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ABSTRACT 

Primary Productivity of Lake 
Georee, New York: Its Estimation 
and Regulation 

R. G. stross 
Department of Biological Sciences 

SUNY, Albany 
Albany, New York 12222 

Rates of production .1ere estimated for the phytoplankton and the 

attached macrophytes. Daily rates of net carbon assimilation for the 

phytoplankton are calculated from measurements of hourly rates at ex-

pected light saturation, total daily insolation and coefficient of light 

attenuation. 

Mean daily rates for the years 1970-1972 show a 50% increase in the 

maximwn swnmertime rate. 

The macrophytes are primarily Nitella flexilis which grows in the 

depth zone of 7 and 12 meters, or on some 20% of the bottom. Evidence 

suggests two crops per year. Daily rates, estimated from seasonal growth 

patterns and annual accwnulation, suggest intervals in June and September 

when macrophyte and plankton contribute equally to productivity on an 

areal basis. Growth morphology and oospore formation suggest tha't (red?) 

light strongly influences the Nitella beds on Lake George. 

KEY WOWS: Biological productivity, phytoplankton production, ?rimary pro-

ductivity, macrophyte productivity, photoecology. 
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The objective of this report is to present the estimates of primary 

production in Lake George, New York that have been made since 1969. 

The studies of primary productivity in Lake George have had several 

objectives since its inception in 1909. One of these is to estimate the 

combined rate of primary production for both the phytoplankton and macro­

phytes in Lake George. This raport is devoted to giving the first com­

prehensive estimate of this kind for Lake George • 

.. c 

• 
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I. PHYTOPLANKTON 

Productivity of phytoplarlkton was estimated with a single approach 

from measurements of light-saturated photosynthesis and light intensity 

data which consists of extinction coefficients and total dailY radiation 

at the lake surface. The techniques involved in measuring light-saturated 

photosynthesis of Pmax are standard. Since they have been described else­

where they will be only summarized here. 

Methods and Materials 

The basis of the measurement is the short term rate of photosynthetic 

uptake of carbon as determined with the addition of carbon-14 (Steemann-

Nielsen, 1952). Lake water was incubated in 165 ml bottles in an i11OO-

nated revolving drum incubator. Light intensity maximum was 1500 ftc and 

the temperatures were those of the lake surface. The rate of photosynthesis 

is reported with corrections being made for dark upteke of carbon and fer 

loss of photosynthate in extracellular excretion. Mean extinction coeffi-

cients were calculated from profiles of white light attenuetion as measured 

with the submarine phot'ometers (G. M. Manufacturing and Montedoro),. 

Surface light intensity was measured at the SUNYA-ASRC Laboratory in 

Lake George Village. The interval from JUlY 1971 through August 1972 was 

the only data available at the time this report was prepared. The data 

were obtained from Mr. Robert. Kohberger in the IBM card form provided to 

hiin by Mr. Ronald Stewart. Hourly rates of photosynthesis (Pmax) are con­

verted to daily rates for the entire water column. The formula was 

supplied by Mr. Paul Nobbs of San Diego State University as was theccm­

puter program to calculate day length. The formula for depth integration 

'. of hourly rates and for conversion to rates per day: 

P (; - (p )" Arctan r(D-Z) (Io)1 -Arctan fc-z) (Io~ 
(mg/C/m2/day) - max/ € T l' ~ t J 
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where: Pmex = photosynthesis at light saturation 

& = light extinction coefficient 

D = maximum lake depth 

Z = depth of optimal light intensity 

Io = incident light intensity 

'?'- = daylength (sunset-sUnrise) 

The formula yielded results very nearly that of the standard' Vollen­

weider (1966) equation (see last year's report) when 'surface light is 
/ 

intense but tends to give largereatimates on dini days. 

The correction for daily asymmetry in hourly rates of photosynthesis 

was obtained, fran' the follOWing formula (also supplied by Nobbs): 

Pmax = Measured Pmaxl 0.5 SinEr 1:e(~T8 + 0.5 

where T = t""",e s - t ' , , ..... a "pmsx 

and P = tss - tpmsx 

,The formula ,for daily asymmetry replaces last year's technique which 

was found to be greatJ,Y in error (Stross, 1971). 

Spatial-Temporal Patterns 

Much effort has been devoted to the measurement of Pmex.The question 

was asked: What is the minimum number of samples necessary for a reasonable 

estimate, of the mean? At, the same time it was necessary to know both what 

variance, resulted fran local or smell-scale patChiness and from ,vertical 

stratification of the algal assemblage. Finally, the question was also 

asked: Is there, a significant difference in rate of photosynthesis at 

light saturati6n that, is aSSOCiated with looat,ion in the axial gradient of 

Lake George? 

Results 

The spatial temporal pattern of photosynthesis in Lake George as 
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determined from estimates of Pmax has already been described (Stross, 1970 

1971; Stross and Kohberger, ms) Dnd wi1,l be only summorized here. Hourly 

re~es of Pmax ranGed from If .4 to 3l.1 mg c/m3/hr during the ice-free part 

of the year. Photosynthetic rates are much more stable than the range indi-

cates, however. Most of the variability is removed when the major sources 

of variance are removed. When variance due to season, location in the lake 

(station), and time of day is removed, the metabolic activity of the algae 

in Lake George is remarkably stable. At a single station the amplitude of 

daily oscillation may be in the range of 1.6 and 2.0. Seasonal variability 

at a station is in the range of 2.2 and 3.0 if the winter period of ice 

cover is excluded; a small amplitude indeed if one realizes that the solar 

input at 450 has an annual range of 2.0. The other variable is location 

or station in the lake. Rates at Station 1 in the southern end of Lake 

George are usually 2.0 or more times larger than photosynthetic rates in 

samples at Station 7 near the northern end. Station 4, which is immediately 

north of the narrows that separates southern and northern basins, may have 

rates that agree with Station 1 or 7, or be intermediate to the extremes. 

Combined, the various sources of variability suggest a strongly fluctuating 

Pmax when in reality the local variability at any one station is remarkably 

small indeed. 

Local variability in Pmax is quite small with exception. In the 

overall analysis, profile and depth were set up with station as the main 

sources of variance. In all but one cruise the only main source of variance 

was station and that was conSistently. significant. The only. other main 
, 

source of variance in the analysiS was the effect of depth. During the 

late summer intervals there was often an accumulation of photosynthetic 

stand:~ crop (Newhouse, et.al., 1967) in the thermocline at 10 and 15 meters 

depth. 

I 



Local variation was rarely if ever significant. In both the hori-

zontal, as measured by comparison of profiles, and the vertical, as measured 

at five depths, variability in Pmax was not significl)nt 'in a Station-Profile-

• Depth thruway analysis of variance with exceptions. vertical stratification 

of the photosynthetic standing crop was often associated with thermal strati­

fication,especially in late summer. The larger than the mean Pmax from 

depths of 10 and 15 meters were eliminated f'l:'om the mean Pmax for each 

station hO\~ever. Error variance was always smaller than 10 percent of the 

variance at a station and usually near 5 percent. 

Daily Rates of Phytoplankton PrOduction 

Three variables necessary to calculate the daill/: r!it~,.!?f ... R.;,~marY.~gr:,o­

~.':S:1--'?!:~ !l!.e .. _t!l~.~t~lld,ard. P max~~~!A~.e.li.W,.;~1:!;~~~ 1lJl~l.an attenuatioll 
coefficient of light intensity with depth. The calculation program, pre-
--'"~''''''' . .' ' .' 

pared by Paul Nobbs' and Miss S. W. Chisholm,was designed to give an output 

value for each' day on which there was a datum for daily' input of solar 

radiation (Shortwave). Pmax estimates were interpolated from the estimates 

shown in Figure 1. Light extinction coeffiCients are introduced as mean 

monthly values. They may be based on actually measurement, as during the 

ice-free periOd, or based on an assumed attenuation of 99 percent in ~he 

first 2 meters beneath the ice which may be realistic when the ice is covered 

with snow. 

Light saturated rates of photosynthesis are summarized for the interval 

July 1969 to September 1972 in Figure 1. Mean values are shown for each of 

three stations on Lake George. The general annual trend is apparent. Maxi-
, 

mum rates for each year are to be found in the summer and autumn. Pmax is 

usually largest at the southern end of the lake at Station 1 and smallest 

at the northern end of the lake at Station 7. Considering Station 1 only 

for the moment. there is an interesting pulse that seems to occur in the 



summers of 1970, 1971 and. 1972. The pulse interval seems to be restricted 

to the late July-August interval and repeated each year (Fig. 2). The 

summer maximum of Pmax recorded in 1970 was in July at 17.7 rog C/m3. In 

1971 the sununer maximum was measured in August at 20.6, and in 1972 it 

wao recorded also in August at 31.1 rog C/m3/hr. That is, there was a 

measurable increase in hourly ratewer the three year period. 

The calculation program described above permitted the conversi0l! .. of 

hO)lrly .rates applicable to a .depth where light intensity is at saturation 
",-" .. ~ ........ ",~,",~"'-""'''''''' -,"',.-""', '\ . ,'\ ,'" -' , .". 

to dailyl;ates for the entire water column. Two months, July 1971 (Fig. 3) 
_.,_,._ .... 4-'~'_' "" "".'" 

and. August 1972 (Fig. 4) were chosen arbitrarily for display of day-to-day 

trends. In the first comparison (Fig. 3) the daily rates at Stations 1 

and 7 sheM reversing trends. That is in July 1971 the rate at Station 1 

declined :from 1.2 g c/m2/daY to approximately 0.7 before reversing the 

trend. The rate at Station 7 increased :from 0.4 to 0.7 g C/m2/daY during 

the same interval (Fig. 4). Since the same solar input was employed in both 

cases, the trends are obviously determined by the estimates of l'max for the 

respective stations. In August of 1972 the rates at both Stations 1 and 

7 declined :from maximum values at the beginning of the month. The daily 

fluctuations in solar intensities seemed more severe in the August 1972 

comparison. As a result the :fluctuations in production rates also have 

greater amplitude. It is to be noted that the estimated daily rates at 

Station 1 approach 2.5 g c/m2/day, an all time single-day high for the 

3-year interval of study. 

Daily rates are combined to give a mean daily rate for each month in 

Figure 5. The period :from July 1970 to August 1972 is included in the 

calculations. Although the Proax are new for each year, the solar radiation 

data for Lake George was at fir3t available far the single year of :from 

July 1971 to August 1972 only. _.As a consequence, the same light data are 



used :far both years. The net resul.to:f using the same annual radiation 

data is to observe that each summer from 1970 through 1972 there is a pro­

gressive increase in the mean daily production rate that approached a 50 

percent overall increase in mean daily rate of photosynthesis. The second 

pa.ttern to emerge from the mean daily estimates is a distinct biinoda1 dis­

tribution far the spring-summer interval. Since the . effect is restricted 

to Station 1, it seems unlikely that use o:f the same solar radiation data 

:far both ;years shoul.d account for the bimodal pattern. 



II. MACROPHYTES 

,Production and Growth Regulation 

Reported by Needham, Juday and associates'(1922), the extensive beds 

of Nitella flexilis are well MOwn"for Lake George. The objective of the 

present study lias 1) to determine the precise distributions of the Nitella 

beds; 2) to determine whether or not Nitella is the only species of macro­

phytes fo,und stthe bottom in the sub-littoral of Lake George; 3) to 

meas~e the annual ,production; and 4) to determine the senstivity of the 

macrophytes tO,the major components of their environment. 

Large plants and animals obviously contain larger quantities of nu~ 

trient ions and are likely to exchange the ions at a slower rate than their 

microscopic counterparts. Conceivably large plants take' up and retain 

nutrients that may. ' without such a Sink, normally recycle within the plank­

tonic community. Whether or not the macrophytes in Lake George compete 

with the phytoplankton for nutrients may be suggested with the present 

approach. 

In addition to the Needham (Needham, et.al., 1922) report there are 

specific studies of the macrophytes in Lake George. Fenlon (1971) and 

Traver (1971) sampled extensively with an Ekman dredge in depths reportedly 

up to 25 meters. Fenlon reports finding an idenUfied species of Potamogeton 

in de~ths ranging up to 12 meters, but this is almost certainly a misidenti­

fication of Nitells flexilis. Mean quantities of dried plant matter was 

given at 21.88 g per m2 for the southern portion of Lake George's south basin. 

Ogden (1971) hus made an extensive analysis of the species represented in 

Lake George. This project is grateful to him for identifications of all 

species described in the report. 

Methods end Materials 

The total annual production of rooted and attached macrophytes was 
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estimated',from stsnding crops end rates of replacement. Shat't term rates 

of' carbon uptake were also measured and these data may serve as a second 
I 

type of estimate of annual production, aside from th~ir utility for eval-

uating the environment. 

standing crops were estimated from samples collected with an Ekman 

dredge. The macrophytes were removed from the dredge, washed, dried at 

o 
105C and weighed on an analytic balance. The collections were made at , 

depth intervals of 1. 0 meter fr<:mi either the 3- ,or the 7.0 -meter contour 

to the l2-meter contour. 

The sampling locations were restricted to the south ba,sin of Lake 

George. Tea Island (Fig. 6) was settled as the major reference station 

and the samples necessary to evaluate the seasonal development Cif Nitella 

were taken from a transect at Tea Island. A general analysis of quanti-

tative distribution was undertaken in the whole of the south basin of 

Lake Geat'ge. Complete transects, that,is samples taken from 3- to the 

l2-meter contour, were established at seven locations. These were Tea 

Island, Dunham Bay, Warner Bay, Speaker, Heck Island, Diamond Island, Dome 

Island (west shore) and Nort?west Bay. In all cases the most gently sloping 
.. ~. ~. 

bottom was selected sq as to extend the distance bet~leen the one-meter con-

tours. The steep slopes were examined to verify presence by scuba divers, 

on underwater sleds, a vehicle that allowed extensive coverage of the 

bottom. Both types of slopes were compared photographically. 

The general survey was for the purpose of' measuring both qualitative 

and quantitative distributions of species populations in the sub-littat'al 

bottom of Lake George, or primarily from 7 through 12 meters of depth. The 

fractional area of the lake in the depth rrn3c of 3 and 12 meters was deter-

mined from planimetric measurement of the standard Lake Geat'ge map as supplied 

by the Power Squadron on the lake. 



Rates of carbon assimilation were measured with short term incubation 

in the presence of carbon-l4 labelled C~ and bicarbonate (or as with the 

phytoplankton). Only the sub-littoral rna crophyte , Nitella flexilis was 

subjected to photosynthesis measurements. Usually individual plants, 

collected by dredge or diver, was suspended in lake water contained in a 

standard milk dilutlon bottle of 165 ml capacity.· The bottle were then 

suspended on the revolving drum of the standard PECCER photosynthesis 

chamber. 

Following incubation of normally two hours duration, the plants were 

removed from the incubator, placed on dry ice, and transported to the 

fuming hood. After fuming, the plants were dried at 1050 and weighed. 

The amount of carbon-141abel assimilated was measured by converting the 

organic carbon to free C~ in controlled combustion chambers (Adams pers. 

communication). The CO2 was absorbed in ethanolamine. A standard scin­

tillation cocktail was added to the vial, and the contents counted in a 

liquid scintillation spectrometer (Packard Mo. 3375). Calculation of the 

rate of carbon uptake was standard and based on the ratio of carbon-l4 

absorbed to that in the inCUbation vessel. The amount of carbon-12 

available in the incubation vessel was determined from titration of alka-

. linity, pH determination, temperature and conversion tables (Saunders, 

et.al., 1962). Uptake is expressed per gram dry weight of plant. 

The photosynthesis measurements served two functions. One ~Ias to 

determine the times of maximum photosynthetic activity of Nltella in the 

field. The se.cond function was to evaluate light intensity, nutrient 

(phosphate and nitrate) c,)ncentrations, temperature and time of day on the 

rates of photosynthetic incOl'p:>ration of carbon. Nitella has already been 

shown to be sensitive to turbulence (sec beL",) and the plants were rou­

tinely tested in an environment made turbulent by the agitation of the 



-12-

incubation vessels in the incubator. 

Results 

Attached or rooted plants grow extensively on the bottom of Lake 

George. In that part of the bottom within the 3- and l2-meter contours 

is a vast, almost continuous covering of plants. The species Nitella 

flexilis is the singularly most abundant member. In fact it is essentially 

the only macrophyte species in the zone of V to 12 meters. Plant densities 

are rather uniform on the bottom from 3 through 9 meters at 35.0 grams 

(dry weight)/m2 and from 10 through 12 meters at ll9.5 g/m2. The much 

greater luxuriance in the deeper water is confirmed by a variety or-tech-

niques that consist of photography, morphological analysis of the plants, 

etc. and will be a special topic (see below). The growth fOrm of the 

Nitella and its rather striking delimitatiom along depth contours illustrate 

the precise ~Iay the environment controls the growth of the macrophytes. 

Most observed species of plants and animals found on the bottom show rather 

precise depth distribution aI! observed by the divers and in the photographs of 

the bottom. 

Seasonal Standing Crop at Tea Island 

An argument is presented to the effect that the standing crop of Nitella, 

the prinCipal specie~seems to be replaced at least twice each year. There 

is evidence for both a winter and a -summer population of Nitella. Three 

types of individual plants were recognized. Old plantS contained only dark 

green or gr:-een-brOl-!n cells; many of these plants contained segments that 

were dead or necrotic. New plants were light green and finer textured. A 
• 

third category consisted of old plants with young or newly generated or 

light green terminal sections. ~~ost of the observations fall in the interval 

of June to October. \'lithin this interval there is clearly replacement taking 

place in June and again in Seytember. 
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In early June two easily distinguished groups of Nitella plants are 

present in the dredge samples from the Tea Island area. At 12 meters the 

old plants are 42 cm tall and the young plants are 5 to 10 ern tall (Fig. 7). 

The old plants have disappeared by the end of July while the young plants 

have grown to a length of 30 cm. The same thing happens in shallower water 

at 7 and 8 meters depth although the length of the plant is much less, 

reaching maximum lengths of 10 and Ie cm, respectively. 

The summer plants also appear to die in August and September. At the 

end of September there is a new crop of plants whose length is now much 

greater than that of the summer plants. The autumn populations were in 

October 1972 approximately 62 cm tall at 12 meters and 32 'cm tall at 7 and 

8 meters depth. The length of Nitella plants at 12 meters is roughly twice 

that of plants at 7 and 8 m.eters. And the late sllllIlller population is approx­

imately twice the length of the early summer population at both the shallow 

and deep end of the zone inhabited. 

The existence of t~IO distinct replacements each year seems reasonably 

well demonstrated with the observations based on both change in length of 

the plant and color of the plants. There is also some indication of partial 

if not complete replacement taking place in the winter interval. In January 

and February 1972, plants brought to the surface with divers and dredges 

contained partially regenerated segments. There i3 no good evidence for 

the extent or amount of replacement, however. 

Annual ,Production of Macrophytes in the South Basin 

The baSis of the annual production estimates is the measurements of . 

standing crop in the south basin. The Nitella population will be assumed 

to be replaced twice each year. The late spring-early summer crop is 

estimated from the valuez obtained at Tea Islancl. The second crop of late 

sUlIlliler-early a utumni3 estilllllted from the mea sur c::wntc taken at. Tea Island 



and at 5 other locations in the south basin of Lake George. Macrophytes 

other than Nitells are estimated only once during the summer and are assumed 

to be replaced only once each year. 

The densest p~pulations of Nitella existed in the zone of 10 to 12 

meters and the added biomass is consistent with the observations of length 

of the individual plants. In the interval from June through July,crops 

at 12 meters were estimated to be in the range of 73.6 and 117.1 g (dry 

.weight)/m2• During the same interval at 7 and 8 meters depth biomass 

ranged from 9.8 to 42.5 g C/m2 (Table 1). 

The fall population was similarly denser in the deeper water although 

the difference was less dramatic, possibly owing to location of sampling 

rather than real increases at the' shallower locations'. Considering 

only the Nitells first. mean values range from 43.8 to 133.0 g/m2 with some 

suggestion that the deeper zone is the more productive (rable 2). The 

macrophytes that exist in depths shallower than 7 meters were also sampled 

in the September period. Biomass is shown for these as a composite of all 

taxa which consisted of species of Potamogeton, Valisneria, Ranunculus and 

Elodea (see Appendix 1 for a breakdown of b~omass according to species). 

Generally, the biomass at 3 and 4 meters depth is nearly that at 10 and 12 

meters, with intermediate depths having lesser quantities. 

Early and late summer populations of Nitella are combined with the 

late summer biomass of other species of aquatic macro:phytes in Table 3. 

Annual production ranges from 40 g/rrf!. at5 meters depth to and estimated 

190 g/m2 at a depth of 10 meters. Estimated rates for the area of the 
~ , 

bottom actually covered with plants were converted to an estimate:1 rate per 

m2 of surface. Total production in the south basin within the depth range 
{; . 

of 3 and 12 meters was 2,286.92 x 106 g (dry weight). The southern basin 

is estimated at 21. 745 miles2 or 54.653 x lrP m2 • The estimated annual 
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production in the south basin would then be 34.72g (dry weight)/m2 of 

Lake George surface. 



· MACROPHYTE.PHOTOSYNTHESIS 

All experimental measurements of photosynthetic rates were carried 

out in on the same rotating drum incubator that is employed for estimating 

Pmax of phyto}lankton. Agitation, as one might expect, is a seriOUS factor 

in the observed rate. Two types of techniques were employed to provide 

circulation of the medium about the plants. One was the revolving drum. 

The second techniques was to recirculate the water through a closed incu-

bation chambel' vie a peristaltic pump (Cole-Farmer Pump Mo. 7015 ). The 

second type of Circulating device provided a variable rate of Circulation, 

although the results arc in relative units. Circulation is quite influen-

tial as shown by Adams and SChmidt, 1972. Experiments indicated a twofold 

increase in rate resulting from agitation. In the unagitated control the 

rate was 9.1 mg C/g/br and at the equilibrium level of agitation the rate 

was apprOXimately 20 mg c/g/hr (Fig. 8). The twofold increase resulting 

from a satureting level of agitation was apparently achieved by the rotating 

drum approach since the tests with that technique also gave values that were 

twofold larger. The rotating drum was awarontly able to give saturating 

agitation as determined by comparison of values in a similar ex:periment with it. 

Seasonal Trends 

The seasonal growth form of the summer Nitella population and the seasonal 

trend in rate of carbon assimilation show a parallel pattern. Hourly rates 

of photosyntheSis were 32.O/mg/C/g (dry weight)/hr in early June 1972 when 

the plants were small (Fig. 9). The rate declined to 10.0./me/C/g/hr in 

mid-July at which time the Nitella plants were nearing equilibrium length. 

The rate was again higher than the July value in September during the time 

at which the autumn population was developing. Although estimates ~Iere not 

available for August 1972, some estimates are available from the 1971 experi­

ments' in which Wetzel (1966) chambers were employed. Estimates in August 1971 
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were approximately 0.6/mg/e/g/m .in the no-motion chambers of Wetzel,but 

would probably be not greater than 2 or 3 times that value had the revolving 

drum technique of 19'(2 been employed. Thus it seems safe to assume that 

during August 1972 the hourly rate of. photosynthesis ,~as greatly reduced 

in August or when the Nitella plants in the shallow end of the bed had canplet 

fruiting. 

Experiments were carried out to measure if, and the extent of, nutrient 

limitation. Both phosphate and nitrates llere'tested. Individual Nitella 

plants were placed in milk dilution bottles along with water from the Lake 

George and specifically from the depth at which the plants \~ere growing. 

Sets of triplicate bottles were incubated in the rotating drum chamber in 

the presence of carbon-14 labelled inorganic carbon. The water was either 

unenriched or was supplemented with various concentrations of sodium (primary) 

phosphate or sodium nitrate. The results of· the 2~hour incubation are 

shown in Figure 10. Phosphate was shown to limit photosynthesis. eoncen-

trations of 0.1 and 0.2 micromoles phosphate increased the rate of photo-

synthesis although to an insignificant extent. Larger concentrations either 

definitely stimulated or inhibited photosynthesis. At 0.5 and 1.0 uM 

p~/liter photosynthesis was stimulated from 50 to 100. percent over the un­

enriched controls. At 5,.0 and 10.0 u Molar there was a 2- or 3-fold inhi­

bition over the maximum stimulation achieved at 2.0 uM/liter phosphate. 

The addition of nitrate appeared to have no stimulating effect in the range 

of 0.1 and 10.0 uMoles nitrate (Fig. 10). 

The depth distribution of Nitella in Lake George is apparently rather , 

exact beginning at or about 7.0 meters at all locations in the southern 

basin, or so the divers reported in 1972. The lower limit. of the bed is 

also exact with the plants. ending abruptly at depths slightly deeper than 

12.0 m. These observations agree within 0.3 meters of those reported in 
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1922 (Needham, et.al., 1922). Light or one of its facets; intens!ty,'qualitYJ 

duration, may be of considerable significance in determining the depth dis-

tribution. A single experiment was carried o~t to t~st the effect of light 

• intensi ty on short term rates of photosynthesis. Replicate samples ,~ere 

incubated at 14, 100, 200, 400, and 1000 ftc. All were incubated in the 

revolving drum incubator with reduced light intenSity achieved by wra:p:ping 

the bottles in cheese cloth. The results are ambivalent and highly ques­

tionable (Table 5). Nevertheless, the indication is that at 14 ftc the 

rate'is only 8 percent of saturation. The large spread in data points was 

reduced at 100 ftc" by splitting the results into two sets of results. When 

this is done, the indication:l.s that either 100 or 400 ,ftti, is saturating. 

The results from'incabating at 200 ftc w'ould suggest 'that, the saturation 

is achieved somewhere in the neighborhood ,of 400 ftc. The experiment also 

revealed a tremendous level of inhibition at 1000 ftc incubation intensity, 

inhibition which must be erroneous. Since the'results could not be worked 

up until the oxidizer was prepared,most of the experiments were carried 

out before the results ofa single experiment' was knmm. 'Since all of the 

experiments were routinely done at full light intenSity, or 1500 ftc, at 

which intensity the rates were up to 50 mg C/g/hr (e,g. the phosphate lirn:ttinc 

experiment), there seems little'evidence to suggest that inhibition at 1500 . , 

or even 1000 ftc is general. 

Combined Production of Phytoplankton and Hacrophytes 

Annual production :)f IlIllcrophytes ranges fran 40 to 190 g/m2 in the 
( 

areas of the bottom actually occupied by the plants. For the entire south , 
basin of Lake George the annual rate in 1972 was estimated at 34.7 g/m2, 

or approximately twice the actual accumulation of standing biomass. Phyto-

plankton production on an annual basis has little functional value, since 

'the plant constituents are recycled. A better comparison might be had if 
• 
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the daily production of phytoplankton were added to an estimated daily pro­

duction of macrophytes. Daily macrophyte production, if it is assumed that 

total crawing period is approximately 30 days ,Tould be approximately 1.0 

gram per day, which is equal to the daily rate of phytoplankton production 

on all but the most productive days (at Station .1) and about twice the mean 

daily rate. 
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III. DISCUSSION AND CONCLUSIONS 

phytoplankton, macrophytes, perfphyton and microscopic benthic algae 

are the principal primary producers in Lake George, as in most, if not all, 

lakes. The first two may be equally productive in the southern basin of 

Lake George during the period of the year when the macrophytes, especially 

the Nitelle beds, are growing rapidly. Short term estimates of ~Ti:tella 

photosynthesis and rate of elongation in ~ indicate the intervals of 

rapid growth to be in June and September. Most of the annual macrophyte 

production of 34.7 g C/m2 of lake surface must be synthesized at that time, 

and the guess is that the growth intensity may be in the range of 0.5 and 

1.0 g C/m2/day. Since the macrophyte beds are under no mOre than 20 percent 

of the lake surface, the growth rates in the plant beds must be very high 

indeed. Certainly, they are likely to be much larger than the daily rate 

for the phytoplankton in the water column above the beds. At its peak the 

rate of photosynthesis is no more than 1.2 g C/m2/day and usually equal 

or less than 0.6 g c/m2/day. 

Light, nutrients and turbulence ~Tere found to be strong influences in 

the growth environment of the principal species of macrophyte. Rates of 

photosynthesis in llitella were dependent on the concentration of phosphate 

with a maximum response at 2.0 ~~oles/liter. Lesser concentrations gave 

intermediate values. Photosynthesis in the phytoplankton also has been 

shown to be phosphate limited in Lake George (stross, 1971). Turbulence 

is a necessary part of the environment. Without it, rates in Nitella are 

halved, as shown in this report, or reduced to 1/3 (Adams and Schmidt,. 1972) 

in the Wingra prinCipal, 1trriophyllum. Light alao acts as a limiting factor 

to the growth of the principal macrophyte, Nitella, but in an unusual and 

exciting way. 

The one experiment measuring light saturation in Nitella suggested 
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that saturation intensity is at least 100 ftc and probably closer to 400 ftc. 

Yet shading cannot explain the depth distribution of the Nitclla biomass 

which is maximum at the lo-vler end of the depth distribution at 12 m where 

intensities are ,surely less than 100 ftc, 

~70 annual trends can be compared as a result of this study. The depth 

distribution of the Nitella beds is almost exactly like that given 50 years 

earlier in the Needham-Juday report of Lake George, On a much shorter time 

scale, the preliminsry evidence is that summer time rates of phytoplankton 

production have increased from 1970 to 1972 possibly by as much as 50 percent. 

However, the increase may be ,due entirely to an increase in the August value 

for Pmax ' The August interval mayor may not be the most stable indicator 

of annual change. Hourly rates are a maximum for the summer at this time. 

The peak interval is also reasonably narrowly relltricted in time to the late 

July-August interval. Although certainty of its reliability demands that one 

know the explanation for the August maximum, it would be convenient to chart 

the annual change in Lake George from II smaller than heretofore series of 

samples. 

In conclusion, the macrophytes in Lake George are potential competitors 

with the phytoplankton for a limiting supply of phosphate. A mathematic 

model describing the grOl;th rates of the t;70 may want to force the outcome 

with both varillble concentrations and vllriable rates of nutrient input. To 

achieve the necessary reality, the Michaelis constants for uptake of the 

limiting nutrient, e.g. phosphate will be needed for prinCipal species of 

phytoplankton lind Nitella. Equally important will be the rates of nutrient 

input for they will determine the stllnding crop of the phytoplankton and 

consequently the light environment at the depth of the Nitella beds. 
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Figure 1. Seasonal trends in light saturated rates of phtosynthesis 

(Pmax ) at three stations in Lake George. The interval 

spanned is from July 1969 to September 1972. Station 1 

is located two miles north of the south shore at Tea Island. 

Station 4 is immediately north of the Narrows off French 

Point (center lake) and Station 7 is several hundred yards 

·off shore of Rogers Rock at the northern end of the 30-mile 

long lake. Each value is the mean of normally 30 estimates 

at each station. The measured value were obtained from 

water samples incubated at 1500 ftc and lake surface 

temperature of the lake. (See methods for more details). 
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Figure 2. Summer time estimates for P at Station 1 in Lake George, max 

New York for the years 1970 through 1972. Each measurement, 

shown as a vertical line consists of a minimum of 15 esti­

mates (see methods for further details). 
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Figure 3. Daily rates of phytoplankton photosynthesis for the month of 

July 1971 at Stations 1 and 7 in Lake George, New York. 

Also shown is the solar radiation for that month (see Figure 

1 legend for location of stations), 
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Figure 4. Daily rates of phytoplankton photosynthesis for the month of 

August 1972 at stations 1 end 7 in Lake George, New York. 

(Also shown is the solar radiation for the month of August). 
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Figure 5. Mean daily rates, of phytoplankton photosynthesis for each 
" '<0"" ~ •• ,."_,' 

month during the interval of July 1970 through August 1972. 

Data are shown for Stations 1 and 7. The solar radiation 

data for the interval July 1971 to August 1972 was also em-

ployed to calculate daily rates for the interval July 1970 

through J:une 1971. The bimodal pattern in mean daily rates 

at Station 1 for all summers is probably not the result of 

employing the same solar data; the lack of bimodality in 

the rates at Station 7 would argue against that. An alter-

native postulate is that the bimodality is real and that it 

results from a predictable set of events that occur annually 

in the lake. 
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Figure 6. Location of transects in the south basin of Lake George 

that were employed to measure the density of macrophytes. 
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Figure 7. Size distribution of old and young plants of NUella flexilis 

in Lake George as determined by inspection of samples dredged 

from 7 and 12 meters depths. The criterion for age of the 

plant is the presence of light green coloration or otherwise 

indicated evidence of recent growth. 
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Figure 8. Rate of carbon fixation in individual plants of Nitella flexilis 

in response to agitation at various velocities. Light and 

o temperature are held constant at 500 ftc and 14 :!: 2.0 C. The 

plants were removed from Lake George (Tea Island transect) 

and transported to the laboratory for the experiments. 
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Figure 9. Sea.sonaJ. trend in hourly rates of photosynthesis by plants of 
. . . . ... ~ ." .. ". 

Nitella flexilis when incubated in vitro under a constant en-

enviroument of light, temperature, and agitation as provided 

on a rotating drum within a constant light incubator. Com-

pared is the mean length of the plants in samples from Lake 

George that were collected at the time of the photosynthesis 

measurements. Collections from a standard station off Tea 

Island in the southern end of the south basin of Lake George 

(see Fig. 6 for location). 
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Figure 10. Rates of photosynthesis of Nitella flexilis in response to 

thead<lltion of various concentrations of primary sodium 

phosphate ar sodium nitrate. Experiment carried out on 

JUne 19 in incubatar at 1500 ftc and 16.50 with standard 

rate of agitation on the revolving drum (6 rpm/min). 
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Table 1. ;.jecrophyte Standing Crop for transect at Tea Island, Lake George at depths and dates indicated. 
Samples collected \'1ith Ekman dredge, ~lashed and dried at 1050C. Weights expressed as 
g/rr?- + 1 S.E.y• 

Depth 

Sampling Date 3£1 4H 5M 6£1 7!>l 8M 91,1 10M llH 12M 

6/6/72 - - - - 22.59 9.76 - - - 73.62 
+ + + 

5:76 1:41• 17.83 

7/27/72 - - - - 10.91 33.68 - - - 117.16 
+ + + 

3:45 5:74 28:34 

8/10/72 - - - - 23.27 42.54 - - - 98.56 
+ + + 

5:37 14:68 21:58 

. 

9/8/72 122.63 163.00 165.77 144.98 79.65 18.77 - - - 113.30 
+ + + + + + + 

27:08 34:37 46:97 1B:15 3:96 4:70 - - - 12:69 



Table 2. ~!aeropbyte Standing Crop on various transects of' bottan f'or the Southern Basin of' Lake George 
during September 1972 f'or the depths and locations indicated. Values as g (dry wt)/m2 + S.N.y• 

Depth (Measurements in g dry tissue/m2 + S.E. ) 
Location I 3M '+);1 5t-! bM 1M ....9M 9M 10M liM 12M: 

I 

122.6 ' 163.0 165.8 llf5.0 79.6 18.8 - - - U3.3 
. Tea IsLsnd Ba;y + + + + + + + 

27.08 34.4 4;.0 . 1E~20 4.0 4.7 12.70 

126.7 57.6 6.08 76.9 19.6 0.3 - 168.6 - -
Dunham Day + + + + + + + 

u6.3 1,'5.5 5.90 15.4 5.10 0.3 1"'7.7 
• 

127.6 177.9 5.0 23.9 64.2 164.9 - 175.0 - 205.6 
Harner Bay + + + + + + + + 

40.4 16.8 ii.S 0.9 3"8.8 3.7 3. 5K7 

In, . . - 18.2 11.6 6.9 23.0 180.4 76.9 55.4 20.2 -
ome IsLsnd· + + + + + + + + 

9.9 10.4 4. 5.0 12.6 1"b'.6 ii.4 5.8 

13.7 58.8 8.4 10.7 144.3 - 1..8 - 86.5 69.6 
,'Iortlwlest Bay + + + + + + + + 

12.2 32.9 E.1 1.4 5ii.7 0.8 26.2 9.8 

. 97.6 95.1 39.4 33.6 62.4 82.5 39.4 133.0 53.4 1<:6.0 
!'<lean + + + + + + + + + + 

2E.o 31.8 31.6 22.4 19.0 37.6 37.5 39.3 3ii.4 36.9 

• 
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Table 3. Annual production of NUeHa flexilis and other macrophytes in 
the south basin of Lake George, New York for the year 1972. All 
measurements are in grams (dry wt.)/m2± Standard Error • 

Depth Nite1la f1exilis Other Species Annual 
(meters) June Sept. Sept. Production 

3.0 - - 97.65 :!: 28.0 97.65 .! 28.0 

4.0 - - 95.10:!: 31.8 95.10 :!: 31.8 

5.0 - - 39.38:!: 31.6 39.38:!: 31.6 

6.0 - 43.79 :!: 10.1 42.42 :!: 15.9 130.00 :!: 26.0 

7.0 16.41 :!: 2.3 53.68:!: 19.8 32 .95 :!: 18.1 103.04 :!: 40.2 

8.0 30.42 :!: 7.9 73.48:!: 31.5 3.67:!: 3.5 107 .57 .! 42.9 

9.0 44.06 .! 5.1 76.93:!: 16.55 - 120.99 :!: 21.6 

10.0 57.69 :!: 5.0 133.00 :!: 39.3 - 190.69 :!: 43.3 
, 

11.0 57.83:!: 5.1 53.39 :!: 34.4 - 111.22 :!: 39.5 

12.0 57.91:!: 5.2 105.96 :!: 36.9 - 163.93 :!: 43.1 



Table 4. Annual production of macrophytes within the 3 to 12-meter con­
tour limits. Rates expressed as grams (ary wt.)/m2/yr. + 
Standard Error. -

Depth Produ~ion 
(meters) Annual Rate/m2 Surface area (mi2) g Xl/CO ntour 

3.0 97.65 :!: 28.0 0.95 233.16 

4.0 95.10:!: 31.8 0.70 167.31 

5.0 39.38:!: 31.6 0.80 79.18 

6.0 130.00 :!: 26.0 0.80 261.39 

7.0 103.04 :!: 40.2 • 0.75 194.23 

8.0 1.07,57 :!:42.9 0.80 216.29 

9.0 120.99 :!: 21.65 0.80 243.27 

10.0 190.69 :!: 43.3 0.75 359.45 

11.0 111.22 :!: 39.5 0.80 223.63 

12.0 163.93 :!: 43.1 0.75 309.01 

TarAL: 2,286.92 
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Table 5. Light intensi'~y and rate of carbon assimilation in Nitella 
flexilis from Lake George, New York. Samples incubated with 
c-14 for 2.0 hours on rotating drum incubator at light inten­
sities indicated. Light source was fluotescent strips (cool 
white and daylight). 

Light Intensity mg C/g (dry wt.)/hr. 
(ftc) - + SE -x- x 

14.0 3.8 1.9 

100 46.4* 11.8 

200 33.0 5.2 . 

400 60.5 9.1 

1000 6.3** 1.1 

*Two means are pooled at 100 ftc. Omitting two of five estimates, the 
mean is 27.9 ! 2.0. 

**1 doubt this. These values were obtained on June 12, 1972 during 
which time the seasonal rates a's measured at 1500 ftc were giving , 
values of 25 mg C or more • 
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Appendix I. (Con't) Page f#? 

Location Date Species 31>1 4M 5M 6M 7!~ 8M 9M 10M IU! 12f.f 

potamogeton 102.42 4.03 6.08 
Robinsi! + + + 

288":35 11:70 17:65 

Nitella flexilis 70.87 19.65 .29 168.58 
+ + + + 

46:'27 15:39 :82 53:07 
Warner Bay 9/8/72 potc:m-:>geton 54.51 

ampl1follus + , 
103:46 

Va1isneria 73.04 3.85 4.37 
americana + + + 

17:74 11:16 12:67 
Elodea .51 , 
canadensis + 

C50 
potsmogeton 1.04 
longirostris + 

3:01 
potAt:l.ogetcn 6.92 
praelangus + 

20:07 
Potamogeton 5 .. 41 23.89 64.16 
Robins1i + + + 

15:70 2:73 116:"38 -
Naj8s fiexilis .68 . 

+ 
1:97 

Nitelle f1exilis 164.90 174.97 205.57 
+ + + 

11:11 9:59 170:16 
Dane Ial.and 9/16/72 VaUsneria 18.20 11.60 6.89 

americana + + + 
29:77 31:29 12:50 

Nltella flexilis 23.05 180.43 70.93 55.44 20.24 
+ + + + + 

15;10 37;70 49;74 13;25 1'(.'55. 



Lccati-:::m D;ste 

No~th~est Ea7 9/21/72 Cr~ra 
glo-::"ula!'is 

Tea !s. Bay 1"9/28/72 
(did not dredge 
enti::oe depth rar~e) 

. 

Isoete~ 
;nacroSpora 

PotllP.logeton 
Rot.ir:sii 

Nitel1a ~lexilis 

Potam?zeton 
perf'oHatus 

Vali::meria 
5~el'icana 

Nitella flexilis 

I Isoetes 
i nacrospcra 

. '- Clsdophora 

l Naja's nexilis 

Chera 
globul.aris 

.10 

4M 

.01 
+ :04 

.28 38.64 8.38 
+ + + 
:81 58:33 24:31 

oM 7?j 

10.n 144.32 
+ + 

.:15 164.17 

2.10 
+ 

6:09 

. \ 

I 
! 

i 

43.15 
+ 

3ff:"23 

0.00 
+. 

0.00 

APPCI~dix I. (Con It) Page #3 

11M 

1.85 
'\1 &;;53 

7ff:"59 

I 

12M 

69.63 

i 29~51 

35.34 

, 




