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INTRODUCTION AND EXPERIMENTAL APPROACH 

The littoral zone of Lake George occupies a relatively small area. 

compared to the total surface area of the lake. Unlike most freshwater 

lakes, the littoral areas of Lake George are located almost exclusively in 

the various bays located around the periphery of tl:)e lake. Even so, most 

bays have a minimal littoral zone; the depth dropping very quickly into 

water greater than 10 m in depth. However, in the littoral zones, one 

can readily find a variety of rooted macrophytes which in 80me bays lli,ve 

already reached a seasonal nuisance level within the last three years. To 

date,. little resear.ch has been conducted to investigate the role of the 

rooted macrophytes in the total primary productivity in Lake George • 

. The purpose of this study is to provide a basis for assessing this role 

and to provide a basis for continued research on the role of these plants 

in the future development of Lake George. 

The experimental approach is one chosen to yield as much infor

mation as necessary to allow all immediate evaluation of the present 

importance of these macrophytes in the total productivity of Lake George. 

The approach involves the following considerations: 1) what is the pres

ent annual productivity of these plants and can this productivity be mathe

matically written to yield an accurate prediction of such productivity, 2) 

what is the relation of the various species which grow in the littoral zone 

to each other, to bottom type, depth of water, and to water and sediment 

chemistry of the littoral zone, and 3) what are the nutritional interactions 

of the epiphytic algae and bacteric, 011 the rooted macrophytes of Lake 

George? 

The prilnary productivity macrophyte model for Lake George was 

developed fro'm the Lake Wi:ng]:a seaEo"".} m.acrophyte model (Titus, et aI, 

1972), the Lake George phytopla,nktOJ; model (P"J:l:. a.nd Wilkin.son, 1971), 

and from Westlake (1966). Its general fonn i:3 as follows: 

gM " (Gm - Rm - L) * M 
dt 
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where: M = Macrophyte Biomass 

t " Time (days) 

Gm = Photosynthetic Growth Rate (days-I) 

Rm = Loss Rate due ·to Respiration (days-I) 

L " Loss Rate due to Grazing (days-I) 

The model and its validation by the Lake Wingra group has involved the 

study of the submergent macrophyte, Mydophyllum spicatum, which now 

r.epresents 68% of the total macrophyte population of Lake Wingra 

(Nichols and Mori, 1971). Consequently, the :macrophyte model as pres

ently written is a single species model. The various factors involved in 

the mathematical prediction of macrophyte productivity must involve a 

determination of certain parameters from a given organism (Titus, et aI, 

1972). Ogden and Smith (1973) list over 200 different species which have 

been found to grow in the littoral zone of Lake George; Myriophyllum 

sptcatu:m L. is not one of them. To date, there has been no attempt to 

make any quantitative determinations on .the relative dominance of these 

200 species within the littoral. zone of the entire lake although preliminary 

studies were made in the summer of 1972 on the macrophyte standing 

crops of various transects in the southern basin (R. G. Stross, 1972). 

In the early spring, 1973, a survey was made of the littoral 

zones between 1 and 7 m to determine which plant remains from the pre-

vious year were present. The most numerous plant remains recovered ,~t 

all depths from 1 to 7m belonged to Potamogeton robbinsii, a species 

which had been observed previously by Ogden and other's to grow through

out the lake (E. C. Ogden, personal communication). Therefore, P. 

robbinsii was chosen for pa1"Ucular study in Lake George in relation to 

the modeling effort. Productivity estima.tes by radioactive C02 fixation 

(photosynthetic growth rate), leaf area, and the loss due to respiration 

and grazing arr being determined by laboratory .o<"perirnentation and mea

surement. The photosynthetic growth rate is being determined biweekly. 

Model validation is coming from the measurem.ent of actual plant growth 
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in the lake. Plant biomass is collected biweekly from two bays in La!,,, 

George. The bays were chosen such that one (Warner Bay) was locateu 

in the southern part of the lake and has become heavily developed around 

its periphery with heavy boat traffic, while the other (Hearts Bay) was 

located in the northern part of the lake and is minimally developed with 

light boat traffic. In this way, the effect of development and human use 

could be studied as it affected the water and sediment chemistry, the 

amount of total macrophyte growth, (in addition to the growth of P. 

robbinsii) and the species diversity of the heterogeneous macrophyte popu

lations growing in each bay. 

In addition to the quantitative estimation of macrophyte biomass 

in these two bays, an extensive qualitative survey will be made of the 

macrophytes growing in all the littoral zones of Lake George, both in the 

northern and southern portion. The survey will be facilitated by obser

vations of these zones by a biology student experienced in SCUBA as well 

as in aquatic plant species identification. Data will be collected on the 

relative abundance of the plant communities with respect to species pres

ent, water depth,· bottom type and water and sediment chemistry. Data 

will be treated to cluster analysis computer programs. 

METHODS 

Plant Biomass. Plant biomass has been collected biweekly since 

May although one collection was made at 4 m as early as March, 1973, 

after a I m 2 hole was cut in the -.ice. It is planned that the bottom con

tour of both Warner Bay and Hearts Bay will be accurately mapped during 

this study. Stations on each bay are sampled at the 1 m, 3 m, 5 m, 

7 m, and 9 m depths,. Two technique" are being used for these collec

tions. Where growth is evenly distributed on the bottom, the Eckman 

dredge will be ,"sed for collection. The dredge has a grab area of 

0.024 m 2 and 5 such grabs are made at each station and pooled to consti-· 

tute a single collection at each specified depth. At stations where a 
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greater abundance of growth has occurred resulting in larger plants than 

those observed in the late spring, a rectangular metal frame (area, 

0.325 m 2) is lowered into the water and all the plants within such an 

area are collected by a diver. The plants are transported to the labora

tory in water in one liter. plastic containers. Upon return, the plants 

collected at a particular depth are separated according to species and 

subdivided in 10 em depth classes. Leaves and stems in such classes 

are dried separately at lO5 0 e. for three days. Data are expressed as 

the arn.ount of biorn.ass of each species at each depth class/m2,·· the 

totalbiorn.ass of each species/m2, and the percent of total plant biomass/ 

m 2 represented by each species at each water depth. 

Water Chemistry. Water samples of four liter volume are col

lected using a Van Dorn sampler at each station in each bay at a pre

selected constant depth of 1 m above the botto,m sediment as well as a 

one liter volume sample of sediment at each station. These collections 

are biweekly and coincide with the collections for biomass. Upon return 

to the laboratory. the water sal"nples are filtered through 0.45 u mem

brane filters. CheInical analyses include concentrations of P04. N03. 

NH4. soluble organics, dissolved C02. and alkalinity. Sediment samples 

are first centrifuged at 4.000 RPM for· ten Ininutes. The interstitial 

water i.s then filtered and treated subsequently as above. One liter vol

ume of sedirn.ent will yield approximately 400 ml of interstitial water. 

Field Measurements. The following physical measurements are 

made directly in the field. Dissolved oxygen (DO) and water temperature 

is rn.easured in the water colurnn at the 1 m depth above the sediment 

and in the sediment using a YSI Model 54 Dissolved Oxygen/ Temperature 

meter. The pH of the water and sedi.ment is rn.easured using a Beckman 

Model G pH meter. The incident soiar light intensity· is measured on 

the surface and at t,he various depths at ">"hieh samples are taken. Mea

surements taken on a sunny day are cornpared to those taken on a 

completely overcast day. It will renlain for the COlnputer analyses to 
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, integrate the light intensity available to the macrophyte communities over 

a growing season. 

Productivity Studies. The hourly rates of net photosynthesis of 

macrophyte are being determined using a modification of Wetzel (1965). 

Plants of P. robbinsii are collected ftom the lake and removed to the' 

laboratory. Plants are washed, so as to remove tx;,e epiphyte community. 

For radioactive l4COZ uptake the leaves' within two centimeters of the 

tip are removed. The surface of the leaves are blotted and a wet weight 

quickly obtained. The leaves' are placed in vials containing 0.45 u filter

sterilized' Lake George water and 1. 0 uc Hl4C03 - at pH 9.5. Incubations 

are made in full midday sunlight in a shallow stationary waterbath at the 

temperature of the water from which the plants were taken. Incubations 

are normally continued from two to four hour~ each. The incorporation 

of label by the plant tissue is terminated by removing the leaf from the 

radioactive medium and rinsing the leaf for five seconds in 0.1 N HCl 

after which the tissue is frozen at -150 C.' until further processing can be 

done. Data will be expressed in terms of dry weight of tissue which,is 

converted from, the wet weight measurements. 

Ecological Survey of Littoral Zones. During' the summer season 

all major littoral zones will be surveyed at least twice to determine the 

occurrence and relative abundance of the various species' which constitute 

the macrophyte communities of Lake Goerge. Such surveys will utilize 

the trained biologically critical observations of a SCUBA diver who will 
" 

traverse these littoral areas recording the plant species present, their 

relative abundance, the' depth at which they are growing and the nature of 

the lake bottom. Initial plant identification will follow the keys of Fassett 

(1957) and Muenscher (1944). Final verification of all plant species will 

be made by Eugene Ogdpn, New York Si.i11e Botanist. Voucher specimens 

are collected 01 all plant ,species rernoved from Lake George during the 

courSe of this study. Specimens are prope:rly prese:tved and will be kept 

on herbarium file. Surveys" also include the use of aerial infrared 

5 



photography of the major littoral zones. Data from such photographs 

taken over at least two growing seasons will provide the degree to which 

the macrophytes· grow in these areas. Secondly,· these surveys will 

utilize the use of underwater photography to document the growth habits 

of the various species inhabiting the littoral zones of the lake • 

. RESULTS AND DISCUSSION 

An extensive look at two bays in Lake George have yielded the 

following preliminary results. As discussed above, two bays, one south

ern and heavily developed, one northern with little development, were 

chosen as the basis for a comparative study. Warner Bay (less than 

1.5 Km 'long) was chosen to typify the effects of human development upon 

the lake. Observations made May, 1973 to the present would indicate 

such effects. This bay has a gradual sloping bottom contour from 1 m 

to approximately 7 m at the mouth of the bay. Most of the biomass is 

being produced between the 1 and 3 m depths. Approximately 30 differ

ent species of aquatic rooted plants have been found to grow in this bay 

alone. These exhibit varyin~ growth habits which should be clarified 

because plant growth habHs, differences in seasonal productivity (spring 

growth vs. late summer growth), and relative tolerance to light intensity 

will in part determine the overall standing crop at any given time as well 

as changes in species diversity. Fa1!sett (1930) divided aquatic ma.cro

phytes into four different life forms: Forms with long lax stems and 

flexous leaves (e. g., Myrio£hylJET£l: species); forms with basal ros ettes 

and unbranched stems (e. g., Lobelia species); forms with vegetative stems 

and horizontal floating leaves (e. g., Potamogeton species); and forms that 

are rooted underwater but have photosynthetic parts emergent (e. g., Typha; 

Nuphar). All these forms are evident in the littoral areas of Lake George 

as well as the small, free floating plants (e. g., Lerona; Wolfia). 

Growth patterns of the macrophytes pres£nt in Warner Bay can 

be characterized as follows: growth is either evenly dispersed on the 
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bottom, randomly located with large spacing between two plants of the 

same species, or in randenlly located "weed patches" with a high density 

of plants of the same species occupying a small area (usually these fan 

within a size range of 5 to 20 m 2). These patches are otherwise not 

found in the ether areas at a given depth and the particular species com

prising most of the bed may not be found elsewhere at that particular 

depth. Macrophytes can be found as deep as 7 m of water. Rarely is 

a given species found throughout the depth· range of a. particular littoral 

zone. Plants growing well at 1 to 3 m are not usually found at 5 to 7 

m and vice versa. Hearts Bay, approximately 1. 0 km long. with a grad

ual sloping bottom contour, can· be characterized as follows: growth is 

similar to that found in Warner Bay in that the same species are found 

to grow in both bays. However, total plant biornass/m2 is much less 

than that found in Warner Bay. The bottom sediment is also much dif

ferent. In Warner Bay through 10 m it is very humic in nature while 

at Hearts Bay it is sandy through a similar 10 m of depth. 

It was difficult a.t the beginning of themacrophyte growth 

season in May, 1973, to choose a particular species with which to con

centrate the study of the biochemical measurements 'necessary to deveIo;, 

the macrophyte model for Lake George. PotanlOgeton robbinsii was 

chosen because remains of last year's growth was found through most of 

the depth ran&e of the littoral zone in both Warner and Hearts Bay, thus 

providing a basis of comparison of the growth of this macrophyte in both 

bays. 

After two months of s'lmplmg the macrophytes it has 'become 

evident that not only thi5 plant species but many others also can be 

readily sampled hom. the littoral zone of both the northern arid southern 

parts of the 1e,ke.. Differences include. Tcb.tive plant density: in Warner 

Bay the biomass/m2 is ·mllch greatex' thaH tb.at in Hearts Bay. Unlike 

the findings from Lake Wingra (Adams, et al, 1972a and b) that 

Myriophyllum '!!picatum exhibits two peaks of biNnas6 prodnction (one in 
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June and another in late August) as well as two concurrent peaks of 

productivity as determined by radioactive C02 fixation, by July no peak 

in either biomass or productivity has yet occurred in the study of the 

macrophytes of Lake George. 

Water column samples and sediment samples for interstitial 

water are being collected biweekly from each bay. Chemical analyses of 

these samples should show whether or not the water quality in each bay 

is similar or in what component the quality differs. The nutrient con

centrations in the bottom ,water is not only providing data for the macro

phyte model, but will also provide new data not yet determin,ed for the 

littoral sediments of Lake George. 

This study will also implement the use of aerial infrared and 

underwater photography to determine the feasibility of their use in moni

toring the locational growth of the macrophytes. Both techniques should 

have wide application in relation to long term studies of the littoral vege

tation in Lake George. 
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