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I NTEGRA TED CONTROL signifies the selection and use of 
various methods of applied control to harmonize with the 

natural control factors already operating. It cannot be applied 
until the roles and relative importance of these natural control 
factors are known. The prerequisites to its use are a knowledge 
of both basic ecological principles and the ecological features 
that are specific to each target species. The goal is to achieve 
the minimum degree of damage to the product that is consistent 
with both minimum damage to the environment due to side ef
fects of control measures and maximum long-term economy. 
These side effects, primarily due to insecticides, are now well 
known: (1) development of resistance, (2) resurgence of treat
ed populations, (3) outbreaks of secondary pests, (4) contamina
tion of the environment by persistent poisons, and (5) destruc
tion of beneficial species. 

Objectives of Biological Control Programs 

In the past, the degree to which a biological-control opera
tion has been considered successful has been judged on the ex
tent to which the introduced agents have provided the ultimate 
in control-the permanent maintenance of a pest's abundance 
below the level of economic injury. For example, DeBach (1964) 
differentiates between outstanding success, substantial success, 
and partial success. The assessment of a particular case is made 
on the basis of: (1) the proportion of the total range of the pest 
in which control is achieved, (2) the degree to which the dura
tion or severity of outbreaks is reduced or the duration of the 
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intervals between outbreaks is increased; (3) whether supple
mentary control methods must be used, and (4) whether a pest 
is of great or slight economic importance. 

It has been suggested, for example by Prebble (1960), that 
with certain types of pests where only very high densities cause 
appreciable damage, a program might be deemed fully success
ful if the degree of economic injury is significantly reduced 
even though less severe and less prolonged outbreaks still occur. 

The biological-control program against the gypsy moth can be 
cited as an example where the evaluation of degree of success 
would depend on what the original objective of the program 
was considered to be. DeBach (1964) rated it as a "partial suc
cess" even though Clausen (1956) said that the end result in 
America was that outbreaks were reduced to a level "compar
able in range and severity" to those occurring in Europe. If this 
degree of control had been set originally as a realistic objective, 
then the final rating might have been a substantial or even an 
outstanding success. In this program the effectiveness of the in
troduced agents has undoubtedly been inhibited by the contin
uing and widespread use of insecticides against the pest. 

Although biological-control specialists have long recognized 
the importance of partial control, some of the early spectacular 
and complete successes have encouraged the setting of impos
sibly high standards for judging the usefulness of biological
control attempts. Such standards discourage attempts aimed 
toward partial control, which could reduce the frequency, sever
ity, or duration of damage. Prebble (1960) criticized this all-or
none attitude toward control operations as being incompatible 
with our increasing knowledge of population dynamics and for
est ecosystems; but the attitude still persists. 

Philosophy Underlying Biological Control 

Biological-control workers have stressed the importance of 
governing factors in the total complex that restricts population 
increase. Governing factors are defined as those that are af
fected by changes in population density and, as a result, modify 
their influence so as to oppose population change (Nicholson 
1954). However, many factors to which the above definition of 
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governing can be applied, are restricted in their ability to in
fluence population change. These factors may have a limited 
ability to respond to large increases in density and operate only 
in endemic populations. Certain parasites of spruce budworm 
(Miller 1963) and elaterid predators of the pine looper (Turnock 
1969) are examples. Other factors such as diseases may operate 
only at high densities. 

The relative importance of parasites that are effective at low 
host densities versus those capable- of reducing outbreak popu
lations is one that cannot be answered on the basis of available 
information on population dynamics. The most effective para
site species would be capable of operating effectively both at 
low host densities and under outbreak conditions. Certainly 
some parasites that are capable of terminating an outbreak are 
also effective at low densities: Cyzenis albicans and Agropyron 
flaveolatum on the winter moth in Nova Scotia (Embree 1965); 
Agathis pumila and Chrysocharis laricinellae on the larch case
bearer in eastern-central North America; Olesicampe benefac
tor on low larch sawfly populations in alpine Europe and out
break populations in Manitoba. On the other hand, the collapse 
of the original European spruce sawfly outbreak in North Amer
ica was caused by an introduced virus, while subsequent out
breaks have been controlled by the combined influence of the 
virus and two parasite species, or, in some cases, either virus or 
parasites acting alone. The parasites are particularly effective 
at very low host densities and are sensitive to minor fluctua
tions at these levels (Neilson et al., in press). 

We suggest that, wherever a particular biotic agent has the 
capability of maintaining population levels permanently within 
given limits of abundance that are non-damaging, the qualify
ing word "effective" be used to describe it. Such agents are ef
fective as long as the non-governing mortality factors show no 
marked deviations from their long-term average influence. 

It seems probable there may be situations in which a complex 
of governing factors, none of which by itself is an "effective 
governing agent," act together in such a way as to be effective. 
The possibility of "stacking" a number of partially governing 
agents to attain effective control requires more study. A basic 
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cleavage of opinion exists as to whether or not a single intro
duction of the best possible parasite species is preferable to 
multiple introductions. Though while the introduction of com
peting species may be detrimental to the more efficient of the 
two, i.e., the case of Eulimneria rufifemur .interfering with 01'
gilus obscurator attacking the European pine shoot moth 
(Pschorn- Walcher et al. 1969, Syme in press), such examples 
cannot be automatically extended to reach~.the conclusion that a 
single parasite species will be more effective than several 
species. 

Non-governing factors such as weather may be necessary 
components of processes that are density-dependent in action. 
For example, when the average degree of protection afforded 
by living places decreases as population density increases, per
centage mortality due to adverse weather also increases. Simi
larly, crowding phenomena may render individuals more sus
ceptible to adverse weather by changing their behavioral and/or 
physiological characteristics. 

Insecticidal applications usually correspond in their effect to 
the catastrophic mortalities that occur when weather conditions 
are severe. Since they are normally applied only at very high 
densities of the pest, they are density-dependent to a degree. 
Their application, however, may elicit the sort of homeostatic 
mechanisms that force the pest to remain at high densities most 
of the time (National Academy of Sciences 1969). The spruce 
budworm outbreak in south-central New Brunswick apparently 
illustrates this situation: since 1960, an average of over 
1,600,000 acres has been sprayed annually to minimize tree 
mortality. Although this objective has been attained, the out
break continues and surveys indicate that 10 million acres will 
be defoliated in 1970 (70 percent of them will have moderate 
to severe defoliation) and plans are under way to spray about 3 
million acres. 

It should be possible to use insecticides in a density-govern
ing way by interposing man as the controlling component to 
create a feedback loop. In such a case the application of insecti
cides would be varied in time, space, and intensity to stabilize 
population levels rather than to produce high mortalities. Man 
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may also be able to achieve such results by regulating micro
climates; for example, the humidity in tree nurseries or plant
ings could be modified to vary the intensity of mortality due to 
disease. Other control methods that could be utilized in a gov
erning way through human interve.ntion are: the use of anti
feedants, repellents, pheromones, chemosterilants, radiation 
sterilization, electromagnetic energy, and behavioral or genetic 
manipulation. " 

It has been implied above that the reason most pest species 
are pests is because there are no effective governing processes 
acting against them. Even with pest species, however, certain 

governing processes eventually come into play if density con
tinues to increase, namely those connected with food shortage, 
or reduced fecundity or viability. Below such density levels it is 
likely that non-governing processes connected with weather, 
food quality, etc. are major determinants of annual changes in 
population level. 

Among the reactive factors it is parasites, invertebrate preda
tors, and diseases that are considered to have a special potential 
for governing populations. Although their functional responses 
and "behavioral numerical responses" (sensu Buckner 1966) 
may be of considerable importance, particularly at lower levels 
of host density, their most important characteristic is that their 
"breeding numerical response" (sensu Buckner 1966) is poten
tially limited only by host density and is not restricted by fac
tors such as territorial behavior. 

The breeding numerical response of a particular species is 
probably at least partly dependent on its functional response 
(i.e., if there is an increase in the number of hosts attacked per 
parasite with an increase in host density, this results in an in
crease in the ratio of adult parasites to adult hosts in the next 
generation). In order for the agent to exert a governing action, 
the total response during one or more generations to an in
crease in host populations must result in a sufficiently large in
crease in mortality to cause a reversal of the population trend. 
The behavioral numerical response of avian predators to con
centrations of insect prey certainly increases prey mortality 
(Buckner and Turnock 1965; Mattson et al. 1968), but its effec-
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tiveness as a governing factor is not well documented. 

In the control of the Klamath weed by Chrysolina quadri
gemina in California and the prickly pear cactus by Cactoblas
tus cactorum, the phenomenon of local annihilation of both host 
and agent has occurred. This has been followed by re-invasion; 
first by the host and later, sometimes after an interval of suffi
cient duration to allow the host to build up appreciably, by the 
agent. Huffaker and Messenger (1964) sta.te that following re
invasion of the Klamath weed, a great variety of forces (rain
fall, temperature, fire, etc.) may devastate or destroy these 
stands in the absence of the beetle. A population-dynamics 
study in such stands during this period would show that physi
cal factors would be of major importance in determining annual 
changes in population levels. They state, however, that the bee
tle still holds the key role since whenever stand densities be
come threateningly high the beetle invariably arrives by disper
sal from residual populations elsewhere and drastically reduces 
or annihilates these populations. The true role of the beetle 

could be determined only by a long-term population-dynamics 
study. 

It is not known how important local annihilation and result
ing fragmentation of host populations is when insect pests are 
controlled by biotic agents, but it is obviously worthy of con
siderable study. Wolcott (1958) cites two examples where bio
logical control of pests in Puerto Rico was too successful, re
sulting in the disappearance of the agents from the island and 
the later reappearance of the pests, but not the agents. In con
tinental areas the phenomenon may be of relatively common oc
currence, particularly with hosts against which biological control 
has been successful; but if the local annihilation occurs over a 
comparatively small area and is of relatively short duration, it 
would be difficult to detect. Andrewartha and Birch (1954) be
lieve it is going on around us all the time, although due to un
derpopulation phenomena rather than to excessive kill by biotic 
agents, whereas Varley and Gradwell (1970) believe it is not 
common in the field. 

At the borders of distribution of some species, environmental 
pressure may be so severe that only temporary existence is pos-
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sible, and it is usually only in the more optimal areas that a 
pest species periodically increases to excessive numbers. In the 
intermediate areas the species may be a relatively permanent 
occupant, but its numbers rarely rise to injurious levels. In these 
areas it probably becomes extinct periodically, and populations 
are re-established by immigration from the optimum zone. If 
the only effective governing processes in the optimum zone ate 
those connected with depletion 0(. the food supply, we should 
not expect to find other governing processes in the intermediate 
areas where, because of the lower densities of host, there is no 
competition for food. A possible example of such a species is 
Bupalus piniarius, which is a serious pest in Germany, England, 
etc., where it is limited mainly by food depletion. A thorough 
population-dynamics study of low-density populations in Hol
land (Klomp 1966) failed to reveal the presence of an effective 
governing homeostatic mechanism. 

It has long been postulated (Nicholson and Bailey 1935) that 
a delay or lag in the response of a parasite or predator to an in
crease in host density gives rise to coupled oscillations of host 
and agent that increase in amplitude with time and are inevit
ably self-destructive. Varley and Gradwell (1970) state that only 
specific and synchronized enemies act in this way. This would 
suggest that such specific enemies would not be effective bio
logical control agents. Support for this view is given by the con
clusion of Liu Chung-Io (1962) whose analysis of 30 successful 
attempts indicated that moderate polyphagy will better ensure 
success than monophagy. On the other hand, Doutt and De
Bach (1964) conclude that most successes in biological control 
have resulted from the introduction of rather host-specific ento
mophagous species having good synchronization. 

Klomp (1966) states that oscillations of increasing amplitude 
are never observed under natural conditions because they would 
lead to extinction. However, such oscillations might occur in na
ture under unusual circumstances such as the introduction of a 
specific, well-synchronized parasite. This may have occurred in 
Puerto Rico, where the extinction of two entomophagous spe
cies was observed. The lack of observations of this phenome
non may be related to its ephemeral nature: either the system is 
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stabilized or extinction occurs rapidly. 
Coupled oscillations of increasing amplitude can be stabilized 

into coupled oscillations of approximately constant amplitude by 
damping mechanisms. As a generality, a damping mechanism 
can be any interference component that reduces the efficiency 
of enemies as prey density increases. Varley and Gradwell 
(1970) concluded from a study of models that it is impossible to 
mimic the coexistence of two specific par,asites unless each is 
provided with its own density-dependent mortality. Huffaker 
and Kennett (1969) present data indicating that the effective 
area of discovery (searching capacity) of the ichneumonid 
Venturia canescens decreases as host density increases, and this 
would tend to dampen oscillations because the parasite is acting 
as its own density dependent factor. 

Do the results of population-dynamics studies lend support to 
the above views? Studies on defoliators that occasionally reach 
very damaging densities, such as the spruce budworm (Morris 
1963), the lodgepole needle miner (Stark 1959), and the larch 
sawfly (lves et at. 1968), indicate that the determination of den
sity levels below those causing food shortage is usually due to 
climatic causes or non-governing biotic agents. There are cer
tain biotic agents that seem to become abundant only after very 
high densities are reached; and although these may play an im
portant role in decreasing the duration of outbreaks, they are 
not effective in terms of governing-i.e., preventing the exces
sive increases in host density in the first place. 

Some species that have been studied intensively have been 
shown to have their densities at all levels determined mainly by 
parasites. One of these is the black-headed budworm in the 
Maritimes (Morris 1959; Miller 1966) which, in this region, oc
casionally reaches high densities for short periods. Miller con
cluded that population release was associated with years of low 
parasitism and favorable weather, while population decline was 
associated with late larval parasitism. This defoliator has caused 
mortality of western hemlock on the West Coast, and a popula
tion analysis in this area might show a basic difference in the 
population-level determinants as compared to the Maritimes. 
Varley and Gradwell (1970) caution that in Morris's analysis, 
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parasitism is causally responsible for rather less than half of the 
population change, even though estimations of parasitism in 
year N allow a reasonable prediction of population density in 
year N+ 1. This is because the residual mortality varies in a way 
similar to variations in larval parasitism, and these authors be
lieve that the unstudied aspects such as parasites or predators 
acting in the egg or pupal stages contain a major cause of host 
density fluctuations. They believe an identical situation occurs 
in the case of the grey larch m~th (Zeiraphera diniana Gn). 
Concerning this latter species, however, Auer (1969) concluded, 
from an analysis using a five-factor model, that, within the opti
mal area, "The biological and density-dependent actions are 
much more efficient than the abiotical actions." Preliminary re
sults of a study of the fall webworm (Morris 1969) indicate that 
American populations are maintained at a low level mainly by 
the effects of heat accumulation on survival. However, he sug
gests that simulation studies using a biologically meaningful 
model, now in preparation, will be necessary to determine the 
role of density dependence in the webworm's system of regula
tion. 

The results of these studies give conflicting answers to the 
question of whether effective governing factors maintain the 
low densities of non-pests. Many studies have documented the 
absence of effective governing factors during epidemics of pes
tiferous species which, at such times, can be aptly described as 
out of control. There have been too few attempts to identify the 
presence of such factors in species that have never been pestif
erous. Comparative studies of population regulation of pests 
under both endemic and epidemic conditions are necessary for 
the development of rational pest management. 

Classification of Pestiferous Species 

The "classical" approach to biological control was initially de
veloped when it was realized that exotic pests commonly 
lacked the natural agents that prevented their depredations in 
their place of origin. Unfortunately, however, the idea that bio
logical control consisted solely of the introduction of enemies 
from foreign lands has tended to dominate discussions of the 
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potential of biological control (e.g., Simmond's 1956 critique of 
Taylor 1955) to the detriment of consideration of alternate ap
proaches and emphasis on the need to fit the approach to the 
characteristics of the target species. 

There are different types of pests that vary in their suspec
tibility to the classical approach, and in this paper we recognize 
four categories of pest insects that differ in their origin, the 
mechanisms that determine their population levels, or the rela
tive densities at which damage occurs. 

1. Exotic pests: species originating from other regions, which 
lack the effective governing mechanisms that are present in 
their native habitat. 

2. Anthropogenic pests: species whose populations reach dam
aging levels due to changes made in the environment by 
man's activities. 

3. Opportunistic pests: species with a "wide-amplitude" type of 
population behavior (Watt 1968), which periodically reach 
very high densities in response to favorable environmental 
conditions. 

4. Low-density pests: species that occur at low densities, appar
ently due to the action of effective governing mechanisms, 
but nevertheless cause economic damage. 

Exotic pests have traditionally been considered the most 
promising targets for biological-control operations because, in 
their native habitat, they occur at non-economic densities, pre
sumably due to effective governing mechanisms. Living biotic 
agents are important components of governing mechanisms, and 
these agents often can be transported and established in the in
vaded region. 

Anthropogenic pests resemble exotic pests in that they are ef
fectively governed in some areas, but differ in that they are not 
effectively governed in habitats that have been greatly modified 
by human activity. Since effective biotic agents usually exist in 
adjacent undisturbed areas, these modifications appear to have 
created an environment that limits the effectiveness of these 
agents. Biological control through colonization is therefore un-
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likely to be successful unless (l) the environment is changed to 
ameliorate the limiting factors or (2) biotic agents adapted to 
the modified environment are discovered or developed. 

Opportunistic pests are characterized by extraordinarily wide
amplitude population fluctuations wherever conditions of food 
and weather are favorable. Their great reproductive potential 
and great powers of dispersal resemble those of the opportunis
tic species described by Cole (1966): "plants and animals that 
are normally inconspicuous but th~t quickly invade and occupy 
a temporary habitat." These pests may be attacked by a large 
complex of biotic agents, but are regarded as being largely un
der the influence of density-independent rather than density
dependent factors (Watt 1968). 

The lack of sources of new biotic agents attacking pests of 
this type has discouraged the biological control approach, and 
the few attempts made have failed (i.e., the spruce budworm; 
Miller and Angus, in press). Although these species are fre
quently abundant over wide areas in their native lands, it is re
markable that few of them have become pests in other conti
nents. This apparent inability to colonize new areas may be re
lated to the importance of density-independent factors in their 
life systems. The same non-governing factors that determine 
generation survival in the native land are likely to be present 
and of similar importance in the new environment. The chance 
of such a species becoming established in a new region might 
therefore only be high during the relatively brief periods when 
these factors are favourable. On the other hand, species whose 
fluctuations are determined by biotic governing factors, except 
competition for food, escape these governing influences in a 
new environment and commonly find combinations of density
independent factors that are suitable for both establishment and 
rapid increase. 

Thus a species exhibiting low-amplitude population fluctua
tions in its native home would probably be characterized by 
wide-amplitude fluctuations in a new environment, possibly ex
ceeding those characteristic of native opportunistic pests. Such 
species in a new environment may continue to increase until the 
food supply is almost totally destroyed, thus leading to their 
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own extinction in localized areas and marked instability of the 
ecosystem of which they form a part. 

Low-density pests present a difficult problem for biological 
control. They do not exhibit wide-amplitude population fluctua
tions and are usually considered to be well governed. Since ef
fective density-dependent agents are already present, there is not 
much scope for classical biological-control approaches. This cat
egory includes many of the species called "direct pests" by 
Turnbull and Chant (1961) but exclucf~s those direct pests 
that attain high densities. Although classification on the basis of 
direct or indirect damage is useful for emphasizing the degree 
of population reduction necessary for economic control, classifi
cation on the basis of the population dynamics of the pest gives 
a more realistic evaluation of the best strategy for an integrated 
control program. For example, Adelges piceae is a species that 

is classified as a "direct pest" by Turnbull and Chant (1961). 
We would classify it as typically anthropogenic in Europe, 
where it is endemic on the older trees of the common silver fir 
Abies alba in mature stands but often a pest in the mixed age 
plantings that have been made outside the natural range 
(P schorn- Walcher 1964), and as typically exotic in America. 

The development of integrated control strategies must be 
based on both the population characteristics of the pest and the 
various types of control operation that are available. Past expe
rience, theory, and investigation of specific situations should 
dictate the most promising integrated control approach. A large 
proportion of past biological-control programs have utilized par
asites; and this experience, plus the theory developed from pop
ulation-dynamics studies, provides a basis for utilizing parasites 
in integrated control programs. 

Analysis of Programs Against Forest Insects 

The history of biological-control attempts against forest in
sects in North America has been reviewed by Dowden (1962) 
and McGugan and Coppel (1962). They list 44 target species 
for programs in which parasites were used; and we added a 
45th species, the holly leaf miner, following Turnbull and Chant 
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(1961). Since the period covered by these reVIews, a few new 
programs involving parasites have been initiated: against the 
larch sawfly, the European pine shoot moth, the European pine 
sawfly, and the winter moth in Canada; and against the Euro
pean elm bark beetle, the larch casebearer, and the western 
spruce budworm in the U.S.A. 

The record of parasite releases against forest pests is rather 
blurred and confused in places. In, attempting to evaluate this 
record, we have been forced to make decisions regarding the 
various programs on the basis of incomplete data. The results 
may be biased, but, if we are to advocate the use of parasites in 
integrated control programs, we must be prepared to give some 
estimate of the chances of success. 

On the basis of published information, each target species 
was classified as to pest type (exotic, anthropogenic, opportun
istic, low-density) and whether it was a "prime" or "alterna
tive" target for parasite releases: prime targets are known to be 
hosts of the parasite species released against them; alternative 
targets are those against which parasites from related host 
species were released on the basis of a reasonable chance of 
success or merely to dispose of surplus material. In this empiri
cal evaluation it was necessary to exclude a large number of the 
programs listed because: release and recovery data were inade
quate; the parasite was probably already present; only a single 
release of the parasite was made; the parasite was introduced 
to Canada from a subtropical source; the parasites released 
were obtained from host species distantly related and ecologi
cally dissimilar from the target species. 

Most of the 21 programs that were considered amenable to 

analysis, and most of the successful programs, were against ex
otic pests (table 1). Only three attempts were made against an
thropogenic and two against opportunistic pests. Among these 
five, the single successful biological control attempt was against 
an anthropogenic pest, the pine tip moth, and in this case the 
pest situation had many resemblances to that of an exotic pest: 
serious damage to pine plantations was being caused by Rhya
ciania Jrustrana bushnelli in Nebraska where effective parasites 
were absent; while R. Jrustrana Jrustrana in Virginia was effec-
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Table I-Target Species for Major Biological Control Programs 
Using Parasites Against Forest Insects in North America 

Species Origin Type l Results2 

HOMOPTERA 
Lecanium tiliae L.-lecanium 

scale Exotic Prim~ C 
Gossyparia spuria (Mod.)-Euro-

pean elm scale S 

COLEOPTERA 
Galerucella xanthomelaena 

(Schr.)-elm leaf beetle C 

DIPTERA 
Phytomyza ilicis (Curt.)-Holly 

leaf miner C 

LEPIDOPTERA 
Choristoneura JumiJerana 

(Clem.)-spruce budworm Native U 
Cnidocampa Jlavescens (Wlkr.)-

oriental moth Exotic C 
Coleophora laricella (Hbn.)-

larch casebearer S 
H emerocampa leucostigma 

(J. E. Smith) -white-marked 
tussock moth Native Alternative U 

Lambdina Jiscellaria (Guen.)-
eastern hemlock looper Prime U 

Operophthera brumata (L.)-
winter moth Exotic S 

Porthetria dispar (L.)-gypsy 
moth C 

Nygmia phaerrhoea (Donov.)-
brown-tail moth C 

Rhyacionia Jrustrana bushnelli 
(Busck)-pine tip moth Native S 

Rhyacionia buoliana (Schiff.)-
European pine shoot moth Exotic Prime U 

Stilpnotia salicis (L.)-satin moth C 

HYMENOPTERA 
Diprion hercyniae (Htg.)-Euro-

pean spruce sawfly S 
Diprion similis (Htg.)-introduced 

pine sawfly S 
Heterarthrus nemoratus (Fall.)-

birch leaf-mining sawfly C 
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Neodiprion lecontei (Fitch)-red
headed pine sawfly 

Neodiprion sertifer (Geoff.)
European pine sawfly 

Pristiphora erichsonii (Htg.)
larch sawfly 

lSee text for definitions. 

Native Alternative 

Exotic Prime 

'U = Unsuccessful, C = Contributive, S = Successful-See text for definitions. 

u 

u 

c 

'Origin disputed but here listed as "Exotic" because of its poor complex of parasites 
in North America (Pschorn. Walcher 1963) . 

. ' 

tively controlled by parasites (Dowden 1962). The distribution 
of the two subspecies was disjunct, and thus this example can
not be used to predict the results of parasite releases against 
anthropogenic pests. 

Consideration of the results of parasite releases against native 
(anthropogenic plus opportunistic) and exotic pests suggests 
that prospects for manipulating pest populations with pest re
leases are quite good (table 2). At least one new parasite was 
established on all the exotic species and on 40 percent of the 
native target species. The lesser success of releases against na
tive target species may be taken to indicate that these pests are 
less suitable to the establishment of new parasites, but the rec
ord also suggests that the effort applied to these programs has 
been less than for introduced pests: the average number of par
asite species released per native pest is 7.8; per exotic pest it is 
9.4. 

The results indicate that the prospect for quantitatively in
creasing the parasite complex is high for exotic pests and rea
sonably good for native pests. The fortuitous establishment of 
parasites released against the gypsy and browntail moths, the 
European spruce sawfly, and the European pine sawfly also 
shows that the parasite complex of native species can be in
creased by introductions. 

The rate of successful establishment in relation to the total 
number of parasite species released was approximately one
third (table 2). This is undoubtedly a gross underestimate of the 
probability that an introduced species can be established, be
cause in many programs difficulties with handling, synchroniza-
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Origin of Type of 
target species programl 

Table 2.-Results of Biological Control Programs Using Parasites 
Against Forest Insects in North America 

Number of species Establishment (%)-

Target Parasites on target Spp.2 of parasite Spp.3 
released 

Control l 
(% of target 

species) 

C S C+S 

No. No. Pet. Pet. Pet. Pet. Pet. 
Native Prime 3 28 33 4 0 33 33 

Alternative 2 11 50 18 0 0 0 
Exotic Prime 16 151 100 37 56,. 31 88 

Alternative 0 
All species 21 190 90 32 43 29 71 

'See text for definitions. 
'Target species on which at least one new parasite was established/total target species. 
3Number of parasite species established/total number of species released. 

Excluded 
species 

No. 
2 

17 
2 
3 
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tion, and small numbers of parasites available, mitigated against 
success. In our own experience, the failure of four of the six 
species of parasites released against the larch sawfly since 1961 
can be attributed mainly to our lack of knowledge of condi
tions necessary to ensure mating and. maintain vigor of parasite 
adults between emergence and release (Turnock and Muldrew, 
in press). 

Evaluation of the effect of the i~~roduction of a parasite on 
the target species should be based not only on its contribution 
to a reduction in pest population levels, but also to the reduc
tion in damage to trees. Unfortunately, such information is rare
ly collected, and for many programs even crude data on the 
level of parasitism in the population is available for only a few 
years following the release. We therefore evaluate the biologi
cal-control programs on the basis of three categories: 

1. Successful: populations and damage reduced to acceptable 
levels. 

2. Contributive: introduced parasites causing appreciable mor
tality and believed to be contributing to the reduction of the 
intensity, duration, or frequency of outbreaks of the target 
speCies. 

3. Unsuccessful: released parasites either not recovered, or oc
curring sporadically or at very low numbers. 

Successful control was attained against 31 percent of the ex
otic and 33 percent of the native pests that were prime targets 
for parasite introduction. Contributive control was attained 
against 56 percent of the exotics but none of the native pests. 
The latter group comprises too small a number of species to al
low the conclusion that parasite introductions are unlikely to 
contribute to the control of native pests. 

Evaluation of Past Programs 

Parasite release has been shown to have had some controlling 
effect on pest populations in a remarkably high proportion of 
the attempts, even though cases have been included where the 

75 



knowledge and resources applied to the program were minimal. 
The failure to adequately support biological-control programs 
can in part be attributed to the prevalence of too casual an atti
tude to the problems of parasite establishment. Although we 
eliminated from consideration many ill-conceived or poorly exe
cuted programs, the remainder still includes cases where para
sites were released in poor condition, in poor synchronization 
with the preferred host stage, unmated, in inadequate num-
bers, or in suboptimal environments. w' 

The problems of past programs can be attributed basically to 
a lack of proper standards in scientific procedure. Too often, lit
tle attention has been paid to researching the problems, to se
lecting appropriate biotic agents, to ensuring proper care of 
these agents before release, to selecting optimum release areas, 
and to assessing the host-density determinants before and after 
the initiation of the program. Reasons for this have been that 
many programs were conducted by forest entomologists lacking 
an adequate background in population dynamics and biological 
control and that financial support has been inadequate. Past ex
penditures on biological control have been small in relation to 
both the benefits achieved and the expenditures made on chem
ical control. The favorable cost-benefit ratio of biological con
trol would be even more impressive if the costs due to undesir
able side-effects of chemical control and possible future detoxi
fication of polluted environments could be included. At present 
there is too little appreciation of the relatively low cost and last
ing benefits of biological control. Since there is slight incentive 
for industry to develop biological control, public bodies must 
accept the responsibility for encouraging and supporting this 
type of program. 

Recommendations 

for Parasite Use in Integrated Control 

Integrated control for forest pests is applied population dy
namics (Balch 1964). Continued maintenance of pest numbers 
below the economic threshold for damage must be based on 
knowledge of pest ecology and damage thresholds. In selecting 
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control methods for use in integrated programs, an attempt 
should be made to forecast the effects of specific actions on 
other mortality factors and short- and long-term population 
trends. In the absence of good models for predicting population 
trends, integrated control planning should initially concentrate 
on the evaluation of existing natural control. In analyses of the 
target species, the efficiency of natural and applied control fac
tors and their inter-actions must be examined for different 
stages of the insect and for different ecological situations In 

which the pest occurs. 

The concept of "guilds" of biological agents attacking a pest 
appears to be a very useful tool in planning integrated control. 
Root (1967) defines a guild as "a group of species that exploit 
the same class of environmental resources in the same way. 
This term groups together species, without regard to taxonomic 
position, that overlap significantly in their niche requirements." 
This can be considered as an expansion of the concept of "par
asitological niches" defined by Zwolfer (1961) in the following 
way: ..... holometabolic insects (possess) several biologically 
and ecologically differentiated stages, which are attacked by a 
number of different types of parasites. Host species such as 
these offer to entomophagous insects a system of diversified op
portunities for oviposition and larval development, providing 
what, in analogy with the ecological niches of the habitat, may 
be considered as a complex of parasitological niches." 

Although this concept is useful in investigating the parasite 
complex of pest species to reveal niches where the parasite 
complex is deficient in species or in effectiveness, the "guild" 

concept has a wider application. The target species can be con
sidered as offering a complex of niches, which are exploited, to 
a greater or lesser degree, by the various guilds of biological 
agents. These guilds may attack different life stages of the· pest, 
or individuals that occur in particular parts of trees, stand 
types, or site conditions. For example, for certain pests it may 
be sufficient to determine that the guild of larval parasites, 
predators, and diseases is lacking in species and effectiveness, 
while for other species the larval guild may be efficient in 
some stands and climatic zones but not in others. Thus in west-
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ern larch stands the larch sawfly larval parasite guild appears 
reasonably effective (Molnar et al. 1966) while the same guild 
is ineffective in continental stands of tamarack, apparently be
cause the "resistant" strain of larch sawfly is present (Muldrew 
1953), as well as in tamarack stands of Newfoundland, possibly 
because of unfavorable climatic conditions. The approaches to 

integrated control in these three situations would be quite dif
ferent. 

" 

Utilization of parasites in control operations can involve vari
ous methods of releasing parasites, of enhancing parasite effi
ciency by manipulating other aspects of the environment, and of 
using parasites to improve other mortality factors. Most parasite 
releases against forest insects have been of the colonization 
type: a relatively small colony of a new parasite species is es
tablished in a region where it is expected to become a perma
nent part of the natural control complex. 

Inoculative releases are periodic releases 10 which control is 
dependent upon progeny being produced for more than one 

generation following colonization. They are usually made to es
tablish an enemy in areas from which it is temporarily absent 
due to adverse environmental conditions, and they have been 
used against agricultural and horticultural pests (De Bach and 
HaRen 1964), but not in forestry. Integrated control of pests of 
trees at the periphery of the range of effective parasite species 
might well involve such inoculative releases. In addition, inoc
ulative releases early in the development of an outbreak could 
be used to speed parasite response to pest population increases. 

Inundative releases are also periodic, but are made to control 
a pest by the actions of the natural enemies released, not by 
their progeny. Their potential has not received much attention 
in forest entomology, but they might be used to advantage in 
relatively small areas where chemical insecticides are undesir
able but which are not suitable for the application of patho
genic insecticides: e.g., where the terrain, tree size, or stand 
density are unsuitable for the spray equipment. The application 
of this technique depends on the availability of large numbers 
of parasites at low cost. The egg parasite Trichogramma has 
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been used in this way against agricultural pests, and tests 
against the spruce budworm in western North America are 
now planned. Larval and cocoon parasites offer some promise 
for use in inundative releases in incipient outbreaks where 
damage caused by the target generation of the pest can be tol
erated. 

The enhancement of parasite effectiveness through environ
mental manipulation to eliminate qr ameliorate conditions detri
mental to the maximum expression of control potential of para
site species must play an important part in pest management. 
As a first step, the effects of poor timing or unnecessarily high 
kills associated with insecticidal control must be minimized. In
tegrated control will not progress far until the use of applica
tions of chemical and biological insecticides at dosages causing 
nearly 100 percent mortality is confined to situations where 
such applications are essential: i.e., small areas of high-value 
crop with low damage thresholds and situations where eradica
tion is possible. Insecticidal applications should be aimed at 
achieving the minimum mortality compatible with crop protec
tion. 

Information on the critical factors influencing the abundance 
of parasites and their ability to control their hosts is sadly lack
ing. The widely accepted idea that host abundance is usually 
the major factor controlling parasite abundance appears logi
cally untenable in the light of studies of phytophagous species. 
Since many of the latter are prevented by other factors from 
fully exploiting their food source, we should expect a similar 
situation to exist for many parasite species. Studies of the popu
lation dynamics of parasitic species are badly needed to eluci
date their controlling mechanisms. 

The presence of special habitats, other than those occupied 
by their host, may be necessary for the survival of some para
site species. Flowering plants may be used as feeding sites for 
some species; e.g. two parasites of the European pine shoot 
moth leave the pines to dwell among the flowers of Umbelli
ferae (Thorpe and Caudle 1938), and the preoviposition period 
of female Eucarcelia rutilla is spent in oak rather than pine 
woods inhabited by its host (Herrebout 1967). The absence of 
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alternate hosts may limit the efficiency of some polyphagous 
parasites, particularly where a univoltine host is attacked by a 
bivoltine parasite. Increased parasite effectiveness might be at
tained by providing suitable alternate hosts, perhaps by encour
aging plant species on which they feed. Other possibly limiting 
aspects of the environment which might be manipulated by 
management techniques are: shelter for overwintering parasite 
adults; protection from biotic enemies (e.!?, ants), and improve
ment of the physical environment through the encouragement of 
specific plant growth for shelter. 

Another opportunity for improving the efficiency of parasites 
lies in the selection of superior genetic strains for release 
against the target pest. This approach has been used in Mani
toba against the larch sawfly. Muldrew (1953) showed that the 
larch sawfly in Manitoba was capable of encapsulating and kill
ing the eggs of Mesoleius tenthredinis. This resistant strain has 
since spread until it now occurs from northeastern British Co
lumbia to Nova Scotia. Experimental testing of M. tenthredinis 
from Europe and Japan revealed that the M. tenthredinis from 
Bavaria was capable of overcoming the encapsulation reaction 
of "resistant" larch sawflies and that this ability was inherited 
by the progeny of Canadian and Bavarian crosses. In 1963 and 
1964, releases of Bavarian M. tenthredinis were made at two lo
cations in Manitoba, and the encouraging results to date sug
gest the M. tenthredinis may again contribute to the control of 
the larch sawfly (Turnock and Muldrew, in press). 

Selection of parasite strains also may be useful where bivol
tine parasites attack univoltine hosts. If suitable alternate hosts 
are not available, relocation or development of a univoltine 
strain may be possible. We also can contemplate the use of sec
ondary and tertiary parasites to improve the effectiveness of an 
existing parasite complex. Secondaries might be used to reduce 
the competitive stress of an ineffective primary on a potentially 
effective one. Tertiary parasites might reduce the deleterious 
effects of a secondary parasite on a primary. 

The opportunity to use parasites to actively enhance the ef
fectiveness of other control measures would appear to be lim
ited, at present, to the introduction of a parasite species capable 
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of acting as a vector for an effective pathogen. Such a rela
tionship now exists between the effective introduced parasites 
and the virus disease of the European spruce sawfly in eastern 
North America (Neilson et al., in press). The virus introduced 
against the European pine sawfly lacks an effective dispersing 
agent and is at present effective only as an insecticidal spray 
(Griffiths et al., in press). The selection and introduction of a 
parasite with the ability to dissemin~te this virus might improve 
the level of total control. . 

The integrated control approach to the management of a par
ticular pest species may include active measures to increase the 
efficacy of enemies through release and enhancement programs 
or may merely avoid the use of other controls that decrease ef
ficacy. In either case, no intelligent strategy can be developed 
without knowledge of the composition and effectiveness of the 
enemies in various guilds. The selection of parasites for release 
programs should be based on the comparison of guilds in the 
donor and recipient areas while enhancement programs would 
benefit from comparative studies of guilds in different stands 
and climates. 

The place of parasites in integrated control operations would 
appear to vary with the type of pest. We would stress the im
portance of population analysis leading to the identification of 
ineffective guilds as a first step in planning the integrated con
trol of any type of pest (fig. 1). 

The identification and release of promising parasite species 
for colonization releases appears to be the most useful approach 
to the integrated control of exotic pests (fig. 1A). Insecticidal 
practices that would obstruct parasite establishment or effec
tiveness should be avoided. If habitat conditions in the invaded 
area appear suboptimal for otherwise preferred parasite species, 
habitat amelioration may also be considered. 

Although not all exotic pests are under effective economic 
control throughout their indigenous area, effective parasites 
may still be found for colonization releases. For example, the 
larch sawfly is anthropogenic in Europe while in North America 
it is a pest of undisturbed forests. Material for the recent re
lease of the apparently effective parasite, Olesicampe benefac-
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tor, was obtained in Europe from larch plantations where the 
larch sawfly was abundant as well as from native stands where 
it was consistently uncommon. Exotics that are opportunistic 
pests in their indigenous area may also offer an opportunity for 
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Figure l.-Suggested strategy for biological and inte
grated control in relation to the p0p,ulation dynamics 
of four types of pests. 
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colonization of parasites. Here the basic assumption is that 
there are factors in the native home of the pest that inhibit 
parasite efficacy and that these inhibitors need not occur in the 
invaded area. Such factors may include hyperparasites, clepto
parasites (Spradbery 1969), predators, diseases, and competi
tors. In addition, differences between host trees and conditions 
of the physical environment in the new habitat as compared to 
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the native one may enhance the activity of certain parasite spe
CIes. 

With anthropogenic pests the main initial effort should be di
rected towards determining the reasons for the presence of con
trol in natural habitats and the lack of it in modified habitats 
(fig. IB). From this analysis the treatment required for rectifi
cation in the disturbed habitats may be evident. Such treatment 
may involve a cultural or stand-managem~nt approach or an at
tempt to enhance the effects of those biotic agents of control 
already present. It may involve a search in foreign areas for 
pre adapted parasites of taxonomically or ecologically related 
hosts. Insecticidal applications will probably be necessary, but 
efforts should be made to ensure that the dosage and timing 
used are related to maximizing total COntrol. 

With opportunistic pests (fig. Ie), the initial effort should 
probably be on studies to determine whether the existing biotic 
factors, particularly those that act at endemic levels, can be en
hanced. If this approach fails, a search in foreign lands for para
sites of taxonomically or ecologically related species should be 
made. The possibility of forcing a change in the host preference 
of a parasite species that is not indigenous to the invaded area 
by cage parasitization and laboratory rearings should not be 
overlooked. The application of insecticides (chemical, microbial, 
inundative releases) during early phases of population build-up 
to prevent climatic release of the pest should be tested. 

Since low-density pests are characterized by low-amplitude 
population fluctuations, (fig. ID), improvement of the natural 
control complex may prove difficult. Colonization of new para
site species from other areas and enhancement of existing para
site efficacy may be possible, but the necessity for periodic con
trol operations will probably remain. As an alternative to chemi
cal and microbial insecticides, inundative releases of native par
asites might be useful to avoid environmental contamination 
and application problems associated with biocides. In some 
cases, the most valid approach would be to promote public ac
ceptance of a somewhat higher level of damage. 

In conclusion, we would emphasize that although there has 
been considerable talk about the applicability of integrated con-
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trol approaches to forest pest management, few attempts have 
been made. This approach has been successfully used against 
agricultural pests (see Bartlett 1964; van den Bosch and Stern 
1962) particularly in orchards where conditions are similar to 
the forest ecosystem. Beirne (1962) suggested that neglect of 
the integrated approach was due to the amount and complex
ity of background information that must be gathered before the 
method becomes operational, the Ieluctance of growers to re
duce applications of chemicals (or to suffer some damage while 
giving biotic agents a fair chance to build up), and the inability 
of proponents of opposite schools of thought to cooperate. We 
might also add that another contributing factor to this neglect 
may be that the method is still in its infancy and the knowledge 
and techniques necessary to enable its growth into vigorous 

adulthood still await discovery and development. 
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