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INTRODUCTION

When studying a group of insects, we are
often overly impressed by their presence
and number. When numbers are high, eco-
nomic entomologists usually locate the point
of highest density and count the individuals.
From this estimate, the "outbreak" is char-
acterized and control recommendations are
presented, with the underlying belief that if
sprays are applied at points of highest den-
sity, we will get the most kill for control
The

complex interactions of a pest population

cost and therefore the most benefit.

with its biotic and abiotic environments
renders these assumptions and approaches to
a useless leftover from the chlorinated hy-
drocarbon era. The lack of understanding
about the interaction of individuals within a
population leads to many, often counter-
intuitive, outcomes. For example, every
individual will die from natural causes with-
out human-imposed controls. Thus, killing a
pest with a pesticide usually brings about
damage control through population reduc-
tion, but not population control. This fact
appears trivial, but perhaps is the most

significant point in population dynamics.

THE THEORY OF
POPULATION DYNAMICS

When considering the applied and theo-
retical aspects of insect populations, the
organizational levels where interactions oc-

cur should be considered. Basically there
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are four levels of generalized pest insect
groupings: subindividual, individual, popula-
tion, and community. Difficulty raises when
observations are made at one level and the
implications are projected to a different
level. The key to undei'standing most
"single-organism" populations is the popula-
tion; therefore, individuals must be ecounted.
This simplistic idea becomes a complex
issue with social insects or what might be
considered as "multi-organism" populations.

For the purpose of this report, we can
define "population dynamics" as a discipline
that studies the factors producing change in
the number and quality of individuals. The
term "populatioh" as it relates to insects is
ill-defined and takes on meaning only from
the context in which it is used. As such, one
ecological definition might be: a population .
is a group of individuals sharing a eommon
gene pool. Unfortunately, the operational
definition is usually: a population is a group
of individuals oecupying an area defined by
our concern for considering it as a popula-
tion.

Thus, a crop pest becomes defined as a
population with little concern for its linkage
with other individuals outside the erop. This
operational differential may be a philosophi-
Pesti-
cides applied to the crop kill a large number

cal side effect of using pesticides.

of insects present or soon to arrive. Defin-
ing the population as individuals living or
dead in the crop results in high kill statis-



tics. If 1% of g Population resides in a crop
and 99% are killed, it is not very impressive
to state that slightly less than 1% of the
population was destroyed. |

In a community, groups of individuals
live together in some sort of natural order.
The temporal and spatial aspects of a ecom-~
munity do not need to coincide with g
specific population, Communities are com-
Plex biological, social, and ecological webs,
Managing sueh structures could be the most
important, and largely untapped, non-chemij-
cal control method for any species. Thus,
community structural Mmodification research

--should be a high priority.

Adding the word dynamies to population
implies a change over time, To understand
this, it is essential to realize that g popula-
tion is distributed over time and space. The
spatial distribution js normally used during
pest surveys, with results expressed as pests
per sample, pests per field, ete. The tempo-
ral aspects such as age structure and popu-
lation maturity and distribution, are seldom
addressed even though they are equally im-
portant. Both spatial and temporal aspects
of a population interact in o way that ap-
pears to be opposite or in conflict with
simple intuition,

lem associated with sampling insect num-
bers to compare spatial differences. The
population remains relatively eonstant until
March, when it reproduces rapidly until
May. Natural mortality eauses g decline
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until November. Sampling this populatio,
would result in densities varying from 10 ¢,
60 on this theoretical curve. The significant
parameter represented by this graph is not
the six-fold difference in density, but the
generation index of I equal to one where I=
(density Mareh 1, year 1) + (density March
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_ Figure 1. Example of an insect population

density through time,

1, year 2) = 1, This population has not
changed, but its calculation required both
time and spatia] components to be aceount-
ed for. Population diagrams invoke the
analysis of number over both time and
Space. In essence, timing of such measure-
ments is critical to getting a true picture of
the insect's population. As simple as this
idea is, however, it is rarely practiced,

Most historie literature in anima] ecolo-
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gy has analyzed factors that limit or control
population numbers, and the relative impor-
tance of abiotic and biotic components of
the habitat have been argued. Only recently
have individual populations and community
structure been linked in highly interdepen-
dent models representing natural systems.
Linkage between abiotic factors and the
biotic components of the ecosystem can be
direct and indirect, with or without time
delays. Since these linkages and interrela-
tionships are often complex, a sound theo-
retical framework is helpful for interpreting
the effects that management practices may
have on population performance and com-

munity structure.

DIFFERENCES IN PESTS

In American agriculture there appears to
be four classifications of "emergency pest
problem," each requiring a different pest
management response: ’ :

1. Exotic pests: These are newly-intro-
duced pests whose populations rapidly ex-
pand to high numbers before slowly adapting
to the new environment. ‘Insects in this
category are cereal leaf beetle, gyPsY moth,
imported fire ant (IFA), Japanese beetle,
winter moth, Europeah pine sawily, Essex

skipper, European skipper (McNeil 1975),

and alfalfa weevil.
9. Native pests with cyclic outbreaks:
Because they are SO closely tied with the

environment, these pests g0 through perio-
die outbreaks. Pests in this category would
include spruce budworm, grasshopper, range
caterpillar, hemlock looper, bark beetle,
ete.

3. Native species with expanded range:
This pest species exists in limited geograph-
ic areas or environmental habits and adapts
to new hosts or climate conditions. Insects
such as the Colorado potato beetle, bean
leaf beetle (Dietz et al. 1976), apple mag-
got, boll weevil, and corn rootworm belong
in this category. Included could be pests
developing additional generations in re-
sponse to agricultural production practices,
or the release of resistant varieties (e.g.,
Hessian fly). Pests developing resistance to
chemicals also could fall with this category.
. 4. Induced outbreak: This category in-
cludes most secondary pest insects that
build up in pesticide—impacted environments
when the pesticide is not directly applied
for their eontrol. The category would in-
clude such pest species &s spider mites,
aphids, and numerous iepidopteran pests.

* The response by governments and similar
institutions to pest outbreaks needs to care-
fully consider the unique population char-
acteristics associated with each category.
An effective management response may be
very different for each situation, and a
single control option may have very differ-
ent outcomes in different classif ications.
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ECOLOGICAL PHASES
OF INTRODUCED PESTS

In this section, we will track the ecologi~
cal progression of an introduced (exotic)
pest as it adapts to its new environment.

During a new introduetion phase, the
insect rarely is adapted to or closely cou-
pled with the ecosystem. At this time, the
abiotic environment exerts several pressures
on the inseet Population. It determines the
Physiological limits for colonization and
whether the inseet will survive. Undep-
standing the physiological limits will help
determine how Successfully the species will
colonize. Knowing how elimate affects sur-
vival and movement will help determine how
effective a pest the inseet might become.
Also, understanding the abiotic effeets on
the population will aig in predieting whether
the new introduction or indigenous species,
occupying the same niche, will be favored in
& competitive interaction, These predie-
tions will be usefu] when evaluating man-
agement tactics, For example, a broad
Spectrum biocide that disrupts existing com-
munities could lead to & more successful
establishment of an introduced species.

After the new introduction phase, in-
sects go through g Physiological ‘adaptation
Life table analysis of this phase
could indicate windows of vulnerability in

stage.

the pest's life System, such as periods of
stress,

Exploiting these vulnerable times

could result in sucecessful management
strategies (i.e, disrupting overwintering
sites). Ineluded in this Phase is genetje
adaptation, During colonization, insect
pests are subjected to new selective pres-
Sures as a consequence of changes in the
abiotic and biotie components of the enyj-
ronment. Populations that Succeed in syr-
viving the genetic selection may have ac-
quired a radically altered, balanced, genetjo
System. Such genetic evolution is obsery-
able in terms of morphology, Physiology,
behavior, and life history traits, The alter-
ations can be so drastic that the introduced
population ean be considered to be a new
race or even a new Species, complete with
pre- and post-mating isolating mechanisms,
In terms of pest control, this means that an
introduced species has, in its new environ-
Mment, the potential to evolve in an unfore-
Seen manner (Templeton 1979).

The final phase of colonization is the
sucecessful physiological adaptation of the
insect. At this time both competitive and
predator/parasite relationships are impor-
tant, which typically results in the pest sta-
tus of the introduction being less than the
previous stage, Again, abiotic factors may .
alter competitive relationships between the
pest and its naturg] enemjes,

By knowing the effects that weather,
community structures, and their interac-
tions have on pes;c Populations, it is possible
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to predict when and where pest populations
will occur. This information also can be
used to avoid control tactics that adversely

disrupt the system. Humans can greatly
impact the natural evolution and adaptation
of exotic species to its new environment by
stopping and, in some cases, reversing this
natural progression.

THE WORLD: A BUG'S POINT OF VIEW
Elephants and hippos do not get caught
in water surface tension. Insects do. Un-
derstanding the needs and dynamics of a
population requires that we imagine things
in the way that a species must see them.
The microclimate experienced by a particu-
lar species is not necessarily that reported
by the U.S. Weather Service or measured in
a weather shelter. Often that species has
evolved over millions of years to become
adapted to a particul;ar environmental niche.
The fact that is becomes a pest may simply
be a cohsequence of our inadvertently ex-
panding its niche space a million-fold or so
with bulldozers and tractors or accidental
When this happens, we might
consider possible ways to shrink the micro-
If this can be done

while still achieving system goals, then the

movement.

. climate niche space.

pest may be reduced to non-pest levels.
Understanding the microclimate of the pest
could lead to the development of interesting
management options. The literature is re-

plete with such examples.

OPPORTUNITY IN A CRISIS

A unique opportunity exists in social
insects to research the effeets of individual
quality on population dynamies. By defining
a colony of social insects as an "individual,"
the individual quality and its effects on the
individuals
easier to research and model. Model resolu-

population of such becomes
tion increases. In fact, for a community of
ant species, many levels can be identified
and measured fairly easily. Levels start
with a species; within a species there is an
age of nest; within that level there is a
distribution of ant types; and within that
This
complexity is measurable for most insect

level there is an age distribution.

populations only with enormous resources.
For ants, however, the within-nest dynamics
can be measured and studied fairly easily;
the direct effects of changes of within-nest
distributions (age and type) can also be
modeled. Such models will help integrate a

research program much more than is usually

possible. With increasing complexity models
become more realistic, which increases the
level of understanding of the population and
its interactions. This is particularly true
when measuring abiotic stress on within-
Models that effectively
incorporate abiotic stress are difficult to

nest dynamiecs.

develop for non-social pest populations.
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POPULATION ANALYSIS

Measuring an Abstraction—Determine

Sampling Attributes ,

All populations share certain life pro~
cesses. For example, the development rate
of all inseets is temperature-dependent.
Thus, both physiological and chronological
time scales should be used when measuring
life processes. Many processes that oceur
(e.g., reproduction, mortality, movement)
are related to the density of the target
species and/or other species.

An important concern in dealing with
social insects is that different processes
affect the individual and the colony differ-
ently. Understanding the individuals' dy-
namies does not necessarily imply a knowl-
edge of colony dynamies and viee versa.
Because of this hierarchy, it is imperative
that processes be examined at the appropri-
ate level. Thus, if one is concerned with
managing a social pest and the target is the
colony, colony dynamies should be most
closely examined. Given this background,
the major sampling considerations are: _

(a) selecting the sampling entity (indi-

vidual, cluster, colony),

(b) selecting the sample unit (square me-

ter, soil type, habitat, ete.),

(e) selecting the spatial and temporal

sampling intervals, _

(d) determining the type of distribu-

tion(s) observed and any changes

associated with other population and
‘habitat characters, and

(e) caleulating the sampling schemes for

various specifie objectives.

All sampling plans must provide error
estimates and make variance partitioning
possible. The necessary data to establish
these sampling attributes ean come from
early phases of econcurrent research that
includes changes in (1) the pest: numbers of
individuals and individua; attributes, and (2)
the environment: physical and other or-
ganisms (plants, competitors, enemies, and
commensals). In social insects, where the
unit of study may not be the individual, nest
or colony characters have to be measured to
give the colony some specifically identifi-
able states (i.e., all colonies are not equal).
These studies should be conducted exten-
sively (coarser sampling over wide areas)
and intensively (including the extreme situa-
tions).

Population behavior of new invaders,
such as the IFA, may change dramatically
through time,
study of invading populations along the ad-
vancing front of an infestation must be

Inferences drawn from the

interpreted cautiously. For example, popu-
lations of- the sea lamprey virtually exploded
when the species reached the Great Lakes.
Despite aggressive control efforts, preda-
tion on lake trout devastated that fishery.
Now, however, lamprey predation is scarce-
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ly a factor in the booming sport fishery for
the several salmonid species introduced
from the Pacific. For this reason, it is
particularly important to encourage studies
explicitly designed to detect and interpret
long-term changes in population behavior.
Specifically, some areas should be reserved
for long-range (perhaps 20 to 30 year) stud-
jies on the population dynamies of the IFA.

From this work, correlations can be
found between the pest and its environment.
Typically, these become the basis for gen- -
erating hypotheses about cause and effect
relationships. These hypotheses need test-
ing. As correlations are developed, empha-
sis should shift toward experimental studies
designed to test these hypotheses, rather
than to assume their validity. Initial re-
search should concern hypotheses that ap-
pear most crucial to conceptualizing the
pest system. Since more than two alternate
hypotheses may explain any single correla-
tion, the researcher should consider all hy-
potheses and design research to differenti-
ate among them. Once a given hypothesis is
confirmed, the general conceptualization
should be updated.

At any time, both the scientist and the,
~granting and/or regulatory agency can use
this construction when making judgments on
current research or management requests.
However, both the researcher and involved
agencies should avoid (1) studying only those

aspects that have immediate management
applications, or (2) continuing, ad infinitum,
studies of relationships having no known
potential for management.

ANTS AND WHAT TO LOOK FOR—
A PARTIAL LIST

As in all other cases, the attributes of a
system are determined by the questions and
hypotheses guiding the study. The following
example concerns the community dynamics
of ants. Since the level of study has been
defined at the community level, measure-
ments are restricted to processes that feed
into determining community dynamies.
Thus, many features may be excluded en-
tirely and treated as a "black box." For
example, for some purposes, the mech-
anisms of pheromone production and distri-
bution within a nest may be ignored; inte-
gration of nest activities becomes a product

of a "black box" hormonal system. How-

ever, the decision to exclude the mechanies
of a process has to be chosen carefully. For
example, ignorance concerning the function-
al details of mammalian hormones may be
acceptable when studying the interactions

of ungulates, but it would be essential to

rodent interactions where adrenal gland
weight and activity relates to behavioral
dominance. The point is to be cognizant of
the role of hormones/pheromones in ant
community dynamics and to carefully

e Y e 22 R TN



choose the level of Mmeasurement that meets
the requirements of the guiding hypotheses
and questions, -

Some examples and rationales for select-
ing sampling attributes of community dy-
namies of ants include the following, very
incomplete, variables.

1. Species-specifie foraging behavior:
Shifts in the time or location of foraging in
the presence or absence of other Species
(e.g., McNeil et al, 1878) may indicate im-
portant competitive interactions and could,
under some circumstances, feed into the
community structure,

2. Spatial distribution of nests: For this
study, movement of workers of the -same
species from nest to nest validates the use
of the nest as the sampling attribute, The
distribution of nests of each species and
their abundance through space and time is
the appropriate sampling unit to measure
the outecome of community interaetions.

The distribution of foraging workers around

each nest may be the more appropriate
sampling unit fopr measuring the interactive
mechanisms of com munity change.

3. The dynamics of the community:
Change, resistance to change, and rates of
return to the original community eomposi-
tion are the foous, 'I“'herefore,‘experimen-
tally, nest distribution is appropriate. For

meaningful results, conditions must be spec-
ified (e.g., which environment, over what

time course, the initial set of populations,
ete.).

SOCIAL INSECTS:
PROBLEM OF DEFINITION AND BIOLOGY

Relative Time as a Problem

and Opportunity

For most pests in annual eropping sys-
tems, the periodicity of the habitat is long
relative to the generation time of the pest.
With many species, the reverse is true. The
lifespan of g particular erop is generally
shorter than the generation time of the
resident social insect colony. Short-genera-
tion pests that spend much op all of their
lives in a single environmental pateh should
follow the environment closely (i.e., become
specialized for partieular field types).
Long-generation pests ang pests with low
dispersal thresholds should be relative field
generalists. Thus, habitat manipulation as g
control procedure for long-generation pests
may have limited success unless the alter-
nating habitats (in time and space) are
chosen on the basis of knowledge concerning
environmental determinants of Population
dynamies,

Population Processes

Birth-death processes in social insects
are similar to other organisms, but some
important differences exist. Obviously, the
addition of sterile workers is simply indi-
vidual growth of the colony; the colony is

.
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the organism from the perspective of popu-
lation dynamics. As the colony adds or
subtracts workers and adjusts the caste
composition, the colony changes its ability
to meet the various life contingencies of
reproduction‘ (new sexuals leaving the colo-
ny), competition, nest repair, ete. That is,
the colony has various age or stage-specific
parameters. In cases where queen substitu-
tion occurs, the colony is, in principle, im-
mortal. Concepts, such as reproductive
value, become stage-specific properties, and
"ife" expectancies become the set of tran-
sitional probabilities of death associated
with each stage. The possibility of polygyny
(multiple queens) occurring in social species
means that fecundity will be highly variable
within a species; it then becomes necessary
to treat variance as a parameter in a life
system model. Death of queens in poly-
gynous colonies is treated as an effect on
reproductive value. This explanation of
birth-death processes illustrates the equiva-
lent processes in social and solitary species.
These processes, however, may be difficult
to measure.

The colony is a responsive homeostatic
system with many paths for feedback loops
and mechanisms for controlling flow rates
along the loops. For example, a colony has
four levels of buffering against the morbidi-
ty effects of a variable food supply.

1. The colony ecan store food in the nest;

therefore, foraging and harvesting rates are

not limited by the immediate metabolic

needs of the colony. Furthermore, satura-
tion curves for foraging behavior may not be
closely correlated to colony biomass but
may be limited by environmental, temporal,
and spatial patterns of food availability.

2. The ability to change foraging behav-
ior relates to the abundance and distribution
of food outside the nest.
ant colony may forage by using a few well-
defined trails when food is predietable and
clumped. When food is unpredictable and

For example, an

dispersed, the colony may switch to diffused
foraging behavior without defined trails.

3. Larval secretions may be used to
feed other larvae and workers, which dis-
tributes the food within the colony to pre-
vent local shortages among some larvae.

4, Larvae may be cannibalized (actually
a form of colony catabolism) as food for
other larvae. There is considerable fine
tuning in this behavior. For example, since
eggs have received little colony investment,
they are the first stagés to be used as food.
Sexual larvae are fed preferentially, thus
maintaining reproductive success.

Relatively little seems to be known
about the population dynamics of social in-
sects. Even age at death, a straightforward
attribute of individual insects, may be diffi-
cult to define for a colony or nest. While
the members of this panel had relatively




little experience dealing analytically with
such unique attributes, they Jjudged that
current analytical methods can easily be
modified to incorporate these
tures,

unique fea-

GENETIC CONCERNS:
A CASEOF N EGLECT

Problem or Opportunity

Genetic Systems of socjal and non-soeig]
insects are similar in some
different in others. In non-soeial insects,
bisexual reproduction of diploids maximizes
genetie exchange and thys Maintains g high
level of genetic heterogeneity in the spe-
cies. In socia) Hymenoptera, males develop
from fertilized eggs and are haploid; the
females, from fertilized €ggs, are diploid.
This genetie System is known g haplo-~
diploidy (Wilsop 1971, Crozier 1977). A
connection betv»{eeh haplodiploidy and the

respects, but

lower than that of non-social
(Crozier 1977, Ayala 1982),

insects
Such low genet-

ic variability jn Social insects confirms that
there are specifie differences between the
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genetic systems of social ang
inseets,

The development of Social systems in-
volves many changes in the characteristics
of social Species that are not found in non-
social inseets, Many behaviorg] and ecologj-
cal interactions that are integral parts of g
social system have no paralle] jp non-soeig]
insects, Regarding the reproductive poten-
tial, social insects are often thought of as
having unusually high fecundity. The task of
reproduction in soejal insects, however, is
carried out by one or g few reproductives; in
non-social insects, all females contribute to
the reproductive task.  When comparing
populations, the reproductive potential of
the two insect. systems is probably similgp,
A special featyre of social inseets is that
the reproductives are protected in the nest
and are seldom subjected to adverse envi-
Fonmental conditions, Since most of these
species have a long generation time, they
are less affected by natura] selection pres-
Sures. This may be one of the reasons why
social insects appear to develop resistance
to insecticides at a much slowep rate than
non-social insects,

_Community Analysis

Performance of a popuiation depends on
the combined effect of the individual attri-
butes of the Population plus the total inter-
actions of other populations occupying the
Same geographic region. Analysis of the

non-socjg)
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nature of the interactions between popula-
tions, and the results of these interactions

in terms of stability, persistence, and domi-

nance, is the topic of community ecology.
Community ecology, therefore, can be used
in understanding the effects of complex
interactions (i.e., competition and preda-
tion) on the abundance of particular pest
populations.

For an introduced pest, which progres-
sively becomes more adapted to new ecolo-
gical associations, particular eommunity-
level associations may be more important
during certain phases of adaptation than at
other times. For example, during the early
stages of colonization, competition with na-
tive species occupying a similar niche would
be the most important community-level as-
sociation. In later phases of adaptation,
relationships with natural enemies would be-
cone important. -

A CASE FOR MODELING

“sur understanding of the actual popula-
tion dynamies of organisms can be greatly
enhanced by considering the diversity of
behavior of population models. Even very
simple models of a single species can exhibit
a vast array of possible behaviors. This type
of complexity can usually be obtained by
varying the "constants" in the model, which
is analogous to making them functions of
time or space in a very general sense (to

what actually happens in the real, "non-
constant”" world). That very simple models
of one or two species exhibit complex be-
havior when subjected to this type of anal-
ysis is encouraging to the population biolo-
gist. It implies two things: (1) predicting
complex behavior of the real world is within
the scope of relatively simple models, and
(2) real world complexity can be reduced to
simple components.

Simplistic population models showing
that a wide array of behavior is possible also
says something to humans about population
management—ecological communities will
not have simple responses to simple inputs.
Surprises will be the order of the day.
There are no simple rules—just exceptions.
Good management is possible, but it must be
long-range and founded on knowledge.

‘Given the complexity of the simplest ecolo-

gical community, ill-considered, forceful,
management attempts will simply produce
large perturbations with uncertain conse-
quences. The worst enemy is ourselves—our
haste for a quick, simple solution, rather
than a desire to understand the problem
(Stinner 1982).

HIGHER ORDERS OF INTERACTION

The environment largely determines how
a community will move through time and
space. By varying the "constants" in simple
models, very complex behavior ean be ob-
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tained. Therefore, when these "eonstants"
in a community are actually environmental
functions, the environment drives the com-
munity dynamies. Even the most gross level
of dynamics (e.g., establishment of a new
species) is obviously a funetion of tempera-
ture, rainfall patterns, ete. Therefore, it
should not be surprising that even simple
species interaction models display remark-
ably different behaviors in response to only
one variable, like temperature, As temper-
ature changes, a pest and its natural enemy
may change in - their interaction from
damped cyeles to constant ecycles to in-
creasing cycles to chaotic behavior. This
change in behavior could occur over the
course of an annual eycle or over the spe-
cies' geographic range in response to tem-
perature. We must understand that simplis-
tic thinking about biological responses to
environmental influences is not likely to be
The rich diversity of possibilities
will not be predictable.

In agricultural systems, perhaps exclud-

correct.

ing tree crops and permanent pastures, com-
munities of pests are unlikely to be at near-
equilibrium conditions, Under these condi-
much eommunity ecology theory is
inapplicable.

tions,
The appropriate development
of a theoretical basis for an agricultural
community ecology should consider the fol-
lowing:

1. Perturbation analysis with an empha-

sis on resistance ang resilience.

2. Methods of analysis, e.g., loop analy-
sis as developed by R. Levins, appropriate to
complex systems where many interactions
can be expressed only in qualitative form,

3. The relationship between changes in
the connections between species and what
happens to the form of stability. This
requires an analysis of the hierarchieal pat-
tern of species links within the community,
It is important to identify subsets that are
connected to the rest of the community by
single links.

4. The relationship of resource utiliza-
tion eurves as a funetion of eommunity
composition and local habitat. In othep
words, in which habitat and for which per-
mutation of species mixtures do we find
minimum and maximum overlaps in species
resource utilization curves,

The goal is to develop procedures and
generalizations suech that community level
management can Systematically and pre-
dictably determine the probability of inva-
sion by & new species, With regard to the
IFA, it is frequently asserted that no natural
enemies or important
Since the IFA is abundant and expanding its
range, the IFA seems to be independent of
competition and predation from other spe-

competitors exist.

cies. However, this assumption ignores the
reality of considerable local variation in
nest density and colony abundance. When
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the IFA is abundant it is said to lack com-
petitors and predators, but when it is

scarce, the IFA is said to be in a "poor '

habitat.” Thus, the possibility of biotic
controls on IFA population dynamics is se-
mantically excluded. Clearly, the proper
natural laboratory for the study of the popu-
lation dynamies and community ecology of a
pest is across an array of habitats where the
proportional representation of the pest in
the community ranges from "frequently ab-
sent" to "usually abundant."

CONCLUSIONS

Research and Resources

As applied biologists, we often have
heard: "The problem is here now! We must
do somethingg We cannot wait for re-
search.” If this policy of ignorance were
only words and not subsequent budget ad-
justment, there would be more hope. There

gre at least two ways to manage crisis: one

is to prepare a program of action in ignor-
ance, and the other is to prepare a program
where at least one outcome is a significant
increase in our understanding of the prob-
lem. Research does not have to be consid-
ered as a noble human endeavor conducted
outside of immediate neéd or, conversely,
condueted solely for the purpose of immedi-
ate application. Both approaches perpetu-
ate our initial ignorance for future consid-
eration. Neither has a high probability of

success. Our lack of basic understanding of
IFA population dynamics after more than
two decades of government response is a
specific case in point. The policy, "the only
good insect is a dead inseet," has not worked
and cannot be expected to work. It should

" be a given policy that, in any control re-

sponse (eradication, containment, manage-
ment), failure is possible. Thus, modest
funds should be provided for long-term study
of the population dynamies of the species at
the onset (or eertainly within six months) of
eradication attempts. '

Historically, there has been a strong
reluctance to provide these funds since it
admits potential failure of the present pro-
gram., If it was a general policy to provide
research funds, then the political problems
associated with an admission of potential
failure are avoided. All efforts at challeng-
ing a newly invading species should include
an initial conceptualization of the popula-
tion dynamies of the species. This construet
must be flexible and should be updated as
new information is obtained.

To blame institutional response totally
for perpetuating biological ignorance of in-
vading pests would be a gross oversimplifi-
cation of the problem. Cleérly institutional
inertia and political expediency are domi-
nant factors in resource allocations for pro-
gram development. However, the lack of
resources for basic population research can-

s ma e i aR s
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not be strongly implicated in closing minds
or the inability to conceptually interpret

existing information and theory related to -

other animal populations.

Economic entomologists and pest control
specialists in particular dwell on the unique-
ness of each pest subdivided into each crop.
If, on the other hand, biologists were looking
for theoretical bases for examining appar-
ently dissimilar events, a great deal of in-
formation could be brought to bear on par-
ticular problems. The case in point is that
IFA research should look for population
principles in other pest species instead of
treating IFA characteristices as if they were
unique.

Single Factor Control

In given pest situations we tend to at-
tack the pest directly with mortality agents
whose action is often non-specific. Natural
enemies, competitors, and disease agents
may be exerting a very high, and continuing,
mortality on the pest despite its pest status.
If this complex is disrupted, the pest, usual-
ly having a high reproductive potential, is
released from much of its mortality pres-
sure. The result is the often observed pest
resurgence. phenomenon; in addition, new
pests can be created by indiscriminately
removing their mortality agents.  Thus,
knocking out a section of a community with-
out being sure of what will happen ean

produce undesirable surprises.

| Community Structure

We must understand and manage at the
community level. We are part of the ecom-
munity that we seek to manage, and we
cannot escape its feedback if we completely
ignore its structure and proceed in heavy-
handed ignorance. The scientist needs time
and support to obtain the basie knowledge
necessary for any intelligent management
program. Large-scale programs covering
millions of acres should never be undertaken
until a high level of understanding of the
system has been obtained. In fact, in many
situations, once that level of understanding

is obtained, we will probably have resolved

the system into several sub-systems each
requiring a somewhat different program of
management. There are few simple solu-
tions to managing community ecosystems.
If we apply the intelligence we have to the
management of ecosystems, we probably
can be successful in many cases. If we do
not apply that 1nte1hgence, it is most likely
that the ecosystems we seek to manage will
control us.

Genetic Analysis

Genetic analysis of insect populations,
especially pest species, has been a neglected

field of research.” Extensive research data

will be needed before any generalization ean
be made about the genetic systems of pest
species. Since population is the basic unit
of ecology and evolution, the study of gene-

B L o SR U ——
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tie variation should be focused at the popu-
lation level to determine the genetic com-
ponents that influence population processes.
Many fruitful approaches are available for
genetic analysis of social and non-social
insects. Techniques such as chromosomal
karyotype analysis, gel electrophoresis of
isozymes, and DNA sequence should be rou-
tinely used for genetic studies. In addition,
various ecological, physiological, and beha-
vioral traits of pest species should be moni-
tored to determine population wvariations.
Traditional crossbreeding experiments will
also be needed to define genetic mecha-
nisms of inheritance. Since most of these
studies require a long time, adequate dura-
tion of time and financial support must be
available for such research programs.
Evidence of high genetic variability in
insects reflects the tremendous evolutionary
potential of pest species; control programs
should be designed with this in mind, Pro-
bably no single perfeet control method
exists against an insect pest since the insect
is likely to evolve resistance. However,
evolutionary theory predicts that an insect
pest is far less likely to evolve resistance to
a control program where many strategies
are used. In general, therefore, a control
program that incorporates multiple ap-
proaches is the best type of program. In
order to employ multiple-approach econtrol
strategy, basic knowledge of the ecology

and geneties of pests and related species
must be available, and only through applica-
tion of such knowledge can the control op-
tions that exist and their respective risks be
dealt with. Therefore, for the development
of a long-term control program, there is an
immediate and critical need to increase
basic research on the ecology and geneties
of pests and related species.

RECOMMENDATIONS

1. Funds should be provided for long-term
study of the population dynamies of the
pest species at the onset of any eradica-
tion trials for any pest.

2. Research on the IFA should examine the
population dynamies of other
species and compare them to the IFA.

3. Single-factor control should not be a
priority in econtrol strategies, rather
emphasis should be placed on multi-
factor management strategies.

4. A conceptual framework for dealing with
the population dynamies -of the IFA
needs to be developed.

5. Modern experimental design, analytic,
and measurement tools should be used to
study the population dynamies of the
IFA.

6. A workshop of researchers studying pop-
ulation dynamics of the IFA and of other
species should be held to pool knowledge
and develop a sound system for studying

pest
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the population dynamies of the IFA.
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