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The investigation of aquatic ecosystem processes is necessary 

to provide man with the means for improved environmental management 

schemes. Lake George (Figure 1), a mesotrophic/oligotrophic soft

water lake in northeastern New York State, affords an opportunity 

for aquatic research of this nature. The lake's drainage basin 

covers 606 sq. km. (234 sq. mi.), 114 sq. km. (44 sq. m1.) or 

19% of which are occupied by the lake itself. Lake George is 

divided into a southern and northern basin separated, in essence, 

by the Narrows at the lake's midp'oint. This lake and its bas in 

are used extensively for recreation, and as a result of this fact 

a system is available for these ecological investigations. More

over, man's activities, primarily at Lake George's southern end, 

are exhibited by differing productivity potentials. In fact, a 

gradient in trophy appears to exist from south to north. This 

heterogeneity has enhanced the capabilities for data collection 

by allowing site researchers to become experimental in their 

approaches, 1. e. taking cognizance of the "perturbations" extant 

in the system from man's inputs. The results from the Lake George 

site's investigations provide comparisons with and contrasts to 

the. studies at Lake Wingra, a highly stressed body of water in 

an urban setting. Not only are robust models being developed 

within the Lake George system, but these models will be further 

amplified utilizing the Lake Wingra system. 

Initial IBP research at Lake George utilized in-progress 

projects as an,opportunity to relate nutrients to algal produc

tivity (principally diatoms). This prompted a sampling program 



.2 
FIGURE 1 --"-- .. - .. -----.--.----.---.-----.---.-.~ .. ~ .. -.. -.. ".'~.-.,,-.~-,~ ... -, 

.J 

LAKE GEORGE 

Norlhw.sl 

Basin 

Ha(lu. Brook BasI" 

Bay Broo/r 

Indian Brook 8(1$'" 

<) 

RiVERBANK 

WARRENSBURG 

En~ltsh Brook 

Basin 

WtJ., Brook 

.80sln 

Q 

<> 

CONKLINGVILLE DAM I 
GLENS FALLS 
. FARM 

TICONDEROGA B MILL 

0. 

WHITEHALL 

Brook 

o 5 

" GLENS FALLS 
'",l.,,:tlI 

- ~I 

FAA AIRPORT 



structure to emerge which fulfilled IEP objectives. 

Present investigations at the Lake George site are directed 

toward the dynamics of aquatic ecosystem processes in order to 

foster more realistic modeling at all trophic levels. The modeling 

effort is being directed toward data reduction and additional 

development of a realistically detailed model for utilization in 

simulating each segment of the lake. This is evidenced by the 

ongoing activities in validation and sensitivity analysis of 

phytoplankton and zooplankton models, validation of water budget, 

preliminary disaggregation of the phytoplankton model and the 

conversion of the zooplankton model to population-dynamics models. 

Mathematical formulation development for the decomposition model 

and for detritus feeders is also occurring as is the determination 

of macrophyte model constructs. Empirical process models for 

mixing within the lake are also being developed, thus enabling 

the circulation factor to be incorporated into a whole system 

model. These detailed models are to be validated with concurrent 

data from different portions of the lake and with historical data. 

A data management system is continuing to provide investi

gators with safeguards for obtaining program objectives. 

Primary and secondary productivity studies have indicated 

the ranges of spatial and temporal energy storage rates that 

exist in the lake. Rates of carbon assimilation by the phyto

plankton have been measured in vitro at 1500 ft-c at epilimnetic 

water temperatures. Interstation hourly rates of Pmax (carbon 

assimilation measured at light saturation) range from 4.4 to 



to 22.2 mg C/m3/hr during the year's ice-free period and as low 

0.6 mg C/m3/hr within 2 meters beneath the ice. Daily rates 

(preliminary calculations) of photosynthesis for selected weekly 

interval range from 25 t9 225 mg/m /day, a ninefold difference in 

rate and presumed difference in drain of nutrient inputs. Daily 

rhythms in photosynthesis rates were consistently present. The 

contribution by macrophytes to primary productivity was notable 

principally in the southern basin of Lake George where extensive 

beds of Nitel1a .f1exilis are present in the sub-littoral zone. 

Studies on Lake George zooplankton during 1970 and 1971 have 

yielded data on all important species. Accoustica1 techniques 

have afforded a means to rapidly measure zooplankton biomass 

(that often form discrete layers in Lake Gebrge) and to view this 

parameter with respect to associated fish biomass. It has been 

shown that a relatively uniform distribution of these animals 

cover Lake George in contrast to the phytoplankton which predomi

nate at the southern end of the lake. Some preliminary data on 

fishing suggest that Daphnia galeata and Diaptomus are the princi

pal grazers in Lake George and rely primarily on mannoplankton .. 

The 1970 community growth rate is low in south Lake George 

and high in the northern basin. Death rates appear greater in 

the south suggestive of greater predation. Five species of preda

tory zooplankton (of greatest density was Leptodora kindtii) were 

recorded in Lake George samplings. It is significant to note that 

one of these, Chaoborus 32£. was absent during the 1970 season. 

Merely six ins tar larvae were collected at station 1 (southernmost 



station) during 1971; no other station yielded this dipteran 

which is usually associated with mesotrophic and eutrophic lakes, 

A station-by-station analysis of Leptodora for 1971 showed a 

complete reversal from the 1970 data in that station 7 in 1971 

exhibited the greatest densities and station 1 '-he least. This 

variance is probably attributable to localized annual variances 

of prey densities. (herbivores) and/or predator densities (fish). 

Although seasoral or annual variations in localized densities 

occur, long term Leptodora population densities at Lake George 

show little variation along the 32 mile S-N transect. During both 

years (1970-71), Leptodora biomass shows a sharper rise during 

peak periods than does the standing crop values. As with standing 

crop, little variation in biomass on a station-to-station basis 

occurred throughout the two year study period (X = 1,4152 !O.0655 

mg/m3), Also, mean production rates for the two years failed to 

indicate any productivity gradient on the S-N transect. 

The respiration and excretion rates of the dominant species 

of zooplankton present in Lake George (two predatory and four 

herbivorous species) showed one significant result, viz. that a 

difference in values for nitrogen excretion occurred when com-

paring predaceous and herbivorous zooplankton. The predators 

excreted nitrogen at a mean daily rate of 6.9966 ug-NH3/mg dry 

weight and the herbivores at a daily rate of 3.702 ug-NH3/mg 

dry weight j thus suggesting the protein contenL of the predator's 

prey (Le. other zooplankton) to be higl1 and that many predators 

are serum feeders and their waste p:coducts are evacuated completely 



via excretion (e. g. Leptodora). 

The continued development of suitable methodology during the 

project year for studying microbial heterotrophic dynamics in . 

aquatic systems employed. radioisotopica~ly labeled amino acids 

as a tool for determining microbial growth rates which when 

combined with microbial yields would allow the formulation of 
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estimates of associated turnover capacity by decomposition processes. 

In addition, a method was developed for growth rate determination 

based upon steady state cultivation kinetics. 

The isotope uptake method appears to have sensitivity limi-

tations under the short incubation times desired. It seems that 

the obj ective, should be to determine the rate of uptake under 

initial reaction velocity conditions. It appears, however, that 

initial reaction velocity conditions are not actually apparent 

until after a thirty minute incubation period since an initial . . 

surge of incorporation masks the later uptake rate that seems 

to be correlated with growth. An unrealistic generation time is 

calculated based upon the initial surge bearing this out. 

It is felt that the biotic and chemical changes occurring 

during long incubation times are too great for any extrapolation 

(potential or actual) to the ecosystem. The growth rates de

termined by the continuous flow method appear to be realistic. 

The shock to the microbial flora during this assay is minimal 

since the environment mimics the natural environment so well. 

These microbial activity studies are an indirect means of assessing 

turnover of the elements combined in decomposing organic material. 



The wide chemical variation oi .. pecompos1ng organic material makes 

the indirect approa~h attractive. The .direct approach would, of 

course, measure the. rate of decay of these organic compounds rather 

than the rate of growth .of ~hose organiSms doing the decomposition. 

Nutrient availability from complex organic compounds and the 

k~neti.csQf nutrient uptake at dilution levels extant within Lake 

George are being determined as indices for biological food sources. 

These data are being supplemented by monitoring hydrologic and 

stream chemistry characteristics thtoughout the basin in order to 

determine terrestrial inputs to the lake and, thus, more fully 

integrate all of these parameters within their respective models. 

Through nutrient analyses estimates have been made of inputs from 

precipitation and throughputs in the lake. An investigation of 

the organic content and distribution of the recent sediments in' 

Lake George was done to relate these parameters to lake processes. 

Two types of sedmients floor the lake: relict glacial and modern. 

The bottom sediment of ~ost of Lake George consists of organic 

rich silty clays. There are also pure sands which underly the 

lake, principally near the shore. Tree bark, spore capsules, 

leaves and needles compo.se a large portion of the near shore 

structural organic.matter of the bottom sediments. The organic 

matter content of the bottom sediments of south Lake George exceed 

that of the northern basin. This increase parallels the increased 

phytoplankton productivity rate in south Lake George. 

The nitrogen and phosphorus content. of the Lake. George basin 

were measured in the lake itself, in precipitation and in the 
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runoff to Lake George. The total volume of the water in Lake 
. 1I;;,i 

George is '2 .1 km3. Using mean values of 110 ug/l of total 

nitrogen in the lake wat~rs, this amount:s to ,s, total standing 

mass ot' 2: 3lx105 kg of nitrogen in the lake watel at a,ny one 
• " I 

time. Likewise with 5 ug/l of phosphorus, this ,r 3presents 
i" , 

1. 05xl04 kg of phosphorus' in the ,waters of trhe, ,lal;e. 

The data obtained for the period 1969 through 1971 are sununa .. 

rized in the table below. The values s~own represent averages and 

indicate approximate levels of nitrogen and phosphorus in this 

aquatic ecosystem. 

Table 1 

Estimated ~nnua~ Nitrogen and Phosphorus 
Balances in Lake George 

Volume Nitrogenl '. Phosphorus2 

Total Vol. of wa,ter in Lake,km3 2.1 
Concentration, ug/l ' 
Total weight, kg 

Total precipitation in basin 
km3/yr. 

Concentration, ug/l, 
Total weight, kg 

Pptn over water, km3/yr. 
Total weight j kg 

Runoff into lake, km3/yr. 
Concentration, ug/l 
Total weight,kg 

0.547 

0.105 

0.181 

Total sewage cQntribution,kg '. 
Lake George Treatment Plant,km30.0007 

Concentration, mg/l, , "'. ".,'" 
Total weight, kg 

Remainder of lake, ,kg 

Contribution from fertiliz¢rs ' . ? , . 

110 
231,000 

1,350 
738,000 

142,000' 

80 
14,450 

10,500 ' 

, ., 10 , . 

8,840 
1,660 

? 

5 
10,500 

10 
5,470 

1,050 

" 
7 

1,267 

8,415 

,8 
7,065 
1,350, . 

? 
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Table 1 (contI d) 

Volume 

Discharge from lake at Ticonderoga 
km3/yr.o.i25 

Concentration, ug/i' 
Total weight, kg 

Nitrogenl 

110 
24,750 

Phosphorus2 

5 
1,125 

These data provide an estimate of the nitrogen and phosphorus source 

into Lake George. 

In,most tributaries entering Lake George (except Butternut 

Brook, West Bro~kahd;'F[rikle Brobil:') 'measured;lcdncentr,~tionl!l ;Qf.;, 
.- ,', '," 

total C02 arelognorma11y distributed. Mean values of total C02 

range from 0.25, to 1.00 roM/l in most tributaries. Total C02 concen

trations decline markedly with flow in all tributaries except the 

small tributary to Dunham Bay. The concentration of dissolved 

organic carbon was known to be similar in all tributaries with 

mean values normally ranging from 5 to 10 mg/1. Extremes of 0.21 

a~d 22.8 mg/l were observed but the majority of values extends 

from 1 to 15 mg/l. 

Organic particula~e carbon is ,present in tributar ies only 

in very low concentrations. The, highest mean value (~. 0.5 ug/l) 

and the greatest variability was found in Dunham Bay with the 

highest value being 5 mg/l. Gage Brook and possibly Northwest 

Bay Brook, showed a correlation between concentration and flow. 

Organic dissolved carbon '(highest in Dunham Bay) is not correlated 

with flow in any of the tributaries, yet humic matter, one of its 

fractions, demonstrates a strong positive correlation. Concen-

trations of humic matter around Lake George show the same monotony 



that characterizes organic car,bon with mean concentrations of 

1 to 3 mg/l. 
, 

The development of a h¥drologic"a~d ,clLmatologic data col-

lection system for the Lake George basin atd,theconcomitant de

velopment of a mathematical mod,el of the hy:lrologic cycle for 

data analysis has occurred over the iast two years at the IBP-

Lake George site. ,The drainage basin is quite limited in Size 

compared to the size of the lake (see' page 1). The basin is 

heavily forest ed in most sections and is quite mountainous, 
, '. i 

ranging from a lake ,level of 97.25 m (319 ft.) above sea level 
, . , 

to 806 1lm., (2.646.,fF') on, one of the m?untain ridges. ,The numer-
" , 

ous. sma,lL settlements along its shor~s occuJ;>y only a small 

fraction of the watershed. The lake'is long and narrow extending 

in a north-by northeasterly direction. Because of its steep and 

limited basin, a large number of streams drain into the lake, 

almost all small in size, a typical one being about 6.1 m. wide 

with a normal maximum depth of 0.45 m. and a flow rate dfabout 

0.28 m3/S (10 cfs). The outlet at Ticonderoga, New York is over 

a man-made dam wh.ich is about 0.60 m higher than a natural dam 

there, and is controlled. 

The model developed uses a simple water budget of the basin 

on a monthly basis which is generally of the form: 

Inflow = outflow t change in storage or more" speCificall~ 

P .. R + ET + AS 

,where r .. precipitation 

R .. runoff 



ET ... evapotranspiration 

AS = change in lake storage (for the lal~e bnlance) 

or t 4 SM ! 6. GW (for the land balance) 

where ~ SM = change in soil moisture 

6. GW ... change in ground water storage 

When the model was first developed, the available data from 

the basin were scarce. 

Data on precipitation, runoff, storage, evapotranspiration, 

etc. were gathered for and thus strengthened the development of 

the model. Preliminary examination of these measurements with the' 

improved data inputs exhibit a closer correlation between calcu-

lated lake level and measured lake level. With plans for further 

improving the data now being implemented, model validation and 

modifications will .be conducted with this new information. 

Climatological data in the Lake George region were highlighted 

by temperatures periodically decreasing to values < - 200 F. This 

occurrence in association with the heavy, late snow pack delayed 

ice-melt at Lake George until May 1, 1971. A dry period continued 

after snow melt through mid-July. 

The investigations of horizontal mixing in Lake George during 

1970 and 1971 were confined to experiments and al~lyses of trans-

port through the Narrows. A seiche model has been developed as a 

part of the physical limnologic study. The occurrence of a 2 hr. 

45 min. surface seiche on Lake George appears to be a major 

factor in the exchange of water through the Narrows. This seiche 

occurs approximately 16')'. of the time and. has a maximum range of 

1 



about 14 cm excluding set up. Theavetage range is between 4 and 

5 cm, with1oscillations continuing for 8 to 12 hours. 

The vertical 'mixing model being developed is based on five 

years of studies of orgal)ized mixing on Lake George.' It depends 

upon the occurrence of Langmuir circulations and related as,. . 

su~tions. Under Summer conditions a wind speed of approximately 

3 m sec~l is needed to initiate Langmuir circulations ( limited to 

50% of observations) and a 6 m sec- l wind orgreatElr gerlerates 

this motion approximately 90% of the time. 

The development of an· integrated set of ecosystem'models has 

been progres~ing satisfactorily and is< most' encouraging. The 
, .'. \ ; , .' ; . 

coordinated efforts by the multidisciplinary Lake George team are 
. , 

approaching the yield whl. ch was originally envisaged. This effort 

is in many instances ahead of schedule and for other tasks behind 

schedule. Process-oriented functional simulation models for 'many 

biological components of the ecosystem are well advanced; and 
'" 

empirical models for the physical and chemical components are in 

varying stages of completion, depending on the availability of 

adequately processed data from ongoing studies, including projects 

that are IBP-related.' 

It is possiblet'o evaluate realistically the present status 

and to ascertain with some degree of confidence' the ·futuredirect101 

of each of the models which represent' the Lake George ecosystem. 

Figure 2 portrays the progression andinterrelat:ioriships of these 

models. 

The phytoplankton model is the nlostadvanced of the inodels' 
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at this time. it is presently calibrated for diatom concent~ations. 

Validation and sensitivity analysis are in progress now, and it 
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will soon be calibrated for overall phytoplankton productivity. 

Disaggregation of the model into bionomic submodels will be attempted 

this year using preliminary compositional data. Th~ ,t;ime-step for 

the model will be decreasep to .one day itliorder to evaJ,uate hypo-
, , ;) 

theses concerm,ng daily'; phytopla:nktondYtlamics;' 'Inadcl'ition, a 

functional herbivoreus zooplankton mode 1 is operational. I:, The preda

tory zooplankton medel is epera,donal, but has yet tc be calibrated 

with Lake George data; however, these. data areiq the Lake George 

data management system, and the calibratienwill beperfo:rmed 
" 

shortly. The model will then:be cenverl:$d t::6 apop~lat,ien-dynamic 

model. The mathematical fcrmulatien fo·r the macrophyte, model is 
f .i , 

Further development.i~'depen~ent ~n data 'for determination available; 
. 

of the model constructs. The Lake Wingra fish medel:will be adapted 

as seen as it is availablt;!' in functidi;1Ei:ll form. 

The various biolog~c:: and physibal~bhemi:¢al modelS, are being 
'1 ": ' ,. J 

linked so as te obtain a ~emp~hensiveptedictive aquatic produc-
" , I . J 

, ' 'I j 

tivity model of the ecosystem. At t;his time onlytlie phytoplankton 

and herbiverous zooplankton.medels have been linked; Additional 
. . , . , 

models will. be added as. they are validated; with t.he 'addition of 

the vertical mixing medel, the overall m!>'delwill integrate over 

" depth. . \.' .- ,: 

The mathematical fermulat.:l.on' for the;cir'cu'lBition model is 
" ,i i', ' ,~ . , i. " j , " • • 

discussed elsewhertl. The model incorporates the phytoplankton model 

and generalizes it for depth. Presently the model is awaiting the 



development of a construct to represent the combined mixing 

processes. 

A nutrient budget model' was developed as a part of the lead-
. . - . 1 

time studY;'however, it ¢ontained several nude procedures due to 

lack of information. Since then the model has been reformulated 

in moreelegaritmathemat1cal form. 

Further development of a generalized model, capable of 

simulating perturbations within the drainage basin, is dependent 

on data presently being collected by a study of the Lake George 

Village sewage treatment facility and a study of the Hulett's 

Landing community leach field. Representation of the dynamcis 

of sewage' treatment is very important because sewage effluents 

'account for about 25% of the nitrogen and about 75% of the 

'phosphorus added'to'the lake each year. 

Developmerit of a water budget model and incorporation of 

simulations using the Lake Wingra group's hydrologic transport 

model 'are well advanced. The modeling group gave programming 

assistance to this research. A conceptual decomposer model was 

developed inclose cooperation with the Process Coordinator for 
,. 

Aquatic Decomposition. Formulation of a mathematical model will 

begin shortly. 

A proposal to study benthic organisms at Lake George is 

pending. In anticipation of this study, conceptual models have 

already been developed. 

One of the most important contributions of the Lake George 

study is a quantified documentation of the impact of Man on an 



aquatic ecosystem. Lake George is well'suited to, ihis' type .of 

study because it is just beginning to feel the effects of the 

impact. It is still. posSible to fbid, examples: of both' libefore" 

and "after" and to observe. the pl:ogression of cultural eutrophf~ati' 

,However, the ,IBP' objectives go . beyond mere' description. 'ii.:co

sy:stem simulation models, such as those beingdeve:l.oped at Lake 

George; permit symbolic experimentation or perturbation analysis. 

In.this way one can produce generalized scenarios for 'given'manage

ment decisions. Furthermore, given an objective .function, opti-

mization techniques can be used to find an optimal solution. 

A system for storage, retrieval,: updating and analysiS 'of 

Lake George data has been developed on the Rensselaer Polytechnic 

Institute IBM 360 model 50 computer; ~any transformation routines 

commonly desired for preparing the raw 'data for analysis have 'bean 

written and loaded into the system. These routines, as·well as 

t he full system library, are callable. ,for assistance in the' 

analysis and manipulation of the data; Althoughconsiderable 

refinement is needed, and .is. in process, the system is operational. 

With completion of the pr,ocedures man~l,theindividual investi-

gators will have the ,capability 0; accrssing the system from 

remote terminals by means of time-sharing and remote-job-entry, 

using the ALPHA system. 

The library on the Ren,sselae-r computer has been expanded" '; 

considerably during the past year, primarily through the 'efforts' 

of the modeling group ; Thelibrar,y -no~ includes procedurE!sfor 



I -

'-'" 

cluster, ordinatIon;' and t~end':sur'face a~alysf'~',a~ well as 

computing packages BMD' MP$, SSP, SPSS, OMNITAB, ~Ild:SYMAP. This 

capability wi.:!.l enhance tl;lEl ;role of consultation with the. investi- . 
'", ... , , ' :. f"; '.','" 

gators with respect to dlita .cpllection, organization, and analysis. 

.! " 
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