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SUMMARY 

Preliminary investigations, comparing Eurasian 
Watermilfoil to a native macrophyte species, indicated the 
canopy of Eurasian Watermilfoil greatly reduced the amount 
of light reaching the sediment, relative to a native canopy 
or open water. However, the canopy structure of Eurasian 
Watermilfoil and the native macrophyte were less different 
than expected. Laboratory and field photosynthetic rates 
of the two species were comparable. The percentage of 
biomass allocated to leaves was not statistically different. 
The plants displayed similar patterns of stem and leaf 
biomass distribution with depth. Eurasian Watermilfoil, 
however, produced more leaf biomass near the surface, and 
more stems per square meter. 

Eurasian Watermilfoil is a more aggressive competitor 

than the native macrophytes. Competitive advantage is 
largely due to its growth form; many thin stems eminating 
from a root crown, thus creating a muqh denser canopy than 
native plants, typified by members of the genus Potamogeton. 
Stems of Potamogeton species grow from a rhizome, creating 

a less dense canopy, and fewer stems per square meter. 
Additional work to be completed in 1988 will help 

clarify differences between native macrophytes and Eurasian 
watermilfoil. Important changes in sampling protocol will 

help refine distinctions in depth distribution of biomass 
between the exotic invader and native species. 
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INTRODUCTION 

The highly diverse native submersed vegetation of Lake 

George has been well documented relative to most North 

American lakes (Sheldon and Boylen, 1977; Collins et al., 
1987; Ogden et al., 1976). During these extensive studies, 

Eurasian Watermilfoil (Myriophyllum spicatum L.) was not 

reported, although present in nearby waters. Eurasian 

Watermilfoil was first discovered in the lake in 1985 

(Rensselaer Fresh Water Institute, 1986), precipitating 

extensive studies into its distribution and abundance 
throughout the lake. Concern over the invasion of this 

species is justified. Eurasian Watermilfoil can create 

nuisance growths detrimental to recreation, water quality, 
and the natural balance of the lake's littoral zone. This 
aggressive invader can spread rapidly within a lake, both 

locally by runners, and over longer distances by plant 

fragments (Kimbel, 1982; Madsen et al., 1988). Once a dense 
bed is formed, the plants may produce a canopy near the 

water surface that effectively shades plants near the 
bottom, causing a reduction in native vegetation. 

The potential impact of Eurasian Watermilfoil on the 

native vegetation is great. From the recent survey of Lake 

George, 48 submersed vascular plant species have been 

identified (RFWI et al., 1988). The frequency of 10 of these 

species across depths ranging from 1 to 7 meters is 
presented in Figure 1, Eurasian Watermilfoil was found at 

depths from 1 to 6 meters, with a peak occurrence at 3 to 

4 meters. The depth range of maximum diversity and biomass 

of the native community was found from 2 to 4 meters. 

In addition to the need for community data, more 
information is needed on the physiological ecology of 

Eurasian watermilfoil in Lake George. Eurasian Watermilfoil 

is typically associated with turbid eutrophic lakes of 
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moderate to high alkalinity. Given the difference between 
Lake George and this species' typical habitat, some 
differences in its physiological ecology should be expected. 

This project was designed to examine the physiological 
ecology of Eurasian Watermilfoil as compared to a prominent 
native plant, Potamogeton praelongus, listed as the 13th 
most common plant in Lake George (RFWI et al., 1988). The 
depth distribution of this species is somewhat deeper that 
Eurasian Watermilfoil, but with a similar peak in abundance 

at 3 to 4 meters (Figure 2). This plant was selected 
because of its tall caulescent (upright) growth form, as 
opposed to other native species. It forms the upper canopy 
of native communities from 2 to 6 meters. 

The areas examined in this project are: 

1. The impact of native plant communities versus dense 

Eurasian Watermilfoil communities on light 
penetration and bottom light environment; 

2. The depth distribution of stem and leaf biomass 
of both species over the growing season; 

3. The light-dependent photosynthetic rates of both 
species, as determined by both short-term 
laboratory and long-term field experiments. 

The purpose of this report is to present data from 1987, 
the first year of study. A final report will be completed 

after 1988, the second year of study. 
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METHODS 

Sites 

Lake George is located in northern New York State, on 
the southeastern edge of the Adirondack Park (Figure 3). 
Two sites were used for sampling: Huddle Bay and East 
Brook, Lake George Village (Figure 4). Huddle Bay currently 
has the largest concentration of Eurasian Watermilfoil, 
with the dense bed reaching a depth of 4 meters. The 
Eurasian Watermilfoil at East Brook is located on the edge 
of the stream delta, in a band ranging in depth from 1.5 
to 3 meters. 

Biomass Sampling 

Biomass samples were taken from both sites at three 
times: early summer, late summer, and mid-autumn. For 
the first sampling period, Sunset Bay (Hulett's Landing) 
was sampled instead of East Brook. For Potamogeton 
praelongus, five biomass samples were collected using a 
0.1 m2 sampler, and the entire sample was sorted as 
described later. Five biomass samples of Eurasian 
Watermilfoil were also collected, but the samples were too 
large for the entire sample to be sorted by depth interval. 
Therefore, ten individiual plants (a stem starting at the 
sediment interface extending to the top of the plant) were 
sampled and then subdivided by depth. 

Depth distribution samples (biomass samples of P. 
praelongus and ten stems of Eurasian Watermilfoil) were 
subdivided into 1 meter sections beginning from the top 
of the tallest stem. The uppermost 1 m segment was further 
subdivided into three 33 cm lengths. For each depth 
interval, leaves were separated from the stems, and the 
number of stems and leaves counted. Stems and leaves were 
dried at 70 oc for one day, and then weighed. 

Light intensity and temperature profiles at 1 m depth 
intervals in: 1) open water, 2) native community, and 3) 
Eurasian Watermilfoil beds, were measured at both sites 

1 ______________ o_n __ e_a_c_h ___ s_a_m_p_l_i_n_g __ d_a_t_e_. ___ T_e_m_p_e_r_a __ t_u_r_e __ w_a_s __ m_e_a_s_u_r_e_d __ u_S __ in __ g __________________ , 



either the thermistor on a YSI Model 54 oxygen meter and 

probe, or a YSI thermistor-thermometer. Light intensity 

was measured using aLi-Cor LI-1000 data logging light 

meter, with flat topped quantum probes at both the surface 

(deck cell) and a submersible quantum probe for light 

intensities at depth. Light data was expressed as percent 

light transmittance between surface light intensity and 
light intensities at depth. 

Plant productivity in the field was measured for both 
species at Huddle Bay using a light/dark bottle approach 

on two sampling dates. Six replicates were used for 

photosynthesis at 1 and 3 meters. Dark respiration was 

determined by using a dark bottle, with one blank also used. 

Change in oxygen concentration over the two-hour incubation 
was measured using Winkler titrations. 

Laboratory photosynthesis experiments with both species 

were conducted using plants from Huddle Bay. The apparatus 

used was a YSI model 5300 biological oxygen monitor, with 

temperature maintained by a heating/cooling system at 20 
0C. The light source was a GE quartz lamp, with light 

intensity regulated by a rheostat and measured using the 

Li-Cor quantum meter and probe (LI-1000). Light intensities 

used were 0, 25, 50, 100, 200, 400, 700, and 1000 uE m- 2 

s-1. Eight replicates were performed, with two readings 

taken at each light level. Incubations ranged from 5 

minutes (high light) to 30 minutes (dark respiration, low 

light). Lake George water, filtered through a 0.4 urn 

pore-size glass fiber filter, was used for all experiments. 

RESULTS AND DISCUSSION 

Eurasian Watermilfoil has been previously observed to 

form a dense canopy near the surface, overtopping and 

shading native vegetation. This is undoubtedly one of it's 

mechanisms of dominance. Light profile data from this 
project supports this conclusion (Figure 5). Even early 

in the growing season (June 25), the Eurasian Watermilfoil 
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canopy significantly reduced light penetration compared 

to open water and native plant sites. By late summer 
(September 10), light transmittance through the Eurasian 
Watermilfoil canopy was less than 10% full sunlight at 3 
meters depth, and was below that value at 2 meters by late 

fall (October 21). The 10% value for light transmittance 
is often given as a general limit to the depth distribution 
of most macrophytes, and corresponds to the lower depth 
limit of f. praelonqus for open water profiles. Therefore, 
light attenuation under Eurasian Watermilfoil canopies is 
adequate to inhibit the growth of most native plant species. 

Laboratory photosynthesis data, expressed as either 
oxygen exchange or converted by standard coefficients to 
carbon exchange, indicate that Eurasian Watermilfoil and 
P. praelongus do not have significantly different 
photosynthetic rates across the experimental light 

intensities at 20 oc (Figure 6). Although striking, this 

lack of difference is not surprising given the low 
alkalinity (or, more appropriately, low dissolved inorganic 
carbon) of Lake George. More extensive laboratory 
photosynthesis experiments will be completed prior to the 

final report. 
Field experiments on the photosynthetic rate of these 

two species over longer periods of time indicated similar 
trends (Figure 7). For both dates, the photosynthetic rate 
of the two species was not significantly different at the 
1 m depth, the highest light level tested. Variation in 
photosynthetic rate at 3 m and dark respiration resulted 
from problems in analytical sensitivity and were corrected 
prior to extensive field experiments performed in 1988. 
Results of these further experiments will be included in 

the final report. 
Biomass for both species for the two sites is presented 

in Figure 8. Although biomass of Eurasian Watermilfoil 
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was less than R. praelongus in late June, peak biomass was 

much higher in part due to the life cycle of R. praelongus. 
The phenology of this species, as well as other rhizomatous 
Potamogeton species, is earlier than that of Eurasian 
Watermilfoil. This species grows from rhizomes, sending 
up shoots in late July and early August. The shoot growth 

rate slows during the fall, and R. praelongus shoots 
overwinter at a height of approximately 30 - 60 cm. In 
spring, the shoots elongate rapidly. Biomass peaks in mid
to late July, the plants flower and begin to senesce. 
Meanwhile, new shoots from the rhizome begin to grow. 

An examination of biomass allocation between stems and 
leaves indicated that both species allocate approximately 
one-half of their biomass to leaves (Figure 9). No 
significant seasonal trends were noted. The depth 
distribution of leaf number was quite similar for the first 

date, except for the tendency of R. praelongus to form 
near-basal leaves (Figure 10). If one accounts for relative 
changes in canopy height, canopy patterns remain quite 
similar. One observable change is the reduction of leaf 
number at 2 to 3 meters below canopy height in Eurasian 

Watermilfoil from September to October, attributable to 
leaf sloughing. 

Depth distribution of biomass for the two species showed 

changes over the growing season. Potamogeton praelongus 
tended to allocate a greater percentage of biomass, both 
stems and leaves, to the bottom half of the canopy, whereas 
M. spicatum devoted the bulk of its leaf biomass to the 
top of the canopy (Figure 11). However, patterns were quite 

similar due to the caulescent growth form of both species. 
Patterns in canopy allocation by Eurasian Watermilfoil were 
quite similar for the two sites, indicating phenological 

linkage, whereas those of R. praelongus were quite 
dissimilar after senescence began. Biomass allocation for 
both species tended to place leaf biomass towards the top 
of the canopy, while stem biomass pyramids to the bottom 
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for support. 
The reason Eurasian Watermilfoil forms dense canopies 

is best explained by stem density (Figure 12), which showed 

it had 20 to 50 times the number of stems per unit area 
compared to f. praelongus. Coupled with its propensity 
to grow to the surface, overtopping native plants, and 

persisting until late in the season, ~. spicatum effectively 
shades native vegetation. The relative stem densities can 
be related to growth form and perennation: Eurasian 
Watermilfoil grows from root crowns that create dense clumps 
of stems, with no requirement for interstem spacing. 
Potamogeton praelongus grows from rhizomes that space 
upright shoots, preventing densely-packed stems. 

RESEARCH RECOMMENDATIONS 

Research recommendations were made in a report to the 
Lake George Association Fund updating the status of this 
research. This report is included as Appendix 1. 
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Figure 1. Depth range and frequency of ten common species 

at 41 sites in Lake George (data from RFWI et al., 1988). 
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Figure 2. Depth distribution of Myriophyllum spicatum and 
Potamogeton praelongus at 41 sites in Lake George as 
measured by percent frequency (data from RFWI et al., 1988). 
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Figure 3. Location of Lake George in New.York State. 
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Figure 4. Sampling sites in Lake George: Huddle Bay and 

East Brook. 
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Figure 5. Percent light transmission with depth for three 

dates at the Huddle Bay and East Brook sampling sites in 
1987. 
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Figure 6. Laboratory photosynthetic rates at 20 0c under 

a range of light intensities for both M. spicatum and f. 
praelongus. 
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Figure 7. In situ oxygen exchange for ~. spicatum (milfoil) 
and ~. praelongus (pondweed) on two sampling dates in 1987. 
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Figure 8. Biomass of Myriophyllum spicatum and Potamogeton 
praelongus at two sampling sites in 1987. Open symbols 

are for M. spicatum, filled symbols are for P. praelongus, 
circles are data for Huddle Bay, and triangles are data 
for East Brook. 

,-------., 300 
N 
I 
E 
l
S 
>- 200 
0:::: 
o 

(J) 

(J) 100 « 
:2 
o 
[IJ 

TOTAL BIOMASS OF SPECIES 

OPEN - M. SPICATUM 
FILLED - P. PRAELONGUS ! 
CIRCLE - HUDDLE B. 
TRIANGLE - EAST BR. r 6 

6~j 
j 
I T o 0 

1 1 

_..L-::::----e- -e 
O+---~-----+----~----r_--~ 

J J A S o N 
MONTH OF 1987 

17 



Figure 9. Percentage leaf biomass of total biomass for 
M. spicatum and f. praelongus for three dates at two 

sampling sites in 1987. Open symbols are for M. spicatum, 
filled symbols are for f. praelongus, circles are data for 
Huddle Bay, and triangles are data for East Brook. 
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Figure 10. Depth distibution of percentage leaf number 

for M. spicatum and f. praelongus for three dates at two 
sampling sites in 1987. Open symbols are for M. spicatum, 
filled symbols are for f. praelongus, circles are data for 
Huddle Bay, and triangles are data for East Brook. 
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Figure 11. Depth distribution of stem and leaf biomass 

for ~. spicatum and f. praelonqus at two sampling sites 
for three dates in 1987. Open symbols are for leaves, 
filled symbols are for stems, circles are data for Huddle 
Bay, and triangles.are data for East Brook. 
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Figure 12. Number of stems per square meter for ~. spicatum 
and f. praelonqus at two sampling sites on three dates in 
1987. Open symbols are for ~. spicatum, filled symbols 
are for f. praelonqus, circles are data for Huddle Bay, 
and triangles are data for East Brook. 
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The Physiological Ecology of Eurasian Watermilfoil 
(Myriophyllum spicatum L.) and Native Macrophytes in Lake 
George: Depth Distribution of Biomass and Photosynthesis 

GOALS OF RESEARCH 

The goal of this project is to quantify some of the 
mechanisms by which the invasive macrophyte Eurasian 
Watermilfoil can dominate native macrophyte communities. 
These mechanisms include adaptations in the following areas: 

1. Eurasian Watermilfoil produces a dense overhead 
canopy which greatly reduces the light intensity reaching 
the native macrophyte community. 

2. Eurasian Watermilfoil invests more biomass into 
photosynthetic material than native species, enhancing its 
productive ability. 

3. Eurasian Watermilfoil has more rapid photosynthetic 
rates than native species, but is adapted to higher light 
levels than the native species. 

RESEARCH ACTIVITIES IN 1987 

A synopsis of research activities and sampling times 
is given in Table 1. All experimental work was performed 
on two species, Eurasian Watermilfoil (Myriophyllum spicatum) 
and a representative native species (Potamogeton praelongus). 
Biomass collections were made at two sample sites during 
three separate time periods (Table 1) • Huddle Bay (Bolton 
Landing) was sampled at each time period. Initially, Sunset 
Bay (Huletts Landing) was used as the second biomass sampling 
site. The sampling site at Sunset Bay was later replaced 
by a site on the delta of East Brook (Lake George Village) 
due to the limited extent of the milfoil beds at Sunset Bay. 
Five biomass samples of each species were collected, divided 
into depth intervals, and the stems and leaves were then 
separated, counted, dried and weighed. 

productivity was measured in situ at two discrete depths 
(1m and 3m) in Huddle Bay. Measurements were conducted at 
three time periods for both species (Table 1). 
Photosynthetic measurements utilized six replicates at each 
depth, with two blanks. Six respiration replicates were 
also used for each species, with two blanks. Photosynthesis 
and respiration were measured by change in oxygen 
concentration from the initial concentration over the 
incubation period, which was approximately two hours. Oxygen 
concentrations were determined by Winkler method titrations. 

Laboratory photosynthesis over a range of light 
intensities was only done in November, in part due to a delay 
in the delivery of the laboratory apparatus from the vendor. 
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Eight replicates for each species were used, with all 
experiments done at 200 C. Photosynthesis was measured 
across a range of light intensities from 1% full sunlight 
to 75% full sunlight. The experimental apparatus of choice 
is the Yellow Springs Instruments Biological Oxygen Monitor 
(model 5300). 

The results from 1987 have not been fully analyzed. 
However, we expect to prepare a verbal presentation of this 
work for the summer of 1988. A data summary will be 
available before that time. 

RESEARCH ACTIVITIES FOR 1988 

A summary of planned research activities are given in 
Table 2. This plan is provisional pending continuation of 
a second year of funding. Each research activity will be 
performed at three representative times over the year 
(spring, late summer and fall). The amount of time spent 
on the actual data collection will add up to approximately 
three weeks per sampling period, not including data entry 
and analysis. 

The only change in methodology for 1988 is that more 
effort will be placed into in situ photosynthesis 
measurements. In situ photosynthesis will be done for each 
species on two adjoining days. On a given day, 
photosynthesis incubations will be done at 1 meter intervals 
from 1 to 5 meters, with incubations for 1 through 3 meters 
being 2 hours long, 4 hours long for 4 and 5 meter depths, 
and 6 hours long for respiration. These longer incubation 
times will heighten sensitivity to lower rates of oxygen 
exchange. The greater number of depth intervals will help 
in examining the apparent depth distribution of Eurasian 
Watermilfoil and the native species of interest. 

FINAL PRODUCTS 

Three final products will result from the final year's 
activities, pending the continuation of support: 

1. Final Report. A final report summarizing both 
years' data and a discussion of experimental results will 
be completed by the end of January 1989. 

2. Manuscript. A manuscript for submission to a 
peer-reviewed journal will be completed in early spring 1989. 
In addition to reporting the results to a wide audience, 
it will bring further scientific attention to Lake George, 
the invasion of Eurasian Watermilfoil, and the role of the 
LGAF in supporting Lake George research. 

3. Grant Proposal. A proposal to fund further research 
on this project will be submitted to the National Science 
Foundation (NSF) by the June 1989 deadline. If awarded, 
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this would provide major funding for Eurasian Watermilfoil 
research on Lake George. Without the support of initial 
research on this topic by the LGAF, such an award would be 
unlikely. 

CONCLUSION 

Initial research on this project was completed as 
promised for 1987, and further work is planned for 1988 
pending continued support. Final products for 1988 include 
a final report, a manuscript to be submitted to a 
peer-reviewed journal and a proposal to NSF for further 
Eurasian Watermilfoil research. Each of these final 
products will aid Eurasian Watermilfoil research on Lake 
George. 
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Table 1. Research Activities Completed in 1987. 
---------------------------------------------------------

Biomass In Situ Laboratory Week of: Sampling Photosynthesis Photosynthesis -------- -------- -------------- --------------
June 22 1,2 

June 27 1 

September 7 1 ,3 1 

October 19 1 ,3 1 

November 2 X 
November 9 X 

---------------------------------------------------------
Sites: 1, Huddle Bay; 2, Sunset Bay; 3, East Brook. 
----------------------------------------------------------

Table 2. Schedule of Activities1 in 1988. 
----------------------------------------------------------

Month of 1988 
Activity 4 5 6 7 8 9 10 1 1 12 1/89 
----------------------------------------------------------
Biomass X X X 
Sampling 

In Situ X X X 
PS 

Lab X X X 
PS 

Data X X 
Summary 

Final X 
Report 
-----------------------------------------------------------
1. Not Indicated: 

The manuscript for a peer-reviewed journal will be 
prepared by Spring 1989. 

The NSF proposal will be submitted by the June 1989 
deadline. 
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Figure 1. Depth range and frequency of ten common species 

at 41 sites in Lake George (data from RFWI et al., 1988). 
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Figure 2. Depth distribution of Myriophyllum spicatum and 
Potamogetpn praelongus at 41 sites in Lake George as 

measured by percent frequency (data from RFWI et al., 1988). 
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Figure 3. Location of Lake George in New York State. 
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Figure 4. Sampling sites in Lake George: Huddle Bay and 

East Brook. 
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Figure 5. Percent light transmission with depth for three 

dates at the Huddle Bay and East Brook sampling sites in 
1987. 
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Figure 6. Laboratory photosynthetic rates at 200C under 

a range of light intensities for both ~. spicatum and P. 
praelongus. 
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Figure 7. In situ oxygen exchange for ~. spicatum (milfoil) 

and E. praelongus (pondweed) on two sampling dates in 1987. 
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Figu~e 8. Biomass of Myriophyllum spicatum and Potamogeton 
praelongus at two sampling sites in 1987. Open symbols 

are for M. spicatum, filled symbols are for ~. praelongus, 
circles are data for Huddle Bay, and triangles are data 
for East Brook. 

~ 300 
N 
I 
E 
l
S 
>- 200 
0::: 
o 

(J) 

(J) 100 
<J:: 
2 
o 
QJ 

TOTAL BIOMASS OF SPECIES 

OPEN - M. SPICATUM 
FILLED - P. PRAELONGUS 1 
CIRCLE - HUDDLE B. 
TRIANGLE - EAST SR'l " 

,,~j 
j 
l---~ 
1 1 

... ..£.:::::---_.- -. 
0+----D~--~~---4----_+----~ 

J J A S o N 
MONTH OF 1987 

17 



Figure 9. Percentage leaf biomass of total biomass for 
M. spicatum and R. praelongus for three dates at two 

sampling sites in 1987. Open symbols are for N. spicatum, 
filled symbols are for R. praelongus, circles are data for 
Huddle Bay, and triangles are data for East Brook. 
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Figure 10. Depth distibution of percentage leaf number 

for M. spicatum and R. praelonqus for three dates at two 

sampling sites in 1987. Open symbols are for M. spicatum, 
filled symbols are for R. praelonqus, circles are data for 
Huddle Bay, and triangles are data for East Brook. 
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Figure 11. Depth distribution of stem and leaf biomass 

for~. spicatum and R. praelongus at two sampling sites 
for three dates in 1987. Open symbols are for leaves, 

filled symbols are for stems, circles are data for Huddle 
Bay, and triangles are data for East Brook. 
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Figure 12. Number of stems per square meter for~. spicatum 
and R. praelongus at two sampling sites on three dates in 
1987. Open symbols are for ~. spicatum, filled symbols 
are for R. praelongus, circles are data for Huddle Bay, 
and triangles are data for East Brook. 
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