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An overview of biological control programs against forest insect pests is 
presented with emphasis on Canadian case historiés. The work is examined 
in the context of conservation, introduction, and augmentation (environmental 
manipulation and inoculative and inundative release) of insect natural ene-
mies, specifically parasitoids. Historically, studies hâve concentrated on intro
ductions of exotic parasitoids for control of introduced pests where a number 
of successes hâve been recorded. More récent work has entailed inoculative 
and inundative releases of parasitoids against native pests in an attempt to 
establish new host-parasitoid relationships to reduce pest populations. Thèse 
hâve had limited success and are still being explored by Canadian researchers. 
Current stratégies for using natural enemies are inundative release of native 
species against native pests and conservation of native parasitoids through 
sélective insecticide timing and forest manipulation. Future directions in bio
logical control programs will include thèse approaches with increased empha
sis on biotechnology and the genetic sélection or manipulation of 'desired 
strains' for release. Continued ecological studies will be essential to ensure a 
more complète understanding of the interaction between thèse "selected 
parasitoids' and the forest/tree parameters which will influence their success 
(tri-trophic interactions). Thèse parameters, such as tree vigour (pest résistan
ce), spatial distribution and diversity, will also be targeted for sélection to 
improve the effect of insect natural enemies in the forest environment. 

Smith, S.M. 1993. Les insectes parasitoïdes: perspective canadienne de leur 
utilisation pour la lutte biologique en milieu forestier. PHYTOPROTECTION 74: 
51-67. 

Nous présentons un survol des programmes de lutte biologique envers les 
insectes forestiers en mettant l'accent sur des cas canadiens. Ces travaux de 
recherche sont examinés dans le contexte de la conservation, de l'introduction 
et de l'augmentation (par manipulation de l'environnement et lâchers inocu
lants et massifs) des ennemis naturels, et plus spécifiquement des parasitoï
des. Historiquement les études ont porté sur l'introduction de parasitoïdes 
exotiques pour la lutte aux insectes nuisibles introduits, un certain nombre de 
ces travaux ayant été fructueux. Des travaux plus récents ont consisté en des 
lâchers inoculants et massifs de parasitoïdes contre des insectes indigènes afin 
d'établir de nouvelles relations hôte-parasitoïde dans le but de réduire les 
populations d'insectes indésirables. Ces nouvelles techniques n'ont démontré 
que des résultats limités et les recherches se poursuivent dans cette voie. Les 
stratégies actuelles d'utilisation d'ennemis naturels sont le lâcher massif d'es
pèces indigènes contre des espèces nuisibles indigènes et la conservation des 
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parasitoides indigènes par des applications sélectives d'herbicides et la gestion 
des forêts. Les prochaines avenues pour les programmes de lutte biologique 
incluront ces approches en plaçant l'accent sur les biotechnologies et la sé
lection génétique ou la manipulation de lignées recherchées pour les lâchers. 
Des études écologiques continues seront essentielles à l'obtention d'une 
meilleure compréhension des interactions entre ces parasitoïdes sélectionnés 
et les données forêt-arbre qui influenceront leur succès (interaction tr i trophi-
que). Ces données, à savoir la vigueur de l'arbre (résistance aux insectes), 
distribution spatiale et diversité, seront aussi visées pour la sélection afin 
d'améliorer l'impact des ennemis naturels des parasites dans l 'environnement 
forestier. 

Despite strong support for biological 
control at the turn of the century, in ré
cent years there has been considérable 
controversy surrounding the use of in-
sect parasitoids for biological control of 
insect pests. While this approach to pest 
control is perceived as environmentally 
acceptable, the success of biological con
trol attempts has been questioned since 
the 1950's by a wide range of people 
involved either directly with the research 
aspect or indirectly at the political level. 
Uncertainty has surrounded both the 
degree of success achieved and the cost-
benefit relationship for such enterprises. 
As an entomologist who has worked in 
the area of inundative parasitoid release 
for over 10 years, I hâve also questioned 
the potential for successfully integrating 
my work into practical forest opérations, 
considering the time and costs involved 
and the level of control that can be achie
ved. 

In the following review, I will discuss 
the record of attempts made in biological 
control of forest insect pests with parti-
cular emphasis on Canadian case histo
riés. Despite the controversy, the literatu-
re suggests that we hâve been very suc-
cessful at suppressing forest insect pests 
using insect parasitoids, and that in fact, 
Canada is a world leader in this area 
(Hulme and Kelleher 1984; Pschorn-Wal-
cher 1977). The relatively high number of 
successes that we hâve been able to 
achieve reflects our emphasis on forestry 
(Dahlsten and Mills 1990) where the 
number of successes can be directly at-
tributed to the number of attempts. This 
work will be discussed in the context of 
the approach taken and the current state-

of-the-art with thoughts on future direc
tions. It is hoped that the positive results 
of the past will provide incentive and 
groundwork to continue studies in the 
future. 

TERMINOLOGY IN 
BIOLOGICAL CONTROL 

The field of biological control is broad 
and thus, it is essential to start this dis
cussion with some spécifie définitions as 
to the scope of biological control, the 
différence between biocontrol agents, the 
concept of parasitoid guilds, and new 
versus old host associations. 

Jutsum (1988) provides an overview 
of the biological control spectrum from 
the perspective of plant protection. He 
includes components ranging from bio-
tic agents to behaviour-modifying Che
micals and specifically describes the 
biotic agents as BCA's (biological control 
agents). The use of BCA's (parasitoids, 
predators, and pathogens) is analogous 
to the earlier définition of biological 
control presented by DeBach (1964), 
«the action of parasites, predators, and 
pathogens in maintaining another orga-
nism's population density at a lower 
average than would occur in their absen
ce» and is the one with which the présent 
paper will deal. 

Emphasis in forestry has been on the 
use of parasitoids, predators, and patho
gens of insect pests (Hulme and Kelleher 
1984). In most cases, pathogens are sin-
gle-celled microorganisms which live 
inside the insect in large numbers, They 
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may or may not kill the host, but gene-
ral ly cause debi l i ta t ion and reduced 
growth and reproduction which has im
plications for the pest's population dyna-
mics. Al though there hâve been several 
major successes using pathogens against 
forest pests (e.g. use of the bacterium, 
Bacillus thuringiensis (Berliner), Bt, and 
entomopathogenic viruses against the 
gypsy moth , [Lymantria dispar (L.)] [Le-
pidoptera: Lymantri idae] and Douglas fir 
tussock moth [Orgyia pseudotsugata 
(McDunnough) ] [Lepidoptera: Lyman-
tri idae](Hulme and Kelleher 1984), my 
intention isto l imit furtherdiscussion hère 
to non-microscopic natural enemies. 

The présent paper deals wi th insects 
that eat other insects. This includes para-
sitoids and predators, both of which are 
multi-cellular, free-living (at least at one 
stage) and always kill their host. Indivi-
dual predators consume a large number 
of hosts or prey and are often less discri-
minating in prey sélection than parasi-
toids. While insect predators such as ants, 
coccinelids, carabids, and lacewings are 
widely recognized components in ecolo-
gical webs and some of the earliest re
cords of biocontrol make référence to 
them (Hulme 1988), there are relatively 
few examples of predaceous insects being 
used in forestry for biological pest con-
trol . Thus, in the fo l lowing discussion, 
emphasis wi l l be placed on parasitoids 
although référence wi l l be made to pre
dators where appropriate. 

Unlike true parasites, parasitoids do 
not live in symbiosis wi th their individual 
host but instead act as specialized preda
tors, always kill ing their host (usually 
one per parasitoid) (Anonymous 1983). 
The immature parasitoid consumes the 
host as it develops, either internally or 
externally and the adult stage is usually 
free-living. Askew (1971) estimated that 
over 200 000 species of the order Hyme-
noptera were parasitoids; this represents 
almost 10% of ail animal species. Parasi
toid life-styles are found in 87 famil ies 
f rom five insect orders (Sweetman 1936) 
wi th one genus in Hymenoptera alone 
accounting for almost 1000 species of 
parasitoids (Waage and Hassell 1982). 

The relationship of parasitoids to their 
hosts is often complex wi th many diffé
rent species attacking a single host spe

cies. In some cases, the parasitoids may 
compete wi th each other for the same 
host stage (e.g. larva); in other cases, 
différent parasitoid species selectively 
attack différent stages of the host (e.g. 
egg, 1st - 6th instar larva or pupa). The 
complex of parasitoid species attacking a 
single host is referred to as a parasitoid 
gui ld. Parasitoid guilds are the rule rather 
than the exception in the insect wor ld 
providing structured communit ies wi th 
l i fe-history and habitat stabi l i ty (Mil ls 
1983). 

Considérable information is available 
on parasitoid guilds in forest insects. For 
example, the spruce budworm, Choristo-
neura fumiferana (Clemens) [Lepidopte
ra: Tortricidae], is known to hâve approxi-
mately 70 species of parasitoids associa-
ted wi th ail stages of its development; 
egg parasitism (10%), young larvae (30-
45%), old larvae (10-36%), and pupae (5-
15%) and parasitism by late larval spe
cies is considered to regulate budworm 
populat ions through a delayed density-
dependent effect (Mills 1983). The com
position of thèse parasitoid guilds is not 
static but has been shown to vary accor-
ding to ecological factors including host 
density (Nealis 1991a). Often one of the 
parasitoid species is considered to be the 
key factor in regulating the host popula
t ion al though that key species wi l l vary 
f rom région to région (Flanders 1971; 
Thompson 1930). 

Associations between parasitoids and 
hosts which are typif ied by thèse guilds 
can be classified as either old or new. 
Old associations are considered those 
which hâve a long evolut ionary history; 
the parasitoid/host species hâve evolved 
together historically. New associations 
are those used by Hokkanen and Pimen-
tel (1984) to describe situations where 
p rev ious l y i so la ted paras i to ids and 
hosts hâve been brought together either 
th rough the in t roduct ion of the host 
(non-native pests accidentally introduced 
f rom outside North America) or the pa
rasitoid (exotic parasitoids imported f rom 
outside North America to be used against 
native pests). The widest shift in a new 
association which has been recorded is 
that for an egg parasitoid, Telenomus 
spp. which successfully attacked a host 
f rom another subfamily in Geometridae 
(Drooz et al. 1977). 
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APPROACHES TO 
IMPLEMEIMTING BIOLOGICAL 
CONTROL 

There are several différent approaches 
for using parasitoids and predators in the 
field and some confusion exists as to 
how thèse should be classified. In gêne
rai, biological control can be implemen-
ted as either: 1 ) conservation; 2) introduc
tion; or 3) augmentation (Beirne 1967; 
Mills 1990; Nordlund 1984). When deal-
ing with spécifie cases, however, the dis
tinction between thèse approaches is 
blurry and often overlaps. Beirne (1967) 
suggested that thèse catégories were 
appropriate and should be considered in 
this exact séquence in ail integrated pest 
management programs. Those attribu-
tes that contribute to a good natural 
enemy hâve been outlined by several 
authors(Huffakerand Kennett 1969; Luck 
1990; Mackauer 1976; Quednau 1990). 

Conservation 
The conservation of parasitoids and 
predators is a poorly studied aspect of 
biological control, perhaps more so in 
forestry than in agricultural Systems. By 
définition, it is any activity which pre-
vents a réduction in natural enemies and 
thus, seeks to maintain their levels in a 
target area (Mills 1990). It is perhaps the 
least disruptive of the approaches to 
biological control because it does not 
attempt to intervene in the ecology of 
the System, simply to maintain it. There 
are two aspects to maintaining parasi-
toid populations; habitat conditions and 
insecticide selectivity. 

Habitat conditions 
n Inferences on the effect of habitat condi-
g tions in forests can be taken from at-
I I tempts to develop polycultures in agri-
c culture. Intercropping, deliberate mixing 
r"» of more than one plant species in a given 
^ area, has been conducted in a few agri-
F cultural Systems with generally positive, 
tu if not somewhat mixed, results (Altieri 
O and Whitcomb 1979; Altieri et al. 1977; 
£ Herzog and Funderburk 1985). Beirne 
£ (1967) noted that intercropping was sim-
> ply proper integrated pest management 
Û- and Mills (1990) suggested this approach 

for forest Systems. Unfortunately, even 

less work on the effect of plant diversity 
and natural enemy populations has been 
conducted in forestry, where the System 
already tends to be more diverse than in 
agriculture. 

Syme (1977) found that higher popu
lations of the larval parasitoid, Orgilus 
obscurator (Nées) [Hymenoptera: Braco-
nidae], could be associated with the pré
sence of wild carrot (Daucus carota L) 
and that this could hâve an impact on its 
host, the European pine shoot moth 
[Rhyacionia buoliana (Schiff.)] 'Lepidop-
tera: Olethreutidae]. Récent unpublished 
work by Bradette and Oliveira (personal 
communication) at the Université du 
Québec in Montréal suggests that in-
creased plant diversity and alternate wild 
flower sources hâve no détectable effect 
on populations of the larval parasitoid, 
Actia interrupta Curr. [Diptera: Tachini-
dae] attacking the spruce budworm. 

From life table data, the impact of 
natural enemies is known to be high for 
a number of important forest pests (Nea-
lis 1991b). Perhaps the best that can be 
done in the area of habitat condition at 
this stage is to identify those areas where 
a high abundance of natural enernies is 
associated with a pest insect and try to 
relate that activity to stand diversity. 

Insecticide selectivity 
The second aspect to conservation is that 
of insecticide use and selectivity (Mills 
1990). This can be considered from both 
the physiological and ecological perspec
tive (Hull and Beers 1985). Physiological 
refers to the type of insecticide used and 
the relative résistance of parasitoids to 
such insecticides while ecological refers 
to the timing, placement, dosage, and 
technique of applying the insecticide. 
More research has been conducted in 
this area in agriculture because of the 
more intensive use of insecticides than in 
forestry, however, a few important exam
ples are available. 

Both with the European spruce sawfly 
[Gilpinia hercyniae (Hartig)] [Hymenop
tera: Diprionidae] and the hemlock scale 
[Abgrallaspis ithacae (Ferris)] [Homopte-
ra: Diaspididae] , it has been shown that 
increased use of insecticides results in 
higher populations of thèse pests as a 
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resuit of reduced activity by natural ene-
mies (McClure 1978; Nielson et al. 1971). 
The récent shift towards using more sé
lective microbial insecticides such as 
Bacillus thuringiensis kurstakii (Berliner) 
{Bt) to suppress forest insects in Canada 
is one method to reduce the impact of 
thèse treatments on parasitoid popula
tions. While the main reason for this shift 
has been public pressure, the effect is 
essentially to sélect an insecticide which 
will be less damaging to the natural ene-
my than to the pest (Hassan et al. 1987; 
Nealis 1991b). 

Research has also been conducted into 
the optimal timing of insecticide applica
tions for minimal effects on natural ene-
mies. Nealis and van Frankenhuyzen 
(1990) hâve shown that higher levels of 
parasitism of young spruce budworm 
larvae can be achieved if Bt is applied 
against the host larva in its 4th rather than 
3rd instar. This delay of approximately 
one week in the field provides sufficient 
time for the parasitoid, Apanteles fumife-
ranaeViereck [Hymenoptera: Braconidae], 
to émerge from the host and thus, avoid 
indirect mortality due to the insecticide 
application. 

More récent research in agricultural 
Systems is directed at developing insec
ticide résistance in the parasitoid or 
predator. This can be achieved either 
through traditional breeding programs in 
the laboratory or by utilizing the techni
ques of molecular engineering (Becken-
dorf and Hoy 1985; Rosenheim and Hoy 
1988). To date, this has not been attemp-
ted in forestry because the shift to less 
toxic compounds and only one to two 
applications peryear, meansthatthere is 
relatively little insecticide pressure. 

Introduction 
The introduction of parasitoids and pre-
dators is the traditional approach to bio-
logical control and is often called the 
'classical approach' because once esta-
blished, it is self-sustaining (Mills 1990). 
From a North American perspective, it 
was the first approach used, being pri-
marily directed against pests introduced 
accidentally from Europe during coloni-
zation. Indeed, the majority of records 
show this approach is being used to rees-
tablish old associations of exotic North 

American pests with the importation of 
European natural enemies (Pschorn-
Walcher 1977). Importations in the oppo
site direction (where a native parasitoid 
from North America was introduced to 
Europe) show only one unsuccessful 
example in an attempt to control the 
European pine shoot moth. 

Worldwide, about 4300 species of 
parasitoids and predators hâve been 
introduced to control 300 pest species 
in agricultural and forestry Systems 
(Waage and Greathead 1988); 223 para
sitoids against 120 pests in the USA 
alone (Ryan 1987). The success rate of 
thèse introductions has been the source 
of considérable controversy, however, 
it is generally agreed that of thèse at-
tempts, 34-40% hâve become establis-
hed (Hall and Ehler 1979; Waage and 
Greathead 1988) and approximately 16% 
are considered to be successful in terms 
of control (Myers et al. 1989). 

In Canada, introducing parasitoids has 
been the primary approach to biological 
control. Betweentheyears 1910 and 1980, 
approximately 135 natural enemies hâve 
been imported against 57 pests; 12 of 
thèse were considered successes (Hulme 
and Kelleher 1984; McGugan and Coppel 
1962; Reeks and Cameron 1971). The first 
successful introduction was that of the 
parasitoid Mesoleius tenthredinis Morl. 
[Hymenoptera: Ichneumonidae] against 
the larch sawfly [Pristiphora erichsonii 
(Hartig)] [Hymenoptera: Tenthredinidae] 
in 1910-1913. Hymenoptera has been by 
far the most important order accounting 
for 72% of the introductions. Over this 
period, only one incidence of résistance 
developing in the host was documented 
for the larch sawfly. 

Hulme (1988) considered that 8 out of 
the 11 pests studied over the years in 
Canada were successfully controlled 
through attempts at biological control 
although thèse included the use of 
pathogens as well as introductions of 
parasitoids. Nealis and Wallace (1991) 
identified six successful attempts at in
troducing parasitoids to control forest 
insects including the European spruce 
sawfly, larch casebearer [Coleophora la-
ricella (Hubner)] [Lepidoptera: Coleopho-
ridae], larch sawfly, satin moth [Leucoma 
salicis (L.)] [Lepidoptera: Lymantriidae], 
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winter moth [Operophtera brumata (L.)] 
[Lepidoptera: Geometridae], and Euro-
pean pine shoot moth . The success of 
thèse programs has been well documen-
ted through a séries of CAB publications 
(Hulme and Kelleher 1984; McGugan and 
Coppel 1962; Reeks and Cameron 1971) 
and for individual cases on the winter 
moth (Caltagirone 1981; Murdoch et al. 
1985; Roland 1988), larch sawfly (Gra-
ham 1931), and European pine shoot moth 
(Juillet 1960; Miller 1967; Pointing and 
Green 1962). The cost:benefit relationship 
for the program against the European 
pine shoot moth was estimated at $300 
000:>$6 mil l ion (1:75) and that for the 
winter moth at $160 000:>$12 mil l ion 
(1:20). Both hâve provided higher returns 
than that cited for agricultural Systems in 
Australia at 1:10 (Pschorn-Walcher 1977) 
but similar to those f rom Europe at 1:30 
(van Lenteren 1983). 

A relatively récent Canadian success 
has been the introduction of a parasitoid 
for control of the Mountain-ash sawfly 
[Pristiphora geniculata (Hartig)] [Hyme-
noptera: Tenthredinidae]. This pest was 
accidentally introduced into North Ame
rica in 1926 moving into Canada in 1934 
(Quednau 1990). Its effect is localized and 
primari ly of aesthetic value, occasionally 
causing complète défoliation of moun-
tain ash. In 1976-1978, 1300 female Ole-
sicampe geniculatae Quednau & Lim 
[Hymenoptera : Ichneumonidae] f r o m 
Europe were released near Québec City. 
Samples collected during 1984 showed 
thatthis parasitoid hadspreadthroughout 
the province at a rate of 50 km yr1 . At the 
t ime of the report (Quednau 1990), para-
sitism levels of the sawfly were 6-94% 
with no major infestations recorded in 
Québec during the last seven years. 

g Despite the encouraging rate of suc-
? cess wi th introductions of parasitoids, a 
P number of signif icant fai lures can be 
|* documented against major pest species. 
2 In fact, most of the insects that still re-
Q main a problem in Canadian forestry hâve 
o been subject to parasitoid introductions, 
H but hâve not been control led either be-
§ cause the parasitoids hâve not established 
Q or their establishment has not resulted in 
£ économie réductions of the pest. 
x 
°- Noteworthy failures wi th introductions 

hâve been against the spruce budworm, 

gypsy moth , bark beetles, and conifer 
ade lg ids (Hulme and Kel leher 1984; 
McGugan and Coppel 1962; Reeks and 
Cameron 1971). Between 1944 and 1973, 
18 species of parasitoids were introdu
ced to eastern Canada f rom western 
Canada, Europe and Japan for control of 
the spruce budworm. One of the species 
f rom Japan was encapsulated whïle the 
remainingfai ledtoestabl ish. In 1963, ants 
were introduced for budworm control 
f rom western into eastern Canada but 
fai led to reduce populat ions (Youngs 
1983). This was fol lowed by introductions 
of ants f rom Italyto Québec in 1973which 
reduced défoliation by 20%, but not be-
low économie levels (Finnegan 1975). 
Research in the last 10 years has shifted 
to improving the application of Bt and 
inundat ive releases of parasitoids for 
annual suppression of spruce budworm. 

Over the past 100 years, 78 species of 
parasitoids hâve been introduced f rom 
Europe for control of the gypsy moth , an 
exotic pest of deciduous hardwoods in 
North America (Reardon 1981; Sawyer 
1990). Ten of thèse species hâve become 
established in the USA of which seven 
hâve moved into Canada wi th the pest 
(Fuester et ai 1988; Nealis and Wallace 
1991). Native parasitoids hâve also esta
blished on the gypsy moth , but ail thèse 
factors hâve failed to prevent damaging 
outbreaks. The gypsy moth still remains 
one of the major forest pests in North 
America. 

Past attempts at establishing parasi
toids against the conifer adelgids [e.g. 
balsam wool ly adelgid, Adelges piceae 
(Ratz.)] [Homoptera: Phylloxeridae] hâve 
also met wi th failure. Between 1930-1960, 
29 predators (primarily Coleoptera and 
Diptera) were released in the USA and 
Canada wi th only slight control (Mills 
1990). While Worldwide success in con-
trol l ing Homopteran pests is unusually 
high (Greathead 1989), this has not been 
the case in Canadian forestry. 

Bark beetles, such as the Mountain pine 
beetle [Dendroctonous ponderosae (Ho-
pkins)] [Coleoptera: Scolytidae] and the 
southern pine beetle [Dendroctonous 
frontalis(Zimmerman)] [Coleoptera: Sco
lytidae], also hâve been the subject of 
l imited investigations for biological con
t ro l t h rough parasi to id in t roduct ions 
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(Miller et al. 1987). As early as the tu rn of 
the century (1890) through to 1976, spo-
radic attempts at introductions against 
the southern pine beetle failed. Informa
t ion f rom the Commonweal th of Inde-
pendent States (formerly the USSR) sug-
gests that clerid beetles may be efficient 
predators for control l ing Dendroctonous 
species at endémie levels, but to date, 
insufficient numbers hâve been released 
in North America to establish their poten-
tial (Miller et al. 1987). 

Reasonsfor fa i lure in introductions are 
being continuously examined in an at-
tempt to develop the most appropriate 
strategy. Pschorn-Walcher (1977) cited a 
number of characteristics of failed at
tempts; too few numbers released, asyn-
chrony between host and parasi to id, 
compé t i t i on w i t h nat ive paras i to ids , 
wrong species released, lack of alternate 
hosts for survival and overwin ter ing , 
présence of hyperparasitoids, host résis
tance and procédural errors. Turnock et 
al. (1976) suggested that classical bio-
control was difficult in forestry because 
the relatively simple conifer ecosystems 
led to widely unstable pest numbers for 
parasitoid establ ishment. Ryan (1987) 
listed more social and économie reasons 
for failure of biological control including 
perceived slow returns (3-60 yr), diff icul-
ty in evaluating and establishing success, 
and the impression that biological con
trol does not work, ail which reduce the 
political wi l l to financially support such 
programs. Currently, there appears to be 
no relation between the establishment 
of parasitoids and rate of success of 
projects (Hall et al. 1980) and thus, there 
are no gênerai character ist ics wh ich 
dist inguish a potential ly successful or 
unsuccessful project. 

In gênerai, the data suggest that the 
under ly ing pr inciple wh ich results in 
successful biological control is that of 
local extinction rather than population 
régulation as previously thought (Luck 
1990). Reviews of past biological 'succes-
ses' such as the winter moth (Murdoch et 
al. 1985; Roland 1988) and larch sawfly 
support this stochastic non-equi l ibr ium 
view of the interaction. Introduced para
sitoids tend to eliminate the pest f rom 
localized patches but fail to cause com
plète extinction because of the heteroge-

nous nature of the forest (Caltagirone 
1981). Simulat ion models show that a 
parasitoid can hâve either a high attack 
rate (and reduce pest numbers) or an 
aggregated attack pattern (which results 
in a stable interaction), but never both 
(Luck 1990). This v iew of the 'idéal para
sitoid' tends to be strengthened as we 
continue to learn more about thèse Sys
tems. 

Augmenta t ion 
Augmentat ion refers to the increase in 
already established parasitoid or preda-
tor numbers at a critical t ime (i.e. when 
the host is susceptible) (Mills 1990). This 
can be achieved either through releasing 
natural enemies or by manipulat ing the 
environment so that their impact wi l l be 
improved. As noted earlier, the distinc
t ion between environmental augmenta
t ion and conservation is often hazy, but 
for présent purposes, augmentat ion wi l l 
be used only in those situations where 
natural enemy populations are actually 
promoted ratherthan s imply maintained. 

Release 
Parasitoid release is usually concerned 
wi th localized increases of native species 
(Mills 1990). Thèse can be of two types; 
inoculative, where the release usually 
occurs at the beginning of the season 
and the progeny hâve an effect on the 
pest (Nord lund 1984) and inundat ive, 
where the parasitoids are released for an 
immédiate, non-sustaining effect, much 
like a biopesticide and the progeny hâve 
little or no effect (Mills 1990). 

Inoculative: Examples of inoculative re-
leases are rare in the forestry literature 
because a large majori ty of the pests 
complète only one génération per year 
and thus, are susceptible to attack for a 
very short t ime (< 4 wk). The earliest 
record of inoculative-type releases are 
for the European spruce sawfly where 
over 882 mil l ion parasitoids, Dahlbomi-
nus fuscipennis (Zett.) [Hymenoptera: 
Eulophidae], were released between 1934-
1948 in Canada (Wallace and Smi th, in 
press). Whi le thèse releases were prima-
rily to introduce and establish the para
sitoid, the fact that they continued over 
a number of years in the same location 
suggests that they funct ioned as inocula
t ive releases. Inoculat ive releases of 
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native parasitoid species were also made 
against the gypsy moth during the 1970s 
in Pennsylvania (Reardon 1981). Thèse 
releases resulted in a 2% increase in 
parasitism but not sufficient to reduce 
pest populations economically. 

Inundative: Inundative releases hâve had 
only recently a high profile in suppres-
sing forest pests. Early work in Europe 
demonstrated that pests in forest stands 
could be reduced by transporting a nati
ve a nt in the Formica rufa group to stands 
with low predator populations (Youngs 
1983). Finnegan (1975) suggested that this 
approach should be tried in Canada, but 
recognized the difficulty in conducting 
such manipulations in our relatively un-
managed forests. 

Records of inundative releases appear 
in the Communist countries (primarily 
the People's Republic of China and the 
Commonwealth of Independent States) 
from 1895 to the présent (Wallace and 
Smith, in press). Worldwide, 43 species 
of natural enemies are used in inundative 
releases against over 25 pest species in 
nine orders (King et al. 1985). Commer
cial rearing of thèse natural enemies in 
the USA is conducted by 62 producers, 
and 2-3 producers in Canada. Primary 
species being reared include the parasi-
toids, Encarsia spp. and Trichogramma 
spp. and the predators, phytoseid mites 
and Chrysopaspp. Artificial diets for mass 
production are currently available for nine 
of thèse species with 22 species being 
reared in vivo (King et al. 1985). 

No parasitoids or predators are com-
mercially released against forest pests. 
Parasitoids hâve been used, however, in 
forest situations, primarily in the fores-
try-based countries, Canada, USA, the 
former USSR, and the People's Republic 
of China. Thèse parasitoids hâve corne 
from four families; Tachinidae, Braconi-
dae, Scelionidae, and Trichogrammati-
dae. The use of Trichogramma spp. is 
undoubtedlythe most prévalent of ail the 
groups with releases occurring in over 
seven countries on over 8 million ha of 
crops; approximately 1 million of thèse 
occurring in forests (Knipling 1980). 

During 1950-1960, releases of the sce-
lionid egg parasitoid [Telenomus tere-
brans (Ratzeburg)] [Hymenoptera: Sce

lionidae] were conducted in the former 
USSR against Dendrolimus sibiricus 
Tschetw. [Lepidoptera: Lasiocampidae] 
(Orr 1988). No information is available 
as to their success (Wallace and Smith, in 
press). More recently, inundative releases 
of the braconid, Cotesia melanoscelus 
(Ratz.) [Hymenoptera: Braconidae], hâve 
been made against the gypsy moth in 
Maryland (Hoy 1975; Kolochy-Hirsch et 
al. 1988; Weseloh and Anderson 1975). 
Release rates of 12 000 females ha 1 led 
to increased parasitism of 10% over con-
trol plots but with no associated décline 
in gypsy moth populations. An integra-
ted approach using five différent parasi
toids, three in inundative releases, was 
also attempted in Virginia against the 
gypsy moth with no success (Nealis and 
Wallace 1991;Ticehurstand Finley 1988). 

The largest attempt at using inundati
ve releases against a forest pest is that of 
the egg parasitoid, Trichogramma minu-
tum Riley [Hymenoptera; Trichogramma-
tidae], against the spruce budworm in 
North America. Cage studies began in 
Québec during the early 1970s (Wallace 
and Smith, in press), followed by small 
field trials in Maine during the late 1970s 
(Houseweart et al. 1984), and a major 
rearing and release program in Ontario 
during the 1980s (Smith et al. 1990). 
At the end of Phase I of the Ontario 
program (1987), it was shown that two 
aerial releases of 12 million females ha1 

release1, 1 wk apart and initiated at the 
beginning of the budworm's oviposition 
period, would resuit in egg parasitism of 
ca. 70% and subséquent larval réduc
tions of about 80%. While this level of 
control was considered economically 
acceptable, the high cost of production 
currently makes the commercial use of 
this approach unfeasible. 

Environmental manipulation 
It is well documented that the spatial 
structure of natural enemy guilds shifts 
accordingto habitat changes (Force 1970; 
Miller 1983; Miller and Ehler 1990). Thèse 
shifts can be the resuit of either indirect 
manipulations of the habitat or of direct 
intervention in the environment. 

Indirect: In forestry, researchers general-
ly consider that increased levels of para
sitism are associated with higher stand 

58 



SMITH: INSECT PARASITOIDS FOR BIOLOGICAL CONTROL 

diversity (either vertical or horizontal) 
(Jennings and Houseweart 1983; Nealis 
1991b;Torgersen étal. 1990). Unfortuna-
tely, most habitat changes and their ef-
fect on insect diversity hâve been docu-
mented in agricultural rather than in fo-
restry Systems. Nordlund (1984) showed 
that by increasing plant diversity in pe-
can vineyards (e.g. planting crown vetch), 
ladybird beetles could be augmented to 
reduce aphid populations. No such work 
has been conducted in forestry although 
Syme's (1977) studies on wild carrot and 
its effect on parasitoids of the European 
pine shoot moth initiated some interest 
in habitat manipulation in Nova Scotia 
during the early 1980s (Hulme and Kelle-
her 1984). Finnegan (1975) also proposed 
the removal of trees and the addition of 
woody débris in budworm-infested 
forests to augment predaceous ants al
though this was never conducted. 

The effect of increasing a plant's résis
tance to insect pests on the associated 
parasitoid guild of the pest (tri-trophic 
interaction) has also been examined in 
agricultural Systems but not in forestry 
(Altieri et al. 1977; Bergman and Tingey 
1979; Herzog and Funderburk 1985). In 
forestry, Thorpe and Caudle (1938) repor-
ted that a parasitoid of the European pine 
shoot moth was attracted to the plant 
upon which its host fed, however, no 
expérimental manipulations were ever 
conducted to quantify the impact of the 
host plant on natural enemy abundance. 
This remains an area of research as in
creased emphasis is placed on genetical-
ly improved seed stock for régénération. 

Direct: Direct environmental manipula
tion encompasses a wide spectrum of 
activities ranging from the use of semio-
chemicals (specifically kairomones used 
by a parasitoid to locate its host) to the 
provisioning of hosts, food, shelter or 
reproductive sites in the habitat. 

Kairomones, such as the pheromones 
released by female hosts and volatiles 
from host scales, are often used as eues 
by parasitoids to locate their hosts (Lewis 
and Martin 1990; Lewis and Nordlund 
1985; Lewis et al. 1975). Thèse can func-
tion as either long or close range signais 
to improve levels of parasitism (Gross 
1986). Herard et al. (1988) proposed their 
use prior to the release of laboratory-

reared parasitoids as a means of imprint-
ing the host image (smell) and thereby, 
improving parasitism. Kairomones are 
known to increase habitat and host-habi-
tatfinding, host location and acceptance, 
parasitoid foraging and rétention in the 
release area, and parasitoid longevity and 
fecundity (Greany et al. 1984; Nordlund 
1984). Zaborski et al. (1987) demonstra-
ted the increased searching behaviour of 
Trichogramma minutum when exposed 
to the scales of its host, spruce budworm. 
When thèse results were tested under 
field conditions by exposing the parasi
toids to host kairomones prior to release, 
however, no significant increases in egg 
parasitism were observed (Jennings and 
Jones 1986). 

The provisioning of hosts or food has 
also been studied in agricultural Systems 
where sugar sprays hâve been applied to 
crops to increase activity by Trichogram
ma spp. (Knipling 1980) and non-crop 
plants and target host eggs hâve been 
provided to increase chrysopid larvae in 
fields; however, no such work has been 
conducted in forestry. Similarly, shelter 
and reproductive sites, such as nest boxes 
for avian predators, although tested to a 
limited extent in European forests, hâve 
not been investigated in North America 
(Nealis 1991b). 

APPLICATION TO CANADIAN 
FORESTRY 
As discussed in the previous sections, 
biological control in Canada has been 
based predominantly on introductions of 
exotic natural enemies. This approach 
undoubtedly has some relation to the 
nature of forest protection. In almost ail 
régions, forest pest control is the respon-
sibility of the provincial government as 
the land-owner and this is supported 
through taxes from the forest industry 
(who leases the land). The Canadian fé
déral government also provides long-term 
support for pest control and research from 
the taxes associated with major exports 
of wood and wood products. Thus, the 
public land-owner in Canada (the govern
ment) has been more willing to invest in 
those long-term biological or ecological 
studies necessaryto implementsuccess-
ful introduction programs than might 
otherwise be the case if the land was 
owned privately. 
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The relatively low value of the original 
Canadian forest compared to the intensi-
vely managed agricultural crops and the 
récent forest stands means that annual 
investments in pest control, while long-
term, were kept to a minimum. The ex-
tensive nature of pest outbreaks in such 
forests, often covering 100 000s ha or 
more of inaccessible area, also limited 
the degree of active intervention that 
could be carried out in the relatively short 
period of biological vulnerability (Nealis 
and Wallace 1991). Finally, in the first 60 
years of this century, Canada's major pest 
problems were from the accidentai intro
duction of exotic pests which had no 
known natural enemies. Thus, long-term, 
low cost solutions which could reesta-
blish old host-parasitoid associations 
and be self-sustaining were supported 
over the years. It is only in récent years, 
as 60-80% of our pest problems arise 
from native species (Hokkanen and 
Pimentel 1989) and the technology for 
mass production of natural enemies 
has advanced that we hâve shifted our 
emphasis away from introduct ion 
towards augmentation and conservation. 

The relatively high degree of success 
that has been observed with Canadian 
introductions not only results from an 
established, well-supported network of 
researchers over the years, but also 
because of the nature of the forest envi-
ronment. Hall et al. (1980) reported a much 
higher success rate for introductions 
attempted in intermediate environments 
(72%) than in unstable agricultural Sys
tems (47%). Similarly, Nordlund (1984) 
noted that the probability of success 
increased as the stability of the environ-
ment increased. Although we still lack a 
consistent theory to explain why intro
ductions hâve been successful, some of 
the major successes hâve occurred in 
Canada against forest insect pests. 

CURRENT STATUS OF 
BIOLOGICAL CONTROL IN 
FORESTRY 

In gênerai, successful biological control 
of pests has occurred wherever attempts 
hâve been made (Ryan 1987). In fact, the 
major limiting factor to success appears 

to be the amount of funds invested (Mills 
1990). This lack of funds also has made 
it difficult to evaluate the past programs 
and undoubtedly prevented us from 
understanding completely what are the 
necessary components of a successful 
program. 

Few guidelines are available for mana
gers on how much to invest in biological 
control programs. Historically, Canada 
has invested significantamounts, perhaps 
more so than most countries, but in thèse 
days of diminishing resources, such 
projects must be constantly reassessed. 
This is particularly true in view of the 
fact that the number of successes has 
declined over time (Greathead 1986). 

In order for a continued program to 
be feasible, Harris (1979) has suggested 
that, at least for biological control of 
weeds, the cost of the program should be 
less than 10 times the loss from the pest 
and the probability of success for the 
proposed control in a given year. Similar 
estimâtes were made by Cock (1986) and 
in gênerai, the successful programs hâve 
documented costs well within this range. 
Successful biological control programs 
hâve more than covered their costs and 
for those that hâve been unsuccessful 
like the spruce budworm, the costs hâve 
represented only a marginal amount of 
the damage caused by the pest. In almost 
ail cases, it has paid to invest in biological 
control for control of forest pests, 

Most of the remaining pests in Canada 
are native or are exotics which hâve 
not been successfully controlled with 
introductions (Mills 1990). The literature 
suggests that there are a number of 
natural enemy complexes available for 
controlling such pests. Considérable 
information can be obtained on thèse 
guilds through publications of the Com-
monwealth Agricultural Bureaux, Fores-
try Canada, and Forest Insect and Disease 
Survey as well as extensive European 
documentation (Nealis 1991b). As was 
recommended by Hulme and Kelleher 
(1984), researchers in Forestry Canada 
are now putting more emphasis on 
obtaining information aboutthe popula
tion dynamics of pests such as the spruce 
budworm to identify key regulating 
factors and develop truly integrated 
management programs. 
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Conservation 
Currently, very little work is being done 
on the conservation of natural enemies 
although it represents a productive area 
for future research. One study in jack 
pine plantations near Gogama, Ontario, 
is examin ing the effect of horizontal 
spacing of trees during reforestation and 
its effect on the whi te pine weevi l {Pisso-
des strobi Beck) [Coleoptera: Pissodinae] 
and its natural enemy complex (Smith 
1992). This work suggests that stand 
spacing has little effect on either small 
mammal or bird prédation but may be 
important in the associated parasitoid 
complex and overw in te r ing surv iva l . 
Such f i nd ings hâve imp l i ca t ions for 
forest managemen t sugges t ing that 
dif férent plant ing stratégies conserve 
equally the natural enemy complex of 
whi te pine weevi l . 

There is a strong need to understand 
and predict theef fectsof natural enemies 
of pest species (Nealis 1991b). An un-
derstanding of how habitat condit ions 
inf luence paras i to id gu i lds and pest 
population dynamics wi l l be an essential 
part of fu ture management of forest 
pests (Mills 1990). This area must receive 
increased emphasis in Canada if we are 
truly going to integrate pest and forest 
management for successful programs. 

Introduction 
Our previous success wi th introductions 
suggests that we are continuing to imple-
ment this approach although our empha
sis on the type of species used and our 
objectives are shift ing. Efforts are now 
aimed at prolonging endémie phases of 
the pest rather than reducing the épidé
mie outbreak (Nealis 1991b). Species 
being introduced are f rom either non-
outbreak insect populations or insects 
which are no longer considered pests in 
their country of origin (Mills 1990). The 
goal is local extinction (Murdoch et al. 
1985) wi th a better understanding of the 
systematics and behavioural ecology of 
the natural enemy (Luck 1990). Increased 
effort is placed on using Diptera rather 
than Hymenoptera because of their bet
ter record of success (Munroe 1971). 

A good example of this new approach 
is the current investigation by Forestry 
Canada (V. Nealis-Ontario Région; W. 

Quednau-Québec Région) to introduce 
Ceranthia samarensis (Villeneuve) [Dip
tera: Tachinidae], a tachinid parasitoid 
found in low density host populations in 
Europe, for control of the gypsy moth 
(Nealis and Wallace 1991). This parasi
to id was collected f rom trap hosts placed 
out in low density populat ions of the 
European gypsy moth. Trap hosts are 
often necessary for collections in thèse 
low host populations. (Myers et al. (1989) 
hâve even suggested that the pest be 
augmented to see which natural enemy 
responds in order to sélect the most 
appropriate for maintaining thèse endé
mie phases). The C. samarensis pupae 
were shipped to Canada for release, but 
d i f f icul tés in rearing may influence the 
future outeome of this project. Success
ful rearing of such dipteran parasitoids 
remains a challenge for implement ing 
this approach in the future. 

Considérable interest is sti l l being 
d i rected at h o w thèse in t roduc t ions 
should be approached and what consti
t u e s a 'good ' natural enemy (Waage 
1990). In the search for theperfect natural 
enemy, two approaches are considered; 
reductionist and holistic. The first implies 
that individual species should be exami-
ned in great biological détail and then 
the 'besf one selected for use. Support 
for this approach cornes f rom various 
perspectives (Greathead 1986; Hall and 
Ehler 1979; Myers et al. 1989; Pschorn-
Walcher 1977). Usually thèse authors hâve 
pointed out the previous success rate of 
single species introductions (68% of the 
attempts) and the stability of complex 
forest Systems. To carry this to the extrê
me, there is also interest to genetically 
improve selected natural enemies throu-
gh sélection and DNA engineering in an 
effort to create the 'super' parasitoid 
(Beckendorf and Hoy 1985). 

The holistic approach to introductions 
suggests that the whole gui ld of natural 
enemies (and hyperparasitoids) should 
be considered and that tradeoffs in good 
characteristics (eg. fecundity and sear-
ching rate or intrinsic and extrinsic supe-
riority) should be made before several of 
the gu i ld are selected (Roland 1988; 
Waage 1990). Supporters of this approach 
include Mills (1990), Hassell (1978), and 
Huffaker (1971). The jury is still out on 

61 



which approach is best, but the records 
suggest that we hâve nothing to lose in 
continued attempts at multiple introduc
tions. 

Introductions are now also being at-
tempted to develop new associations 
rather than to try and reestablish a tradi-
tional old association. The current work 
described by Nealis and Wallace (1991) 
utilizing Apanteles murinanae (Capek & 
Zwiëlfer) [Hymenoptera: Braconidae], a 
parasitoid of the European budworm, 
against the spruce budworm in Canada 
makes use of this approach. Releases of 
250 females are now being attempted in 
low density budworm populations in 
Québec to see if this new addition to the 
parasitoid guild can help reduce popula
tions of the spruce budworm. 

It is generally acknowledged that for 
improved chances of success, introduc
tions should be made with at least 500 
females per release (Greathead 1986; 
Quednau 1990; Reeks and Cameron 1971). 
Thèse natural enemies should be collec-
ted from as broad a geographical area 
as possible to improve their genetic 
heterozygocity (Mackauer 1976) and be 
introduced without hyperparasitoids 
(Hulme and Kelleher 1984). Thèse authors 
hâve also proposed that the search area 
for identifying désirable natural enemies 
be broadened beyond that of Europe 
alone. When more than one species is to 
be introduced, it has been suggested that 
the competitively inferior species be 
brought in first to reduce compétition 
and improve the chance of establish
ment (Cock 1986; Pschorn-Walcher 1977). 
Success or failure should be évident 
within 3 yr of the initial introduction (Clau-
sen 1951; Quednau 1990). 

Augmentation 
Perhaps of the three approaches, aug
mentation is the one which is changing 
most rapidly, in particular, inundative 
releases. Mills (1990) identified this as 
the area of future emphasis for biological 
control. Récent technological advances 
in mass rearing and the public pressure 
to find alternatives to chemical insectici
des hâve certainly improved the chances 
of this approach becoming economically 
feasible in the near future. The fact that 
it takes advantage of an approach to pest 

control similar to previous insecticide 
applications makes its acceptance by 
pest control operators more certain. 

Unlike introductions to establish self-
sustaining species, augmentation requi-
res a constant supply of large numbers 
of natural enemies and this ensures com
mercial interest. Research now focuses 
on improving the commercial production 
of selected natural enemies to ensure 
large numbers, but, more importantly, 
a good 'quality' product. The Ontario 
project on Trichogramma spp. against 
the spruce budworm, for example, 
recently initiated Phase II (1989) in which 
Ciba-Geigy Canada, Inc. took an active 
lead in developing the technology for 
mass production. This project has a major 
emphasis on identifying high quality 
parasitoids and establishing a protocol 
for their sélection and maintenance as 
well as for developing other potential 
markets outside spruce budworm. 

Questions currently being addressed 
in augmentative releases include where 
is the optimal location(s) for collection; 
should the stocks be replenished annual-
ly or at longer intervais; what is the impact 
on quality of short- and long-term 
rearing and storage on facticious or 
artificial hosts; can the material or 
processes be patented to protect the 
industry's investment; is there an appro-
priate registration System for use of the 
material; how should the material be 
released; can or should the material be 
genetically manipulated; and can semio-
chemicals or other methods be used to 
improve its efficacy (Beckendorf and Hoy 
1985; Cock 1986; Greany et al. 1984; 
Knipling 1980; Lewis and Nordlund 1985; 
Mills 1990). The future of augmentation 
rests in whether we can be guaranteed 
of proper field assessments of its effi
cacy and its future intégration into other 
aspects of forest pest management. 

At the moment, inundative release of 
natural enemies is expensive. King et al. 
(1985) identified costs as high as $7 800 
ha-1. The higher application rates that will 
undoubtedly be required in traditional 
forest applications will not provide much 
opportunity for reduced costs. This fac-
tor, combined with the relatively low value 
of the original forest product, will curtail 
the rapid expansion of the augmentative 
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approach in unmanaged stands. The 
potential for parasitoid augmentat ion, 
however, remains relatively high against 
pests in the new forest (Smith 1990). 
Many of thèse new pests are cryptic and 
hâve no current means of control (eg. the 
spruce budmoth, Zeiraphera canadensis 
Ratzb.) [Lepidoptera: Olethreutidae]. Their 
impact is also significantly greater than 
historical pests because they attack trees 
in the new forest where régénération 
investments must be protected. Thus, as 
the management of the forest intensifies, 
augmentat ion wi l l become a largerfactor 
in biological control of the pests. 

THE FUTURE 
The previous work suggests that we 
hâve been very successful in attempts 
to control forest insect pests through 
biological control, particularly in Canada 
where the major emphasis has been 
directed. There hâve been a number of 
successes documented against defolia-
t ing insects including the winter moth , 
European spruce sawfly, Mountain ash 
sawfly, larch casebearer, and larch saw
fly. With a few exceptions, the remaining 
problems caused by defoliating species 
are mostly native (e.g. spruce budworm) 
and cur ren t s tud ies to iden t i f y key 
mor ta l i t y factors w h i c h regulate the 
dynamics of thèse species may help to 
provide biological control solutions to 
this problem in the future. 

Few attempts hâve been made against 
other forest pest gui lds, a l though as 
forest régénération and values increase, 
thèse wi l l become the new areas for 
b io log ica l con t ro l . Where b io log ica l 
cont ro l has been a t tempted against 
cryptic guilds such as the t ip and shoot 
insects, they hâve tended to be success
ful (e.g. European pine shoot moth) . 
Except for some small trials using nema-
todes against root weevi ls, attempts at 
b io logical cont ro l of seed and cône 
insects or insects attacking the roots of 
tree hâve been negligible. One success 
using a parasitoid against the w o o d -
boring Sirex spp. in Tasmania has been 
reported (Taylor 1978); however, our at
tempts in Canada at releasing predators 
against bark adelgids hâve failed and few 
attempts hâve been made against the 
bark beetles (Miller et al. 1987). 

The future of biological control in fo-
restry should continue to remain bright. 
Increased emphasis wi l l persist in this 
area both because of our past successes 
and the increased pressure f rom society 
for perceived 'non-interventions' in gov-
ernment-owned areas. The public wi l l 
demand more spécifie control methods 
which are considered minimal ly disrup-
tive to thèse 'natural ' ecosystems. The 
costbenef i t re lat ionship for this approach 
to pest control has always been good and 
should continue t o b e betterthan synthe-
sized insecticides. 

The obstacles to overcome in future 
biocontrol programs wi l l be two- fo ld : 
one at the government level and one 
at the commercial level. Governments, 
both provincial and fédéral, must conti
nue to recognize the value of long-term 
biological studies, despite their own l imi
tée! terms, and continue to support this 
type of research. Our past successes are 
the resuit of this support and it must 
continue if we are going to make further 
advances. The second aspect to the futu
re of biological control is that of the com
mercial producer. The future avenues 
must be viewed f rom the perspective of 
product reliability, patentabil ity, registe-
rability and cost-effectiveness (Jutsum 
1988). Just as in the production and com-
mercialization of pathogens for control 
of insect pests (e.g. Bt), the producers of 
biological control agents wi l l hâve to 
address thèse issues in light of expected 
returns. If thèse hurdles are met, then 
the future of biological control in forestry 
wou ld indeed look promising. 
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