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INTRODUCTION 

This training session is intended to provide you with 

essential information about E.P.A. standards on Aquatic Pest 

Control and to prepare you to take the written examination 

for certification. Emphasis is placed on the principles of 

applying pesticides safely. However, related information 

will be covered so that you, as a certified applicant, will 

be aware of all aspects of pesticide use in aquatic environ

ments. 

Specific recommendations for the control of aquatic 

weeds are available in the Pest Management Guide 15. Included 

in this publication are the recommended herbicides, rates of 

application, and remarks which relate to water quality and 

restrictions regarding time intervals during which water 

should not be used for specific purposes. 

We wish to credit the Georgia Cooperative Extension 

Service for developing the original outline which we have 

modified for specific applicability in Virginia. Additional 

information in the form of publications and short courses 

can be obtained from the Virginia Cooperative Extension Service. 

Need for Aquatic Pest Control 

Aquatic plants and animals are essential to a well bal

anced pond, lake, reservoir, and stream environments and 

add to their natural beauty. Plants provide the food and 
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shelter needed to support animal life in a water environ

ment. However, when excessive plant growth or undesirable 

animal species cause serious problems, some type of control 

is in order. 

Control Measures 

Aquatic pests can be controlled by mechanical, bio

logical, or chemical methods. The best method or combination 

of methods will depend on the type of pest and existing 

circumstances. 

Mechanical Control - Undesirable plants may be 

controlled by pulling, digging, cutting, or raking to 

physically remove the vegetation from the water. This 

can be done effectively by hand on small areas, but 

mechanical harvesters are needed on large areas. This 

method must be repeated often because aquatic plants 

grow rapidly. 

Undesirable fish may be removed by seining or 

trapping. 

Since aquatic vegetation is usually more abundant 

in water less than 3 feet deep, a weed problem can 

often be greatly reduced by eliminating shallow areas. 

Shading with black plastic will control many plant 

species. Sheets of black polyethylene can be floated 

on the water's surface and anchored in place. Exclusion 

of sunlight kills most plants in a short time. 
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Fluctuating water levels can be an effective control 

measure for both plants and animal pests. Water levels 

are lowered, exposing the vegetation to freezing or 

drying conditions. Also, lower water levels will reduce 

the amount of shelter for small fish, making them more 

vulnerable to predation. 

Biological Control - The use of ducks, certain fish, 

snails, insects, and plant disease to control plant and 

animal pests has shown a great deal of promise. However, 

more experience and research is needed before biological 

methods of control can be recommended for general use. 

Fertilization is a type of biological control used 

successfully on smaller impoundments. The purpose of 

fertilizing is to increase the numbers of microscopic 

plants and animals so that light penetration through the 

water is reduced. This retards the growth of many sub

merged water plants. 

Chemical Control - Chemical control of plant and 

animal pests often is the most effective and practical 

method. A number of herbicides and piscicides (or 

fish toxicants) are available to control many of the 

problem situations. However, chemical control is not 

a simple matter. Frequently, there is only a small 

difference between the dose rates needed to kill the 

pest and those that kill desirable forms of aquatic 

life. 
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The only type of control that we will be concerned 

with in this training session is chemical control. 
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AQUATIC PESTS - IDENTIFICATION 

When problems arise requiring a control measure, the 

first step is to accurately identify the plant or animal 

pest causing the problem. Accurate identification of the 

pest species is essential to insure that the safest and most 

effective pesticide will be selected for use. For example, 

the Pest Management Guide 15 recommends a specific herbicide 

for each of the aquatic plant pests commonly found in Virginia. 

This session of the training program is designed to 

assist you in identifying common plant and animal pests. 

After this session you should be able to identify all the 

aquatic plants listed in the Pest Management Guide 15 and the 

common animal pests. 

Aquatic Plants 

Aquatic plants can be grouped into four broad categories: 

algae, floating, emersed, and submersed. The algae include 

the microscopic plants responsible for the green color in 

fertile waters, the filamentous types often known as "pondscum" 

or "moss", and larger branch algae or .f.!!..~I.~ which are similar 

to other higher plants. Floating plants include those that 

are not attached to anything and freely float on the surface 

of the water. Submersed plants are plants growing mainly 

beneath the water surface. A few have leaves that float but 

usually only the seed head extends above the surface. Emersed 

aquatic plants are those that grow above water in the shallow 

areas of lakes and ponds and along the shorelines. 



Algae - The algae can be found floating or 

attached to submerged surfaces. These plants multiply 

rapidly in warm water and they are the cause of 11 water

blooms" commonly observed during the summer. The single 

cell algae, collectively known as phytoplankton, are 

important since they are the first link in the food 

chain of nearly all aquatic animals. 

A large form of algae, called chara or muskgrass, 

is often confused with higher plants. It is anchored to 

the bottom and is symmetrically branched from evenly

spaced cylindrical whorls at nodes. The plant is coarse 

and usually rough, giving it a gritty feeling. Its ill-

sme 11 or musky odor is similar to that of garlic or skunk. 

Chara is found in slow streams, lakes, and ponds. The 

plant normally grows in shallow water, but may be found 

much deeper i n clear water. 

Floating Plants - Floating plants include those 

that are not attached to anything and freely float on 

the surface of the water. Duckweed, the most common 

floating plant, is about 1 1/2 inches across with only 

two or four leaves. Extending beneath each leaf is a 

single short root. The water may be completely covered 

with a floating mass of duckweed forming a green carpet. 

Submersed Plants 

Bladderwort 

Bladderwort has stems that float horizontally 
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beneath the water surface and may extend 3 feet or 

more. The leaves are alternate and divided many times. 

Some of the leaf segments have bladders on them that 

assist in floatation. This plant blooms from July 

through August with yellow flowers extending above the 

surface. 

Coontail 

The common name of coontail comes from the resem

blance of a branch of the plant to the tail of a 

racoon. It is also called hornwort. This plant grows 

entirely under water and has a central hollow stem with 

thread-like forked leaves. The stems may be 20 feet 

long. Extensive growths of coontail resemble an under

water forest of 11 Christmas Trees 11 • Coontail grows in 

clear water in depths of 10 to 15 feet. 

Elodea 

Elodea grows entirely under water with four leaves 

attached to a central stem. Leaves vary greatly in width, 

size, and bunching; therefore, plants may be slimmer or 

stouter than as pictured. Sometimes there are slim seed 

pods at the bases of leaves. 

Mil foil 

The long hollow stem of milfoil has fine feather

like leaves. The underwater leaves usually collapse 
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when taken out of water. Milfoil usually grows under 

water and may be found growing in depths of eight to 

ten feet. When in bloom, most milfoils have tiny brownish 

flowers which stand above the water. 

Parrotfeather 

Parrotfeather is a common aquarium plant native to 

South America. It may be found growing wild in Virginia. 

Although closely related to milfoils, parrotfeather has 

more firm, grayish-green foliage which pushes a few inches 

out of the water. 

Pondweed 

Pondweed is a common term used to describe a group 

of closely related aquatic plants belonging to the genus 

Potamogeton. They grow under the surface of the water 

with some having floating leaves. For identification 

purposes.the pondweeds are divided into three general 

groups, namely: those with variously shaped leaves which 

float on the surface; those with fine leaves completely 

submersed, and those with broad leaves completely sub

mersed. One common factor is that all the leaves of 

this group are attached to the central stem in alternate 

arrangements, although the floating leaves and submersed 

leaves may be widely different in shape and texture. 
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Southern Naiad 

Southern Naiad has reddish brown leaves that are 

narrow and ribbon-like; fruits are borne singly in the 

leaf axis. Southern Naiad closely resembles some of 

the pondweeds. Southern Naiad can usually be distin

guished by the broadenings at the bases of the leaves. 

Emersed Plants 

Arrowhead 

Arrowhead plants usually have arrowhead shaped 

leaves and tiny white flowers. The plant grows along 

the edges of lakes and ponds in shallow water. The 

leaves also may be submersed or floating. 

Bulrush 

There are several species of bulrush and they all 

grow in shallow water along shorelines. They may have 

triangular or round-shaped stems and may be leafy or 

have no leaves at all, just long slender stems. The 

long stems usually have a cluster of brownish flowers 

and seeds at their ends. 

Cattail 

Cattails are tall erect plants with leaves that 

are long and flat and about one inch in width. They 

usually produce a long stalk with a seed spike at the 

end. The spikes are six to ten inches long and about 

one inch in diameter. 
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Spatterdock 

Spatterdock has a heart-shaped leaf. The leaves 

may float or extend above the water surface. The stem 

is attached to the notch between the lobes of the leaf 

and extend to the tip of the leaf. From this main leaf 

vein, lateral veins extend to the edge where they divide. 

The yellow flowers form a ball with petals that curve 

inward. Spatterdock is also called yellow pond lily 

and cow lily. 

Waterlily 

Waterlilies have large circular-shaped floating 

leaves which have slits from their edges to their 

centers. Their stems are attached to the centers of 

the leaves from which all veins radiate. The veins 

are branched or subdivide at the edges of the leaves. 

These plants produce pink or white flowers that float 

on the water. 

Watershield 

Watershield has leaves that float on the water 

surface. Each leaf is shaped like a shield. The stem 

is attached to the middle of the leaf. The leaves may 

be two to five inches in length and their undersides are 

usually covered with a thick layer of jelly-like material. 

Watershield blooms with a bell-shaped purple flower in 

early summer. 
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Invertebrate Aquatic Pests 

Invertebrate animals seldom are considered pests in 

water. However, leeches or 11 bloodsuckers 11 may become a 

nuisance and ruin a pond for swimming. Leeches are rather 

flat, segmented, worm-like animals tapered at one end and 

rounded at the other. Most of the common types encountered 

in lakes and ponds will range from 1/2 to 3 inches long. 

Crayfish can cause problems in lawns adjacent to ponds. 

Mud is piled up around the mouth of a burrow in the form of 

a 11 chimney. 11 The burrows may have connecting tunnels and 

are known to have perforated dams on small ponds. 

Vertebrate Aquatic Pests 

A few of the amphibians, reptiles, and mammals can 

become pests around ponds and lakes, but pesticides or 

chemicals are not recommended for control. For this reason 

we will consider only fish. 

Certain species, carp and green sunfish for example, 

are considered undesirable in many ponds or lakes. Popula

tions of fish ordinarily considered popular become undesirable 

when they occur in such large numbers and such small size that 

they are not of sporting quality. Thus, any fish may be 

considered undesirable in certain situations. 
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AQUATIC ECOSYSTEMS AND WATER USE 

Aquatic environments can be thought of as complex systems 

or "ecosystems" which include all the living organisms and 

non-living factors which affect them. Included in the aquatic 

ecosystem is the water itself and the soil or material under 

the water. They range from small temporary water-filled 

ditches, ponds, and streams, to larger permanent bodies of water 

including farm and stock ponds, lakes and reservoirs, and rivers 

and streams. 

When a pesticide is used in an aquatic situation, its 

effect on the total aquatic ecosystem, including downstream 

areas, must be considered. Potential use of the treated water 

must be known since most pesticides will restrict water usage 

for a period of time. These restrictions are printed on the 

pesticide label. 

Safe and effective aquatic pest control begins with a 

knowledge of the types of aquatic ecosystems and identification 

of the water uses that need to be considered when selecting a 

pesticide. 

Types of Aquatic Ecosystems 

For the purpose of discussion, aquatic ecosystems are 

grouped into three categories according to the amount of 

drainage. 

Static Water - Static water can be defined as 
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water which is confined for considerable periods of 

the year, or totally confined within a known area with 

no movement of water to downstream locations. If an 

herbicide is applied for weed control, there is no 

reason to expect that any appreciable downstream effect 

may occur except in the event of overflow resulting from 

unusual storm conditions. Water impoundments such as 

stock ponds, and in some cases farm ponds, will fit into 

this water category. 

Limited Flow Water Impoundments - This type of 

water impoundment refers primarily to farm ponds, to 

lakes, and to ditches. 

Ditches may be intermittently wet and dry, depending 

upon local climatic conditions. However, herbicides 

applied to areas such as a ditch may pres.ent some hazard 

to downstream locations if there is movement of the 

applied pesticide following an influx of water into the 

ditch from surrounding areas. The purpose of the ditch, 

after all, is to drain the surrounding land areas and, 

consequently, considerable amounts of water must pass 

through the ditch area. 

Many farm ponds may have limited flow since there 

is nearly always an overflow pipe and an emergency over

flow channel (spillway). The overflow pipe is designed 

to permit passage of a continuous and relatively well-
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defined amount of water at all periods of the year. 

The emergency spillway is provided to permit outflow of 

excess water that enters the pond. In such cases, herb

icides applied to limited-flow water areas may be 

expected to be found in waters downstream from the 

application site. It is conceivable that large amounts 

of herbicides from a treated area may be found downstream 

in the event of sudden rain storms which interrupt or 

come immediately after herbicide application. 

Moving Water - Moving water is water that always 

has some detectable, and continuous rather than inter

mittent, movement. Pesticide application to moving water 

can be expected to be found in downstream locations in 

varying amounts; such application has the greatest 

potential as an environment hazard. 

Water Use 

Most restrictions on water use listed on pesticide labels 

will fall into the following five categories. The length of 

time that use must be restricted will also be printed on the 

pesticide label. 

Domestic Use - Ponds, lakes, reservoirs, and rivers 

are commonly used as a source of drinking water for 

humans. Strict standards are set to regulate the quality 

of water used for domestic purposes. 

10 



Irrigation - Water impoundments may be the source 

of water for irrigating crops or lawns. Pesticides in 

water will leave residues on plants that may be harmful 

to man, livestock, and wildlife. 

Livestock - Surface water is often used as a source 

of drinking water for livestock. Water treated with 

pesticides may be harmful to livestock. 

Fish and Wildlife - Fish and wildlife living in or 

near water will be exposed to pesticides used to control 

aquatic pests. The consumption of fish exposed to pest

icides is often restricted for a period of time. 

Recreation - Swimming and other forms of water-based 

recreation may be restricted due to pesticide application. 
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CALIBRATION (l) 

The following formulas may be used to compute the amount 
of herbicide required to obtain a desired final concentration 
in the water of a ditch or a canal: 

1. Concentration based on parts per million by volume 
(ppmv) 

V = A x L x C x 75 
1,000,000 

V = number of gallons of herbicide required 
A = cross-section area of channel in square feet 
L = length of channel in feet 
C = desired final concentration of herbicide in ppmv 

2. Concentration based on parts per million by weight 
(ppmw) 

W = Ax L x C x 62.5 
1,000,000 

W = number of pounds of herbicide 
A = cross-section area of channel 
L = length of channel in feet 

. dl require 
in square feet 

C = desired final concentration of herbicide in ppmw 

The following formulas may be used to compute the amount 
of herbicide required to obtain a desired final concentration 
in the water of a pond or lake: 

1. Concentration based on parts per million by volume 
(ppmv) 

V = A x D x C x 0.33 

V = number of gallons of herbicide required 
A = area of the water surface in acres 
D = average depth of the pond or lake in feet 
C = desired final concentration of herbicide in ppmv 

(l)Refer to acknowledgments. 
1For liquid herbicide formulations with active-ingredient 

or acid-equivalent concentrations given in pounds per gallon, 
the number of pounds of herbicide required may be divided by 
the pounds per gallon to obtain the number of gallons of herbicide 
formulations required. 
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2. Concentration based on parts per million by weight 
(ppmw) 

w = A x D x c x 2.72 

w = number of pounds of herbicide required 
A = area of the water surface i n acres 
D = average depth of the pond or lake i n feet 
c = desired final concentration of herbicide i n ppmw 
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CHEMICALS FOR THE CONTROL OF AQUATIC WEEDS( 2) 

Applicators generally agree that an inexpensive, fast, 

dependable mechanical method of aquatic weed control is highly 

desirable. Mechanical methods would eliminate many of the 

variables encountered in chemical control, and concern over 

water temperature, fish kill, water pH, etc., would be un

necessary if weeds were simply removed from water mechanically. 

No such method, meeting all of these requirements, has been 

found, however. Some attempts have been made, and some degree 

of success achieved with nonchemical weed elimination, but 

the factor of economy in time, labor, and equipment has not 

been overcome. Mechanical methods are slow and cost operators 

and customers a great deal. 

Chemical Curbs Most Economical 

To date, the most economical methods for aquatic weed 

control are chemical. Chemicals are applied onto vegetation 

or introduced into water in amounts sufficient to kill unwanted 

growths. 

Two general methods of control are followed. Chemicals 

may, first of all, be applied as liquids in one of several ways. 

They may be applied, in the same manner as terrestrial herb

icides, to exposed vegetation and soil during a drawdown 

(lowering of the water level). Diluted liquids may be sprayed 

over the surface of the water or onto emersed vegetation as 

( 2)Refer to acknowledgments. 
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contact herbicides, or concentrated herbicides may be poured 

into the water so that toxicants will yield a predetermined 

final concentration upon dilution. In other cases, it is 

necessary to inject chemicals through tubes or nozzles under 

the water to give the desired distribution and concentration. 

Granular application is the second method. Granules 

may also be applied to bare soil during a drawdown. They may 

be broadcast onto water by hand or by machine so that they 

sink into the water and dissolve and/or disintegrate to form 

the desired herbicidal concentration. In cases where it is 

desirable to attack roots, granular methods work best. Granules 

may not be useful on thick matted vegetation because these 

particles do not readily penetrate the mat. Sometimes granules 

are evenly distributed on ice (maximum thickness suggested 8 

inches) in late winter so that when the ice melts in spring 

(the time delay does not harm chemical effectiveness), the 

granules sink to the bottom. This technique works best as a 

complete treatment of a small body of water rather than as a 

partial treatment of a large lake; on lakes there is the 

possibility that the ice pack may shift and misplace the granules. 

Three Things To Watch For 

After the contracted area has been surveyed, weeds 

accurately identified, and chemicals chosen to do the job, 

there are three very important points to be considered for 

successful control: timing, dosage, and application method. 
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Timing. When should the chemical be applied for best 

results? Optimum control periods when plants are most sus

ceptible differ with each species. Generally, recommenda

tions say to apply chemicals before weeds flower, but while 

they are actively growing. All species do not flower at the 

same time, so this must be considered when surveying a job 

where several species are involved. For nonflowering species, 

the usual rule is to apply controls while active growth is 

taking place. Submersed species are best controlled before 

they become too plentiful. Best time, then, will be the 

spring, although it is true that some exceptional species 

are more prominent later in the season. 

With certain species of blue-green algae, according to 

Bennett (1963), toxic substances are produced when the organ

isms become plentiful and die. Domestic animals and fish 

are k i 1 l e d du r i n g " b 1 o oms 11 of s p e c i es s u ch as An ab en a and 

Glaeotrichia. Consequently, treating early can be economically 

important to a client. 

Another reason for treating weeds before they become 

plentiful is that if a heavy stand of weeds is killed at 

once, there may be excessive decay of the plants. Decay 

requires oxygen, and water may become deficient in oxygen if 

too many weeds are decaying at the same time. Lessened oxygen 

in the water may result in fish suffocation. This occurrence 

is said to be a greater hazard in aquatic weed work than 
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toxicity of the herbicides. Oddly enough, fish suffocation 

will occur naturally in late summer in infested lakes when 

water levels lower, and weeds begin to die. This occurence 

indicates that the particular body of water had too many 

weeds for the fish population. In fishing water, weeds should 

be kept at a level sufficient to provide oxygen in summer, 

but insufficient to cause oxygen depletion when weeds die in 

the fall. 

If one suspects that treatment of a large stand of weeds 

may result in oxygen depletion because of decomposition, a 

waiting period is advised between partial or band treatments 

or spot treatments may be made. These are equally safe to 

fish and just as practical and effective. 

Dosage. How much of the chemical should be applied to 

get the desired control and keep fish kill at zero? To obtain 

proper dosage figures, the area to be treated and the volume 

of the body of water must be calculated to determine chemical 

concentrations necessary to give acceptable results. 

Dosages for aquatic weed control are often stated in 

parts per million (ppm) of active ingredient which may be by 

weight in pounds, or by volume in gallons. One part (pound) 

per million (pounds of water) in an acre of water one foot 

deep is 2.7 pounds (there are approximately 2,700,000 pounds 

of water in one acre-foot of water). One part (gallon) per 

million (gallons of water) is 0.3 or 1/3 gallons, since there 
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are approximately 300,000 gallons of water in an acre foot 

(43,000 cubic feet of water). Volume measurements are written 

11 ppmv 11 ; weight measures, 11 ppmw 11 (formerly simply ppm). 

Tables or charts of dosage recommendations for various 

weeds will always be found on product labels. Sometimes in 

research bulletins, recommendations are expressed in terms 

of active chemical and not product. Often a single chemical 

can be found in various formulations under many trade names; 

researchers will usually use the chemical common name to 

avoid reference to registered trademarks. Operators who get 

the best buys and best results are those who read the label 

for information about the chemical active ingredient. 

Application Method. Use of pesticides in aquatic 

environments is quite restricted because these areas are 

used for irrigation, recreation, and domestic water supplies. 

It is important the chemicals used in these areas be applied 

strictly in accordance with the label directions. 

MOST AQUATIC HERBICIDES WILL BE MORE EFFECTIVE IF APPLIED 

WHEN WEEDS FIRST BEGIN ACTIVE GROWTH. THIS SHOULD BE CHECKED 

BY SAMPLING THE LAKE BOTTOM IN THE LATE SPRING OR EARLY SUMMER 

IN AREAS HEAVILY INFESTED THE YEAR BEFORE. 

Treatment of dense weed growth can result in loss of fish. 

During the decomposition of the dead plant, oxygen depletion 

can occur, and this can cause fish kill. 
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Recommendations for aquatic areas are based on rate per 

surface area, rate per acre foot, or parts per million (ppm). 

In this particular case, rate per acre foot was chosen rather 

then ppm. If label directions are given in ppm, they may be 

used in accordance with the instructions on the label. 

An acre foot is l acre of water l foot deep. For a pond 

with a gradual slope, acre feet may be determined approximately 

by multiplying 1/2 the depth at the deepest point times the 

surface area. A pond with l surface acre and a gradual slope 

to 10' depth at the deepest point would contain approximately 

5 acre feet of water. 

l 9 



DIRECT AND SECONDARY EFFECTS OF PESTICIDES 

Pesticides may affect aquatic life immediately, on a 

long-term or indirect basis. As chemicals are applied, they 

may be directly toxic to aquatic plants or animals. By 

accumulating in the environment and being passed up the food 

chain, pesticides may also affect ecologic elements and human 

health. 

Knowledge of the potential effect on plants, fish, birds, 

insects, and other organisms which may be present in aquatic 

environments is essential for safe and effective aquatic pest 

control. In addition, a knowledge of the secondary effects 

which can be caused by improper application, incorrect formula

tions, and incorrect application rates of pesticides is necessary. 

Direct Effects of Pesticides 

Pesticides are most effectively used when they act only 

on the target pest and do not affect "non target" organisms. 

For example, aquatic herbicides used to control a certain 

plant pest should not be harmful to other organisms when used 

at the recommended dosages. A number of pesticides are available 

which meet these requirements when properly used. 

The hazard of a pesticide to aquatic organisms depends on 

its toxicity or how poisonous it is. The term, acute toxicity 

is used to indicate how poisonous a pesticide is after a single 

exposure. Chronic toxicity is how poisonous a pesticide is 

after small repeated doses over a period of time. 
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The toxicity of pesticides to aquatic organisms is 

dependent on many factors. One species may be more susceptable 

to the chemical than another and therefore Lo 50 or any other 

measure of toxicity cannot be applied. Also, the response of 

a single species may vary depending on the sex, size, or age 

of the exposed individual. Chemical differences in the water 

may affect an animal's response or the chemical toxic action. 

Another factor compounding the difficulty of evaluating potential 

toxic effects of a pesticide on an aquatic community is that 

pesticide nomenclature is very complex. Many formulations of 

a pesticide, each with a different toxicity, will go by the same 

common name. For example, there are many forms of the herbicide 

2, 4-0. 

Invertebrates - Most herbicides and fish toxicants 

(piscicides) are non-toxic to aquatic invertebrates when 

used at the recommended dosages. When toxic effects are 

found, they are usually transitory. The high reproductive 

potential of most invertebrates allows population levels 

to return to normal relatively rapidly. 

Improper application rates, incorrect formulation, 

or faulty application of herbicides or piscicides may 

reduce invertebrate populations to extremely low levels 

or eliminate them entirely. 

In general, herbicides and piscicides are not a 

contamination problem in the environment nor do they 

accumulate in the food chain as do some insecticides. 
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Fish - Herbicides are rapidly accumulated by fish. 

Most appear to concentrate in various organs and tissues 

which make up the visceral mass, least appear in muscle 

tissue. The rate at which pesticide levels in fish 

d e c 1 i n e varies a c c o rd i n g to t h e c h em i c a l . T h e p es t i c i d e 

label will state the time which must pass before fish 

are free of the chemical and fit for human consumption. 

Piscicides are obviously lethal to fish when used as 

directed. 

When considering the toxicity of pesticides to fish, 

it should again be pointed out that the kind of chemical, 

species of fish, and nature of the water all play a role 

in the ultimate reaction of the fish to a toxicant. Fish 

fry are the most susceptable stage of the life of a fish, 

a significant fact since it is usually recommended that 

aquatic herbicides be applied during the spring, a time 

when recently hatched fish are plentiful. 

The acute toxicity of herbicides to fish and fish 

eggs is usually small when used at the recommended dosage. 

However, each herbicide should be evaluated on an individ

ual basis depending on the treatment levels, species of 

fish, and chemical characteristics of the water. For 

example, copper sulphate is highly toxic to trout at very 

low concentrations, much lower than the level recommended 

to treat algae. The toxicity of copper sulphate is also 

greatly affected by water hardness. 
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Fish can feed on a number of different food 

organisms, but generally restrict their feeding to a 

preferred group. Most fishes are opportunists when 

feeding and will take whatever food is available in 

greatest quantities. Because of their adaptability to 

varying conditions and ability to change foods within 

limits, a temporary alteration in the food chain may 

not have an adverse effect. If the number of food 

organisms are reduced by the action of a pesticide when 

food is scarce, fish may exhibit reduced growth rates 

and fish populations may suffer. 

In summary, most herbicides are non-toxic to fishes 

when used at the recommended rates and properly applied. 

Improper application rates, incorrect formulation, or 

faulty application of herbicides may result in a fishkill 

or may seriously alter the food chain, slowing the growth 

rate. 

Other Vertebrates and Man - Fish, mammals, amphibians, 

and reptiles living and feeding in water may be directly 

affected by herbicides and piscicides. Treatment of an 

aquatic ecosystem with herbicides and piscicides will 

not cause serious problems to these animals if the pest

icides are used at the recommended rates and applied 

properly. If rates higher than those recommended are 

used or the pesticides are improperly applied, toxicity 
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levels may reach a point which is harmful to vertebrates. 

Fish killed by piscicides are not harmful to other forms 

of wildlife. 

The application of pesticides will also have a 

direct effect on man. Almost all herbicides and piscicides 

used in aquatic resource management will be a potential 

hazard to man for a period of time. Treated water may be 

unsafe for swimming or irrigation, and fish unfit for 

human consumption. Man's activities or use of water must 

be restricted for the period of time when dangerous 

conditions exist. This period of time is printed on the 

pesticide label. Improper use of herbicides and piscicides 

may cause serious problems. If application rates higher 

than those recommended are used, the danger from the chemical 

may exceed the time limit printed on the label. 

Indirect Effects of Pesticides 

Herbicides and piscicides have a direct effect on aquatic 

life but do not cause environmental catastrophies when they are 

used properly. However, they may cause subtle changes and 

indirectly modify an aquatic ecosystem. Indirect effects are 

just as important as the direct effects in many cases. 

Aquatic plants provide cover, protection, attachment 

substrate, and food for many aquatic animals. Plants contribute 

to and affect the chemical and physical nature of the aquatic 
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ecosystem. Any reduction in quantity and quality of aquatic 

plants would affect the chemical and physical environment 

and thus the animal community structure. These changes are 

indirect in that they do not involve the chemical pesticide 

itself by acute or chronic toxicity, accumulation, or irrita

tion. 

Primary Productivity - Algae are usually the first 

link in aquatic food chains. They convert the sun's 

energy to chemical energy in the form of food for nearly 

all aquatic life. During the photosynthetic process, 

green plants produce oxygen which is essential for all 

life in water. 

The removal of algae lowers the basic productivity 

of an aquatic ecosystem. Less energy is converted to 

food and less oxygen is available in the water. 

Bacteria and Decomposition - As plants killed by 

herbicides die, they become food for bacteria. Bacteria 

decompose the plants, converting them into simpler 

compounds or nutrients. Bacteria also require oxygen 

and, when great amounts of organic material are being 

decomposed, the dissolved oxygen level in the water 

drops. Dissolved oxygen levels in the water may drop 

below levels necessary for maintenance of other organisms 

including fish. Carbon dioxide and other toxic by-products 

of plant decomposition also build up in the water which 

can then be detrimental to other forms of life. 
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Nutrients released into the water through the 

process of decay will be available for renewed plant 

growth. The increase in the number of bacteria will 

also increase the food supply for the microscopic life 

that feed on them. 

Invertebrates - Important links in the aquatic 

food chain are the small invertebrates. Typical aquatic 

invertebrates are worms, leeches, shrimp, scuds, water 

fleas, insect larvae, snails, and clams. In addition 

to the direct effects of herbicides on invertebrates, 

there may be indirect effects that are just as important 

or more so. 

Decaying plant material may cause a reduction in 

the dissolved oxygen, resulting in a decrease of the 

total number of invertebrates. The increase in organic 

matter from decaying vegetation may significantly increase 

the number of invertebrates which feed on decaying organic 

matter. Destruction of weed habitat which the invertebrates 

use for cover and attachment may cause reductions in number 

of invertebrates. In general, when a change has been noted 

in the invertebrate community after treatment, the community 

typically has more individuals but fewer species after 

treatment than before treatment. 

Since piscicides are specific to fish, their use will 

have little effect on invertebrates. Many of the indirect 
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effects are temporary and weed removal may not change 

the number of species inhabiting an area one year after 

treatment. The key to minimizing indirect changes lies 

in using the herbicides and piscicides as directed on 

the label. 

Fish - The removal of rooted aquatic vegetation with 

herbicides may increase the amount of food available at 

various stages in the food chain, thus increasing fish 

production. This is true when the nutrients released by 

decaying rooted vegetation stimulates algae growth. 

Rooted aquatic vegetation tends to become nutrient and 

energy traps because few animals use them as a source of 

food. 

Other factors may indirectly influence fish, such as 

reduced dissolved oxygen levels or changes in water quality. 

These conditions may be avoided by treating portions of 

the weed infested area at different times, thereby giving 

fish an opportunity to move to untreated water. 

Weed control programs will also change the physical 

habitat. Dense mats of vegetation can harbor large numbers 

of small fish. Biologists have found that if too much cover 

is present, the fish populations will become unbalanced or 

stunted. A reduction in cover will sometimes cause more of 

the smaller fish to become prey to the large fish, benefiting 

both populations. 

27 



Areas of dense aquatic vegetation are not utilized 

as cover or spawning substrate by most predatory game 

fish. Removal of the vegetation generally does not 

compromise their chances for survival. 

Other Vertebrates and Man - Vertebrates such as 

amphibians, reptiles, birds, and mammals that feed on 

aquatic plants and animals will be affected by any 

changes in the aquatic food chain. For example, many 

aquatic plants are used as food by waterfowl. 
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