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APPENDIX A 

LIMNOLOGICAL PRINCIPLES 

Introduction 

The term limnology is derived from the Greek word limne 
meaning "pool" and refers to the study of lakes or ponds, 
but it is often used to refer to the study of inland waters 
in general. The purpose of this section of the report is 
to provide background information on water bodies, and the 
types of data often obtained on them. Further, this 
discussion will familiarize the reader with terms and 
concepts used in the other sections of this report and, 
more importantly, will provide the possibility to better 
understand a particular lake or pond. 

D~th - Temperature - Dissolved Oxygen 

Many of the physical and chemical characteristics of 
water make it uniquely suited for its biological role, and 
also have important implications for lake ecology. One 
curious property is that solid water (ice) is lighter than 
the liquid. Although taken for granted (e.g., ice floating 
in a cold drink), the transition from a liquid to a solid 
usually implies that the molecules of a substance move 
closer together (become denser) with the solid phase forming 
on the bottom of the liquid phase. If water also did this, 
the consequences to lakes and ponds, even the oceans, would 
be dramatic. In cold weather (winter), the initial ice 
that formed would be deposited on the bottom of these water 
bodies and accumulate from there up, possibly to the 
surface, turning the entire water body solid. Then, as 
warmer weather arrived in the spring and summer, the upper 
layers of ice would melt, with the lower solid mass possibly 
never completely thawing. 

The density characteristics of water are a little more 
complex than even that demonstrated by ice. As liquid water 
cools from moderate temperatures (i.e., about 77°F, 25°C) 
towards its freezing temperature (320 F, DOC), it becomes 
denser like other liquids, but only until it reaches about 
390 F, 4°C. As cooling continues from this temperature 
further toward the freezing point, it becomes less dense. 

These temperature-related density differences have 
major consequences on the way a lake behaves, because layers 
of water of different densities are set up during the 
different seasons of the year. In the winter, a layer of 
ice covers the surface of the lake, with the water 
underneath being progressively warmer towards the bottom 
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of the lake, and reaching a temperature of 390F, 40C. 
Shortly after all the ice has melted during the spring of 
the year and the surface waters begin to warm, a uniform 
temperature is established due to the mixing action of the 
wind. But as the surface receives more heat with the 
approaching summer, it becomes warmer and lighter than the 
rest of the water and begins to form a separate upper layer. 
In deeper lakes (more than 18 feet or 6 meters) the 
continued warming of the surface layers usually results 
in the formation of two distinct regions of water - the 
upper, warmer domain, called the epilimnion, and the lower, 
colder region, called the hypolimnion. This stratification 
does not occur in shallow lakes and ponds because the mixing 
action of winds produces a more-or-1ess uniform temperature 
and density. There may be some daily fluctuations in these 
shallow water bodies, but the summer stratification found 
in deeper water bodies does not occur. 

The region between the two major water layers in deeper 
lakes is also quite unique and shows special 
characteristics. This transition region is referred to 
as the metalimnion. Within the metalimnetic layer lies 
the thermocline which is defined as the region where the 
temperature decreases the greatest with increasing depth. 
Profiles of temperature versus depth during summer stratifi
cation are shown in Figures A-1 through A-3. These 
profiles, which also show dissolved oxygen (DO) 
concentrations, were obtained for Glass Lake over a 2 week 
period in the early summer of 1975. At the end of May 
(Figure A-1), a small portion of the surface waters (about 
3 meters) had warmed to above 20°C (68°F) while most of 
the lower water remained below 10°C (50°F). The DO profile 
shows that the upper layer (epilimnion) had about 8 ppm 
(mg/L) DO which is about the saturation concentration of 
DO at this temperature. Gases such as oxygen dissolve in 
water to limited extents and the concentration is highly 
dependent on the temperature of the water. In general, 
the warmer the water the less gas it is able to dissolve. 
In the extreme, as water is brought to its boiling point 
all dissolved gases are released and then the water itself 
becomes a gas (steam). This solubility characteristic can 
be observed in the May profile. Since the water is colder 
at 4 meters, more oxygen is dissolved in it than at 3 
meters. However, the colder water around 10 meters had 
slightly lower DO concentrations than at 4 meters, with 
the measurement at 20 meters, which had the coldest 
temperature (4°C, 39°F), having DO levels below that of 
the surface waters. Other factors were controlling the 
DO concentrations at these various depths. 

Figure A-2, a profile of Glass Lake obtained 2 weeks 
after the one shown in Figure A-1, helps to vividly 
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demonstrate what these other factors could have been. This 
second profile is rather unusual and was chosen because 
of its uniqueness. The epilimnion had continued to form 
over the 2-week period and had reached a depth of 5 meters. 
The DO levels in the metalimnion (5 - 7.5 meters) were 
extremely high while the DO levels in the lower portion 
of the hypolimnion (16 -20 meters) appeared to be depressed. 
The first apparent difference from solely 
temperature-related effects, the metalimnetic DO levels, 
was most likely due to oxygen produced by algal 
photosynthesis, an important source of dissolved oxygen 
other than the atmosphere. Since the thermocline presents 
a physical barrier between the epilimnion and hypolimnion, 
algal cells that sink in the epilimnion come to rest at 
the thermocline, but continue to metabolize and produce 
oxygen, thus causing a supersaturated condition. The second 
factor has to do with bacterial activity in the sediments. 
The metabolic processes of these organisms consume oxygen 
and account for the reduction in DO levels observed near 
the bottom of the lake. When bacterial activity in 
sediments is very high, all the oxygen in hypolimnetic 
waters can be used up. This condition can occur in lakes 
that have large amounts of nutrient rich sediments and can 
persist throughout summer stratification. The reason for 
this persistence is that oxygen is not replenished in 
hypolimnetic waters cut off from the epilimnion (by the 
thermocline) and thus the sources of oxygen: the 
atmosphere, and algal activity. The total depletion of 
oxygen does not mean there is a lack of biological activity; 
on the contrary, anaerobic (without oxygen) bacterial 
activity increases and the turnover of nutrients increases 
since anaerobic processes are less efficient than those 
using oxygen (aerobic). 

Figure A-3 shows the temperature and DO profile 
obtained just 2 days after the one showing the large 
metalimnetic 00 peak, and it shows no similar large DO peak. 
Such phenomena are short-lived and most likely result from 
an algal "bloom" condition. At other times during the 
summer season distinct depressions in DO levels can be 
observed at the thermocline often associated with the 
decline in an algal bloom accompanied by bacterial 
degradation of this material. These "minor" fluctuations 
can continue throughout the summer while the DO levels in 
the hypolimnion continue to drop. 

As temperatures decline at the end of summer and into 
the early fall, surface-water temperatures eventually cool 
to that of the lower waters, and the previously "separate" 
water bodies uniformly mix. This mixing is referred to 
as lake "turnover". DO concentrations throughout the water 
column are usually also uniform as a result of this mixing. 
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Figure A-1. Dissolved Oxygen and Temperature Profiles for 
Glass Lake in May 1975. 
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Figure A-2. Dissolved Oxygen and Temperature Profiles for Glass 
L::li<e on ,June 11, 1975. 
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Figure A-3. Dissolved Oxygen and Temperature Profiles for Glass 
Lake on June 13, 1975. 
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During the winter months, a second stratification of 
cooler water near the surface ice and "warmer" water at 
the bottom occurs. With ice cover present, the access to 
atmospheric oxygen is cut off and the production of oxygen 
by algal activity is very low due to reduced illumination 
and temperature and light. Although complete loss of oxygen 
does not often occur, due mainly to reduced bacterial 
activity in the sediments at the cooler temperatures, a 
depletion in the lower portion of the lake can be observed 
in the later part of the winter. 

As spring approaches and the ice on the lake melts, 
water temperature again becomes uniform and the entire water 
body mixes once more. At this time lakes have experienced 
fish kills, possibly caused by the general reduction in 
DO concentration in the newly mixed waters corresponding 
to DO levels below that which can sustain the complete fish 
population. Another possible cause of this phenomenon is 
the products of bacterial metabolism (e.g., hydrogen 
sulfide) that build up in the lower hypolimnetic waters 
and then become uniformly mixed throughout the lake at the 
time of turnover, and exceed levels toxic to fish. 

Lake Transparency 

A lake in which the bottom can be clearly seen at 
depths of ten feet or more is normally considered very 
desirable by lake residents, although dark, murky waters 
can provide better fishing. The depth to which light 
penetrates into a lake or pond, referred to as the water's 
clarity or transparency, depends on the amount of 
light-absorbing materials in the water column. These 
materials can be dissolved in the water, or any of a variety 
of particles can be suspended in the water column. 

Water bodies that include sizable swampy wetlands, 
and many art i fi ci a 11 y created ponds, contain .. brown" water. 
The brown color is due to dissolved organic matter resulting 
from the progressive breakdown of leafy and woody vegetation 
within the lake's watershed. Brown coloration reduces light 
penetration throughout the year. 

Transparency can also be reduced to a variable degree 
by suspended inorganic minerals or clays, collectively 
called silt. High flow conditions in inlet streams and 
surface runoff can transport this silt into water bodies. 
High levels of silt can quickly reduce lake transparency 
to a striking degree. Temporary decreases in water clarity 
also accompany the spring and fall turnover events (see 
previous section with regard to temperature effects and 
lake stratification), during which time silt, dissolved 
nutrients, and organic debris collected in the deeper waters 
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become mixed throughout the lake volume. 
particles will slowly settle towards the 
calmer conditions return to the lake. 

The suspended 
lake bottom as 

An ever-present and perhaps the major contribution 
to the turbidity in lakes is the suspended microscopic 
biological community which ranges from algae to 
invertebrates, collectively called zooplankton, bacteria 
and viruses. During the open water months, the appearance 
of abundant, temporary "crops" of microscopic plant life 
(algae - collectively called phytoplankton) in the upper 
warmer layers of water can have a dramatic effect on 
transparency. These algal blooms impart a definite tint, 
usually greenish, to the water. However, several common 
types of algae produce a brown-colored turbidity, visually 
similar to silt. Waters subject to frequent heavy blooms 
are those containing high levels of nutrients (see section 
on dissolved materials). All lakes, however have a 
"standing crop" of phytoplankton throughout the year, the 
abundance of which varies depending on available nutrients 
and climatological condition. This standing crop frequently 
exerts a significant effect on the transparency of a lake. 
The type or species and relative abundance of a particular 
algae within the phytoplankton community also has a major 
effect on water quality. 

Although expensive electronic instruments (submersible 
photometers) have been developed to measure the extent of 
light penetration into a lake's depths, and somewhat 
subjective schemes of describing the color of the water 
from a lake have been established, a simple inexpensive 
device known as a Secchi disk continues to be used as a 
general indicator of a lake's transparency. The Secchi 
depth (in feet or meters) is simply the depth at which this 
all-white, or black-and-white sectored disk just disappears 
from sight when viewed from the surface of the water. It 
should be emphasized that a low Secchi disk reading can 
be the result of any combination of light-absorbing factors: 
brown water, silted water or the presence of biological 
organisms, in particular, algae. Secchi depths provide 
a somewhat more "scientific" way of detecting changes and 
trends that occur in water bodies than "taking a look at 
the lake". Since this measurement can be affected by many 
different factors, further analyses are needed to determine 
what caused a particular change. For example, if a decrease 
in Secchi depth is accompanied by an elevated level of 
chlorophyll ~ (the green pigment in most plants), it is 
most likely that an algal bloom has occurred. Having data 
on algal numbers before and after such a change would more 
firmly establish this conclusion. 
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pH and Alkalinity 

The acidity of a water body is commonly expressed using 
the pH scale, on which pure water, with nothing dissolved 
in it, has a pH of 7. Essentially, the pH value is an 
indication of the concen- tration of hydrogen ion (H+), 
the primary acidic ion. This pH scale is set up so that 
the higher the concentration of hydrogen ions (and therefore 
the higher the acidity) the lower the pH. 

Pure water exposed to air will contain some dissolved 
oxygen, nitrogen, and the other minor atmospheric gases 
at low but measurable concentrations. One of these minor 
gases, carbon dioxide (C02), will cause "pure water" to 
have a pH of about 5.5, due to the formation of weakly 
acidic carbonic acid (H20 + C02 --) H2COa). Surface waters 
and ground water that contain various dissolved minerals 
including several carbonate compounds, will exhibit more 
neutral pH values because of the acid-neutralizing property 
of these carbonate compounds. These dissolved materials 
will tend to produce a buffering of the pH around 
neutrality, in the range of 6.0 to 8.0. 

Each pH unit difference represents a ten-fold 
difference in acidity. For example, a pond with a pH of 
6 is ten times more acidic than water at a pH of 7; a lake 
with a pH of 8 is ten times less acidic than water at a 
pH of 7, or ten times more basic. A pH 6 pond is in turn 
100 times (ten times ten) more acidic than a pH 8 lake. 

For about the past 40 years, pH has been routinely 
determined by measuring the voltage developed when a H+ 
ion-sensing, so called "glass electrode" is inserted (along 
with a reference electrode) into a water given sample. 
Such "pH meters" are first calibrated by means of standard 
buffers of known pH. Prior to 1950, particularly in the 
context of environmental and field measurements, pH was 
determined using substances called indicators, chemicals 
which change color over a narrow range of pH. In one common 
set-up, called a pH comparator, the color developed when 
an indicator mixture was added to a particular water sample 
was compared to colors present in a series of tubes of known 
pH. As a general rule, these older colorimetric pH values 
tend to run higher than pH meter values, ranging from close 
to a full pH unit higher at pH 4 to about 0.4 pH units 
higher at pH 6 (Pfeiffer and Festa, 1980). 

The pH of a lake can vary appreciably with depth in 
the summer months, when the lake becomes stratified (see 
earlier section on Depth - Temperature - Dissolved Oxygen). 
Photosynthesis (the process whereby plants and algae utilize 
the energy in sunlight for growth) in the warmer upper 

A - 9 



layers of a stratified lake depletes carbon dioxide, 
resulting in an elevated pH. In the deeper waters, C02 
levels build up due to the predominance of bacterial 
activity, leading to higher acidities, and lower pH values. 
This impact of dissolved C02 levels on the initial 
measurement of pH has recently prompted aquatic chemists 
to make a second measurement of pH in the presence of a 
stream of bubbling air. The pH values obtained under these 
conditions, called air-equilibrated pHs, tend to be 
independent of sample depth, because C02 in the air 
dissolves in samples that are depleted of it, and is 
"bubbled out" of samples from deeper water that have 
elevated C02 levels, giving nearly identical equilibrium 
conditions and a pH representative of the minerals dissolved 
in the water. 

When external sources of acid, such as acid rain, enter 
a lake, the lake's pH tends to drop toward lower values. 
A means of examining in the laboratory the effect of these 
types of inputs on a particular lake, is to determine the 
change in pH of a measured volume of lake water as specific 
amounts of a standard acid solution are progressively added 
to it. The specific pattern obtained, i.e., the graphical 
relationship between pH and amounts of acid added, is called 
a titration curve. Figure A-4 shows the titration curves 
obtained when samples from three lakes were tested. The 
Dyken Pond sample, already acidic at the start, dropped 
very rapidly to pH 5 and below after only a small amount 
of the acid solution was added. The Spring Lake sample, 
initially at pH 6.5, resisted the added acid briefly (more 
so than the Dyken Pond water), but as slightly more acid 
was added, the Spring Lake sample also plummeted rapidly 
toward pH 5 and below. 

When the same volume of Glass Lake water was titrated 
with standard acid, the pH, which initially measured a 
little above 7, remained relatively high and resistant to 
a change in pH as the acid was added. This property of 
a water sample to maintain a relatively high and constant 
pH (buffering) is called the water's alkalinity, and it 
can be determined numerically from the titration curves. 
Obviously, the Glass Lake water was substantially higher 
in dissolved alkaline compounds than that of Spring Lake 
and Dyken Pond. 

Dissolved alkaline components get into the lake water 
either by being dissolved out of certain natural alkaline 
rocks and soils in the lake basin, or by entering through 
the run-off of waters from human or animal wastes, 
fertilizers, detergents, or other materials. Lakes at 
higher elevations tend to be surrounded by rocks and soils 
low in alkaline compounds, and they tend to receive only 
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Figure A-4. Titration curves for ponds with differing acid 
buffering capacities . 
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small inputs of alkaline materials. Such waters possess 
low alkalinity and tend to be acid-sensitive. 

Numerous small shallow lakes in the Adirondacks have 
undergone acidification because of the continuing inputs 
of acidic precipitation. Serious acidification effects 
occur if the pH drops to 5.5 or less. Under these 
conditions, toxic metals (e.g. aluminum, lead, copper) 
readily dissolve in the lake, causing dramatic shifts in 
the biological community, including the loss of all game 
fish. 

Surface waters with a brown color (see section on Lake 
Transparency) typically show weakly acidic pH values in 
the range 5.0 - 6.0. Such waters contain elevated levels 
of dissolved organic acids resulting from the breakdown 
of organic matter within the lake's watershed. These 
organic acids produce a moderate but relatively constant 
(buffered) acidity. The dissolved organic acids can also 
tie-up (chelate or sequester) otherwise toxic metal ions, 
including aluminum. 

Analysis of Materials Present in the Water Column 

Many of the organisms that populate aquatic ecosystems 
derive part or all of their nutrients from materials 
dissolved or suspended in the water column. Biological 
activity within the water column, as well as throughout 
the rest of the lake's ecosystem (i.e., lake sediments and 
within the watershed) can, in turn, alter the concentrations 
of these materials. The sources of nutrients and other 
materials vary, ranging from weathering of the minerals 
and soils within the watershed to animal and human 
activities. Once nutrients have been introduced, they can 
be recycled and thus made available over and over again. 
Measuring the levels of these materials at selected times 
of the year and at various depths in the water column can 
provide significant information, not only about the water 
quality, but also about the biological activities occurring 
in a water body. 

The elements that are the major constituents of 
biological systems are carbon, nitrogen, phosphorus, oxygen, 
sulfur, hydrogen, and, in some organisms, silicon. All 
of these elements are found in a variety of forms, either 
dissolved or suspended in the water column. For instance, 
nitrogen is present as molecular nitrogen (dissolved N2 
gas), nitrate ion (NOa-), ammonium ion (NH4+), and as 
dissolved or suspended organic compounds (i.e., molecules 
composed of many atoms, primarily carbon atoms which form 
the backbone of the molecule and usually are derived from 
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a biological source). One basic tool for separating the 
various fractions is filtration. This is done prior to 
analysis by filtering samples through a membranous material 
that has a known pore size in order to separate out 
particulate materials, usually including those as small 
as bacteria. Thus total nitrogen (TN) refers to the 
analysis of an unfiltered sample, whereas the term total 
dissolved nitrogen (TON) pertains to a filtered sample. 
A number of the specific forms can be individually measured, 
whereas others can be calculated as the differences of 
combined fractions, such as TN and TON, from which total 
particulate nitrogen can be calculated. The other elements 
for which different forms are often determined are 
phosphorus, carbon, and sulfur. Inorganic phosphorus, 
needed for growth by algae and plants, is referred to as 
ortho phosphate (OP), while that which is combined with 
organic material can also be determined by measuring total 
dissolved phosphorus (TOP) and total phosphorus (TP). In 
a similar way, one can measure various fractions of carbon: 
dissolved inorganic carbon (DIC), dissolved organic carbon 
(DOC), and total organic carbon (TOC). As has been 
discussed previously with regard to the measurement of 
alkalinity (see section on pH and alkalinity), there are 
several forms of inorganic carbon, and the levels of these 
various compounds relate directly to the ability of a body 
of water to buffer acidic inputs. 

Sulfur is usually found in its oxidized form, sulfate 
ion (S04 2-), in waters that are oxygenated (aerobic) either 
from being in contact with the atmosphere or from 
photosynthetic activity. However, when the level of oxygen 
has been reduced in a portion of the water column (usually 
as a result of bacterial action in deeper waters cut off 
from the atmosphere and sunlight), conditions are favorable 
for certain other, anaerobic, bacteria to convert sulfate 
to hydrogen sulfide (H2S). Another group of bacteria that 
thrive in anaerobic conditions convert oxidized nitrogen 
(N03-) to more reduced forms - nitrite (N02-) and ammonium 
ion (NH4+). Another important reaction, the release of 
phosphorus as OP, also occurs under anaerobic conditions, 
but is not directly mediated by biological activity, i.e., 
it is a chemical reaction that may be a consequence of the 
byproducts of biological activity, but the direct action 
of a biological organism is not involved. Under aerobic 
conditions OP will combine with metals such as iron and 
precipitate into the sediments, but when conditions become 
anaerobic enough these precipitates will dissolve back into 
the water. This recycling of a scarce nutrient, phosphorus, 
can stimulate the growth of many different organisms, 
especially if it is transported to the upper water column 
where temperature and light conditions are favorable for 
algal growth and the only thing preventing it is the 
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availability of phosphorus (the concept of the "limiting 
nutrient") . 

Silicon is a vital nutrient for a select group of 
organisms, mainly algae called diatoms, which use it to 
form an outer shell or skeleton; it is also required by 
some other algal strains. In many waters soluble silicon 
is in short supply, since it comes primarily from the slow 
weathering of rocks. When photosynthetic conditions are 
satisfactory, silicon is quickly used up by these organisms 
to form silicates that are precipitated into the sediments 
when these organisms die. 

Patterns of silicon concentration with depth sometimes 
show nearly total depletion of this nutrient at various 
depths. Highly productive waters, for example, often show 
greatly reduced levels of dissolved silicon throughout the 
upper layers of water in mid to late summer. This pattern 
suggests that diatom production has essentially ceased and 
has been replaced by the production of more problematic 
algae belonging to the blue-green family. 

In other lakes the depletion of silicon shows up in 
relatively narrow bands, well below the surface. This 
phenomenon is illustrated by the data plotted for a deep 
location on Glass Lake in late July of 1975 (Figure A-5). 
On this date the lake was well stratified, showing a 
thermocline at about 6 meters in depth. Dissolved oxygen 
levels were elevated at this depth, and dissolved silicon 
was nearly exhausted in a narrow band from about 5 to 9 
meters deep. Visual examination by SCUBA divers revealed 
a narrow band of silicon-requiring algae concentrated in 
a depth range around 7 meters. It is not clear to what 
extent such algal "banding" at, or jUst below, the 
thermocline may be a widespread summer phenomenon. 

There are many other chemical measurements that can 
be done to better understand water quality with regard to 
both its effect on, and how it is effected by, biological 
and other activities within the a lake's watershed. A 
measurement that is a direct indication of certain 
biological activities in the water column is one for 
chlorophyll ~ (Chla). This is a primary pigment used by 
photosynthetic organisms to transform light energy into 
chemical energy, which is in turn used to "fix" the carbon 
that is the basis of biological compounds. Since this 
compound is so unstable, its presence is used as a reliable 
indicator of viable photosynthetic organisms. 

Although most organisms require minor amounts of metals 
such as calcium (Ca), copper (Cu), iron (Fe), manganese 
(Mn), magnesium (Mg), potassium (K), sodium (Na), and zinc 
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(Zn) for growth, excess amounts of these metals dissolved 
in the water can be toxic to many organisms. Human 
activities tend to increase the levels not only of these 
metals, but also of more highly toxic metals such as 
aluminum (A1) and mercury (Hg). 

Copper in the form of copper sulfate is widely used 
as a control for algae and sometimes for other organisms. 
Many lakes and ponds in Rensselaer County are annually 
treated dur"ing the summer months with copper sulfate, an 
"approved algicide", that nonetheless requires a permit 
for application. The effectiveness of copper sulfate 
treatments is subject to question, however, since algal 
blooms tend to reach peak when nutrient supplies are 
depleted, then naturally dissipate as the algal cells die 
off and sink. It is well established that the copper 
content of sediments in lakes treated regularly with copper 
sulfate progressively rises. These elevated levels of 
copper could become toxic to the organisms living in the 
sediments, including the macroinvertebrates on which fish 
depend, thus raising questions about the possible impacts 
on the overall health of these ecosystems. 

Elevated levels of sodium and its common anion chloride 
(Cl-) (the constituents of common table salt) can result 
from the use of salt to control ice on roadways during 
winter months. It is natural to observe somewhat elevated 
levels of this material in water bodies in comparison with 
levels found in streams emptying into them. This 
concentration effect is most obvious for the oceans and 
is the reason for their high salinity because these water 
bodies undergo evaporation, concentrating the material 
dissolved in them. Elevated levels of salt show up in the 
conductivity (Cond) of water, a simple determination of 
a water sample's ability to carry electricity which is a 
reflection of the total amount of dissolved ionized material 
in it. Conductivity represents a composite measurement 
of all charged (ionized) solutes, so it does not serve to 
differentiate any specific dissolved material. 

As might be expected, interpretation of water chemistry 
data is quite complex. Not the least of the problems is 
that anyone single measurement only provides information 
about the concentration of a particular material at the 
time of sampling. These single data points provide no clue 
as to the changes that may be occurring in the level of 
that particular material. Several sampling strategies have 
been used in an attempt to overcome this limitation. The 
most straightforward approach is to sample at different 
time intervals, ranging from minutes to years. Sampling 
at selected depths can provide information with regard to 
changes in concentration of a particular material. These 
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Figure A-5. Profiles of temperature. dissolved oxygen and 
silicon concentrations. 
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methods suffer further from the fact that a large rate of 
turnover may be occurring in a particular constituent even 
though the absolute level is not changing - for instance, 
if a nutrient is limiting, it may be used up as fast as 
it becomes available, with some low level always being 
maintained. Other costly and sophisticated methods can 
be used to determine rates of turnover, though these are 
rarely used unless very specific information about rates 
is deemed necessary. 

The effects of nutrients on water quality have been 
examined by developing what are called nutrient budgets. 
These budgets are attempts to determine all inputs and 
losses of particular nutrients (usually phosphorus and some 
others) so that the magnitude of individual sources can 
be identified and action taken to reduce inputs from these 
sources. 

In spite of all these concerns, valuable information 
can still be derived by examining available data on various 
constituents of a water body of interest. 
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Analysis of Trends 

Basic changes in natural ecosystems such as lakes 
generally occur very slowly. Documentation of such changes 
is difficult since it is very unusual for a lake or pond 
to be studied in a carefully-planned manner over the decades 
in which changes become apparent. 

The acid rain dilemma is an example of the inability 
of the scientific/political community to document and react 
to a serious environmental impact. Even though the essence 
of this problem (including knowledge of its origins and 
corrective strategies) was reasonably well understood by 
Scandanavian scientists in the middle 1960's, it has taken 
thousands of u.s. investigators working full-time on this 
problem for about 25 years to reach a consensus that 
potentially harmful levels of acid are falling in the 
northeastern U.S. and Canada. Political considerations 
aside, this consensus has developed very slowly, because 
the older historical data (the "'baseline"' data) was neither 
readily available nor obtained using uniform collection 
and analytical procedures. 

In the many cases, identification of changes and of 
trends over time present even greater difficulties. Various 
investigators, using a variety of analytical techniques, 
may have measured water quality with various levels of 
accuracy. The data can be spotty, especially earlier work. 
These prior investigations some times have no common 
objectives, no central list of parameters to be measured, 
and no particular scientific design. Sometimes the only 
"'old"' comprehensive study available is from the New York 
State Biological Survey, carried out by the New York State 
Conservation Department. This early statewide survey, was 
aimed primarily at the development of future fish-stocking 
policies. Among the sparse chemical data included in these 
reports, only the pH and alkalinity values appear to be 
significantly useful in comparison with current levels of 
these quantities. 
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APPENDIX B 

AQUATIC PLANT ECOLOGY 

LAKE VEGETATION 

Introduction. In considering the aquatic plants of a given 
lake, everyone should understand that aquatic plants, in 
the appropriate amounts, are beneficial to lakes and 
important to the proper functioning of the lake ecosystem. 
Aquatic plants, whether they be shoreline, submerged, or 
microscopic, provide the bulk of the food for other aquatic 
organisms; either directly for insects and snails, or 
indirectly for fish which feed on these smaller organisms 
that eat plants. Plants also prevent erosion of shorelines 
and stabilize underwater slopes. They provide cover for 
fish and fish fry, spawning areas for fish and other 
organisms, and critical habitat for the food organisms of 
fish. In addition, larger plants retain many nutrients 
that might otherwise cause algal blooms. Aquatic plants 
are a critical component of all lakes. Too few plants are 
as significant a problem as too many. 

A typical longitudinal view of aquatic plant 
communities is shown in Figure B-1. In shallow water, 
emergent (a glossary is included as Appendix I) plants form 
a belt of vegetation around the lake that helps prevent 
erosion and provides habitat for birds and spawning areas 
for fish. Typical plants in this zone are Cattails and 
Arrowhead. Some common native plants are shown in Appendix 
K. Beyond this area, floating-leaved plants are found which 
are also important for fish habitat. Typical plants of 
this zone are Pondlilies and Waterlilies. In water too 
deep for emergent and floating-leaved plants, submerged 
plants begin to appear. Plants in this zone grow completely 
under water. Plants in this zone are also important fish 
habitat, and often provide much of the nutrients for the 
food organisms of fish. Pondweeds and Milfoils are typical 
of this zone. The zone in which these rooted plants grow 
is referred to as the littoral zone. Both within this area, 
and in water too deep for rooted plants, microscopic algae 
(phytoplankton) grow suspended in the surface waters. These 
plants are also important as a source of food, but may grow 
in overabundance in the presence of high nutrient 
concentrations. Overabundant algal growths are referred 
to as algal blooms. 

The depth to which each group of plants grows is 
controlled by many interacting environmental factors, the 
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chief among these are nutrients and light. Rooted plants 
derive their nutrients from sediments, while microscopic, 
floating algae get their nutrients from the water. Light 
conditions are controlled by the transparency of the water. 
Lakes with high transparency allow light to penetrate deep 
into the lake. Submersed plants in these lakes may grow 
as deep as 20 feet for vascular rooted plants, and up to 
50 feet for mosses and large, macroscopic algae. However, 
if transparency is low due to the presence of silt, or high 
nutrients that result in algal blooms, the depth of plant 
growth may be reduced to as little as two feet. Most lakes 
are somewhere in between. 

Nuisance Plants. Many people believe that there is 
a concrete definition of what constitutes a "nuisance", 
but this is not true. In most cases, a nuisance is only 
what interferes with human use of the lake. One man's 
nuisance may well be another person's garden. The tolerance 
of plants for swimming areas is far less than that for 
fishing areas, or fish spawning areas. A nuisance problem 
is generally defined in purely human terms. 

Beyond this, there is evidence suggesting that an 
intermediate amount of plant growth is best for the lake 
ecosystem. This intermediate growth optimizes fish size 
and production, and maximizes the diversity of habitats 
for fish and fish food organisms. 

Also, overabundant plant growth may contribute to the 
gradual aging of lakes, the process known as eutrophication. 
However, most native species will contribute to this problem 
as much as any nonnative plant, if growing in sufficient 
quantity to constitute a nuisance. 

Exotic Plants. Certain plants do have a greater 
propensity towards forming nuisance populations than others. 
Generally, these species are not native to this country, 
but rather accidentally or intentionally brought from 
another continent to North America. Once established in 
a new home in this continent, they are generally once more 
unintentionally spread from one habitat to another. Because 
these species lack the natural enemies in this country that 
they had in their native lands, they tend to grow rapidly, 
to high densities, and thus result in nuisance populations. 

In addition to the nuisance perceived by humans to 
their intended use of waterways, these species create a 
disturbance to the natural ecosystem. Since the plants 
grow to high densities, they outcompete natural, native 
vegetation. They reduce habitat diversity, and often create 
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an inferior habitat and/or are an inferior food source for 
native animals. Also, they cause the ecosystem problems 
discussed above relating to nuisance plant problems; i.e., 
increased rates of eutrophication, decreased fish size and 
production. Three of the common exotic nuisance plants 
to lakes and rivers in the Northeast will be described 
below, with a short discussion of their characteristics 
and life history. 

Eurasian Watermilfoil (Myriophyllum spicatum L.), Figure B-2 

Eurasian Watermilfoil is the most common exotic 
nuisance in the lakes and rivers of the Northeast. Of 36 
lakes listed by NYS DEC as having nuisance vegetation 
problems, 32 are listed as having Eurasian Watermilfoil 
as one of the problem species. Only one lake lists a 
problem with a native species. 

Eurasian Watermilfoil is a native of Europe and Asia, 
brought to this country in the later part of the last 
century. It did not become a nuisance problem until the 
late 1940's, in the Chesapeake Bay region. It then rapidly 
spread from Maryland to New Jersey, New York, the deep 
south, and to the midwest. By the 1970's, it was a problem 
plant in Washington state and British Columbia. Eurasian 
Watermilfoil became a nuisance problem in New York lakes 
in the early 1960's in the Finger Lake region, by 1965 in 
Lake Champlain, and the early 1970's in the smaller lakes 
of eastern New York. 

The plant grows vigorously in the early summer, to 
reach the surface of the water, where it forms a dense 
canopy of stems and leaves just under the surface. This 
growth form effectively shades lower-growing native plants. 
Much of the stems or roots survive over winter. The plant 
reproduces predominantly by plant fragments, particularly 
those formed by the plant itself, though it may reproduce 
from stem fragments created by human and other disturbances. 
These fragments both spread the plant within a given 
waterway, or may be transported by boat trailers or other 
human mechanisms to other lakes. This transport of plant 
material is undoubtedly the most important mode of spread 
of this species. Although seeds are formed, they are not 
considered important in spreading the plant within a given 
waterbody, and have not been documented to be important 
in the spread between lakes, except in a few isolated 
cases. 

The most important factor in limiting the spread of 
this plant is to carefully prevent the introduction of stem 
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fragments at boat launch sites or other boat transfer 
points. The type of effort required includes posting all 
boat launches, enforcing proper boat cleaning, and educating 
the lake-using public about the dangers of this and other 
exotic plants. Further, an effort to prevent the 
introduction of this plant into other lakes or rivers 
upstream of your lake is essential. Lastly, not encouraging 
populations of visiting waterfowl through feeding will 
reduce the possibility of spreading this species by seed, 
as well as removing potential health and water quality 
degradation affects from large congregations of waterfowl. 

Curly-leaf Pondweed (Potamogeton crispus L.), Figure B-3 

Curly-leaf Pond weed is another native of Europe and 
Asia, though introduced to this country at a later date 
than Eurasian Watermilfoil. Although it does form dense 
vegetation, it generally reaches peak growth in late June 
to early July, and then dies back completely. Thus, it 
is only a transient nusiance problem. However, it often 
grows in conjunction with Eurasian Watermilfoil, thus 
extending the period of dense nuisance growth to earlier 
in the year. Of the 36 lakes listed as having nusiance 
problems by NYS DEC, 6 indicated f. crispus as one of the 
nuisance species. Curly-leaf pondweed is a nuisance plant 
throughout the temperate areas of North America, but often 
at times or in water bodies with cooler water temperatures. 

This species oversummers in a tightly compressed stem 
node, called a turion, a vegetative propagule. These 
turions form in late June to early July, and are often the 
only form of the plant found throughout the summer and fall. 
As the water cools off, the turions germinate in late 
October, and growth of the stems procede until the lake 
becomes very cold or freezes. In the spring, growth 
resumes, with nuisance growth appearing as early as May. 
Flowering, seed set, and turion formation follows in June 
and July, with the plant dying back once more. As with 
Eurasian Watermilfoil, the seeds are generally not 
considered important to the spread of the plant. However, 
plants spread quickly via the passive movement of turions 
in the water body by water movement, or to other water 
bodies by consumption of both turions and seeds by 
waterfowl. Again, another good reason not to encourage 
waterfowl by feeding them. 

Waterchestnut (Trapa natans L.), Figure B-4 

Unlike the previous two species, which both grow 
completely submersed, Waterchestnut is a floating-leaved 
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plant. A native of Asia, it was brought initially to 
Schenectady County as an ornamental plant. During a flood, 
it escaped into the Mohawk and Hudson rivers. Although 
it did spread to other states at an earlier date, it is 
now predominantly a nuisance only in eastern New York and 
western Vermont - primarily the Mohawk and Hudson Rivers, 
and Lake Champlain. Because it has a limited distribution 
in this country, far less is known about it than the other 
two species. 

Waterchestnut stem fragments may cause a limited amount 
of spread, but in this species the critical life cycle phase 
is the seed. Waterchestnut overwinters only by the seed, 
and is spread through seed movement - both passively, by 
water movement, and actively by being carried on animals. 

The plant is weakly rooted on the bottom, and forms 
a floating ring, or rosette, of small leaves on the surface. 
In mid-summer through early fall, each plant forms up to 
twenty flowers that then may produce a seed. Seeds are 
very large, generally having four spines, and may either 
float or sink. Although most seeds germinate the spring 
after they are produced, some may wait until years later. 
Some investigators report seeds as being able to germinate 
up to seven years after they were formed. 

If you think you have any of these species in your 
lake, send a specimen to the Rensselaer Fresh Water 
Institute for verification. We will identify it free of 
charge (Appendix G). 
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Figure 8-1. 
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Figure B-2. A line drawing of Eurasian Watermilfoil, 
Myriophyllum spicatum L. From Crow and 
Hallquist, 1983. 
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Figure 8-3. A line drawing of Curly-leaf Pondweed, 
Potamogeton crispus L. From Hellquist and 
Crow, 1980. 
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Figure B-4. A line drawing of Waterchestnut, Trapa natans 
l. From Crow and Hellquist, 1983. 
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APPENDIX C 

LAKE MANAGEMENT TECHNIQUES 

Lake management is generally keyed to maintenance or 
improvement of an accustomed use rather than what is best 
for a lake from a purely environmental standpoint. It 
should be realized that while discussing lake management, 
we are actually managing not only the lake but all the land 
area that drains into it as well, its' watershed. 

Management of a lake as a valuable resource is a 
necessary step, even if there are no perceived water quality 
problems occurring at the present time. As with any 
management decision, there is a step-wise progression of 
activities which if followed will allow for sound decisions 
based on the most informed judgement. 

The management of aquatic vegetation is one aspect 
of an overall management plan for your lake. Whether or 
not your lake has any obvious problems, you should have 
a lakewide management plan that includes a vegetation 
component. In fact, it is even better to have such a plan 
if you do not have any obvious nuisance problems - then 
you can manage your lake to prevent problems from occurring, 
which is much cheaper and more effective than attempting 
to remedy an existing problem. In lake management more 
than elsewhere, the old adage is true: '"An ounce of 
prevention is worth a pound of cure." 

A basic management plan for any lake should have five 
important components: 

PREVENTION 
!DENTI FICA TION 

EDUCATION 
MONITORING 

CONTROL AND REASSESSMENT 

Of course, these five aspects have overlapping activities, 
but they outline basic areas for lake management practice. 

Prevention. With all potential lake problems, 
prevention is easier and more effective than attempting 
to solve these problems afterward. With aquatic plant 
problems in particular and most lakewater problems in 
general, there are two main areas to address in preventing 
future nuisance occurrences. These areas are important 
to pursue even if a problem is occurring. 
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1. Reduce the addition of nutrients. sediments and 
pollutants into the lake. Most problems encountered 
in lakes can be traced to excess nutrients either 
dissolved in the incoming waters or carried with 
sediments suspended in runoff waters. Rooted aquatic 
plants derive their nutrients from the sediment. 
Algae, particularly plankton, extract their nutritional 
requirements from the water. Efforts should be made 
to reduce nonpoint sources of pollution, particularly 
stormwater runoff, which carries soil particles, 
nutrients and frequently a host of other pollutants. 
Potential sources of nutrients getting into the lake 
should be identified, and steps toward remediation 
made. This will also reduce the likelihood of algal 
blooms in the future, reduce sedimentation and 
generally improve transparency. 

2. Prevent the introduction of exotic species. Prevention 
of exotic species introduction is best done by 
informing all lake users of the dangers of exotic 
species, checking and/or cleaning all boats entering 
and leaving the lake of plant fragments and propagules, 
enforcing rules on introducing species, and preventing 
the introduction of exotic species in upstream reaches 
of your waterway (upstream lakes and rivers). Also, 
discourage lake users from feeding waterfowl. Large 
collections of waterfowl increase the likelihood of 
nuisance plant and animal introductions via waterfowl 
transport. It also has other benefits, such as 
reducing the spread of swimmers itch and other forms 
of contact dermititis, and other public health 
concerns. 

Identification. Determining what constitute the major 
problems in a lake is generally a search for symptoms rather 
than causes; for instance, complaints of too much algae, 
too many weeds, not enough fish, etc. Developing a 
concensus of opinion regarding the problems of any lake 
generally involves a variety of lake users including 
landowners, visitors, local and regional gevernment agencies 
and commercial interests. Involving all of these groups 
in the management process, from the formative stages, will 
short circuit many potential problems and lead to a better 
management plan. 

Education. Educating the lake association members 
and lake users about the basic facts of lake ecology and 
lake management will greatly assist the management of your 
lake. Education will make people aware of both the 
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potential problems, and of the solutions to these problems. 
It will make the public more amenable to changing the way 
they use the lake or land around the lake, and create 
support for action in preventing lake problems from 
occurring. It will also increase peoples appreciation for 
the lake and its delicate natural balance. 

Monitoring. In addition to periodic examination of 
water quality and aquatic plant communities as discussed 
in this report, your lake association should consider 
establishing a lay monitoring program. Lay monitors can 
generate information on water transparency, chemical 
characteristics, and the extent of native and non-native 
aquatic plants after some basic instruction. This is 
generally a cost effective way to gather basic information 
on your lake. If sudden shifts in any of the parameters 
measured are found, if unknown species are observed, or 
much denser growths observed than previously seen, the staff 
of the Fresh Water Institute may be able to offer 
suggestions for further investigation or identifications 
for the plants found (Appendix G). NYS DEC can also 
identify these plants for you or offer assistance in tracing 
problems to their causes. If the plants are exotic species 
or sources of pollutants are readily identifiable, immediate 
action on control may allow a low-impact control method, 
for example hand harvesting to control the plants. As with 
the control of cancer in the human body, so the early 
diagnosis and control of nuisance plants, particularly 
exotic species, and sources of pollution will increase the 
likelihood of successfully managing your lake. 

Control and Reassessment. If nuisance plant conditions 
develop or other problems arise, and control needs to be 
implemented, six principles are accepted for a program of 
Integrated Lake Management (ILM): 

1 Integrate individual control tactics into an overall 
ILM strategy 

2 Treat the cause of the problem 

3 Manage the ecosystem according to economic and 
environmental thresholds 

4 Monitor the ecosystem for changes 

5 Develop and maintain interdisciplinary coordination 

6 Manage ecosystem by management units and uses 

C-3 



1 Control tactics. No one control tactic is appropriate 
for all areas of a lake, at all times. If anyone tells 
you that "Tactic X" (such as a particular chemical, 
herbicides in general, dredging, harvesting, or whatever) 
is the only way to treat a lake problem, you have found 
a bona fide nonexpert who should be ignored. Develop a 
plan for managing your lake, which utilizes several 
different control tactics, and review it every few years 
to revise or replace the tactics used. A review of tactics 
is given in Appendix J. 

There are four basic types of tactics: 

BIOLOGICAL 
CHEMICAL 

MECHANICAL 
PHYSICAL 

All of these techniques will require monitoring, 
reassessment, and reevaluation. There is no perfect control 
tactic, which can be applied with the results that all of 
our troubles will disappear. 

Biological. Biological control is used principally 
to deal with aquatic plant problems, and utilizes an 
organism that is either a disease of plants, eats plants, 
or is a plant that can outcompete the nuisance plant, yet 
does not become a nuisance itself. Some examples of 
biological control organisms currently being examined for 
the three types mentioned above are fungi, other plants, 
crayfish, insects, and plant-eating fish. Although some 
of these possibilities look promising, none are currently 
implemented with success in New York State. 

Other examples of biological control can also be found 
in fisheries management, where stocking of game fish or 
forage fish is a common practice. A thorough understanding 
of the complex interaction at all levels of the food web 
is necessary to avoid serious repercussions. Stocking of 
lakes is generally tightly controlled by the NYSDEC. 
Private pond owners may get management suggestions from 
the Cooperative Extension Service (Appendix H). 

Biological control within the terrestrial portions 
of the basin generally takes the form of planting of 
erosion resistant species and maintenance of "green strips" 
along the shoreline. These plantings are of particular 
importance along the lake shore and in areas of excessive 
drainage, steep slopes or coarse soils. Vegetation helps 
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to slow the movements of water, trap eroding soils and 
capture nutrients before they reach the lake. These are 
generally included in what is termed Best Management 
Practices (BMP) for control of runoff and resultant erosion. 
The local Soil and Water Conservation Service can provide 
useful information on erosion control and soil stabilization 
(Appendix H). 

Chemical. Chemical control of aquatic plants is the 
most common in the United States, but is not as common in 
New York State. The chemical Copper Sulfate is often used 
to control nuisance algal blooms, but has little effect 
on rooted vegetation. However, since the permit is easily 
acquired, many lake associations try to use it anyway. 

Chemical control requires a permit from NYS DEC region 
office. The addresses for permit requests are given in 
Appendix H. It is almost impossible to get such a permit 
for a lake that is a drinking water supply. If such a 
permit is obtained, there will be requirements on how long 
the lake not be used for recreational activities, with signs 
posted notifying the public of such a ban, and only a 
portion of the lake may be controlled in a single 
application or during a single year. 

Although the federal government (US EPA) licenses, or 
"labels", many herbicides in the country, each state may 
also restrict the herbicides available within the state 
- a state "label" process. New York State is one of the 
most restrictive, with only a few herbicides approved 
for use in surface waters. For submersed aquatic plants, 
virtually the only approved chemical is 2,4 D (sold as 
Diquat). Even so, this chemical has many restrictions on 
its use and on the use of the water afterwards. The 
chemical "f1uridone" (trade name SONARtm) is not currently 
approved for use in the state, so a "special needs" permit 
would be required for its use - an extra step in the 
bureaucratic process. 

In addition to the work involved in obtaining permits 
from government agencies, the herbicide itself must be 
applied by a licensed applicator. Therefore, those 
interested in using herbicides or other chemicals should 
contact a lake management consulting firm to assist in the 
entire process, from permit applications through herbicide 
application. A partial list of consultants in the region 
is given as Appendix E. The long-term effects of herbicide 
applications are still suspect by many, but there is no 
doubt that the herbicides employed today are far less toxic 
and deleterious than those used two decades ago. Innovative 
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herbicides are also under development. For instance, growth 
hormones may be applied in the future to prevent flowering 
and seed set in Waterchestnut, with no impact on animals. 
However, those herbicides are still in the future. 

Other chemical control agents are used to restrict 
the availability of nutrients, thus reducing the abundance 
of algae. These generally key on tying up phosphorus 
compounds within the sediments and reducing their 
availability to planktonic algae. This is an inlake 
solution to nutrient enrichment and generally requires that 
additional steps be taken outside the lake to restrict the 
addition of nutrients. These out of lake restrictions 
usually require management of stormwater runoff, point 
sources of pollution (e.g., sewage) and a host of other 
potential sources. 

Mechanical. Mechanical control involves a large number 
of techniques that use machinery to remove plant material. 
Some of these techniques may also overlap with the last 
category, physical control. A table comparing these 
techniques, reprinted from "Diet for a Small Lake" (Saltman 
et al., 1990), is presented in Appendix J. In general, 
mechanical methods are long-term mitigation techniques that 
are very expensive and often very slow to achieve control. 

The most common form of mechanical control for aquatic 
plants is cutting or harvesting. The difference between 
these two is that cutting involves only the mowing of plant 
material, while harvesting includes the removal of this 
material from the lake. These techniques are slow, 
expensive, and do little towards a permanent solution of 
the plant problem - as well as creating the problem of what 
to do with the harvested or cut plants. 

A low-tech approach to mechanical aquatic plant control 
includes hand harvesting, using simple hand tools, and other 
labor-intensive control measures. These techniques are 
often quite successful on a small scale, and have the 
advantage of using volunteer labor versus large amounts 
of money. 

Physical. Physical control techniques alter the 
plant's environment, thus making it unfavorable for the 
plants to exist. Some typical aquatic plant control 
techniques in this category are benthic mat materials placed 
on the bottom, dredging, dyes, drawdown and nutrient 
inactivation. In-lake physical control techniques for 
nutrient and sediment removal generally involve dredging 
or hypolimnetic withdrawl of nutrient rich waters during 
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summer stratification. Many of these techniques are quite 
successful, but may require large amounts of money or labor. 
Often, the local regulatory agency is hesitant to allow 
these control efforts due to an alteration in spawning 
habitat for fish or habitat for other organisms. 

Physical control techniques within the lake's watershed 
are frequently aimed at diversion or infiltration of 
nutrient rich runoff waters. These may take the form of 
diversion of a sewage treatment plant effluent out of the 
lakes watershed, building of stormwater retention and 
infiltration devices, installation of sediment traps along 
roadways, and a number of other methods. As with most 
physical controls, these projects require substantial 
funding for construction and monitoring. 

2 Treat the cause of the problem. Most aquatic control 
techniques are merely cosmetic, like mowing the lawn, and 
only treat the symptom of the problem. Although this may 
be necessary to allow use of the lake, a control strategy 
must also examine what can be done in the long-term to 
control the aquatic plants. As with prevention, a key to 
this effort is to identify and remediate nonpoint and point 
sources of pollution, and prevent the influx of exotic plant 
and animals, or even the continued reintroduction of the 
species in question. Although treating the cause of the 
problem may be more difficult, in the long run it will 
produce significant results toward improving the lake. 

3 Manage according to environmental and economic 
thresholds. In developing an overall strategy for managing 
your lake, realize early the limitations of the environment 
on which you are working, or limitations of the economic 
base or funding you have. In reality, this phase is a 
complicated way of saying something very practical - know 
your limits. Don't get your expectations up without reason. 

Environmental thresholds are the acceptable limits 
for management of your lake in terms of human health or 
ecosystem risk. If your lake is a drinking water supply, 
it will be much more difficult to obtain permits for 
herbicide use than if it is a lake for fishing use only. 
Also, the lake residents must ultimately agree on the chosen 
technique for the permit to be issued. Other environmental 
thresholds might include not considering drawdown in lakes 
without dams, or ones with sensitive classified wetlands. 

Economic thresholds are limits of the potential costs 
of each technique, relative to your budget. Hand harvesting 
is cost-effective if using volunteer labor, but may not 
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be cost-effective if commercial divers are employed. 
Benthic barrier mats are realistic for small applications 
(one acre or less per area), but are unrealistic for 
treating all of a 100 acre lake. 

No technique is without some drawbacks, either 
environmental or economic. Therefore, the best choice must 
be made for the given thresholds. 

4 Monitor the ecosystem for changes. With all control 
techniques, or while examining the problem, the lake 
environment and plant populations must be monitored to see 
if problems are persistent, or increasing, to examine if 
control techniques are working, and to assess the 
environmental impact of control techniques. Without 
adequate information on the lake, including its watershed, 
and the problems in question, appropriate management 
techniques cannot be selected. If the techniques are 
working well, other less expensive or more 
environmentally-sound techniques may be substituted. Also, 
environmental monitoring will indicate if a technique is 
having unforeseen adverse environmental impacts. The 
monitoring program should be tailored for the intensity 
of control, and size of population. 

5 Develop and maintain interdisciplinary coordination. 
This simply means to maintain ties to governmental agencies 
(local, state and federal), the lake association members 
and state or national associations, and interested 
professionals who have special abilities necessary for lake 
management, whether scientific or legal. To run a 
successful lake management program requires the cooperation 
of many individuals and groups, particularly a diversity 
of governmental agencies. Far too many lake associations 
have "shot themselves in the foot" by arrogant demands on 
regulatory agencies or government funding sources. Although 
some maintain that is the only way to get their attention, 
it only succeeds in creating an uncooperative atmosphere. 

Permits may appear to some to be unnecessary 
inconvenience and bureaucratic intervention, but it is 
better than allowing anyone to do as they wish with a common 
resource. Permits ensure that conservative action is 
maintained, preserving the lake from a catastrophic action. 
However, the resulting inaction is often misunderstood by 
the local residents of a lake. 

If government agencies create some inconvenience to 
lake associations through the requirements of permits, they 
counteract some of this inconvenience by providing some 
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technical assistance and opportunities for funding. 
Funding is often available from local, county, state and 
federal programs. Contacting your local representative 
or town board member may reveal some potential sources of 
assistance. State government may also provide some 
assistance through special legislation or programs. 
The staff who provide technical assistance or funding are 
generally different from those who review permits. The 
addresses of key offices of state government for permits 
or technical assistance is presented in Appendix H. 

Scientists, lawyers, and educators are often helpful 
in different phases of lake management. They may volunteer 
to assist, or work for modest amounts as consultants. They 
provide a source for technical information not always 
readily obtained. The Rensselaer Fresh Water Institute, 
for instance, has a newsletter and summer seminar series 
designed in part to inform the public (see Appendix G for 
mailing list information). 

Professional consultants are generally required for 
large-scale control programs, such as herbicide 
applications, harvesting, dredging, or larger diagnostic 
studies. A list of some local consulting firms specializing 
in lake management procedures is given in Appendix E. This 
list does not constitute an endorsement or advertisement; 
it is simply provided for your convenience. Other 
consultants may have been overlooked. 

Lake associations must band together to have the 
required political clout to maintain programs to manage 
lakes. Two excellent "umbrella" groups are the North 
American Lake Management Society (NALMS) and the New York 
Federation of Lake Associations (FOLA). Both publish 
information newsletters and brochures, and memberships are 
available both for lake assocations and individuals. 
Membership information for these groups is enclosed as 
Appendix F. 

6 Manage ecosystem by management units or uses. The 
lake management strategy should identify separate units 
or areas of use. These may be locations with differing 
densities of plants, areas of different use, or other 
special features. For instance, a beach area should be 
managed at a different intensity and by different methods 
than a more remote area of wetland, with little human use. 
Areas predominantly used for waterskiing may have different 
limitations than those used only for fishing. Also, areas 
near drinking water intakes or engineering structures may 
have different thresholds than those of lower uses. 
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APPENDIX E 

List of Lake Management Consultants' 
'This list does not constitute an endorsement, but is merely 
for reference. Some consultants in the area may have been 
overlooked. 

Adirondack Harvesters, Inc. 
P.O. Box 265298 
Riverside Avenue 
Rensselaer, NY 12144 
(518)399-1821 

Aquatic Control Technologies 
6 Maple Street 
P.O. Box 742 
Northborough, MA 01532 
(508)393-8846 

Dr. Gerald Smith, President 
Mr. Dan Helsel, Sr. Biologist 

F.X. Browne Associates, Inc. 
220 s. Broad Street 
Lansdale, PA 19446 
(215)362-3878 

Mr. Michael Martin, Biologist 

Ecoscience 
R.D. 4, Box 208 
Moscow, PA 18444 
(717) 842-7631 

Mr. Russell James, Biologist 

Environment/One Corp. 
2773 Balltown Road 
Schenectady, NY 12309 
(518)346-6161 

Dr. Fred Hardt, P.C. 
6 Wing Road 
Rexford, NY 12148 
(518)399-1821 
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LA Group 
468 Broadway Street 
Saratoga Springs, NY 12866 
(518)587-8100 

Mr. Dean Long, Consultant 

Law Environmental 
Corporate Plaza West 
Washington Avenue Extension 
Albany, NY 12203 
(518)869-0364 

Mr. Robert Clifford, Consultant 

Lycott Environmental Research 
600 Charlton Street 
Southbridge, MA 01550 
(508)765-0101 
(800)463-8211 

Mr. Lee Lyman, President 
Dr. Alexander Duran, Limnologist 
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APPENDIX F 

State and National Lake Association Groups 
Membership Applications 

New York Federation of Lake Associations 

North American Lake Management Society 
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FEDERATION NEWS The Federation of Lake Associations 
currently provides additional copies of 

For Federation members and others who were 
unable to attend the Annual Scientific Conference 
last June, audio tapes of the speakers are available. 
During the ;uccessful three-day event, excellent 
presentations were given on the identification and 
control of non-point source pollution and case 
histories of watershed management projects 
conducted in New York State. Additional 
presentations were given on SEQR, acid rain, human 
health aspects of concern for water quality, public 
access and user conflicts. and grass carp 
investigations. 

"Waterworks" to lake association presidents for 
distribution to interested individuals within their 
associations (see bottom of FO LA application form 
on page eleven). In order to improve on this 
service, we will soon provide individual 
subscriptions of Waterworks. whereby copies of the 
newsletter will be sent directly to all those who 
apply. We will begin providing this service in April. 

*.**** •• ** •••• **** 

Unedited tapes of the entire conference or 
of individual speakers may be purchased for 
$5.00/tape by writing to the Federation of Lake 
Associations, Inc. 2175 Ten Eyck Avenue, 
Cazenovia, New York 13035. Names, addresses, and 
topics of the speakers are also available by writing 
to this address. 

In addition to Ihe scheduled FOLA 1990 
Scientific Conference which will be held in the 
Adirondacks next June, the Federation of Lake 
Associations is also planning to conduct two regional 
day-long conferences in other areas of the state. 
Regional FO LA con ferences on lake and watershed 
management will be held in July and August in the 
Finger Lakes and Lower Hudson Valley regions. 

The Federation of lake Associations 
We an'.l w.llilion of organizations ul,dkau>(j to the preservation and restuI.llion of dlll.lkl'S, pond .. and rivers throughout Nt'w York 

Sltllt'. W{' Wl'icoITW .md encouragC' the m{'rn~lI'r"hip~ of lake associations, property owner group~, fj~h ,md game duh~, curpurdlions and 
individual<.. The F('(Jeration is incorpor.ltpd under two mirror org.miz.ltions with the s.lme {)fficer~ ,mn board of dirpctors. 

The Federation of lake Associations, Inc. purposes are: 
• to provide .1 dl~'lringh()u~(> of environmpntdl inforlll.Jtion and expt'rtisc in JII rn,II!I'p. p('rt,lIlIing to 1.lkl· 1l1.Ul,lgt'ment 
• to prolllOIl' by educdtion the wise u~e <lnd appreciation of the lakes in New York Slate. 
• to provide· tl pool of technic.11 knowll'dge ,HId expertise to advise .md assist member associdlionc; dnd individuals. 
• to l'~ldblish liaison with other environmental groups and agencies. 
• to provide a coordinating structure for lake-related research projects. 

The Federation of lakes, Inc. purposes are: 
• to monitor and report to mpmbers 011 I(>ghlation and administrative actions affecting the wdlers of New York State. 
• to support and lubby for legi~lillion .md admistrative altions which promote the sound management of Ihe waters of New York 

Stolte. 

Associ.llion ... with up to 99 membf!rs 
Associalions with 100 to 199 members 
Associations with 200 or more members 
Individual 

MEMBERSHIP CATERGORIES 

.......... $IS.OO/yr. Corporate 

......... $JO.OO/yr. 
... $50.00/yr. 

... $100.00/yr. 
.... $IOO.OO/yr. 

Additional Copies of Waterworks· .................................. $.50 each 

Mf'mbership dues over $5.00 are tax deductible contributions to the Federatiun uf ldkc Associations, 10 be used for educational, scientific 
and public information activities of the Federation. 

APPLICATION FOR MEMBERSHIP 
THE FEDERATION OF LAKE ASSOCIATIONS, INC., 273 HOllYWOOD AVE., ROCHESTER, NY 14618 

Type of Member~hip (please cheLk) o Association o Individual o Corporate 

Association Name: ___ . 

Assoc. AJdrcss: Street _____ City ______ State ______ Zip County 

President/Conldct Person: ____________________________________ _ 

Summer Address 

Summer Phone ( 

_________________ Winter Address 

_______________ Winler Phone ( 

Total number of newc,leHers requested of each issue: 
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New membership year 
A dramatic change In NALMS' membership 
year was approved by the board May 20 at the 
Mid-term meeting In Chicago. 

Effective June 1, renewals will be due the 
month the member originally Joined the 
Society. 

Membership had always been on a calen-. 
dar year basis, so for a year or so, most 
renewals will still be due Jan. 1. 

"But eventually renewals will spread out," 
Observed Lura Taggart, who handles NALMS' 
membership. "People joining NALMS at the 
annual conference will enter our records 
whenever they register, probably giving us 
surges In membership In the fall." 

Taggart Is now hand-lettering the change 
In membership year on the 1989 cards - un
doubtedly making them collectors' Items In 
the futurel 

Certification plan 
(colltinued/rom page 20) 

Dennis R. Bokemeier, manager 
of Lake Summerset Association, 
chaired the Certification Subcommit
tee with Don Porcella of EPRI, David 
Jansen, manager of Galena Territory, 

and Geoffrey Hughes of Natural Water Tech
nologies serving on the subcommittee. 

Lowell L. Klessig, University of Wisconsin Exten
sion, chaired the Curriculum Subcommittee, as
sisted by G. Dennis Cooke of Kent State University 
and William H. Funk of Washington State University. 

Frank X. Browne chaired the Continuing Educa
tion Subcommittee with Jane E. Smith of Lake Wal
lenpaupack Watershed Management District and 
Ernest A. McCune of Lake Management Services, 
Inc., as members. 

1989-1990 Membership Application for the 
NORTH AMERICAN LAKE MANAGEMENT SOCIETY 

I would like to joill NALMS this year as a 

D Student member: $20 (illcludes the 1989Jouma/) 

D Active member (individuals & families): $20 or $50 (illcludes the 1989Jouma/) or $60 (overseas) 

D Nonprofit organizations: $30 or $60 (illcludes the 1989Jouma/) 

D Corporate member: $250 (illcludes the 1989Jouma/) 

D Sustaining member: $500 (illc/udes the 1989JolI",al; $4000/tlJis goes to the Elldowmellt/ulld) 

D Lil. Member: $750 (illc/lldes the 1989Jollrna/) 

Spollsoredby (member's lIame)' __________________________ _ 

NAME ______________________________________________________ __ 

AFFILIATION ________________________________________________ _ 

ADDRESS _____________________________________________________ __ 

CITY/STATE/ZIP ___________________________________________________ _ 

AREA CODE/PHONE NUMBER ____________________ _ 

Amount enciosed ______ Pay by check, _____ Bill me ___ Bill Agency/Workplace ___ __ 

VISNMC Exp. date ____ _ 

All mcmbersiJips 11111 a year startillg with the mOllth YOIl joill. 

Mail application to NAI.MS • P.O. 8ox217 • Merrifield. VA 22116 • 202/466-8550 

Puge 22 LAKE LINE, July 1989 
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APPENDIX G 

Mailing List Information for the RFWI Newsletter 

and Summer Seminar Series 

Aquatic Plant Identification Program Announcement 

Line Drawing of Eurasian Watermilfoil for Poster 

From Crow and Hellquist 1983 

Example of a poster for a boat ramp 
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:<Cut Along This Line 

Newsletter Editor 

Rensselaer Fresh Water Institute 
MRC 203 

Rensselaer Fresh Water Institute 

Please add my name to the mailing list for 

the RFWI Update. 

Name ______________________________________ __ 

Address __________________________________ ___ 

City 

State Zip Code ____________ _ 

I would also like to be on the mailing 

list for the Summer Seminar Series 

announcements. 
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Rcm~selaer Polytechnic Institute 
Troy. New York 12180-3590 

Charles W Boylen. Director 
(518) 276-6757 

Rensselaer Fresh Water Institute, Troy, New York 12180-3590 

AQUATIC PLANT IDENTIFICATION PROGRAM 

Rensselaer Fresh Water Institute has an ongoing program 
of identifying new sites with Eurasian Watermilfoil both 
in Lake George, and regional lakes. If you have a plant 
that you think may be Eurasian Watermilfoil, we will gladly 
identify it for you free of charge. 

To have plants identified, send or bring at least three 
intact plants to the RFWI laboratory facility in Bolton 
Landing on Lakeshore Drive (Route 9N) or to our RPI campus 
office (Materials Research Center 203). The plants should 
be in a plastic bag or container with water. In addition, 
we would like the following information: name of collector, 
lake name, site of collection, depth at which the plant 
was growing, date of collection, the name and phone number 
of a person to contact with the results. 

Plants for identification should be directed to John 
Madsen. For more information, contact the RFWI site at 
ph. 644-3541 or in Troy at 276-6757. 

Lake Geor(jc In:-;tltutc Facilit'les • Box 84 C. Bolton Landing NY ,,,814 • (518) G~4-3541 



BOATERS 
Aquatic Plant 

Warning 
THE TRANSPORT OF AQUATIC PLANT FRAGMENTS BETWEEN 

LAKES IS A MAJOR ECOLOGICAL THREAT TO ALL OUR LAKES 

PLEASE inspect your boat and 
trailer before launching and 
after removing your boat for 
the presence of any aquatic 
plant material. Remove all 
plant fragments and discard 
them safely on dry land away 
from the lake. Be especially 
careful after boating in a lake 
that is already infested with 
non-native aquatic plants. 

Rensselaer 
Fresh Water 

Institute 

...t ... 11 , 

Eurasian Watermilfoil a 
non-native aquatic plants 
that can grow rapidly and 
become a nuisance to both 
boaters and swimmers. 

A 
motor/prop.ller 

Rensselaer County 
Federation of 

Lake Associations 





APPENDIX H 

Government Agency Addresses 

Permits 

Adirondack Park Agency 
P.O. Box 99 
Ray Brook, NY 12977 
(518) 891-4050 
ATTN: Mr. Dick Jarvis 

NYS DEC Region 4 Office 
New York State Department of Environmental Conservation 
2176 Guilderland Avenue 
Schenectady, NY 12306 
(518) 382-0680 
ATTN: Mr. William Clark, Regional Permit Administrator 

NYS DEC Region 5 Office 
New York State Department of Environmental Conservation 
Ray Brook, NY 12977 
(518) 891-1370 

NYS DEC Region 5 Office 
New York State Department of Environmental Conservation 
Hudson Street 
Warrensburg, NY 12885 
(518) 668-5441 
(518) 623-3671 

Technical Assistance 

New York State Department of Environmental Conservation 
Lake Services section 
50 Wolf Road - Room 301 
Albany, NY 12233-3502 
(518) 457-7470 
ATTN: Mr. Jim Swart 

Rensselaer County Department of Health 
Rensselaer County Office Building 
1600 7.:!<b Avenue 
Troy, NY 12180 
(518) 270-2681 
ATTN: Mr. Dennis Carroll 
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Technical Assistance, continued 

Rensselaer County Environmental Management Council 
Rensselaer County Office Building 
1600 7M! Avenue 
Troy, NY 12180 
(518) 270-2888 
ATTN: Mr. Michael Doyle 

Rensselaer County Soil Conservation Service 
Rensselaer County Office Building 
1600 7M! Avenue 
Troy, NY 12180 
(518) 270-2795 
ATTN: Mr. Thomas Sanford, District Manager 

Mr. Eric Swanson, District Conservationist 

Saratoga County Soil and Water Conservation District 
50 West High Street 
Ballston Spa, NY 12020 
(518) 885-6900 
ATTN: Mr. John Hamilton 

Mr. Marc Usher 

Saratoga County Cornell Cooperative Extension 
50 West High Street 
Ballston Spa, NY 12020 
(518) 885-8995 
ATTN: Ms. Jeanne H. Winters 

Warren COunty Cornell Cooperative Extension 
HCR02, Box 23B 
Warrensburg, NY 12885 
(518) 623-3291 
ATTN: Mr. Laurel Wells 

Warren County Soil Conservation Service 
Hudson Street 
Warrensburg, NY 
(518) 623-3671 
ATTN: Mr. J. Peck, County Extension 

Mr. Greg Tessman, FDA 
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Technical Assistance, continued 

Washington County Cornell Cooperative Extension 
County Office Building Annex .1 
Lower Main Street 
Hudson Falls, NY 12839 
(518) 747-2861 
ATTN: Ms. Eileen Ciance 

Washington County soil and Water Conservation District 
RD.1, Box 15-C, Moss Street 
Hudson Falls, NY 12839 
(518) 747-2154 
ATTN: Mr. Joseph Driscoll 

Information 

New York State Department of Environmental Conservation 
Bureau of Pesticides 
50 Wolf Road - Room 404 
Albany, NY 12233-3502 
(518) 457-7482 
ATTN: Ms. Marilyn DuBois 

NYS DOH Regional Office 
New York State Department of Health 
21 Bay Street 
Glens Falls, NY 12801 
(518) 793-3893 
ATTN: Mr. Brian Fear 
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APPENDIX I 
GLOSSARY 

GLOSSARY OF LIMNOLOGICAL TERMINOLOGY 

Acid Water which contains an excess of hydrogen ion (H+) 

Acid precipitation - Atmospheric deposition (rain, snow, 
dryfall) containing free or combined H+ ions, 
usually in combination with sulfate or nitrate ions. 

Aerobic - The presence of oxygen. 

Air equilibrated pH - A pH measurement taken after a test 
solution has been throughly mix with air. This 
mixing alters the concentration of gasses in the 
test solution to match those controlled by the 
surrounding atmosphere. 

Algae - Microscopic plant life. 

Algal blooms - Dense growths of microscopic plants, often 
forming surface mats and producing an unaesthetic 
sight and odor. 

Alkalinity - The ability of a natural water to neutralize 
added acid; waters with high alkalinity contain 
appreciable amounts of dissolved bicarbonate. 

Anaerobic - Without oxygen, anoxic. 

Anions - Any ion with a negative electrical charge, e.g., 
Cl-, S04 2 -. 

APA - Adirondack Park Agency. 

Autotrophy - The utilization of light energy from the sun 
or reduced inorganic compounds to fix carbon dioxide 
into organic matter as by plants and some bacteria. 

Bathymetry (Bathymetric Map) - The depth contours of the 
bottom of a water body. 

Benthos - Bottom dwelling organisms living on, within or 
attached to the sediment. The phytobenthos include 
the aquatic macrophytes and bottom dwelling algae. 
The zoobenthos (benthic fauna) include the worms, 
leeches, snails and clams. 

Bicarbonate - The principal acid-neutralizing and buffering 
chemical present in natural waters. 
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APPENDIX I 
GLOSSARY 

Biota - The flora (plants) and fauna (animals) together. 

Buffering CODacity - Capacity of water to neutralize 
incoming acids or bases, thus maintaining the 
original pH. 

Chlorophyll - Major light - gathering pigment of all 
photosynthetic organisms imparting the 
characteristic color of green plants and algae. 
Its relative measurement in natural waters is 
indicative of the concentration of algae in the 
water. 

Conductivity - A measure of the total ionic concentration 
of water. Water with high total dissolved solids 
(TDS) would have a high conductivity and conversely 
water with low TDS would have a low conductance. 

Decomposition - The metabolic breakdown of organic matter 
releasing energy and simple organic and inorganic 
compounds utilized by the decomposers themselves 
- the bacteria and fungi. 

Detritus - Usually refers to the fragmented, nondescript, 
partially decomposed remains of dead plant and 
animal life of both allochthonous and autochthonous 
sources. 

Dimictic - Lakes which have two periods of free mixing each 
year, one in the spring and another in the fall 
governed by an annual temperature cycle. During 
the summer the sun warms the upper water layers 
and the lake becomes stratified. See ThermoCline. 

Dissolved organic carbon (DOC) - SOluble organic carbon 
either excreted waste products by living organisms 
or released by the decomposing activities of 
microorganisms. 

Drainage basin (Catchment basin. Watershed) - The total 
area encompassing a water body within which 
precipitation flows toward that water body. 

Ecosystem - A dynamic association or interaction between 
communities of living organisms and their physical 
environment. Boundaries are arbitrary and must 
be stated or implied. 

Emergent - (plant) A rooted plant with stems or leaves 
extending vertically out of the water. 

fEA - Environmental Protection Agency. 
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APPENDIX I 
GLOSSARY 

Epilimnion - The warm, normally oxygen-rich surface layers 
of a lake lying above the thermocline where 
photosynthetic activity of the phytoplankton 
prevails. 

Epiphyte - the microbial community of algae, bacteria and 
protozoa which colonize the leaf surfaces of aquatic 
plants. See periphyton. 

Eutrophication - The process by which a body of water 
becomes increasingly more productive through a 
continual input of nutrients. Lakes are classified 
as oligotrophic (low productivity), mesotrophic 
(medium productivity) and eutrophic (high 
productivity) . 

Exotic - (plant) Plants that are not native, or indigenous, 
to this area; rather, they have been introduced 
by man sometime in recent history. 

Extinction Coefficient of light - As light penetrates a 
column of water specific wavelengths are 
preferentially absorbed. In order of increasing 
penetration are red, orange, yellow, green, blue 
and violet. The extinction coefficient is a 
mathematical term which quantifies the quenching 
light by water. 

Floating-leaved - (plant) A rooted plant with leaves that 
float on the surface, although some (such as 
duckweeds) are not rooted to the bottom. 

Food web - A characterization of energy and chemical flow 
through organisms such that the biota can be 
separated into functional units with nutritional 
interdependence. 

Hardness - A measure of the total concentration of dissolved 
cations (principally Ca2+ and Mg2+) which cause 
soap to precipitate in water. 

Heterotroph - an organsim that uses organic matter for food 
as by herbivorous, predatory and detritus-feeding 
organisms. 

Hymic matter - A general term for brown and black colored 
organic compounds which give the dark "tea" 
coloration to some natural waters. 
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APPENDIX I 
GLOSSARY 

Hydrological cycle - The movement of water between the 
earth's surface and atmosphere consisting of 3 
phases: precipitation, evaporation, and surface 
and groundwater runoff. Each phase involves 
transport, temporary storage and a change in the 
state of water. 

Hypolimnion - The cold, dark, frequently oxygen-poor lower 
layers of a lake lying below the thermocline where 
respiration and microbial decomposition predominate. 

Limnology - The study of freshwater aquatic ecosystems. 

Littoral zone - Shallow zone occurring at the edge of 
aquatic ecosystems extending from the shoreline 
outward to a point where rooted aquatic plants are 
no longer found. 

Macrophyte - aquatic plants. Refers primarily to the rooted 
higher plants (angiosperms) including emergent 
species (e.g., cattail and pickerelweed), floating 
species (e.g., water lily) and submersed species 
(e.g., wild celery, pondweeds, and milfoil). Also 
used in reference to the macroalgae of the genera 
Chara and Nitella. 

Mesotrophic - A trophic condition lying between oligotrophic 
and eutrophic. Lake George is usually considered 
somewhere between oligotrophic and mesotrophic. 

Metalimnion - The region between the epilimnion and 
hypolimnion that develops when lakes stratify. 

Morphology - The nature of a lake or lake basin in terms 
of its physical dimensions, shape, watershed area, 
etc. 

Native - (plant) Plant species that are indigenous to this 
area or continent. 

Nekton - Animals (zooplankton, invertebrates and fish) which 
can control their position in the water by swimming. 

Nutrient - A chemical substance which is required for growth 
of a living organism. Macronutrients (e.g., carbon, 
nitrogen, and phosphorus compounds) are required 
in relatively large quantities; micronutrients 
(e.g., cobalt, iron, and zinc) are required in 
relatively small amounts. 
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GLOSSARY 

Nutrient loading - A quantifiable relationship between a 
lake's trophic state and the nutrients entering 
it. 

Oligotrophic - Water with a low nutrient content and low 
productivity, usually characterized by extremely 
clear water. 

Organic - Containing a substantial percentage of carbon 
derived from previously living organisms. 

Overturn - See Turnover. 

Oxygen deficit - A situation in lakes where respiratory 
demands for oxygen become greater than its 
production via photosynthesis or its input from 
the drainage basin. 

Pelagic (Limnetic) - The zone of open water of a lake beyond 
the littoral, composed of the epilimnion (upper 
waters) and hypolimnion (deeper waters). 

QH - A scale from 0 (acidic) to 14 (basic) used to 
characterize water solutions with a value of 7.0 
being neutrality. 

Photosynthesis - The reduction of carbon dioxide to organic 
carbon using the energy from sunlight. Occurs in 
specialized organelles (chloroplasts) of plants 
and algae. Oxygen is a byproduct of the process. 

Phytoplankton - Algae suspended in the water, by virtue 
of motility, buoyant gas vacuoles or the constant 
mixing of the water. 

Plankton - Microscopic floating algae (phytoplankton) and 
animals (zooplankton). 

Point source - Discharge at a particular, identifiable site 
in contrast to diffuse sources, characterized as 
nonpoint sources. 

Pollution - The alteration of the physical, chemical or 
biological properties of water or a discharge of 
any substance into water by human activity that 
adversely affects its quality. Prevalent examples 
are thermal, heavy metal and nutrient pollution. 

Productivity - The rate of conversion of energy into biomass 
within an ecosystem. Primary production represents 
a conversion of light energy into biomass by the 
producers (plants and algae). Secondary production 
represents those energy inputs to animals and 
heterotrophic microbes. 
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GLOSSARY 

Runoff - The surface flow of water from the surrounding 
watershed into a lake. 

Saturation - The concentration of a substance in a solution 
that results at equilibrium. 

Secchi disk transparency (Secchi depth) - An approximate 
evaluation of the transparency of water to light. 
It is the depth at which a pie-sized black and white 
disk lowered into the water is no longer visible. 

Standing crop - The total amount of organisms, energy or 
a specific chemical present at anyone time; 
expressed as density or mass per unit area or 
volume. 

Stratification - The summer "layering" of a lake or pond 
leading to a warmer upper zone and a much colder 
deeper region. This "layering" can occur in winter, 
but the relationship of temperatures is reversed. 

Submerged - (plant) A rooted plant with stems and leaves 
completely under water, although the flowers of 
these plants may break the water's surface. 

Supersaturation - A concentration of a substance above that 
which would be possible if the solution was in 
equilibrium. 

Thermocline - The region between the epilimnion and 
hypolimnion in stratified waters where rapid changes 
in temperature take place. 

Transparency - A measure of the penetration of light in 
water; one way to quantify it is using a Secchi 
Disk. The Secchi Disk, a small round plate painted 
black and white, is lowered until it can no longer 
be seen. This depth is then the Secchi Depth. 

Trophic level - The position in the food chain determined 
by the number of energy transfer steps to that 
level: 1=producer; 2=herbivore; 3,4,5=carnivore. 

Turion - A vegetative propagule, or dispersal unit, of some 
aquatic plants formed by the hardening of leaves 
around a stem bud. Turions are a type of 
specialized winter bud. 
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GLOSSARY 

Turnover - The vertical mixing of layers of water in the 
spring and fall caused by seasonal changes in 
temperature. See dimictic. 

Water quality - The chemical, physical, and biological 
characteristics of water in relation to its 
suitability for a particular purpose. 

Watershed - Drainage basin. 

Winterkill - Prolonged periods of heavy snow and ice cover 
can cause severe reductions in dissolved oxygen 
in the water due to respiratory consumption of 
oxygen by heterotrophs being greater than its 
production by photosynthesis. Fish, benthos and 
other oxygen utilizing organisms may die when oxygen 
is depleted from the water. 

Zooplankton - Microscopic animals suspended in the water; 
the protozoa, rotifers, cladocera, cope pods and 
small invertebrates. 
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APPENDIX J 

LAKE RESTORATION MANAGEMENT TECHNIQUES 

From: Saltman, A., S. Kishbaugh and J. Bloomfield. 1990. 

Diet for a small lake: A New Yorker's guide to lake 
management. New York State Department of Environmental 

Conservation, Albany, NY. In press. 
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IN·LAKE RESTORATION TECHNIQUES 

Technique Advantages Drawbacks Cost Term of 
EffectiVCtlcss 

1. PHYSICAL CONTROL 

Aeration (P ,A,H,F) increased oxygen only lakes with large C-S$$ delayed; 
restore cold-water hypolimnion 0=$$$ duration unknown 
fisheries nutrient diffusion 
improve taste/odor from bottom to top 
reduce nutrient 
release 

Artificial reduced internal increased particulate C-$$ slightly delayed; 
Circulation (p,A,H) N,P,Fe,Mn cycling nutrients 0-$ duration unknown 

increased oxygen decreased c1arity 
change from blue- temperature increase 
green to green in hypolimnion 
algae 

Bottom Barriers (P) very effective difficult installation C=$$$ immediate; 
environmentally for large/steep area 0=$$ long·term with 
safe degradable materials proper control 
easy installation regrowth thru/on top 
for small areas difficult to move/secure 

Dilution/Flushing (A) algae washout large quantity of C=$ immediate; 
reduced nutrients low nutrient water 0-$ continuous use 

needed for dilution necessary 

Diver Dredging (P,T) removes whole very slow C=$ immediate; 
plant/nutrients disturbs sediment 0=$$$ repeated 
selective and clarity continuously 
no wruting period 

Hypolimnetic reduce lake P,N degradation of C=$$ slightly delayed; 
Withdrawal (P ,A,H) increased bottom receiving waters 0=$ potentially long-term 

oxygen levels destratification 
increased clarity 

Mechanical easily controlled not selective C = $$$ immediate; 
Harvesting (P) low impact on slow 0=$$ repeated up to 

ecosystem limited area of several times per year 
no post·treatment treatment or 
waiting effectiveness 
some P,N removal fragmentation 

Rotovating (P) easily controlled depth limits C - $$$ immediate; 
no waiting period slow 0-$ repeated up to 
some P,N removal disturbs sediment several times per year 

fragmentation 



Technique 

Sediment Removal 
(P,5.T) 

Shading (PoA) 
(with dyes) 

Water Level Control/ 
Drawdown (P,5) 

A1gicides (A,H) 

Herbicides (P) 

Liming (AC) 

IN-LAKE RESTORATION TECHNIQUES 

Advantages Drawbacks 

1. PHYSICAL CONTROL (cont) 

removes plants 
and sediment 
increase depth 
reduce internal 
Dutrientc:yding 
vel)' effective 

Don-toxic 
DO recreational 
waiting period 

consolidate bottom 
sediments 
fish management 
helps other mgmt. 
techniques 

may spread toxia in 
sediment/spoils 
difficult disposal 
short-term turbidity. 
algae bloom, low DO 
post-monitoring needed 

restricted in potable 
water supplies 
Don-target control 
little evidence of 
Iong·term effects 

enhances some plants 
poor in seepage lakes 
algal blooms possible 
refill problems 
must have &eezing and 
desiccation 

2. CHEMICAL CONTROL 

simple application DO depletion with 
Do/low human fish kills 
toxicity zooplankton toxicity 

and algal "rebound-
blue-green algae 
tolerance 
may be ineffective 

species specific nutrient release 
often effective with DO depletion 

Don-target toxicity 
target plants replacing 
non-target plants 
dangerous application 
public perception 

restores acceptable aluminum toxicity 
pH. alkalinity lime handling and 
restocking possible pH "hot spots-

Cost Term of 
EffectiveDess 

C-$$$ slightly delayed; 
0-$$$ control for several 

years 

C-$ 
0=$ 

C=$ . 
04 

C=$ 
0=$ 

C=$ 
0=$$ 

C=SS 
0=$$ 

slightly delayed; 
duration unknown; 
depends on 
retention time 

slightly delayed; 
repeated yearly 
for several years 

immediate; 
repeated up to several 
times yearly 

immediate; 
repeated yearly 
or more often 

immediate; 
duration unknown; 
depends on lake 
characteristics 



IN-LAKE RESTORATION TECHNIQUES 

Technique Advantages Drawbaclcs Cost Termor 
Effectiveness 

2 CHEMICAL CONTROL (cont) 

Precipitation and reduces internal toxic/pH afl'ects from C-SS immediate; 
Inactivation (A, T) nutrient cycling aluminum salts 0-$ potentially long- term 

increased clarity weed growth from control 
reduced intensity/ increased clarity 
duration of only stratified lakes 
algae blooms 

Sediment chemicals confined relatively untested C=SS immediate; 
Oxidation (A,T) sediment ineffective in shallow 0=$ potentially long- term 

promotes organic lakes with high control 
matter decay bottom pH 
low toxicity 

3. BIOLOGICAL CONTROL 

Food Web "natural" control may afl'ec! non-target C=$$ delayed; 
Manipulation (A,F) may improve clarity species in web o=? duration unknown 

can introduce algal "rebound" 
desired species potentially large 

unknown effects 

Grass Carp (P) slow control understacking may C=$$ delayed; 
no chemicals or control only native 0-$ potentially long-term 
machinery needed plants control 
selective control overstocking may 
possible eradicate plants, 

damage ecosystem 
fISh may escape and 
afl'ect non-target 
lakes and streams 

Research Projects: "natural" control unknown effects C=$ delayed; 
Plant Pathogens, can target specific non-target areas may 0=$ duration unknown 
Aquatic Insects (P) plants, areas be afl'ected potentially long-term 

slow control limited to warm climate 



IN-LAKE RESTORATION TECHNIQUES 

Technique Advantages Drawbacks 

4.1NSTITU110NAL CONTROL 

Dock/Mooring 
Regulations (T,C) 

may effectively 
reduce traffic 
reduces pollution 
from chemically
treated docks 

FISheries regulations (F) reduces fishing 
pressures 
improves survival 
of scnsitive species 

Navigation rules (C) 

Creating/Limiting 
Public Access (C) 

Lake Zoning (C) 

Legend for Table: 

mandated through 
legislation 
doesn't restrict 
actual boating 
equitable 

controls level of 
activity 
restricts activity 
for specific 
user groups 
restricts use to 
tax/fee payers 

reduces user 
conflicts 
can facilitate 
com pliance with 
navigation laws 

may be unpopular 
with residents 
may result in shorter 
dock life 

may be unpopular 
with residents 
difficult to enforce 

difficult to enforce 
may be unpopular 
with many active 
residents 

may restrict income 
base 
may limit loeal, state 
or federal funding 
available 

may not please all 
user groups 
may be difficult to 
enforce 

Technique: (bold letter addresses the following problems) 
p. NUISANCE AQUATIC PLANTS (MACROPHYTES) 
A - NUISANCE ALGAE (PHYrOPlANKTON) 
S - SUSPENDED SEDIMENT OR SILT 
T - TOXIC OR HAZARDOUS MATERIALS 

Cost Term of 
Effectiveness 

C-NA immediate; 
0-NA potentially long-term 

C-NA delayed; 
0-NA potentially long-term 

C-NA immediate; 
0-NA potentially long·term 

C-NA immediate; 
0= NA potentially long·term 

C=NA immediate; 
0= NA potentially long·term 

H - BACTERIOLOGICAL, TASTE, ODOR OR OTHER HEALTH·RELATED PROBLEMS 
F - F1SHERIES RESTORATION 
AC - ACIDIF1ED CONDITIONS 
C - CROWDING CONDITIONS (BOATERS, FISHERMEN, 
SWIMMERS, OR OTHER RECREATIONAL USE) 
Cost: C = capital expense 

o = operational expense (one application or a 
single season of use, whichever is longer) 
$ = low cost, $$ = medium cost, $$$ = high cost. 



APPENDIX K 

COMMON NATIVE AQUATIC PLANTS 

From: Welsch, J. 1988. Guide to Wisconsin aquatic plants. 

Wisconsin Department of Natural Resources, Madison, 
WI. PUBL-WR-173. 88. 38 pp. 
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LARGE-LEAF PONDWEED 

FLOATING-LEAF PONDWEED 
Potamogeton natans 

RICHARDSON PONDWEED 
Potamogeton richardsonii 

Broad-leaved pondweeds (Potamogeton 
americanus, p. amplifolius, p. natans, p. 
richardsonii) 

Common names: Musky weed, Bass weed, Musky cabbage, 
Tobacco cabbage; Floating-leaf, American, Large-leaf and 
Clasping-leaf pondweeds 

Location: Fresh water to 20 feet deep 

Description: Entirely or almost entirely below water surface; may 
grow to 15 feet long; firmly rooted thick stems; leaves 2 to 8 
inches long; leaves under water are typically thin and slender, 
may also have oval-shaped floating leaves; flowers or seeds may 
extend above water surface; plants usually stiff when out of the 
water. 

Hints to identify: Look for many small seedheads crowded into 
spikes, often above water from June through August. 

Value of plant: Broad-leaved pondweeds provide cover for 
panfish, largemouth bass, muskellunge ana northern pike; bluegills 
nest near them and eat insects found on the leaves; supports 
insects valuable as food for fish and ducklings. Walleye pike use 
these pondweeds if they're the dominant vegetation in a lake. 
Often grow near drop·offs, making attractive cover for fish. 

Management strategy: Broad-leafed pondweeds are important 
plants for fish. Removing them may allow less-desirab!e aquatic 
plants to move in. Physical removal works best to control small 
problem patches. Control methods that work well include hand 
pulling, dragging, raking, underwater cutting or screening the 
bottom. 



FLAT-STEMMED PONDWEED 
Potamogeton zosteri!ormis 

SAGO POND WEED 
Potamogeton pectinatus 

LEAFY PONDWEED 
Potamogeton foliosus 

Narrow-leaved pondweeds (Potamogeton 
pectinatus, p. zosterijormis, p. joliosus, p. 
pucillus) 

Common names: Sago, Flat-stemmed, Leafy and Small 
pondweeds 

Location: Slow-moving streams and lakes; fresh water to 8 feet 
deep (flat-stemmed pondweed to 20 feet) 

Description: Grows below water surface; firmly rooted; branched, 
slender stems; grass-like narrow leaves; may have flowers or seeds 
extending above water surface; plants limp when out of the water. 

Hints to identify: Narrow-leaved pondweeds have no floating 
leaves - only the seeds of some types reach the surface or 
extend above it. 

Value of plant: Provides some cover for bluegills, perch, northern 
pike and muskellunge (most prefer broad-leaved pond weeds, 
however); good cover for walleye pike; provides food for 
waterfowl (Sago is an excellent wildlife food; some people plant its 
tubers to attract waterfowl); supports insects valuable as food for 
fish and ducklings. 

Management strategy: Removing narrow-leaved pondweeds may 
allow less-desirable aquatic plants to move in (such as curly-leaved 
pondweed). Try hand pulling, dragging, raking, underwater 
cutting or screening the bottom to control growth in small problem 
areas. 



CURLY-LEAVED PONDWEED 
Potamogeton crisp us 

Curly-leaved pondweed (Potamogeton 
crisp us) 

Common name: Curly cabbage 

Location: Fresh water to 12 feet deep 

Description: Grows below water surface; firmly rooted sturdy 
stems; thin leaves with wavy edges; leaves approximately one-half 
inch wide and 2 to 3 inches long; stems and leaves moderately 
stiff. 

Hints to identify: Look for its unique curly-edged leaves; begins 
growing early in spring before most other pondweeds. No floating 
leaves. 

Value of plant: Provides some cover for bluegills, largemouth 
bass, northern pike and muskellunge (most prefer broad-leaved 
pondweeds, however). Curly-leaved pondweed is not native to 
the United States. Being "exotic", this species of pond weed may 
cause problems due to excessive growth. 

Management strategy: Problems with curly-leaved pond weed often 
remedy themselves. [t grows early in spring and then dies back 
during midsummer. Physical removal methods such as hand 
pulling, raking, dragging and mechanical harvesting work well to 
control problem patches. Chemical treatment can be effective 
when physical removal doesn't work or isn't practical to use. 



BUSHY POND WEEDS 

Bushy pondweed (Najas spp.) 

Common names: Bushy naiad, Water naiad 

Location: Clear water to 20 feet deep 

Description: Grows entirely below water surface; slender bright 
green leaves (some species have leaves with tiny spines); leaves 
crowded and bushy near the tip; firmly rooted, many-branched 
stem. 

Hints to identify: Usually grows in thick clumps or beds among 
other plants; fruits or seeds appear as tiny swellings at the base of 
the leaves; sometimes confused with Sago pondweed, which looks 
similar but does not have seeds near its leaves. 

Value of plant: Provides food for waterfowl and some marsh 
birds; cover for young largemouth bass and northern pike, and 
small bluegills and perch. 

Management strategy: Bushy pondweed is often best left alone. 
It's a low-growing plant that usually doesn't overpopulate an area 
and cause problems. Removal may allow more obnoxious plants 
to move in. 



WATER MILFOILS Water milfoil (Myriophyllum spp.) 

Common types: Eurasian water milfoU, northern water milfoi!, 
parrot feather. broad·leaf water milfoi!' 

Location: Fresh water to 20 feet deep. 

Description: Grows entirely below water surface; grass-green color; 
may grow to 20 feet long; rooted stem with few branches; 
feathery leaves in whorls' around stem; small pinkish·colored 
flowers may extend above water surface during summer. 

Hints to identify: Water milfoil is sometimes mistaken for coontail 
or chara. Look for water milfoi!'s flat. feather·like soft leaves. 

Value of plant: Provides some cover for bluegills. crappies. perch. 
walleyes and muskellunge (most prefer broad-leaved pondweeds. 
however); supports insects used as fish food; waterfowl 
occasionally eat the fruit and foliage. although invasion by 
Eurasian water milfoU often destroys waterfowl habitat. 

Man~gement strategy: Eurasian water miltoH, not native to the 
United States, is a major water weed in many southern Wisconsin 
lakes. Hand pulling is a simple and effective control method for 
smaIl problem areas. Harvesting. raking or screening the bottom 
also works wei!. Remove broken pieces of plants from the water 
- they can regenerate into new plants. Water miltoil cc:1 be 
effectively treated with chemicals early in the summer before the 
plants flower. 

• Whorl: leaves arranged in a circle around the stem. 



COONTAIL 
Ceratophyllum demersum 

Coontail (Ceratophyl/um demersum) 

Other common name: Hornwart 

Location: Clear water to 20 feet deep. 

Description: Grows below water surface, but upper leaves may 
reach the surface; no roots, lower end of branched stem may be 
anchored in bottom mud; stiff, dark green leaves in whorls'; 
leaves are crowded toward the tip, giving the plant a "coontail" or 
"Christmas tree" appearance. 

Hints to identify: Coontail is sometimes mistaken for water milfoil. 
Look for coontail's singly-forked leaves, spiny leaves. 

VaTue of pTant: Many waterfowl eat the shoots; provides cover for 
young bluegills, perch, largemouth bass and northern pike; good 
location for walleye fishing from late spring until lakes turn over in 
fall; often found on drop-offs, producing tree-like cover for fish; 
supports insects valuable as food for fish and ducklings. 

Management strategy: Coontail is important to young fish. Try 
physical removal to control problem areas. Hand pulling, raking, 
cutting or screening the bottom are also effective. Make sure you 
remove broken pieces from the water - they can regenerate into 
new plants. 

-Whorl: leaves arranged in a circle around the stem. 



ELODEA 
Elodea canadensis 

Elodea (Elodea canadensis) 

Common names: Waterweed, Anachris, Ditch moss 

Location: Clear water to 10 feet deep, often near stream inlets. 

Description: Grows entirely below water surface; grows best in soft 
bottom and in cool water; usually a deep grass-green color; may 
grow to 6 feet long; rooted, branched stem; 3 or 4 oval leaves 
arranged in whorls· . 

Hints to identify: Elodea is usually smaller than water mUfoU or 
coontail. Its leaf whorls are compacted near the tips (not as much 
as coontail) and become spaced farther apart lower on the stem. 

Value of plant: Provides cover for bluegills and perch; supports 
insects valuable as fish food. 

Management strategy: Try physical removal to control problem 
areas. Hand pulling, raking, dragging or screening the bottom are 
effective control methods. Make sure you remove broken pieces 
from the water - they can regenerate into new plants. Don't 
expect ..:irama!:c imprm.'ements with chemical treatment. Wait until 
the plants have matured (early or mid-summer) if you do treat 
with chemicals. 



WATER CELERY 
Va11isneria americana 

Water celery (Vallisneria americana) 

Other common names: Tape grass, Eel grass, Wild celery 

Location: Clear water to 15 feet deep; prefers semi-hard bottom 
such as sand covered with thin layer of muck. 

Description: Green, ribbon-like leaves below the water surface; 
roots buried in mud; small whitish-yellow flower visible in late 
summer; flower supported by coiled stalk; often grows in beds 
near pond weeds and bushy pond weeds. 

Hints to identify: Look for unbranched leaves extending from the 
lake bottom to the water surface; the flowers (and occasionally 
some leaves) float on the surface. Some pondweeds have similar
looking leaves branching from a stem - water celery's leaves are 
not attached to a stem. Also looks similar to Bur-reed 
(Sparganium); unlike water celery, Bur-reed grows until it floats or 
emerges above the surface. 

Value of plant: Provides shade and shelter for bluegUls, young 
perch and largemouth bass; good food for waterfowl, preferring 
the winter buds and root stocks; also attracts marsh and shore 
birds, and muskrat. 

Management strategy: Water celery is usually best left alone. 
Being an excellent wildlife food, many people plant it trying to 
attract waterfowl. Excessive growth during July and August in 
shallow water may present a problem. Try hand pulling, raking or 
screening the bottom if you must control or thin problem areas. 
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Duckweed (Lemna spp.) and Watermeal 
(Wolffia spp.) 

Other corr.mon names: Duck's meat, Water lentils, Seed moss, 
Big and Star duckweed 

Location: Quiet water (ponds, backwaters and lake bays) 
protected from wind and wave action; some duckweeds are often 
found near creek inlets or in ditches. 

Description: Free-floating sman green plants, some types smaller 
than a pinhead, others up to one-half inch long; small roots grow 
from the underside of the plant; leaves and stem sometimes aren't 
distinguishable from each other. 

Hints to identify: Duckweed is sometimes mistaken for algae. It 
may form a layer several inches thick on the water surface. 
Duckweed is not interconnected like filamentous algae. Watermeal 
appears as small grains floating on the surface. 

Value of plant: Provides cover for largemouth bass and northern 
pike; provides food for waterfowl and marsh birds; supports 
insects valuable as food for fish; may shadz. out ~...l..;er, ::·...:.or..2:rgecl 
plants. 

Management strategy: Difficult to manage - they're too small for 
conventional physical removal. Control using chemicals is often 
ineffective, as it's difficult to contact all the plants with herbicide. 
However, some experimental harvesting equipment is being 
developed. 



ARROWHEAD 
Sagittaria loti/olio 

~~ 
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Arrowhead (Sagittaria spp.) 

Other common name: Duck potato 

Location: Moist or swampy shorelines; water to 3 feet deep. 

Description: Grows above water surface; green arrow-shaped 
leaves. varying in width from 1 to 4 inches; may grow to 3 feet 
tall; fibrous root system with several underground stems ending in 
an edible tuber; whtte flowers WITh 3 petals, blooms July through 
August. 

Hints to identify: look for the distinctive arrow-shaped leaves, 
which may be wide or narrow. Looks similar to pickerel weed 
(Pontederia cordata), whose leaves are heart-shaped. 

Value of plant: Protects shorelines from wave erosion; provides 
cover for waterfowl (especially broods) and young fish; spawning 
areas for northern pike; ducks eat the tubers and fruits. 

Management strategy: Don't remove arrowhead completely - it's 
good for fish and wildlife and prevents shoreline erosion. You can 
transplant tubers or whole plants to start new patches. Cut the 
stems under the water surface or rake plants to control growth or 
thin problem areas. 



WATERSHIELD 
Brasenia schreberi Watershield (Brasenia schreberi) 

Location: Clear water to 10 feet deep. 

Description: Floating on water surface; oval-shaped leaves 2 to 5 
inches long, green on top, reddish underneath; firmly rooted stem 
coated with gelationous slime; one-inch red flowers, blooms June 
through August. 

Hints to identify: Related to the water lily. Watershield's leaves are 
unnotched and its flowers are smaller than the water lily; stems 
are attached to the center of the leaves. Commonly found in soft 
water, seepage lakes. 

Value of plant: Provides shade and cover for panfish, largemouth 
bass and northern pike; occasionally important as waterfowl food. 
Lakes with abundant watershield are often lacking in other plants, 
making the cover it provides for fish important. 

Management strategy: Watershield is good for fishing - don't 
remove all of it. Physical harvesting may be ineffective to control 
growth in problem areas. If you choose to treat with an herbicide, 
wait until August when the water has sufficiently warmed. 



BULRUSH 
Scirpus americanus 

Bulrush (Scirpus spp.) 

Other common name: Pin weed 

Location: Moist and marshy shorelines, sand and gravel bars, 
water to 6 feet deep; prefers a firm bottom with little muck. 

Description: Grows above water,S to 10 feet tall; round or 
triangular-shaped stem; often appears leafless, but has slender 
green leaves; loose cluster of flowers and seeds located near the 
tip of the stem. 

Hints to identify: Look for either a round, tubular stem without 
leaves, or a triangular stem that may have long leaves similar to 
tall grass. Easily confused with spikerush (Eleocharis spp.), which 
has its seeds in a tight cluster at the tip of the stem. 

Value 0/ plant: Bulrush is a valuable aquatic plant. Its rigid stems 
survive the winter and provide important spawning areas for 
northern pike and cover for other fish in early spring. Musky 
fingerlings rely heavily on bulrush for cover during their first year. 
It also attracts marsh and song birds; prov"ides food for ducks, 
geese and swans. 

Management strategy: Don't remove bulrush completely - it's 
good for wildlife and fish. You can transplant tubers to start new 
patches. Cutting the stems under water or raking works to control 
growth; cleared areas remain open with continued use. 



CATTAIL Cattail (Typha spp.) 

Location: Marshes, low wetlands, shorelines, quiet water to 4 feet 
deep. 

Description: Grows above the water surface; thickly rooted; long, 
grass·like stalks 3 to 10 feet tall; flower consists of a sausage·like 
"cattail" which is green during early summer and turns brown and 
fuzzy by summer's end. 

Hints to identify: Look for the brown "cattail" near the top of the 
stalk. 

Value of plant: Helps stabilize marshy borders of lakes and ponds; 
protects shorelines from wave erosion; provides spawning sites for 
northern pike and occasionally walleye; provides cover and 
nesting sites for marsh birds and waterfowl; muskrat and beaver 
eat the stalks and roots. 

Management strategy: Remove in limited areas and only when 
necessary to provide access to deeper lake water. Cutting stalks 
under water during early summer before the "cattail" appears 
w')rks best to control growth; cutting under water just before the 
lake freezes up is also effective. Once an area is cleared, periodic 
cutting will prevent problems from recurring. 



Appendix L. Analytical Methods and Equipment. 

Analysis 

pH 

Alkalinity 

Specific 
Conductance 

Total 
Suspended 
Solids 

Nitrate 

Ammonia 

Ortho
phosphorus 

Total 
Phosphorus 

Method 

Expanded Scale pH/millivolt 
meter 

Gran Plot Titration 

Wheatstone Bridge type meter 

Gravimetric 

Automated Cadmium Reduction 
(EPA Method 353.2) 

Automated Phenate 
(EPA Method 350.1) 

Single Reagent Ascorbic Acid 
(EPA Method 365.2) 

Single Reagent Ascorbic Acid 
with Persulfate Digestion 
(EPA Method 365.2) 

Instrument 

Orion, Model 811 

Orion, Model 811 

YSI, Model 31 

Mettler 
Model AE400 

Technicon 
Autoanalyzer II 

Technicon 
Autoanalyzer II 

Bausch and Lomb 
Spectronics 70 

Bausch and Lomb 
Spectronics 70 

EPA Methods = USEPA, 1979, Methods for Chemical Analysis 
of Water and Wastes, EPA-600/4-79-020, Cincinnati, OH. 

Standard Methods = APHA-AWWA-WPCF, 1980, Standard Methods 
for the Analysis of Water and Wastewater, 15th edition, 
American Public Health Association, Washington, D.C. 1134 
pp. 

L-1 



APPENDIX M 
LITERATURE CITED 

Crow, G. E. and C. B. Hellquist. 1983. Aquatic vascular 
plants of New England: Part 6. Trapaceae, Haloragaceae, 
Hippuridaceae. New Hampshire Agricultural Experiment 
Station Bulletin 524, University of New Hampshire, 
Durham, NH. June, 1983. 26 pp. 

Hellquist, C. B. and G. E. Crow. 1980. Aquatic vascular 
plants of New England: Part 1. Zosteraceae, 
Potamogetonaceae, Zannichel 1 iaceae, Najadaceae. New 
Hampshire Agricultural Experimental Station Bulletin 
515, University of New Hampshire, Durham, NH. January, 
1980. 68 pp. 

Madsen, J. D., J. W. Sutherland, J. A. Bloomfield, K. M. 
Roy, L. W. Eichler, and C. W. Boylen. 1989. Lake George 
aquatic plant survey final report. NYS DEC, Albany, 
NY. May, 1989. 

Maine, C. H. 1989. Soil Survey of Warren County, New York. 
USDA Soil Conservation Service and Cornell University 
Agricultural Experimental Station. 

Mikol, G. F. and D. M. Polsinelli. 1985. New York State 
Lakes: A morphometric atlas of selected lakes, Vol. 
I. Region 5. Bureau of Water Res., NYS DEC, Albany, 
NY. 81pp. 

Myers, R. E. 1983. Mechanical control of aquatic weeds: 
A guide for lakeshore owners, lake associations, 
municipalities and individual pond owners. New York 
State Department of Environmental Conservation, Albany, 
NY. May, 1983. 13 pp. 

Pfeiffer, M. H. and P. J. Festa. 1980. Acidity status of 
lakes in the Adirondack region of New York in relation 
to fish resources. NYS DEC, Albany, NY. 

Rensselaer Fresh Water Institute, New York State Department 
of Environmental Conservation and Adirondack Park 
Agency. 1988. Lake George aquatic plant survey interim 
report. NYS DEC, Albany, NY. March, 1988. 

Saltman, A., S. Kishbaugh and J. Bloomfield. 1990. Diet 
for a small lake: A New Yorker's guide to lake 
management. NYS DEC, Albany, NY.-In press. 

Welsch, J. 1988. Guide to Wisconsin aquatic plants. 
Wisconsin Department of Natural Resources, Madison, 
WI. PUBL-WR-173. 88. 38 pp. 

M-1 


