BRYOZOA
Plumatella sp.

COELENTERATA
Hydra oligactis

DECAPODA (CRAYFISHES)
Combarus bartonii
Cambarus sp.

HIRUNDINEA (LEECHES)
Batrachobdella phal
Batrachobdella picta
Glossiphonia “OWP?ﬂWaﬁa
Haemop@‘ grandis
Haemopis marmara%a
Helobdella fusca
Plsicola sp.
Placobdella
Placchdella
Placobdel lea

montifera
ornata
parasitica

INSECTA (INSECTS)
Coleoptera (Beetles)

Berosus peregrinus
Berosus sp.
Bidessus affints
Bidessus flavicollis
Dineutes assimilis
Dineutes horwnii
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Table 32.--Checklist of the flora and the fauna of Oneida Lake--Continued

Coleoptera (Beetles)--continued
Donacia cinetiformis
Dryops sp.

Gyrinus affints
Gyrinus ventralis
Gyrinus sp.

Haliplus ruficollis
Haliplus sp.
Helophorus ingquinatus
Helophorus lineatus
Helophorus nitidulus
Hydrovatus pustulatus
Laceophilus maculosus
Psephenus lecontel
Tropisternus glaber

Diptera (Flies)

Atherix variegata
Calopsectra sp.
Chaoborus sp.
Corynoneura sp.
Cricotopus sp.
Cryptochironomus sp.
Hydrbaenus sp.
Palpomyia sp.
Paratendipes sp.
Pentaneura sp.
Procladius sp.
Tendipes plumosa
Tendipes sp.

Ephemeroptera (Mayflies)
Baetis sp.

Caenus lacustris
Caenus sp.
Callibaetis sp.
Ephemera sp.
Ephemerella sp.
Hexagenia bilineata
Hexwagenia Llimbata

Hemiptera (True Bugs)
Belostoma flumineum
Corisella undulata
Corisella sp.

Gerris buenoi
Gerris marginatus
Notonecta undulata
Plea striola
Ranatra sp.

Lepidoptera (Butterflies and Moths)
Cataclysta sp.
Nymphula maculalis
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Table 32.--Checklist of the flora and the fauna of Oneida Lake--Continued

Neuroptera {(Dobsonflies)
Stalis infumata
Odonata (Damselflies and Dragonflies)
Aeshna spp.
Anazx junius
Argia putrida
Basiaeschna jonata
Didymope transversa
,wl7”JT signatum
En@liagm@ sp.
Gomphus sordidus
Gomphus spi@atus
Tetragoneuria cynosura
Plecoptera (Stoneflies)
Acroneuria sp.
Trichoptera {(Caddis Flies)
Agraylea multipunctata
Helicopsyche borealis
ydror4?7a Sp.
Aéh richia sp.
:opiOSQZZa exquisita
Leptocerus ancylus
Molanna sp.
Neophylax sp.
Oecetis incerta
Oecetis resurgens
Perlinella sp.
Phryganea sp.
Phylocentropus sp.
Platycentropus maculipennis
Polycentropus sp.

ISOPODA
Lacellus communis
Ascellus sp.
Lirceus sp.

MOLLUSCA (SNAILS AND CLAMS)
Gastropoda (Snails)
Adrmicola bakeriona
Amnicola binneyana
Amnicola cZﬂ%%ei
Ammicola integra
Ammicola limosa
Amnicola lustrica
Armicola One@da
Bithynia tentaculata
Campe loma decisa
Ferrissia parallela
Ferviseia tarda
Goniobasis livescens
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Table 32.--Checklist of the flora and the fauna of Cneida Lake-~Continued

Gastropoda (Snails)--continued
Gontobasis virginica

Gyraulus
Gyraulus
Gyraulus
Helisoma
Helisoma
Helisoma

Laevepax

Lymaea
Lymnaea
Lymnaea

deflectus
hirsutus
parvus
anceps
camparnulata
trivolvis
fuscus
catascopium
columella
emarginata

Lymnaea haldamani
Lymnaea humilis
Lymnaea palustris
Physa gyrina
Physa heterostropha
Physa integra
Physa sayit
Planorbula jenksii
Fromenetus exacuous
Somatogyrus subglobosus (7)
Valvata bicarinata
Valvata lewist
Valvata sincera
Valvata tricarinata
Viviparus georgianus
Pelecypoda (Bivalves or Clams)
Alasmidonta wndulata
Ancdonta cataracta
Anodonta grandis
Elliptio complanata
Lampsilis radiata
Leptodea fragilis
Ligunia recta
Margaritifera margaritifera
Musculium rosaceum
Musculium securis
Prsidium aequilaterale
Pigidium compressum

Pisidium
Pisidium
Pigidium

ferrugineun
hensa Lowarum
variabile

Proptera alata
Sphaerium vermontanum
Sphaerium striatinum
Strophitus undulatus
Villosa iris

NEMATA (ROUNDWORMS)
Gordiug sp.
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Table 32.--Checklist of the flora and the fauna of Oneida Lake--Continued

OL IGOCHAETA (SEGMENTED WORMS)
Dero digitata (D. limosa)
Nais sp.

Pristina sp.

PORIFERA (SPONGES)
Carterius tubispermus
Heteromeyenia sp.
Spongilla fragilis
Spongilla heterosclerifera
Spongillia lacustris

TURBELLARITA
Dugesia dorotocephala
Dugesia tigrina
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Table 32.-~Checklist of the flora and the fauna of Oneida Lake--Continued

D. VASCULAR PLANTS

ACANTHACEAE (WATER WILLOW FAMILY)
Justicia americana (Dianthera americanc)

ALISMACEAE (WATER PLANTAIN FAMILY)
Aliema gramineum
Alisma Plantago-aquatica (A. triviale)
Sagittaria cuneata (S. arifolia)
Sagittaria Engelmanmiana
Sagittaria latifolia
Sagittaria rigida

ARACEAE (ARUM FAMILY)
Aeorus Calamis
Peltandra virginica

ASCLEPIADACEAE (MILKWEED FAMILY)
Asclepias incarnata

CERATOPHYLLACEAE (HORNWORT FAMILY)
Ceratophyllum demersum

COMPOSITAE (COMPOSITE FAMILY)
Bidens discoidea
Bidene frondosa
Eupatorium maculatum
Eupatorium perfoliatum
Helenium awtumile
Solidago graminifloria

CRUCIFERAE (CRESS FAMILY)
korippa sylvestris

CYPERACEAE (SEDGE FAMILY)
Carex hystericina
Carex lanuginosa
Carex lasiocarpa
Carex stipata
Carex vulpinoidea
Cyperus esculentus
Cyperus strigosus
Eleocharis acicularis
Eleocharis calva
Eleocharis compressa
Eleocharis obtusa
Eleocharis pauciflora
Seirpus acutus (S. occidentalis)
Setrpus americanus
Seirpus atrovirens
Seirpus fluviatilis




Table 32.--~Checklist of the flora and the fauna of Oneida Lake--Continued

CYPERACEAE~-continued
Seirpus polyphyllus
Seirpus Smithit
Seirpus validus

EQUISETACEAE (HORSETAIL FAMILY)
Fauisetum arvense
Fguisetum litorale
Eouisetum palustre

GRAMINEAE (GRASS FAMILY)
lamagrostis canadensis
nochloa pungens

eersia oryzoides
lalgyis arundinacea
rtina pectinata
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HALORAGIDACEAE (WATER MILFOIL FAMILY)
MyrSophyZZum alterniflorum
Myriophylium exalbescens (M. spicatum)
MyrﬂoFWgZZum scabratum
Myriophyllum verticillatum

HYDROCHARITACEAE (FROGBIT FAMILY)
Anacharie canadensis
Vallisneria americana

HYPERICACEAE (ST. JOHN'S WORT FAMILY)
Hypericum punctatum

IRIDACEAE (IRIS FAMILY)
Iris versicolor

JUNCACEAE (RUSH FAMILY)
Juncus articulatus
Juneus effusus
Juncus pelocarpus
Juncus tenuis (J. macer)

LABIATAE (MINT FAMILY)
Lycopus americanus
Stachys hispida
Stachys palustris
Stachys tenuifolic

LEMNACEAE (DUCKWEED FAMILY)
Lemma minor
Lemna trisulea
Spirodela polyrhiza
Wolffia punctata
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Table 32.--Checklist of the flora and the fauna of Oneida Lake--Continued

LENTIBULARIACEAE (BLADDERWORT FAMILY)
Utricularia vulgaris

LOBELIACEAE (LOBELIA FAMILY)
Lobelia cardinalis
Lobelia siphilitica

LYTHRACEAE (LOOSESTRIFE FAMILY)
Decodon verticrllatus

NAJADACEAE (PONDWEED FAMILY)
Najas flexilis
Najas quadalupensis

Fotamogeton
FPotamoge ton

Potamogeton |
Fotomogeton Fy

FPotomageton
FPotamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Fotamogeton
Potamogeton

AMeTLEaNUS
CrLBPUS
yLiosus

)
gramineus (P. heterophylius)
Lucens

natans

pectinatus

praelongus

Richardsonii

Fobbinsii

zosteriformis

NYMPHAEACEAE (WATER LILY FAMILY)
Nuphar advena
Nuphar variegatum
Wymphaea ovdorata
Nymphaea tuberosa

ONAGRACEAE (EVENING PRIMROSE FAMILY)
Ludwigia palustris

PIPERACEAE (PEPPER FAMILY)
Saururius cernus

POLYGONACEAE (BUCKWHEAT FAMILY)
Polygonum coccinevum
Polygonum Hydropiper
Polygonum hydropiperoides
Polygonum lapathifolium
Polygonum Persicaria
Rumes verticillatus

PONTEDERIACEAE {PICKERELWEED FAMILY)
Heteranthera dubila
Pontederia cordata




Table 322.--Checklist of the flora and the fauna of Oneida Lake--Continued

RUBIACEAE (MADDER FAMILY)
Cephalanthus occidentalis

SALICACEAE (WILLOW FAMILY)
Salix cordata
Selix glaucophylloides
Salix longifolia
Salix wnigra
Salix pedicellaris

SCROPHULARIACEAE (FIGWORT FAMILY)
Mimilue ringens

SOLANACEAE (NIGHTSHADE FAMILY)
Solanum Dulcamara

SPARGANIACEAE (BUR REED FAMILY)
Sparganium americanum
Sparganiwn eurycarpun

TYPHACEAE (CATTAIL FAMILY)
Typha angustifolia
Typha glauca
Typha latifolia

UMBELLIFERAE (PARSLEY FAMILY)
Angelica atropurpurea
Cicuta maculata
Sium suave




Table 32.--Checklist of the flora and the fauna of Oneida Lake--Continued

E. ZOOPLANKTON

PROTOZOA
Difflugia lebes
Vorticella sp.

ROTIFERA
Asplanchna sp.
Kellicotia longispina
Keratella cochlearis

CRUSTACEA
Alona sp.
Bosmina longirostris
Ceriodaphnia quadrongulata
Chydorus sphaericus
Cyclope bicuspidatus thomast
Cyclops vernalis
Daphnia galeata mendotae
Daphnia retrocurva
Daphnia pulex
Diaphanosoma leuchtenbergianum
Diaptomus minutus
Diaptomus oregonensis
Diaptomus sicilis
Eptschura lacustris
Ergasilus chautauguaensis
Fucyclops agilis
Burycerus lamellatus
Leptodora kindtii
Mesocyclops edax:
Mysis relicta
Sida crystallina
Tropocyclops prasinus

ACARI
Hydracarina sp.




