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DISCLAIMER 

This report was prepared as an account of work sponsored by the United States 
Government. Neither the United States, nor the National Park Service, nor any 
of their employees, makes any warranty, express or implied, or assumes any 
legal liability or responsibility for the accuracy, completeness, or usefulness 
of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to 
any specific commercial product, process, or service by trade name, mark, manu­
facturer, or otherwise, does not necessarily constitute or imply its endor­
sement, recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein do not 
necessarily reflect those of the United States Goverment, the National Park 
Service, the Environmental Protection Agency or any other agency thereof. 
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Part One 

Understanding the IPM Approach 



WHAT IS IPM? 

DEFINITIONS 

Integrated pest management (IPM) is 
the selection, integration, and implementation 
of pest control based on predicted economic, 
ecological, and sociological consequences. 

IPM seeks maximum use of naturally 
occurring pest controls, including weather, 
disease agents, predators, and parasites. 
In addition, IPM utilizes various biological, 
physical, and chemical control and habitat 
modification techniques. Artificial controls 
are imposed only as required to keep a pest 
from surpassing intolerable population levels 
predetermined from accurate assessments of the 
pest damage potential and the ecological, 
sociological, and economic costs of the control 
measures 

(Since IPM was originally developed in 
agricultural settings), major emphasis has 
been placed on cotton, citrus, deciduous fruits, 
soybeans, and alfalfa, which account for 
approximately- 70 percent of the insecticides 
applied annually to cropland. .. .For nearly 
every crop included in (Cooperative Extension 
Service) demonstrations in over SO states, 
pesticide use has dropped significantly without 
a sacrifice in yield or quality and with 
increased profit to the farmer. 

Equally encouraging results have been 
achieved in IPM programs directed against pests 
affecting urban areas, public health, and 
forests. (Dale Bottrell, Council on Environ­
mental Quality, Integrated Pest Management. 
1979. Emphasis added.) 
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A Short Definition 

Integrated pest management (IPM) is a decision-making process. It 

helps you to decide: 

• If treatment action is needed 

• Where treatment activity should take place in the system 

• When action should take place 

• Which mix of strategies and tactics would be the best to use 

The components of an IPM program are: 

• Monitoring 

• Determining injury and action levels 

• Timing 

• Defining problem area 

• Selection of least disruptive tactics 

• Spot treatment 

• Evaluation 

Applying the IPM Concept 

The major components of an IPM program remain the same, no matter what 

the target pest. The first and most important component is the development 

and operation of a monitoring program. A monitoring program is essential 

in order to determine injury and action levels, define problem area, select 

and time treatments that are least disruptive to the natural controls oper­

ating to suppress the pest organisms and least.hazardous to human health 

and the environment, and evaluate the pest management program as it proceeds. 

Monitoring is an on-going activity throughout any IPM program. 

Monitoring: The Key to IPM 

The purpose of monitoring is to gather and record site-specific information 

on which decisions about treatment choices are to be based. Monitoring 

provides managers with: baseline data, ways to compare one season with 

another, tools for measuring progress and determining true costs, and 

reference points for all pest control decisions. 
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MONITORING: THE BASIC ELEMENTS 

Monitoring means regu la r in spec t ion . 

Monitoring may r equ i r e spec i a l t oo l s ( e .g . hand l ens , ladder , f l a s h l i g h t , 

t r ap) to answer the ques t ions : 

• What kind of pes t problem? 

t When and where does the problem occur? 

• How many--what i s the extent of the pes t populat ion or the 
problem? 

• When should t reatment ac t ion take place? 

Monitoring requ i res record keeping 

WHAT SHOULD YOU LOOK FOR? 

1. The t a r g e t pes t - -what species i s i t ; how many; where does i t occur 

geograph ica l ly , s ea sona l ly , in the micro environment? 

2. The na tu ra l enemies of the pes t - -what kind; how many; where? 

3 . P o t e n t i a l p e s t s t h a t could cause secondary problems—what kind; how 

many; where? 

4. Maintenance activities that may affect the pest--what are people 

doing regularly? For example, how plants are watered, pruned, and 

fertilized can affect landscape pest problems. How food is stored 

and wastes managed can affect indoor problems. 

5. Random human and other events — the unanticipated that may affect the pest. 

6. Weather—how hot, cold, wet, dry, windy? How long? Local variations? 

3 



LEVELS OF EFFORT USED IN MONITORING 

1. Other persons casual looking (= hearsay). 

2. Casual looking with no record keeping. 

3. Casual looking with written observations. 

4. Regular written observations. 

5. Regular written observations and quantitative descriptions. 

6. Quantitative samples on a regular basis. 

7. Statistically valid quantitative samples. 

Note that in the above there is a progression from the least (#1) to 

the most intensive. Reliability and precision also follow this same 

progression. 

FIGURE 1 

THE ROLE OF MONITORING 

Collect Monitoring 
Information 

ip rTTsT 
1 Populations 

Analyze Monitoring 
Information 

Peat Ecosystem 

Apply Pest Management Tactics 

Evaluate prior 
treatment effective­
ness 

Develop new pest 
Management Plans 

Treatment being evaluated refers to pest suppression activities either prior 
to or following the initiation of an IPM program. 

KEY: Boxes indicate functions, major components or systems. 

Arrows indicate actions, or the flow of information, 
materials and energy, or work between components. 

The boxes are numbered to facilitate discussion in a 
workshop setting. 

3 4 
* 
5 

6 
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RECORD KEEPING 

A monitoring system is only as useful as its record keeping system. 

Records are the memory of the system. Without records, whatever is 

learned is lost when personnel are changed, and consequently no 

learning takes place except that which is transmitted verbally. Verbal 

transmission alone is prone to error and is seldom verified by quantifi­

able observations. Records form the basis for making decisions on the 

most sensible distribution of available resources to the areas most in 

need of attention or observation. 

WHAT SHOULD THE RECORD SHOW? 

• Identification of the pest: genus, species, stage, etc. 

• Size of pest problem 

• Distribution of pest problem 

• Information on treatment action: what, where, when, who, 
cost, application difficulties 

• Short-term effects on pest problems 

• Short-term effects on non-target species 

• Long-term effects on pest problems and non-target species 

It is important to standardize both the format and the process by 

which the records are kept. This will aid in achieving continuity. 
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WHAT CAN BE LEARNED FROM MONITORING? 

INJURY AND ACTION LEVELS 

Determining Injury Levels 

Injury Level refers to the point in the growth of the pest population 

when the numbers of pest organisms are sufficient to cause some unacceptable 

kind or degree of injury for a specific site. Two values comprise an injury 

level. The first is the amount of aesthetic or economic damage that can be 

tolerated. The second is the population size of the pest that must be 

present to cause that much aesthetic or economic damage. 

Setting an injury level may be fairly clear-cut in an agricultural context 

in which these concepts were developed. For crop production systems, the 

question of injury level is: How much reduction in yield, or cosmetic damage 

to the product, can occur before the loss of profits is equal to or greater 

than the probable cost of pest control? In other words, how much pest 

damage will make pest management economically worthwhile? 

In ornamental landscapes, however, and in buildings, the direct economic 

damage is often difficult to assess. In such cases, injury or damage are a 

matter of aesthetic judgment or peoples' opinions. Peoples' opinions differ, 

and the realities of social systems are that not all opinion carries equal 

weight in determining policy. Thus, in cases of aesthetic damage, the 

question may become: How much are the "important" people willing to 

tolerate of: 

- change in appearance of the plant or site (including loss of host) 

- visibility of the pest 

- evidence of pest activities 

-' nuisance 
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Treatments are usually based on some notion (usually unspoken) of injury 

level. Managers frequently act on injury level concepts they have inherited 

from previous managers or casually accepted along with others in the system. 

For the decision-making process to yield effective work orders, however, the 

injury level should be redetermined at frequent intervals for each pest and 

for each site. 

On What does Injury Level Depend? 

A. Potential for damage 

• Pest species/host species. It is important to identify the 

pest and host. All aphids are not alike, nor are all weeds. 

All species and cultivars are not equally susceptible to the 

same pest. 

Example: the tuliptree (Liriodendron tulipfera) can 

tolerate large numbers of tuliptree aphids (Illinoia 

liriodendri), but a small population of the spruce aphid 

(Elatobium abietinum) can kill a spruce tree (Picea sp.). 

• Pest population size causing intolerable aesthetic, medical 

or economic damage. 

Example: the damage caused by one leaf-eating beetle 

in the tree will not even be noticed. Five thousand of 

them may cause highly visible defoliation. 

B. Tolerance of the clientele 

• Location. 

Example: rose plants by a walkway are highly visible 

individually. Thus even a low level of damage will be 

noticed. But, massed in a border and seen only from a 

distance, they can easily sustain much greater insect 

activity without affecting the overall aesthetic appearance 

of the display. In most cases, specimen plants would 

receive greater attention than individual plants in a mass 

planting. 

Determining Action Levels 

The purpose of setting injury levels is to guide pest management actions. 

Action levels are determined in relation to injury levels. An action level 

is the level of pest population size for a specific site at which action 

must be taken to prevent reaching the injury level. See Figure 2. 
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FIGURE 2 

INJURY AND ACTION LEVEL CONCEPTS 

In situations where treatment means application of a pesticide, action 

often takes place long before it can be predicted that the injury level 

will be reached. These are sometimes thought of as "preventive treatments," 

often applied on a calendar basis, but in reality are premature and pro­

bably trigger more pest problems than they prevent. Sometimes action takes 

place after the injury level has been reached and the pest population has 

begun to decline naturally. Such "revenge" treatments are useless (at 

best), wasteful, and may trigger new problems (at worst). See Figure 3. 
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FIGURE 3 

INJURY AND ACTION LEVEL CONCEPTS 

SHOWING PREMATURE AND REVENGE PESTICIDE TREATMENTS 

TIMING TREATMENTS 

Monitoring can help time treatment actions properly in the life cycle of 

the pest and of its natural enemies. 

Example 1: When the scale crawlers move out across the plant is when 
they are most vulnerable to soap and water washes or 
contact insecticides. 

Example 2: The microbial insecticide B.t. [Bacillus thuringiensis) 
is a stomach poison, thus it will not work if sprayed 
when moths are flying since they do not feed. It must 
be used when the caterpillars are actively feeding. 

Example 3: When predatory ladybeetles are in the pupal stage they 

are less vulnerable to certain sprays than as larvae out 
on the leaves. 

Example 4: Bagworms are more susceptible to B_._t. before they have 
constructed their bags. 
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SPOT TREATMENT 

There may be a substantial difference in the degree to which different 

species in the same genus respond to pest attack. Furthermore, in every 

group of plants of the same species and variety there are individual 

variations. Ideally only those individual plants on which pest populations 

are approaching injury level should be considered for treatment. 

Example 1: Where a leaf-eating insect crawls down to the base of 
the tree during each generation, a narrow band of insecti­
cide applied to the trunk may be less costly and much 
safer than spraying the entire foliage. Confining the 
poison to a band on the trunk also protects the natural 
enemies of the pest on the leaves and on the ground. 
(Ex. elm leaf beetle.) 

Example 2: Elms on two neighboring streets in Modesto, California 
were originally treated routinely for elm leaf beetle, 
although only certain trees required it. Other trees 
showed no damage without treatment. Monitoring pinpointed 
which trees were regularly susceptible and which were not. 
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TREATMENT STRATEGIES 

A strategy is an overall approach to a problem, such as using "habitat 

management" to suppress a pest. A tactic is a specific action or 

series of actions within that strategy. For example, draining water 

from a depression is a tactic that might be part of the strategy of 

habitat management for mosquitos. 

CRITERIA FOR SELECTING TREATMENT TACTICS 

AND DEVELOPING PEST MANAGEMENT STRATEGIES 

Once the IPM decision-making process is in place and the decision made 

to use a pest suppressive tactic, the choice of actual strategy and 

technique can be made. Choose strategies that are: 

• least disruptive of natural controls 

• least hazardous to human health 

• least toxic to non-target organisms 

• least damaging to the general environment 

• most likely to produce permanent reduction in the pest 

• easiest to carry out effectively 

0 most cost effective in short and long term 

SUMMARY OF TREATMENT OPTIONS AVAILABLE 

A pest management strategy is a group of planned tactics or methods 

for preventing or suppressing pest populations based on ecological 

understanding. The IPM concept is based on the fact that combined 

strategies for pest management are more effective in the long run than 

a single strategy. The major strategies to be considered are: 

I. Indirect suppression 

A. Design or redesign of the landscape or structure. This 
includes: 

1. Selection of plants or structural materials that are: 

0 resistant to pests 

0 supportive of natural controls 

0 enhancing of ecosystem diversity and processes 
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2. Landscape or structural designs that are: 

• conducive to plant health or sound structure 
maintenance 

• appropriate to the weather, soils, minerals, 
water and energy resources of the site and the 
maintenance system 

B. Habitat modification or changing the biophysical environ­
ment for purposes of: 

1. Reduction of pest harborage, food, or other 
requirements. 

2. Enhancement of the environment required by the pest's 
predators, parasites, and diseases. 

C. Human behavior changes, including: 

1. Horticultural controls 

• modification of such resource management practices 
as mowing, cultivating, watering, fertilizing, 
pruning, mulching, and waste management 

2. Education 

• modification of aesthetic judgments regarding 
"cosmetic damage," manicuring of landscapes, and 
visual presence of certain animal species 

• using an ecosystem approach 

II. Direct Suppression 

D. Physical controls such as: 

1. Manual picking, weeding, etc. 

2. Barriers 

3. Traps 

4. Mechanical action 

5. Heat or cold 

6. Caulking 

E. Biological controls, including 

1. Conservation of the pest's natural enemies through 
proper selection of materials and timing and placing 
of treatments. 

2. Augmentation through the introduction of additional 
numbers of the pest's natural enemies or commercially 
available pathogens. 

3. Inoculation by the repeated reintroduction of effective 
natural enemies that will not survive over winter. 

4. Importation of host-specific natural enemies of exotic 
invaded pests. 
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F. Chemical controls, including: 

1. Pheromones and other attractants to lure and/or 
confuse the pest 

2. Juvenile hormones that arrest pest development 

3. Sterilants or contraceptives to reduce breeding of 
future generations 

4. Contact, stomach, and other poisons 

5. Fumigants 

EXAMPLES OF TREATMENT OPTIONS 

Note: In these examples, the strategy described was only one of the 

several used in combination to solve the pest problem. 

1. Design or Redesign—the purpose of this strategy is to 
design the pest out of the system through the choice or 
arrangement of either plant or structural materials. 

Example: A stable fly problem in a park police horse stable: 
The stable flies lay their eggs in the manure. 
Site examination disclosed that stable design 
included construction with individual boards with 
spaces between. These gaps permitted manure to 
fall through and accumulate in areas inaccessible 
to regular cleaning. Recommendation: switch to 
solid wall construction of stalls, i.e. change the 
design. 

Example: Azalea lace bug problem on azaleas which are more 
severe in exposed areas. Often azaleas are planted 
in full sun even though under natural circumstances 
they are understory plants. Recommendation: add 
taller plants, lath, sunshade, etc. to provide fil­
tered sunlight or substitute sun-loving plants, i.e. 
change the landscape design. 

2. Habitat Modification--the purpose of this strategy is to 
change the biophysical environment so as to reduce the 
carrying capacity for the pest, i.e. the potential of the 
environment for supporting a large pest population. Sometimes 
this may be done by enhancing the attractivensss of the site 
to the natural enemies of the pests. 

Example: Solving mosquito problems usually includes finding 
the water sources where the young mosquitos are 
developing and either draining some of them or raising 
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the water level in them so that a particular 
nuisance mosquito will no longer lay its eggs 
there. 

Example: Artificial perches, in the form of posts, may be 
introduced into a grassland area to encourage the 
presence of predatory birds such as red-tailed 
hawks that feed on pest ground squirrel populations, 
Nest boxes may be introduced into forest areas to 
encourage presence of insect-eating birds. 

3. Human behavior changes, including: 

Horticultural controls--horticultural controls involve 
modifying planting and maintenance activities to affect pest 
populations. These activities include: 

• plant selection 

• planting techniques 

• watering 

• fertilizing 

• pruning 

• mulching 

Example: Honeydew drip problem with ash trees: ash aphids 
may favor the inner canopy of certain varieties of 
Ash trees. By thinning out the interior of the 
tree and using pruning techniques that do not 
encourage sucker growth, the favored habitat of 
this pest can be reduced. 

Example: A citizen group is pressuring for reduction of 
herbicide use on turf weed problems. Mulching with 
compost to reduce compaction in areas of visitor 
traffic and selection of more appropriate grass 
species or alternative ground covers may reduce 
weed problems in some areas. 

Education-education is usually a cost-effective strategy. 
Tolerance for certain organisms and a general understanding 
of the benefits of taking an ecosystem approach can be 
increased by education. 

Who needs to receive information? 

1) Pest control professionals 
2) Landscape and building maintenance personnel 
3) The general public 
4) Policymakers in public and private institutions 

and agencies 

5) Landscape and building designers 
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What do they need to know? 

1) To look at the whole picture, that is, to take 
an ecosystem approach: include physical, biolo­
gical, psychological, sociological and economic 
factors. 

2) Look for alternatives first and use pesticides 
only as a last resort. 

Examples: Weed (wild plant) problems in turf 
and labor shortage might be solved 
by turning certain park areas into 
meadows by mowing less frequently per 
season. Education will be required 
so that visitors understand the 
effect achieved is deliberate. 
Visitors should be taught to appreciate 
the changing panorama of wildflowers 
as the season progresses and the role 
of these wildflowers in feeding 
beneficial wildlife. 

4. Physical Controls—physical controls involve using physical 
methods to destroy or exclude the pest. 

Examples include: 

Handpicking: Removing tent caterpillars or fall 
webworms with a pole pruner or hand 
clippers. 

Vacuuming: Yellow jacket nests out of the ground; 
box elder bugs as they collect around 
building foundations. 

Traps: For flies, whiteflies, rodents, 
Japanese beetles, other pests. 

Barriers: Against flying insects (screens), birds, 
(netting), pantry pests (storage in 
tight jars), rodents (garbage storage 
containers, e.g. modifying park garbage 
cans to include tight lids with spring 
closing deposit doors, metal bottoms, 
and stands to raise them off the ground 
will provide a barrier against rats, 
yellow jackets, dogs, raccoons, etc.). 

5. Biological Controls—biological control involves maximizing the 
impact of the pest's natural enemies, i.e. predators, parasitoids, 
and pathogens. Examples include well-recognized pradators such 
as toads, snakes, hawks and ladybird beetles, and less well~ 
recognized internal and external parasitoids of insects such as 
predators of aphids, scales, beetles and caterpillars. Types 
of biological control include: 
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A. Conservation of biological controls—that is, protect 
those already present in your environment. 

• treat only if injury levels will be exceeded 

• spot treat to reduce impact on the natural enemies 
of the pest 

• time treatments to be least disruptive 

• select most species specific, least damaging materials 

B. Augmentation--artificially increase the numbers of 
specific biological controls normally already present in 
low numbers. For example, brown-banded cockroaches have 
been controlled indoors through releases of large numbers 
of their parasitoid. Some examples of commercially 
available predators and pathogens include lacewings, 
predatory mites, insect diseases such as Bacillus 
thuringiensis israelensis effective against mosquitos 
and black flies. 

C. Inoculation--releasing natural enemies at the beginning 
of the season which are not normally present but which 
will not permanently colonize. One example is the control 
of the Mexican bean beetle by a parasite, Pediobius 
faveolatus, reared and released in large numbers by the USDA. 

D. Importation--importing and permanently establishing the 
natural enemies of an invaded pest. 

• host specificity is the key consideration 

• permits must be obtained from the Federal government 
(APHIS) and the material sent through a USDA-supervised 
quarantine laboratory which observes a strict protocol 

• weeds, both terrestrial and aquatic, as well as insects, 
have been suppressed through biological control importa­
tion. Examples are cottony cushion scale, a major pest 
of citrus, controlled in California in 1888, and ongoing 
control of tansy ragwort by the cinnabar moth in the 
Northwestern United States 

• if a biological control importation project is successful, 
the pest population will be reduced to tolerable levels 
over a period of seasons. Patience is needed because 
the process may be slow, but it is permanent 

• this work is done by highly specialized personnel in 
approved laboratories 
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