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ABSTRACT 

The littoral zone of Lake George contains heterogeneous submerged 
rooted plant communities which vary in species distribution and domin
ance with increasing water depth from 1 to 9 m. Warner Bay (Southern 
Lake) and Hearts Bay (Northern Lake) differing in nutrient loadings 
and prior trophic status were studied in 1973 and again in 1980 to 
determine the response of these plants to different nutrient input. 
Standing crop biomass, plant density and productivity were measured 
each year from May through September. Over 20 species were documented 
in both bays with similar overall species composition. However, at 
each depth from 1 to 9 m community structure changed drastically with 
different species dominating at different depths. Total productivity 
varied more than 5-fold between the bays. Distribution patterns in 
the northern bay remained similar for 1973 and 1980; however, patterns 
in the southern bay have changed noticeably. How the changes relate 
to the eutrophication process is discussed. 

INTRODUCTION 

Aquatic weeds, or macrophytes, are a common component to the 
shoreline and shallow waters of all lakes, ponds and rivers. In a 
healthy, natural environment the indigenous species of plants rarely 
present a problem to the environment or to man. In fact they pro
vide numerous services to the ecosystem such as a food source for 
herbivorous fish and waterfowl, spawning sites for fish and other 
aquatic animals, and the production of organic carbon from C02 which 
is in part made available to the organisms making up the food chain 
of a given community. 

In general, aquatic plants can be characterized by several dif
ferent life forms: emergent types which are rooted underwater but 
have emergent photosynthetic portions such as the cattails, floating 
leaved plants such as the water lilies, and submersed types either 
with long lax stems and flexous leaves such as Vallisneria (wild 
celery), with basal rosettes such as Eriocaulon (pipewort), or plants 
with stems and leaves such as Potamogeton (the pondweeds). 
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When waters become enriched in nitrogen and phosphorus or when an 
unknown species is introduced into a new area, whether accidently as 
in the case of the Eurasian milfoil, Myriophyllum spicatum or inten
tionally as in the case of the water chestnut, Trapa natans the envi
ronmental balance is dramatically altered. These plants begin to 
grow abundantly causing one of the more troublesome manifestations 
of the eutrophication process in freshwaters. Many species compe
titively crowd out others. Populations become so dense they begin 
to die off by midsummer. The new or invading species becomes domin
ant. Such is the case with~. spicatum and !. natans in parts of 
Lake Champlain. Such uncontrolled growth in the aquatic ecosystem 
is a very current national problem. In its extreme such growth can 
hinder navigation, destroy fisheries, depress real estate values and 
interfere with recreational use. 

There has been considerable research worldwide on aquatic plant 
communities which has established a direct correlation between cul
tural and biological eutrophication. However quantitative studies 
on aquatic plant productivity in lakes have for the most part been 
confined either to shallow littoral zones of fairly homogeneous 
stands or emergent macrophyte communities. The littoral zone of Lake 
George has been shown by extensive SCUBA observations to contain 
very heterogeneous submersed plant communities which vary in species 
distribution and dominance with depth of water from 1 to 13m when 
the macroalgae are included (Sheldon and Boylen, 1977). Submersed 
rooted angiosperms are rarely found below 10m. Approximately 40 
different species of submersed macrophytes can be found in the lake. 
Almost all the aquatic angiosperms found in Lake George are native 
to the northeastern United States. Rapid growing foreign or intro
duced species have not yet presented a problem to the lake. 

Lake George has offered an unusual aquatic site for study be
cause it is geologically divided into a northern and southern lake 
with human influence traditionally more concentrated in the southern 
half. We initiated this project, not only to look at the eutrophi
cation process itself, but also to investigate the response of sub
mersed rooted plant communities to accelerated growth, depth prefer
ence and niche. 

NATERIALS AND METHODS 

Two representative bays were chosen for study (Fig. 1). Warner 
Bay, in the southern half has a heavily developed shoreline with con
siderable boat traffic. Hearts Bay, in the northern half is rela
tively isolated from human use and development. Through the summers 
of 1973 and 1980 rooted plant biomass was collected from both bays 
at biweekly intervals. The collection method of choice was to cast 
a square frame with adjustable sides (maximum 1m2) from the boat and 
all the plants within the frame then collected by SCUBA divers. 
Duplicate sample collections were made at 1,3,5 and 7m. The plants 
were transported to the laboratory in water-filled plastic containers 
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on ice and then separated according to depth, and species. After 
washing, the plants were oven dried to constant dry weight. Data 
are expressed as the total biomass of each species/m2 , total com
posite biomass/m2 and the percent of total biomass represented by 
each submersed macrophyte species. 

A complete floristic characterization of each bay was made by 
SCUBA using underwater techniques developed by Sheldon and Boylen 
(1978). Taxonomic identifications were made by use of standard 
keys (Ogden, et al. 1976). Questionable identifications were made 
directly by G. Ogden or K. Dean of the State Science Service, 
Albany. 

Relative light intensity measurements were made with a GM under
water photometer (Kahl Scientific Co., El Cajon, California). Total 
phosphorus was measured using a nitric acid - sulfuric acid digestion. 
Colorimetric, assays were performed on the Auto-analyzer using the 
ascorbic acid method (Standard Methods, 1975). Chlorophyll was ex
tracted in 90% acetone at 4°C overnight. The absorbance of unacidi
fied and acidified extracts was read at 480, 465, 663 and 750 nm. 
The amount of chlorphyll in the sample was calculated by the method 
described by Golterman (1970). 

RESULTS AND DISCUSSION 

The total species charac~erization of both bays shows consid
erable similarity. Based exclusively on presence, both appear 
equally diverse (Table 1). No substantial change has occurred in 
species composition over the 8 year period. Of 32 species found in 
both bays, over 20 are found in each bay. By presence criteria 
there has been no substantial change in restriction of depth range. 
It should be noted that some species present in 1973 were absent in 
1980 and vice versa. Because of the ease by which rare species can 
be overlooked by the diver, in each case those species have probably 
been there all along. 

The biomass production curves for Hearts Bay for 1973 and 1980 
are very similar in several respects (Fig. 2). First, the peak 
seasonal biomass was produced at 3m. Secondly, for both years it 
was approximately 20 g dry weight/m2. In 1973 it was due primarily 
to Potamogeton amplifolius and Najas flexilis; in 1980, primarily to 
~. amplifolius and ~. gramineus. The large biomass at 1m for each 
year was produced by the small "grassy" macrophytes Juncus pelocarpus 
and Utricularia resupinata. 

The most striking differences in biomass production occurred in 
Warner Bay between 1973 and 1980 (Fig. 3). For both years the peak 
production occurred at 3m due primarily to ~. amplifolius and 
Vallisneria americana in 1973 and P. robbinsii and V. americana in 
1980. However, total production dropped more than 172 in those years 
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Table 1 

Floristic Characterization (by Presence 
Two Bays in Lake George, N.Y. 

Hearts Bay 
Species DeEth Range! m 

1973 1980 

Bidens beckii 1-5 3 
Ceratophyllum demersum 
Ceratophyllum echinatum 
Chara globularis 1-7 1-5 
Elodea canadensis 1-7 1-5 
Eriocaulon septangulare 1-3 1-2 
Fontinalis nova-anglae 
Heteranthera dubia 1 1 
Isoetes echinospora 
Isoetes macrospora 3-5 3-5 
Juncus pelocarpus 1-3 1-3 
Myriophyllum alterniflorum 1 1 
Myriophyllum exalbascens 
Myriophyllum tenellum 1 1-2 
Najas flexilis 1-7 1-5 
Nite11a flexilis 5-9 5-9 
Potamogeton alpinus 
Potamogeton amplifolius 'i-5 1-5 
Potamogeton epihydrus 
Potamogeton gramineus 1-5 1-5 
Potamogeton i11inoinsis 
Potamogeton pectinatus 3 
Potamogeton perfoliatus 1-5 1-5 
Potamogeton praelongus 3 
Potamogeton pusillus 1-5 3-5 
Potamogeton robbinsii 1-7 1-5 
Potamogeton zosteriformis 
Ranunculus 10ngirostris 1 
Sagit taria graminea 1-3 1 
Utricularia resupinata 1-3 1-3 
Utricularia vulgaris 
Vallisneria americana 1-5 1-5 

Total 21 20 
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Figure 2. Submersed rooted plant biomass production in 
Hearts Bay 1973-1980. 
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Figure 3. Submersed rooted plant biomass production in 
Warner Bay 1973-1980. 
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from over 200 g dry wei~ht of plant matter/m2 at 3m in 1973 to less 
than 100 g dry weight/m in 1980. It should be noted that the scale 
on the ordinate is one order of magnitude higher in Fig. 3 than it 
is in Fig. 2. In 1973 peak production was almost 10-fold higher in 
Warner Bay than Hearts Bay showing a correlation between increased 
human activity and plant biomass production; by 1980 it was only 
5-fo1d higher. Another striking change was the change in depth 
preference of K. robbinsii. In 1973 it dominated the production at 
5 and 7m with very lush, extensive beds throughout this depth range. 
In 1980 those beds were virtually gone at depths greater than Sm. 
A dieback of the larger leaved pondweeds K. amplifolius and K. 
praelongus was also observed. Beds of Sagittaria graminea and V. 
americana continued to dominate at 1m. 

The biomass data have been tabulated as the average percent 
of total sampled biomass represented by each submersed macrophyte 
species (Table 2). In Hearts Bay in 1973, 17 of the 21 species 
contributed at least 1% of the biomass at a given depth; in 1980, 
15 of 20. In Warner Bay in 1973 only 10 of 22 species contributed 
1% or greater; in 1980, 10 of 21. At 5% or greater contribution 
12 and 11 species were represented in Hearts Bay; only 7 and 6 
species represented in Warner Bay, respectively. Clearly as overall 
productivity increased greater contributions to that biomass were 
made by fewer species. 

The decline of the macrophyte communities in Warner Bay and 
their shift of depth preference to ·the ·moreshallow regions can be 
correlated to a pronounced change in light attenuation as shown in 
Table 3. Thc mouth of Warner Bay is narrow so that the bay does 
not mix well with the lake itself. The decreased light attenuation 
in Warner Bay is greater than in the South lake as a whole. The 
lack of mixing has also influenced the retention of nutrients in 
the bay supporting increased levels of phytoplankton as evidenced 
by increased levels of chlorophyll ~ in the water column (Table 4). 

No definitive explanation for the pronounced drop in macrophyte 
production in Warner Bay can yet be given. Certainly competition 
for light and nutrients between the rooted macrophytes and the 
phytoplankton in the water column is involved. Phytoplankton pro-, 
ductivity measurements between 1973 and 1980 show a rise upward. 
By SCUBA analysis, density estimations of the major producers in 
Warner Bay show no substantial decreases except for K. robbinsii 
at 7m. However, if one looks at the average height and dry weight 
for mature specimens, one can observe that indiVidual plants are 
getting smaller (Table 5). The average height of K. amplif01ius 
has decreased by 33% since 1973 and by greater than 60% for K· 
robbinsii and~. americana. Dry weight decreases have been 29, 69 
and 74%, respectively. 
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Table 2 

Average Percent of Total Sampled Biomass Represented by Each Submersed Macrophyte Species a 

Hearts Ba:y Warner: Bit! 

1973 1980 1973 .J.2l!Q 

Species 1. 1 1 I 9m 1 1 5 7 9m 1 3 5 7 9m 1 1 1 7 9m 

Chars glohularls 10 1 5 12 1 1 1 1 
Elodea canadensis 11 2 4 1 
Eriocauion septangulare 6 2 
Isoetes macrospora 6 26 1 14 , 1 4 1 
Junclls pelocarpus 27 5 49 12 
Myriophyllum tenellum 4 4 . . ... Naj 88 ftextIls 7 35 22 12 1 4 15 2 -0 

0 Nite11a f1exi1i. 11 69 100 2 6 42 100 100 100 90 100 
Potamogeton amplifolius 1 26 13 19 6 4 37 6 19 
Potamogeton gramineus 9 4 23 4 8 12 
Potamogeton perfoliatu8 4 3 11 7 1 
Potamogeton praelongus 6 4 30 1 2 
Potamogeton robbinsi! 2 2 2 5 2 2 5 16 38 100 43 32 10 
Ranunculus reptans 2 5 
Sagittaria graminea 2 17 34 
Utricularia resupinata 42 1 37 4 
Vallisneria americana 1 1 3 2 12 2 70 42 30 47 33 64 

apor each species sampled average biomass was at least 1% 



Table 3 

Average Mid-Summer Depth Attenuation of Light in 

Hearts Bay and Warner Bay 1973 - 1980 

Bay 

Hearts 

Warner 

Depth, 
m 

o 
1 
2 
3 
6 
9 

o 
1 
2 
3 
6 
9 

% Surface Light Intensity 
1973 1980 

Table 4 

100 
77 
64 
53 
30 
16 

100 
58 
44 
36 
17 
10 

100 
70 
58 
44 
24 
12 

100 
55 
35 
27 
12 

4 

Mid-Summer Averages of Total Phosphorus and Chlorophyll 

Concentrations in Hearts Bay and Warner Bay 1973 - 1980 

Bay Year Total PhosEhorus ChloroEh~ll a 
-.!!.ill ~g/l 

Hearts 1973 <5.0 <0.50 
1980 4.0 0.62 

Warner 1973 >6.0 >0.80 
1980 10.2 1.35 

Table 5 

Morphological Characteristics of Mature Macrophyte Species 

Average Heisht Maximum Height Averase Dr:t Weight 

~ cm £ 

ill2. 1980 1973 1980 1973 1980 

Potamogeton amplifo11us (3m)a 75.7 50.0 125.0 83.5 2.68 1.89 

Potamogeton robbins1! (5m) 45.3 17.0 69.0 40.3 0.87 0.27 

Val1isneria americana (3m) 41.0 17.4 77.7 47.1 0.54 0.14 

~asurement at depth of greatest abundance 
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The selective pressures seen in one atypical bay in Lake George 
as trophic state has increased have dramatically altered the ecology 
of the submersed macrophytes inhabiting the locale. Extrapolating 
forward in time for Lake George as a whole is difficult. However, 
as the lake becomes increasingly enriched a decline in the extensive 
littoral submerged plant communities can be expected. The dynamic 
community interactions between the various species of rooted angio
sperms, t~e epiphyton which colonize their surfaces and decrease 
their light gathering efficiency, the competition for nutrients and 
space with the macroalgae and the phytoplankton are all complex 
phenomena. The shifts in the struggle of ecological success observed 
in Warner Bay will continue to be studied for several years. 
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