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Algal assays to determine the effect of present or potential 

water chemistries on algal growth in a lake or other water systems 

range from relatively simple batch flask tests performed in the 

laboratory to complex in situ tests involving large submerged 

plastic containers. Complementing these bioassay techniques in 

which the lake water is contained or restricted in some manner, 

are unrestricted in situ measurements made over relatively long 

periods of time, usually one or more years, in which the environ-

mental chemistry and the algal or other biological populations 

are measured and mathematical relationships obtained. These 

mathematical relationships range from simple regression models to 

complex phenomenological models relating time, space and all the 

interacting variables. 

Lake George, a typical soft water oligotrophic lake in the 

southeastern Adirondack Region of New York State (Figure 1) is 

showing signs of an increasing rate of eutrophication, parti cularly 

in the southern basin of the lake, despite control of waste dis

charges to the lake for the past 50 years. Personnel of the 
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Rensselaer Fresh Water Institute at Lake George have been con-

ducting a series of biological, chemical and hydrological measure-

ments over the past few years to determine the relative importance 

of the various factors which could be contributing to the natural 

and man-produced aging of this popular recreational lake and the 

relative value of the corrective actions which could be taken. 

Measurements by the FWI personnel and by other workers include 

flask type algal assays performed in the laboratory, in situ 

plastic bag assay experiments, and long term measurements of algal 

populations, their environmental chemistry and their zooplankton 

predators in unrestricted lake water. This report presents some 

of the results of these latter measurements on unrestricted lake 

water; specifically the apparent effect through regression analysis 

of the nitrate and phosphorus present in the lake and entering in 

the precipitation on the standing crop of plankton and periphyton 

diatoms. Lake George, which drains to the north, lies in a glacial 

scoured basin of precambrian metamorphic plutonic and igneous bed

rock. The drainage basin of the lake has an area of 606 Km2 with 

19% of this area covered by the lake. The volume of the lake is 

approximately 2.1 Km3 Precipitation is the dominant water input 

to Lake George with an average annual precipitation of about 93 cm. 

About 0.1 Km
3 

precipitation falls directly on the lake each year 

3 and 0.18 Km enters as runoff through many small streams (Colon, 

1971). Based on morphometric and circulation characteristics, 

the lake has been subdivided into three basins, north, south and 

a central basin (Needham et al. 1932). 



Experimental 

Lake water samples were generally taken at approximately 

monthly intervals from four locations - two in the north basin, 

and two in the south basin, Three depths, 3, 9 and 15 meters, 

were sampled at each location. Measurements of ammonia-and 

nitrate-nitrogen, hydrolyzable phosphorus, plankton diatoms, 

temperature, oxygen, pH, alkalinity, light penetration (photometer)" 

and water clarity (Secchi disc) were made on these samples or at 

these locations." Aliquots of the water samples were filtered 

through prewashed 0.45 u membrane filters within 4-8 hours after 

sampling. The various plankton diatom species were identified 

and counted on the filters. Ammonia was determined by direct 

Nesslerization and nitrate by reduction with a cadmium-copper 

column and EDTA.. Soluble acid hydrolyzable phosphorus (fi I tered 

sample) and total acid hydrolyzable phosphorus (unfiltered sample) 

were determined by the phosphomolybda"te-stannous chloride method 

without extraction. Samples of the periphyton diatoms were ob

tained by exposing glass and plastic substrate slides at the three 

depths and two locations for the monthly periods and enumerating 

the various diatom species directly on the slides. Diatom identi

fication was based on the description of Hustedt (1930) and Patrick 

and Reimer (1966). 

The precipitation falling on the Lake George basin was measured 

at eight locations (Figure 1) using recording precipitation gauges. 

Samples of the precipitation falling at the climatology station 

in the northern basin were collected periodically by event with 

an automatic precipitation collector in plastic cont ainers '3nd 

usually analyzed within twenty-four hours of collection for ammonia 



and nitrate-nitrogen and phosphorus, or frozen and analyzed sub-

sequently. A few samples of the precipitation falling at the 

climatology station at the southern part of the lake were col-

lected in an open container and analyzed. Average nutrient load-

ings and input corresponding to the monthly sampling intervals 

were estimated from the amount of precipitation and the concen-

trations of ammonia and nitrate-nitrogen and phosphorus present 

in the precipitation samples. Samples from the principal streams 

entering Lak~ George were also taken and analyzed. The incoming 

solar r adiat ion was measured with an integr at·ihg pyr anometer and 

averaged for the same monthly sampling periods. 

The stepwise multivariate regression analysis was performed 

on the data using the BIOMED.computer program BMD 02R (Dixon, 

1968). The model utilized in the analysis was exponential of 

the form. 

b.x. 
Y = b.e ~ ~ 

J 

+' ••• bkxk , where y = the diatom counts and 

xi •.• xk the following environmental factors: temperature, 

total incoming solar radiation and average daily incoming solar 

radiation for the 28 days preceding the sample, nitrate, soluble 

hydrolyzable phosphorus, pH, and alkalinity. The environmental 

and diatom data were grouped into three seasonal periods for the 

years 1968,1969 and 1970 as follows: winter/spring-January-May; 

summer-June-September and fall-October-December. Partial F values 

for the variables in the model were examined and significant levels 

at 90% were established. 2 R values and standard deviations of 

the predictive model were also examined for the overall value of 

the model. The overriding consideration in the analysis was 



F-values which test the significance of an independent variable 

in explaining variation in the data. 

Results 

The seasonal periodicity of the standing crop of the plankton 

and periphyton diatoms in the north basin over a 3 year period is 

shown in Figure 2. The pattern in the south basin is generally 

similar. The plankton diatoms show a strong spring pulse which 

generally starts building up in December and reaches a peak in 

April or May of each year. The periphyton diatoms reach their 

greatest standing crop during the summer with no single distinct 

peak or maximum occurring. For the most part the same diatom 

species are present in both the plankton and periphyton samples 

but there was no relationship by regression analysis between rela~ 

tive or absolute numbers of the various species found in the two 

types of samples. 

The concentration of hydrolyzable phosphorus and nitrate

nitrogen in the northern and southern lake basins for the period 

covered in this report (September 1969-November 1970) are shown 

in Figures 3 and 4. The average concentrations of these two nutri

ents in the two basins for the seasonal periods utilized in the 

regression analysis are shown in Table 1. Ammonia nitrogen was 

occasionally present but when present it was usually less than 

5 ug!L based on distillation followed by Nesslerization. Inter

ferences in direct Nesslerization prevented measurement of low 

ammonia concentrations when present in the samples. It can be 

noted from the table and graphs that the south basin water on the 

average is higher in soluble phosphorus and nitrate, and lower in 



TABLE 1 

AVERAGE CONCENTRATIONS OF NUTRIENTS IN NORTH AND SOUTH BASINS 

Soluble 
Hydrolyzable 

Seasonal Period Phosphorus Nitrate-Nitrogen Alkalinity pH Temperature 
pg PIL ).1g NIL mg caco3/L °c 

Winter-Spring 3.5 10.0 22.6 7.2 2.5 
South Basin 

Winter -Spr ing 3.4 5.1 21.6 7.2 4.0 
North Basin 

Summer 4.1 11.6 21.2 7.6 11.3 
South Basin 

Summer 3.9 4.0 21.4 7.7· 16.7 
North Basin 

Fall 4.3 10.2 23.4 7.5 12.6 
South Basin 

Fall 4.5 7.2 25.3 7.6 15.8 
North Basin 



pH and alkalinity. An analysis of variance confirmed that there 

were significant seasonal and basin differences in these parameters 

as suggested by the averages except that the variation in the 

monthly nitrate concentrations precluded establishing a signifi

cant north-south difference on a statistical basis even though 

the average levels show much higher concentrations in the south 

(Williams and Kohberger, 1972). The dissolved oxygen generally 

exceeded 7 mg/1iter throughout the year except at Station 1 where 

the dissolved oxygen decreased to 5;6 mg/l at 15m and 2.0 mg/1 

at 21m in the fall of 1969 (October 12). Figure 5 shows the total 

incoming solar radiation for the monthly periphyton exposure peri

od and the water temperature and period of ice cover. The daily 

total incoming solar radiation for the monthly period was also 

included in the analysis and is also shown in Figure 5. The in

coming solar radiation was about the same for both basins of the 

lake; however, the water clarity and light penetration, as measured 

by Secchi disk and underwater photomete,:J;, was' significantly greater 

in the north basin, as was the temperature (Williams and Kohberger, 

1972) • 

Table 2 summarizes the regression analysis results when the 

standing crop of plankton and periphyton diatoms were compared to 

the independent variables of nitrate, soluble hydrolyzable phospho

rus, alkalinity, pH, temperature, daily incoming solar radiation 

averaged over the 28 day periphyton exposure periods and total in

coming solar radiation for the 28 day periods. In the south basin 

during the winter-spring period for 1969 and 1970 the total plank

ton diatoms showed a significant relationship with nitrate concen

trations. In the summer period, 1969 and 1970, the total plankton 



TABLE 2 

RESULTS OF REGRESSION ANALYSIS TOTAL 
DIATOMS AND ENVIOONMENTAL FACTORS 

PLANKTON 
AR2% Seasonal Period Variable Partial-F 

Winter-Spring (Feb. -May) 
South Basin, 1969 Nitrate 43.3 86.1 
South Basin, 1970 Nitrate 43.3 75.6 
North Basin, 1969 IR-AV* 3.5 24.0 
North Basin, 1970 Alkalinity .9.0 23.7 

Summer (June -Sept. ) 
South Basin Phosphorus 8.1 28.8 
1969-1970 Alkalinity 5.3 26.4 

North Basin 
1969-1970 ** 

Fall (Sept.-Dec.) 
South Basin 
1969-1970 ** 
North Basin, 1969 Phosphorus 7.4 55.3 

1968 ** 
1970 ** 

PERIPHYTON 
Winter-Spring and Fall Temp 29.9 49.3 

1968-1970 IR-Tot* 8.9 12.5 
North and South Basin pH 4.3 3.6 

Summer, 1969-1970 
North and South Basin ** 

F Total 

43.3 
43.3 
3.5 
5.0 

5.6 

7.4 

25.9 

*IR-AV -,- daily incoming solar radiation averaged over 28 day period 
IR-Tot - total incoming solar radiation over 28 day period 

** - no significant correlation with any of the variablles 

R2% 
(tot al) 

86.1 
75.6 
24.0 
23.7 

55.2 

55.3 

65~.4 
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diatoms in the south showed a correlation with soluble hydrolyzable 

phosphorus followed by alkalinity. In the north basin during the 

winter-spring period of 1969 the numbers of plankton diatoms showed 

a relationship with the daily average incoming solar radiation; 

and, in 1970 there was a relationship with alkalinity. No cor-

,relations were present during the summer in this basin. In the 

fall period in 1969 the plankton diatoms in the north basin showed 

a relationship with phosphorus concentrations. The total peri

phyton diatom standing crops showed no correlation with nitrate, 

phosphorus, or alkalinity during any of the seasonal periods. 

Table 3 lists the species that were the principal dominant 

diatoms (~ 50% of the total diatom population) during the three 

seasonal periods and the results of the regression analysis re

lating these species to the independent variables. Synedra 

tenera which dominated the plankton during the winter-spring 

period of 1969 showed a correlation with the phosphorus concen

tration in the Winter-spring and fall periods. Stephanodiscus 

minutula which was a subdominant species during the summer periods 

also showed a correlation with phosphorus. The two diatom species 

which normally dominated the winter~spring plankton diatom popu

lations, Asterionella formosa and Fragilaria crotonensis,both 

showed a slight relationship to nitrate but a much greater re-

lationship with lake temperature. In the periphyton, Achnanthes 

minutissima which was the dominant diatom most of the year showed 

a relationship to nitrate in t'he winter-spring and fall periods 

and in the summer a strong correlation with ,nitrate, solar radi

ation and some variable associated with the different years n' 

covered in the regression. During the summer, Synedr~ ten' 



which was present in periphyton but not dominant showed strong 

correlations with both soluble phosphorus and nitrate concen

trations but not at other times of the year. 

10 

The precipitation falling on Lake George and its drainage 

basin contained much greater concentrations of inorganic nitrogen 

(ammonia and nitrate) and slightly greater concentrations of 

hydrolyzable phosphorus than found in the lake water. Figure 6 

shows the average monthly concentrations of total hydrolyzable 

phosphorus,NH3 -N and N03 -N during 1970. The concentrations were 

generally independent of the amount of precipitation collected 

making it possible to estimate chemical loadings due to wet fall

out. The concentrations of ammonia and nitrate in the precip

tation appeared to be slightly higher during the summer period 

(June, July and August) while the phosphorus concentration was 

lowest in the fall. The amount of precipitation within the drain

age basin was quite vari able with the annua I precipi t a,tion in the 

drainage basin tending to decrease to the north (Colon, 1972). 

Figure 7 shows the precipitation catch at the rain gauges at the 

north and south basin climatology stations. N0
3

-N, NH
3

-N and total 

hydrolyzable phosphorus loadings are also shown in this figure. 

Table 4 summarizes the regression analysis results when the stand

ing crop of plankton and periphyton diatoms were compared to the 

amount of precipitation and loadings of NH 3 -N, N03 -N and hydro

lyzable phosphorus in the precipitation falling directly on the 

lake. In the case of the plankton,the amount of precipitation 

and the loadings falling on the lake during the 7 days preceding 

the plankton sample dates were used in the regression model with 

33% of the precipitation falling during the ice covered period 



TABLE 3 

RELATIONSHIPS OF DOMINANT DIATOMS* 
SPECIES WITH N & P CONCENTRATIONS 

Dominant Diatoms 

PLANKTON 
Winter-Spring 

Asterionella formosa 

Synedra tenera 

Fragilaria crotonensis 

Summer 
Cyclotella operculata and 
.s:. glomerata 

Stephanodiscus astraea 
~. mlnutula (subdominant) 

Fall 
Tabellaria fenestrata 
A. formosa 

F. crotonensis 
S. tenera 

Variable 

Temp 
pH 
Nitrate 

Phosphorus 

Temp 
Nitrate 

Nitrate 
No correlation (1970) 

Phosphorus 
Alkalinity 

pH 
IR'-Tot 
pH 
pH 
Phosphorus 

* SO% of total diatoms in sample 

F 
Partial 

8.1 
9.6 
S.6 

4.3 

7.3 
2.S 

4.2 

27.7 
lS.2 

22.1 
4.7 
7.1 
3.0 

26.2 

S1.2 
3.6 
7.6 

l8.S 

11.4 
S.3 

16.0 

42.9 
37.4 

2S.7 
9.3 

10.4 
7.0 

92.9 

F 
Total 

22.1 

4-.3 

3.9 

4.2 

16.3 

22.1 

4.4 
3.0 

26.2 

R2 
Total 

62.4 

l8.S 

16.7 

16.0 

80.3 

2S.7 

19.7 
7.0 

92.9 



TABLE 3 
(cont Id) 

F 
LloR2% 

F R2 
Dominant Diatoms Variable Partial Total Total 

PER IPHYTON 
Winter-Spring-Fall* 

Achnanthes minutissima Temp 38.0 52.8 
(South Basin) IR-Tot 8.5 8.9 

Nitrate 5.3 5.8 67.5 
(North Basin) Temp 4.9 67.9 4.9 67.9 

S. t'enera, 1968 IR-Tot 6.1 19.5 
Alkalinity 3.4 23.7 3.1 43.2 

1969 IR-Tot 9.0 50.4 
Temp 8.9 21.1 15.:!, 71.5 

1970 Temp 7.7 43.5 7.7 43.5 

Summer 
A. minutissima Year 13.4 36.1 

(South Basin) pH 14.2 52.7 11.9 88.8 

(North Basin) Year 58.6 27.4 
IR-Tot 48.3 39.6 
Nitrate 44.7 30.9 41.2 97.9 

S. tenera Phosphate 10.0 38.4 
Nitrate 9.3 39.3 6.9 69.7 
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entering the lake. The total precipitation and associated loadings 

falling on the lake during the 28 day periphyton exposure periods 

were used in the regression models involving the periphyton with 

the same 33% of the precipitation entering during the ice covered 

period. 

No significant correlation was found between the amount of 

precipitation and diatom counts. Previous experience (Williams 

and Kohberger, 1972) has indicated that a logarithmic transformation 

of diatom counts should be used. The correlations were examined 

through the use of a regression model of the form: y= aebx 

where y = diatom counts, x = precipitation (in inches). The peri

phyton diatoms were regressed against the previous 28 day totals 

of precipitation. The plankton diatoms were regressed against the 

previous 28 day totals and 7 day totals of precipitation. Neither 

period of precipitation showed a significant correlation wi th diatom 

counts. 

When the chemical loadings were used in the regression model 

instead of precipitation volume, several significant correlations 

involving inorganic nitrogen and phosphorus were shown to be present. 

The plankton standing crop in the south basin correlated with the 

input of ammonia and phosphorus by precipitation, while the standing 

crop in the north basin correlated with the phosphorus only. The 

standing crops of the principal dominant diatom species in the 

plankton in the north basin showed a correlation with precipitation 

nitrate and phosphorus, or phosphorus in the case of ~. tenera. 

It is interesting to note that this diatom species also showed a 

strong correlation with phosphorus in the lake water (Table 3). 

The standing crop of diatoms in the periphyton showed no correlation 



TABLE 4 

CORRELATION OF DOMINANT DIATOM SPECIES AND PRECIPITATION CHEMISTRY 

pLANKTON 

Station 1 
Total plankton 

Ammonia 
Phosphorus 

Station 6 
Asterionella formosa 

Nitrate 
Phosphorus 

Fragellaria crotonensis 
Nitrate 
Phosphorus 

Synedr a tenera 
Phosphor-us 

Total plankton 
phosphorus 

Partial 
F-Test 

22.28 
28.02 

11. 78 
8.96 

8.20 
8.61 

6.589 

27.75 

Multiple 
Correlation 
Coeffic ient 

( R) 

.5611 

.4608 

.4091 

.3574 

.6176 

F-Test 
(total) 

14.015 

5.931 

4.423 

6.589 

27.755 

F-test for 
Significant 

(95%) 

3.15 

3.23 

3.23 

4.08 

4.08 



PER IPHYTON 

Station 6 
Tabellaria flocculosa 

Ammonia 
Phosphorus 
Depth 

Fragellaria crotonensis 
Ammon1a 
Phosphorus 
Depth 

TABLE 4 
(cont'd) 

PClrtial 
F-Test 

4.02 
7.49 
3.81 

40.3 
35.5 

6.10 

Multiple 
Correlation 
Coefficient 

(R) 

.• 6732 

.867 

F-Test 
(total) 

4.15 

15.1 

F-Test for 
Significant 

(95%) 

3.29 

3.29 
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with phosphorus or nitrogen in the precipitation but showed a 

strong correlatioh with depth. This was also true of the most 

common dominant species in the periphyton AChnanthes minutissima 

and s. tenera. F. crotonensis and T. flocculosa which occasionally 

were dominant· diatoms in the periphyton shewed a correlation with 

ammonia and phosphorus in the precipitation as well as with depth 

in the north basin but showed no correlation with these nutrients 

in the south basin. In all of the regression analyses, including 

those involvLng precipitation volume, depth was a significant 

variable for all of the periphyton diatoms but was not signifi-

cant for the plankton diatoms which move freely in the water 

column. Depth did not appear as a significant variable affecting 

the periphyton diatoms in Tables 2 and 3 since the attenuation of 

solar radiation and the nutrient concentrations and temperature 

at each depth were utilized in the analyses. A regression analyses 

was also performed with precipitation ammonia, nitrate and phospho-

rus as independent variables and the concentration of nitrate and 

phosphorus in the lake as dependent variables. As would be ex-

pected no correlation existed since these elements are rapidly 

lost from the water column during and after precipitation. 

Discussion 

The results of the regression analysis shown in Tables 2 and 

3 indicate that the diatom populations are responding at different 

times to one or more of several environmental factors. Two of 

these are the concentrations of soluble phosphorus and nitrate 

in the lake water. These concentrations are equi.librium or pseudo 

equilibrium concentrations related to many factors, one of which 
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is the input of inorganic N and hydrolyzable Pnecessary to 

balance the losses from biological activity and lake outflow. A' 

positive correlation between the standing crop of a particular 

diatom species or the total diatom population with nitrogen or 

phosphorus can,'under some conditions, represent a positive cor-

relation with the input of these elements, thereby bearing some 

relationship to enrichment bioassays in which phosphorus or in-

organic nitrogen are added to lake water and the response of the 

standing crop of algae noted. Stross (1971) performed numerous 

enrichment experiments on Lake George water during part of the 

same time period of our regression analyses. In June, August a.nd 

14 October of 1970 he found an increase in C uptake from small 

phosphorus additions (half saturation constants Kt of 0.1-0~3 ugP/L) 

while in July and December of 1970 and January of 1971 phosphorus 

additions produced no increase in carbon uptake. In February of 

1971 he reports only a very slight increase in l4e uptake with 

phosphorus additions and in May of 1971 a slightly larger increase 

with P enrichment but not as large an increase in the months cited 

above, In the summer period of 1970 which included June and August 

when the enrichment experiments showed a good response from P 

additions, the regression analysis also showed a strong correlation 

between the standing crop of plankton diatoms and soluble hydro-

lyzable phosphorus. During the fall period of 1970 which included 

October when the enrichment experiments showed a response from P 

additions and December when no response was noted, the regression 

analyses showed no correlation between phosphorus or any other 

environmental variable tested and the standing crop of plankton 

diatoms. A positive correlation was noted with phosphorus during 
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the fall period of 1969. No enrichment experiments were reported 

on Lake George water during the winter of 1970 but as mentioned 

b d ·· 14 . b a ove Stross reporte some ~ncrease ~n C uptake ~n Fe ruary 

and May in 1971 but none in January. No correlations between P 

and plankton diatom standing crops were obtained during these 

months in 1970 in the regression analysis; however, a correlation 

with nitrate was obtained during this period in 1970 in the south 

basin but not in the north basin. ~gilari~ crotonensis showed 

a weak but significant correlation with nitrate during this period 

in both basins. Goldman (1969), in enrichment studies on Lake 

Tahoe water with nitrate-N and ortho-phosphate found that nitrate 

additions when considered on a short time basis substantially in-

creased the growth rate of the diatom F. crotonensis in February 

with ortho-phosphate stimulating growth in mid-spring. F. 

crotone~~is was the main phytoplankter in the lake water. Schindler 

et a1. (1970) reported the results of a multiple regression analy-

sis relating phytoplankton production in Clear Lake, eastern 

ontario with nitrate-N, silicate, chlorophyll, solar radiation, 

total 002 (as derived from alkalinity measurements) and water 

temperature with the first four parameters contributing signifi-

cantly to the regression. Clear Lake is very similar in water 

clarity and nutrient concentrations to Lake George. These authors 

also provided a general comparison with four other similar re-

gression analyses in other lakes performed by other workers. 

This comparison indicated that temperature and light gave signifi-

cant regressions in four of the five studies and dissolved in-

organic nitrogen and carbon in three of the five. Phosphorus was 

not examined in Schindler's report and was not mentioned in the 



general comparison. Sakamoto (1971) reported a significant in

crease in carbon uptake from the additions of .either phosphorus 

or nitrate or both to water from lakes 67 and 69 of the western 

ontario Experimental Lake Area. Additions of both P and N in-

19 

creased the carbon uptake in Lake 189 while no response occurred 

from the addition of the elements separately. 

The existence of significant correlations between inorganic 

nitrogen and phosphorus in the precipitation falling directly on 

the lake and the standing crops of certain plankton and periphyton 

diatoms suggests that the precipitation is an important source of 

nutrients and the nutrient limitations in the lake permit utili

zation of the nitrogen and phosphorus entering in the precipitation. 

The regression analyses in Tables 3 and 4 appear internally con

sistent in that, on occasion, depending on the season certain of 

the important diatoms in the plankton and periphyton show cor

relations with nitrate or phosphorus concentrations in the lake. 

A closer relationship between Tables 3 and 4 would not be expected 

since the concentration of nitrate and phosphorus in the lake 

represent an equilibrium value related to biological activity, 

lake discharge and nutrient input, while the amount of inorganic 

nitrogen and phosphorus in the precipitation is true input. 

The inorganic nitrogen in the precipitation falling directly 

on the lake along with the inorganic nitrogen in the dry fallout 

on the lake is the major source of inorganic nitrogen entering 

the lake. The amount of inorganic nitrogen in the wet and dry 

fallout would be expected to be of the same order of magnitude 

(Kluesener, 1971; Matheson, 1951). The stream runoff potentially 

would be expected to be a larger source of inorganic nitrogen 



than the precipitation falling directly on the lake since precipi

tation falling on the terrestrial part of the basin and entering 

the lake is 1.7 times greater than that falling directly on the 

lake. Chemical analyses performed on the main streams carrying 

the precipitation runoff to the lake indicate that large quantities 

of inorganic N and lesser quantities of P are retained by the 

terrestrial drainage basin and do not enter the lake with the run

off. Several workers have reported similar retentions (Likens 

et al. 1969; Schindler and Nighswander, 1970). Our analyses of 

incoming streams and similar analyses conducted by the New York 

State Health Department indicate an average concentration of 

80 ug/L inorganic nitrogen as compared to 1328 ug/L in the pre~ 

cipitation. Based on these average concentrations and the amount 

of runoff precipitation, it is calculated that the inorganic 

nitrogen introduced by precipitation runoff is only one-tenth of 

that entering in the precipitation falling on the lake. The amount 

of inorganic nitrogen removed from the lake by drainage from the 

lake outlet is estimated to be only 1.6% of the yearly input of 

inorganic nitrogen from precipitation falling directly on the lake. 

The amount of hydrolyzable phosphorus being introduced with 

the precipitation falling on the lake also represents a signifi

cant fraction of the hydrolyzable phosphorus input particularly 

in the sparsely settled north basin where the major phosphorus 

inputs are the precipitation and dry fallout on the lake, and 

the precipitation runoff. In the south basin,with its densely 

populated shoreline and adjacent lands, a potentially large input 

of h~ro1yzable phosphorus from septic tanks and the sewage treat

ment plant also exists. In the north basin the amount of 



hydrolyzable phosphorus being introduced with the precipitation 

falling on the lake represents about one-third of the input with 

the hydrolyzable phosphorus in the dry fallout on the lake esti

mated to be another one-third based on Lake Wingra measurements 

(Kluesener, 1971). The hydrolyzable phosphorus input from pre

cipitation runoff carried by streams was calculated to be the 

same magnitude as in the wet fallout (or another one-third of the 

phosphorus input) based on an average concentration of 7 u9/L-P 

in the streams entering the lake. Based on the average soluble 

hydrolyzable phosphorus concentration of 4 ug/L-P in the lake, 

about 22% of the hydrolyzable phosphorus entering from precipi

tation dry fallout and runoff is removed by the lake outflow. 

The correlations between the inorganic nitrogen (NH3 or N03 ) 

and phosphorus in the precipitation with plankton diatom standing 

crops appear to be in agreement with the above observations. In 

the north basin where the precipitation on the lake represents 

a greater fraction of phosphorus input, a strong correlation was 

obtained between total plankton diatoms and phosphorus alone. 

In the south basin both phosphorus and nitrogen (NH3 ) showed a 

correlation with diatom standing crops. The utilization of pre~ 

cipitation ammonia and nitrate as well as phosphorus indicated 

by the regression analyses is in agreement with ,the low nitrate 

concentrations found in the lake and the low phosphorus half 

saturation constant found for Lake George phytoplankton populations. 

The results also appear to be in agreement with enrichment tests 

performed by Stross (1971) on Lake George water. He found a 

response from phosphorus and nitrogen together, but not from 

nitrogen alone. It is interesting to note that the plankton 



standing crops in the deeper water (9 and 15 m) were equally 

responding to the input of nitrogen and/or phosphorus while the 

periphyton diatom standing crops forming on substrate slides at 

fixed depths were not. Although the total periphyton diatom 

standing crops did not show a correlation with P or N in the 

precipitation, F. crotonensis and T. f1occu1osa show strong 

correlations. F. crotonensis in the plankton also showed a 

correlation with precipitation nitrate and phosphorus. This is 

the same diatom which Goldman (1969) found responded to nitrate 

and phosphorus additions to Lake Tahoe water. 
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captions for Figures 

Figure 1. Lake George, N.Y. Location of Sampling Points 

Figure 2. Standing Crop of plankton and Periphyton Diatoms in 
the North Basin, Lake George, N.Y. The Numbers of 
Periphyton Diatoms Developed Over a 28 Day Exposure 
Period Prior to the Date Plotted. Plankton Diatoms 
are Plotted on the Top Graph. 

Figure 3. Nitrate-N Concentrations in North (Station 6 & 1) South 
Basins (Stations 1 & 2) as a Function of Julian Dates. 

Figure 4. Soluble Hydrolyzable Phosphorus Concentrations in North 
(Stations 6 & 1) and South (Stations 1 & 2) Basins 

, as a Function of Julian Dates. 

Figure 5. Water Temperature, Ice Cover and Incoming Solar 
Radiation-South Basin (Stations 1 & 2). 

Figure 6. Average Monthly Concentrations 
and Hydrolyzable Phosphorus 
on Lake George. 

of N03 -N, NH3 -N Total 
in precipitation Falling 

Figure 7. precipitation and Estimated Wet Fallout South Basin 
(Lake George village) and North Basin (Burnt point). 
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