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This is an analysis of the attempts to colonize at least 208 species of parasites and predators on 
about 75 species of pest insects in the field in Canada. There was colonization by about 10% 
of the species that were introduced in totals of under 5,000 individuals, 40% of those 
introduced in totals of between 5,000 and 31,200, and 78% of those introduced in totals of 
over 31,200. Indications exist that initial colonizations may be favoured by large releases 
and by selection of release sites that are semi-isolated and not ecologically complex but that 
colonizations are hindered when the target species differs taxonomically from the species from 
which introduced agents originated and when the release site lacks factors needed for 
introduced agents to survive or when it is subject to potentially-avoidable physical disrup- 
tions. There was no evidence that the probability of colonization was increased when the 
numbers of individuals released were increased by laboratory propagation. About 10% of the 
attempts were successful from the economic viewpoint. Successes may be overestimated if 
the influence of causes of coincidental, actual, or supposed changes in pest abundance are 
overlooked. Most of the successes were by two or more kinds of agents of which at least one 
attacked species additional to the target pests. Unplanned consequences of colonization have 
not been sufficiently harmful to warrant precautions to the extent advocated by Turnbull and 
Chant but are sufficiently potentially dangerous to warrant the restriction of all colonization 
attempts to biological control experts. It is concluded that most failures were caused by 
inadequate procedures, rather than by any weaknesses inherent in the method, that those 
inadequacies can be avoided in the future, and therefore that biological control of pest insects 
has much unrealized potential for use in Canada. 

Introduction 
Biological control in Canada evolved recently and rather quickly from a distinct 

discipline that was applied virtually exclusively by government experts into a pest 
management procedure that is being applied increasingly by non-specialists (Beirne 
1973). Most past attempts at permanent control of pest insects in the field in Canada 
by colonizing introduced biological control agents failed. Primary reasons for failures 
were that most of the introduced species failed to colonize and most of those that did 
colonize failed to lower the pest status of the target species significantly. The future 
use of biological control is liable to be limited if the high proportion of past failures was 
primarily because of weaknesses inherent in the method. But the potentialities for use 
are good if those failures were primarily because of avoidable human errors in applying 
the procedures. 

Attempts made against pest insects in the field in Canada over the past 90 years 
were analyzed from the viewpoint of determining which of those alternatives occurred, 
by deducing probable causes of successes or failures to colonize or to control pest 
damage. This analysis does not cover attempts made against pests in closed environ- 
ments such as greenhouses or against noxious weeds. These were in general more 
successful than the attempts against pest insects in the field. The analysis is based on 
information given in the reviews by McLeod (1962), McGugan and Coppel (1962), 
LeRoux (1971), and Beirne and Kelleher (1973), unless other sources are referred to. 
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The Colonization Attempts 
A colonization attempt is all the releases that were made of a particular species of 

introduced biological control agent. At least 208 species of parasites and predators of 
pest insects have been the subjects of field colonization attempts in Canada. The total 
is inexact because some attempts were inadequately recorded, some supposedly single 
species were later found to be several, and some individual species may have been 
released under several names. The immediate purpose of the colonization attempts 
was to establish pest-killing organisms as permanent residents of areas that they did not 
inhabit already. 

The attempts to colonize individual species fall into four classes on a basis of their 
outcomes, as follows. 

(1) Undetermined: attempts were made too recently to determine whether or not 
permanent colonizations have resulted. There are about 12 species in this category at 
time of writing. 

(2) Unclear: colonization attempts that were largely redundant because later 
information showed or strongly indicated that the introduced species were already 
present (at least 37 species). The introduction of new strains of existing species might 
theoretically have useful consequences by increasing their genetic diversity, but there 
does not seem to be a clear example of this type of consequence in Canada. 

(3) Failed: no evidence of permanent establishment (about 115 species, or about 
55% of the total). Some might be still unrecognized successes, as was the sawfly 
parasite Pleolophus basizonius (Grav.) which was not recovered in some areas until 12 
years after the most recent nearby attempts to colonize it. 

(4) Successful: apparent permanent establishment in that the introduced species 
were found several years after the most recent attempts to colonize them (up to 44 
species, or about 21% of the total). Some, however, could have been the subjects of 
redundant colonization attempts that cannot clearly be identified as such. For 
instance, the apparently successful colonizations of four species of parasites of the holly 
leafminer Phytomyza ilicis (Curt.) must always be suspect because the existing parasites 
in Canada do not seem to have been surveyed before the colonization attempts and could 
have been imported unwittingly withP. ilicis within the holly leaves. 

Analyses indicate that the successes and failures were much influenced by 
quantities and origins of the material released and by characteristics of release sites. 

Influences of the Numbers Released 
The median total number released of all 159 introduced species, excluding species 

that were subjects of attempts with undetermined or unclear results, was about 5,000 
individuals. The median was about 3 1,200 for the 44 species that became established, 
that is, colonized. Of the species released in totals of under 5,000, 10% (9 of 98) 
became established; of the 5,000 to 31,200 group, 40% (13 of 33); but of the over 
31,200 group, 78% (22 of 28). It is clear that the greater the number released the 
greater the likelihood of successful colonization and that if the numbers were below 
some minimum (about 5,000 individuals) the probability of success was small. 

A release is all the individuals of a species that were liberated at a particular place 
and time. There are indications that the average number per release had an influence 
on the probability of establishment. Data on numbers per release are available for 
species introduced into forest e'nvironments up to 1958 (Graham and Jones in McGugan 
and Coppel 1962). Analyses indicate that about 60% of species that averaged over 800 
individuals per release became colonized but only about 15% of those that averaged less 
than 800 per release did so. 
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The same data may imply that the greater the number of releases per species the 
greater the possibility of establishment: about 70% of the forest species that were each 
released more than 20 times became established as compared with about 10% of those 
released less than 10 times each. However, these figures may be somewhat deceptive 
because early success or failure of a species to become established each generated its 
own form of feedback. Early successful colonization induced a conviction that the 
species was a "good" colonizer, thus encouraging additional and perhaps redundant 
colonizations of the same species. This tendency probably inflates estimates of the 
number of individuals that are normally needed to ensure successful coloniza- 
tion. Thus the median number of 31,200 individuals of successful colonizers is 
probably in excess of the minimal numbers actually required. Early failures of 
colonization induced a conviction that the species involved were "poor" colonizers, 
thus tending to discourage additional recolonizations. This tendency probably caused 
some colonization attempts to be abandoned prematurely, before the species was 
represented in the colonial environment by a large enough number of individuals for 
colonization. 

These feedback processes, however, did not occur sufficiently extensively and 
frequently to account for the fact that releases of large numbers made establishment a 
probability and that releases of small numbers made it merely a possibility. It seems 
likely that many of the failures of attempts to colonize exotic parasites or predators in 
Canada were owing to inadequate procedures rather than to inherent deficiencies of the 
organisms. This implies that many of the failures of the past could be successes in the 
future if the species will be reintroduced in sufficiently large quantities to make 
colonization a probability. 

A principal reason why numbers of individuals should exceed a certain minimum 
in each colonial site if the probability of colony success is to be maximized is that the 
greater the number of individuals the greater the genetic diversity of the col- 
ony. Adequate genetic diversity is needed to produce the new genetic combinations 
that are essential to enable the colony to thrive, because of the probability that the 
phenotypes that prevailed in the endemic environment may be maladjusted to the 
colonial one. 

An additional reason could be that the larger numbers increase the probability that 
some individuals will find hosts or prey and mates sufficiently readily and quickly to 
enable the population to survive. It may be assumed that characteristics of different 
environments could influence the rates at which populations disperse and thereby could 
influence the likelihood of establishment. Some figures appear to lend support to this 
assumption. The median total number of individuals released was 3 1,500 for species 
introduced into forest environments, and 23% of those species became estab- 
lished. The corresponding figures for species released in orchard and ornamental shrub 
situations were about 6,600 and 43%. 

A possible reason why introduced species apparently were able to establish more 
easily in orchards than in forests are that an orchard is virtually a monoculture as 
compared with a forest so that the agents could find their target species on the dominant 
plant relatively easily and not waste time or energy searching other plants. Moreover, 
tendencies of the colonial populations to disperse are inhibited by orchards being 
relatively small and discrete ecological units so that the colonists tend to maintain a 
population density adequate for survival. The release site of the masked shrew Sorex 
cinereus cinereus Kerr was selected because it was semi-isolated to prevent dispersal 
loss before colonization (Buckner 1966). The figures for species released in annual 
crop situations with a median of 33,000 individuals per species show 1 6 8  of the species 
as successful colonizers. The relatively few colonists may be attributed to more 
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frequent killing disruptions of agricultural environments from cultural practices than is 
usual in orchards or forests. 

These surmises are made on the assumption that the differences between the figures 
for the different kinds of environments are significant. That assumption may be only 
partly valid as the figures for the orchard species include the parasites introduced 
against Phytomyza ilicis that may already have been present and the figures for annual 
crop species include the parasites of the European corn borer Ostrinia nubilalis (Hbn.) 
that encountered critical factors of environmental resistance, as mentioned later. 

The targets in all of the actually successful biological control attempts and in 12 of 
the 13 potentially successful ones were host species that themselves had been introduced 
into North America from abroad. One reason why these attempts had a high degree of 
success is that the introduced parasites or predators were collected abroad from the same 
host or prey species and were therefore adjusted to that particular aspect of their new 
environments. 

Influences of the History of the Material Released 
Some examples show that the possibility of establishment can be influenced by the 

history of the material released, specifically by the identity of the host or prey species, 
the part of the world from which the colonists originated and whether they originated 
directly from the field or were laboratory-propagated. Usually, however, it was 
difficult to separate the possible influences of geographical origins and host or prey 
identities from each other or from other possible influences. 

The possibility of establishment has been reduced when the target species was 
taxonomically different from the species from which the introduced material was 
obtained. Thus, parasites obtained from the European wheat stem sawfly Cephus 
pygmaeus (L.) in Europe did not establish on the Western wheat stem sawfly C .  cinctus 
Nort. in the Prairie Provinces though released in the hundreds of thousands, but did 
establish on C .  pygmaeus in Ontario from releases of smaller numbers; the parasite 
Lophyroplectus luteator (Thunb.) obtained from the European pine sawfly Neodiprion 
sertifer (Geoff.) in Europe did not establish on the European spruce sawfly Diprion 
hercyniae (Htg.) in Canada though about 50,000 were released on it, but did establish 
on N. sertifer. Fifty of the 115 introduced species that failed to become established 
apparently originated from hosts or prey species or races different from those against 
which they were released in Canada. However, 41 of the 50 were released in totals of 
under 5,000 and only one in a total of over 3 1,200. 

Climatic differences between the regions of origin and regions of release probably 
prohibited successful colonization of some species in Canada. Thus, it seems unlikely 
that a parasite obtained from Bermuda for colonization against the juniper scale 
Carulaspis visci (Schr.) in Ontario could survive the winter; and it has been suggested 
that some predators of the balsam woolly aphid Adelges piceae (Ratz.) introduced from 
England failed to colonize in New Brunswick for the same reason. The great majority 
of introduced species, however, were obtained from regions that are not markedly 
dissimilar from Canada in climate or that lack the climatic extremes of Canada. None 
of the 27 species that came only from parts of the world other than Europe or North 
America, apparently became established in Canada but it could be wrong to conclude 
that their inability to establish arose from their geographical origins as such. None 
apparently came from host or prey species that were taxonomically identical with their 
targets in Canada and 21 of them were released in numbers of under 5,000 and none 
with a total of over 3 1,200. 

It is thus difficult or impossible from the data available to date to separate the 
possible influences on colonization of numbers released, geographical origins, and host 
or prey origins. 
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While most of the species released were either field-collected or reared directly 
from field-collected material, some were mass-propagated to provide much larger 
quantities than were collected. Mass production was a common procedure at the 
Belleville Laboratory in Canada in the 1930's and 1940's. There is no good evidence 
that it enhanced the possibility of initial colonization. Some of the mass-propagated 
species did establish (which, incidentally, means that mass-propagation contributed to 
inflating the median figure of 3 1,200). Others did not. 

Ecological reasons, such as untenable conditions of release sites, can be suggested 
to explain all except seven of the failures to colonize by species that were released in 
totals of over 5,000. It may be relevant that much or most of the individuals of five of 
the seven were insectary-propagated. This provides support for Mackauer's (1972) 
view, which was supported in part by Canadian examples, that, as the genetic diversity 
of insectary-propagated material is no larger than that of the field-collected material 
from which it originated and indeed may be smaller, insectary propagation though it 
increases the total numbers of individuals available for release does not necessarily 
enhance the possibility of colonization. 

It seems possible that some parasite species that mate soon after emergence may 
have failed to colonize because handling and transportation times resulted in the 
individuals released being too old to mate successfully, but there is as yet no available 
data to support this surmise. 

Influences of Characteristics of Release Sites 
Some failures to establish may have been because there were causes of mortality at 

the release sites. The winters may have been too cold for survival, as with species 
mentioned above. Cultural controls aimed at the target pests may have destroyed also 
the agents introduced against those pests, as with most of the 17 species of parasites 
introduced against Ostrinia nubilalis. Chemical pesticides aimed at the pests may 
have harmed some introduced agents, as with the parasite Colpoclypeusflorus (Walk.) 
introduced into orchards (Hikichi 1971); and it may be significant that the predator 
Anthocoris nemoralis (Fab.) became established from a release of only about 50 
individuals in an orchard that had not been sprayed for years (McMullen 1971). There 
were also unique causes such as the destruction of eggs of an introduced parasite, 
Collyria calcitrator (Grav.), by the larvae of a target species, Cephus cinctus, which 
when abundant are cannibalistic and C .  cinctus was abundant most of the years when 
C. calcitrator was released against it, and the reaction in the form of encapsulation by 
the larch sawfly Pristiphora erichsonii (Htg.) against eggs of the introduced parasite 
Mesoleius tenthredinis Morl. 

Other failures to establish, perhaps a greater number, may have been because 
requirements essential for introduced agents to survive were missing from release sites: 
suitable host or prey species were absent, as perhaps with some of the 50 or more agents 
that were obtained from hosts or prey abroad that are taxonomically different from their 
target species in Canada; suitable targets were not there at the right times, as with 
certain diprionid sawflies whose life-cycles were not in synchrony with those of 
egg-parasites introduced against them; there were none or too few alternate hosts 
available for multivoltine parasites introduced against univoltine targets, as with most 
of the parasites introduced against 0 .  nubilalis in the 1920's and 1930's when that pest 
was largely univoltine in Canada; or, the particular wild flowers that provide the 
nutrients needed by some adult parasites to reproduce, and which laboratory experi- 
ments indicate are needed by some parasites of the European pine shootmoth, 
Rhyacionia buoliana (Schiff.), were not available. 
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The Control Attempts 
A biological control attempt is all of the colonization attempts that were aimed at a 

particular target pest. Recorded attempts have been made against about 75 target 
species of insects in the field in Canada. This total is imprecise because the targets of 
some attempts were groups of species, e.g. grasshoppers (Melanoplus spp.) and root 
maggots (Hylemya spp.), and in other cases because it is not clear whether or not several 
species were intended targets. There were also the many unrecorded attempts made by 
members of the public, some certainly and others possibly against target species 
additional to recorded targets. 

The introduced agents became newly established on about 30 of the target spe- 
cies. That is, 30 attempts were neither complete failures nor unclear. But only about 
seven were actual successes, when success is defined as clearly meeting the purpose for 
which an attempt was made, that is, to lower permanently the general level of economic 
harm caused by the target pest. Attempts against about 13 target species may be 
classed as potential successes: introduced agents suppressed their populations, though 
not sufficiently to lower significantly their status as economic pests. Some of these 
attempts, for instance that against Pristiphora erichsonii (which started in 1910 and is 
still in progress) may be in the process of developing into actual successes. Some, 
such as those against the Oriental fruit moth Grapholitha molesta (Busck), the pea moth 
Laspeyresia nigricana (Steph.), and the oystershell scale Lepidosaphes ulmi (L.), may 
be actual successes that are obscured bv effects of more effective cultural or chemical 
control procedures. Of course some potential successes may be actual successes at 
particular times and places, which happened strikingly when a local population of 
Rhyacionia buoliana was apparently eradicated by an introduced parasite that was 
favoured by special local conditions in the form of an abundant food source for its adults 
(Syme 1971). 

This total of seven actual successes is smaller than the equivalent totals of 13 of 
partial, substantial, and complete successes assessed by Turnbull and Chant (1961) and 
DeBach (1964), 17 by Swan (1964) and DeBach (1971), and 20 by Munroe (1971). 
Those totals included some species classed here as subjects of potentially successful 
attempts, at least one attempt that could not have been a success because the target 
species, C .  pygmaeus, was not a significant pest (Beirne 1972), and one supposed 
possible success that was an actual failure, the attempt against the European fruit 
lecanium Lecanium tiliae L. (Rubin and Beirne in press). 

None of the seven attempts was a complete success as none of the target species 
was changed from a pest to a non-pest solely by the agents that were deliberately 
introduced by man. The seven in approximate descending order of importance are as 
follows: 

(1) Diprion hercyniae, a major introduced pest, was controlled by the combined 
effects of deliberately-introduced parasites and of a virus disease that seems to have 
been originally introduced fortuitously, perhaps with introduced parasites, though later 
redistributed deliberately. That sawfly also came to be attacked by at least 28 species 
of native parasites. 

(2) The winter moth Operophtera brumata (L.), another major introduced pest, 
was controlled successfully by introduced parasites in woodlands but not in orchards. 

Introduced parasites, were responsible for reducing the frequency, duration, and 
intensity of outbreaks of (3) the larch casebearer Coleophora laricella (Hbn.) and of (4) 
the satin moth Stilpnotia salicis (L.), important introduced pests, but the combined 
effects of introduced and indigenous parasites have not prevented both these species 
from spreading. Consequently the degree of actual success of the attempts against 
them was not high. 
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The attempts against (5) the woolly apple aphid Eriosoma lanigerum (Hausm.) and 
( 6 )  the apple mealybug Phenacoccus aceris (Sign.), though successful, are of lesser 
economic significance as those were not major pests that cannot readily be controlled by 
other means. 

The first known Canadian colony of (7) the introduced pine sawfly Diprion similis 
(Htg.) was controlled by a parasite that spread in naturally from the United States where 
it had originally been introduced; the second colony was controlled by a redistribution 
of parasites from the first colony. It is not known how important an economic pest this 
species might have become in Canada, and it is therefore not possible to evaluate the 
degree of success of the biological control attempt against it. 

Two of the seven successes apparently were caused by individual species of agents: 
the attempts against the two sedentary species of Homoptera, E. lanigerum and P. 
aceris. The other five attempts had these characteristics in common: control was 
primarily from the combined effects of two or more kinds of agents that were most 
effective either to different stages of the life-cycle or at different levels of abundance of 
the target species; and at least one of those agents also attacked species related to the 
target species. The potentially successful attempts that were close to being actual 
successes, those against Grapholitha molesta and Laspeyresia nigricana, which were 
obscured by other control practices, and against Lepidosaphes ulmi, and the fortuitous 
biological control of the pistol casebearer Coleophora malivorella Ril. (Paradis and 
LeRoux 1971) also had those characteristics. 

The number of serious attempts against species of sedentary Homoptera was 
low. This could have contributed to the low proportion of actual successes because 
such Homoptera tend to be good candidates for biological control: about two-thirds of 
the biological control attempts of the world that have been classed as successes were 
against them (DeBach 1971). One reason why the number of serious attempts was low 
is that the number of species of sedentary Homoptera that are important pests in Canada 
is low as compared with other parts of the world where biological control has been 
attempted frequently. Attempts were made against 10 species in Canada (or perhaps 
nine: it is not clear whether or not one was an intended target). The attempts against 
three failed, because the agents failed to colonize, and the results of the attempts against 
three others were never assessed, apparently because the targets were not considered to 
be important pests. Two of the remaining four were actual successes, one a borderline 
success, and one, that against Adelges piceae, a potential success in that it has resulted 
in successful colonizations but not yet in successful control. 

It seems that host-specific parasites were favoured in most of the biological control 
attempts in Canada. Notable exceptions were the imaginative attempt of the 1910's 
against the browntail moth Nygmia phaeorrhoea (Don.), then a new colonizer of 
Canada and rapidly spreading, and the gypsy moth Porthetria dispar (L.), not then an 
inhabitant of Canada but expected to be, and the massive attempts of the 1930's and 
1940's against the conifer-feeding diprionid sawflies. Parasite species with wide 
host-ranges were deliberately included among those colonized. Agents that each 
attacked various species of a target group were used in the failed attempts against 
Melanoplus spp. and in the aborted attempts against Hylemya spp. They, however, do 
not seem to have been selected because of their wide host ranges but because the species 
in each of those target groups were so closely related to one another that it was virtually 
impossible in practice to treat them as separate targets for biological control purposes. 

The advantage of colonizing agents that attack a group of taxonomically-related 
species is that then a reservoir of the agents exists ready to attack any species of the 
target group that may increase to outbreak numbers. The agents can survive temporary 
scarcities of the pest species by utilizing non-pest hosts and thus have a general 
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suppressive influence on population fluctuations of all their target species, both pest and 
non-pest. It seems that the possibility of utilizing such agents in Canada was not in the 
past given the attention its potential warranted, especially as those agents have a 
potential for controlling indigenous species which have not hitherto been subjects of 
biological control attempts by colonizations that were successful. 

Unplanned Consequences of Colonizations 
Some successfully-colonized introduced agents have had significant effects on the 

environment additional to their effects on the intended targets. These fortuitous 
consequences may be good or bad from the economic viewpoint. Because of this they 
should be taken into account when evaluating results of biological control attempts. 
The useful, or good, consequences were when colonized agents attacked pest species 
additional to the targets and had some significant control effect on them. The harmful 
consequences were when colonized agents interacted with one another or with 
indigenous agents to the detriment of one or the other and consequently to the benefit, at 
least potentially, of the target pests. 

Some of the species that were colonized against particular introduced pest species 
of forest sawflies, adelgids, and Lepidoptera were unexpectedly useful in that they also 
attacked indigenous pest species. Thus, a parasite introduced (perhaps redundantly) 
against Coleophora laricella became important as a control agent of two species of 
orchard Lepidoptera, the eye-spotted bud moth Spilonota ocellana (D. & S.) (Jaques 
et al .  1971) and Coleophora malivorella (Paradis and LeRoux 1971); and the 
introduction of Sorex cinereus into Newfoundland against forest sawflies may have 
contributed to a local decline there in the slug population (Buckner 1966). 

Sometimes the consequences were apparently harmful in that newly-colonized 
agents have reduced the effectiveness of agents colonized earlier or of indigenous 
agents. Multiparasitism involving introduced species occurs in diprionid sawflies 
(Griffiths et a l .  197 1) and cleptoparasitism in Rhyacionia buoliana (Syme 197 1 ) .  In 
no case is there evidence that combined levels of parasitism of the target species by the 
parasites that interact in such ways is less than parasitism by any one of them alone. In 
some instances an introduced species appears to have displaced a species already there. 
This happened between two parasites of Cephus pygmaeus. The consequences might 
be potentially harmful as the introduced species that is now dominant when sawfly 
populations are not high may be less effective than the displaced one if an outbreak of 
C .  pygmaeus occurs (Beirne 1972). Sorex cinereus may prey upon invertebrate 
predators of its chief pest target, P .  erichsonii (Turnock and Muldrew 1971). Can- 
nibalism can occur among introduced predators of Adelges piceae. The supposed 
competitive displacement of a native anthocorid predator of the pear psyllid Psylla 
pyricola Forst. by a more effective introduced anthocorid (McMullen 1971) was 
concluded to be illusory (Fields and Beirne 1973) though the native species in fact has 
decreased (R. D. McMullen, pers. comm.). 

Turnbull and Chant (1961) advocated careful and detailed evaluation of potential 
colonizers before selecting any for actual colonization, to avoid adding permanently to 
the environment agents that might be harmful to other agents. So far there is no 
evidence in Canada that total extent of parasitism by interacting species is less than the 
parasitism by any one of those species alone. The interactions, though undesirable, 
appear to be of little or no actual significance in reducing control of pest populations. 
At least where parasites are concerned, it is possible that more may be lost in terms of 
missed or delayed opportunities for pest control if Turnbull and Chant's cautious view is 
followed than is lost by possible harmful consequences of multiple interactions that may 
increase the chances of their occurrence. 
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The quarantine procedures employed in Canada hitherto have been quite successful 
in preventing colonizations by secondary parasites. 

There are some potentially harmful species that should be evaluated critically 
before colonization: species that themselves might become pests; and predators that may 
attack beneficial organisms in addition to pest species. However, colonizations of 
such species may be excusable if the good consequences far outweigh the bad 
ones. Sorex cinereus is a valuable predator on forest sawflies in Newfoundland but it 
also became a minor nuisance pest there in several ways (Warren 1970). The ant 
Formica obscuripes Forel, of which about 5 million were introduced for sawfly control 
from Manitoba into Quebec (R. J. Finnegan pers. comm.) is apparently responsible for 
the occurrence of infestations of aphids of the genus Cinara on Jack pine in Manitoba 
(Bradley and Hinks 1968) and presumably could cause similar infestations in Quebec. 

A tendency in recent years has been to attempt to colonize wide-spectrum 
predators, for example, about 1 million Formica lugubris Felt. from Italy and the 
5 million F .  obscuripes from Manitoba in Quebec against forest sawflies (R. J. 
Finnegan pers. comm.), the Sorex cinereus in Newfoundland, and various species in 
various parts of the country by members of the public. 

The extent of the unrecorded biological control attempts by non-experts is 
indicated by numbers of permits to import living agents for release that were issued by 
the Plant Protection Division, Agriculture Canada, to members of the public. In two 
recent summers, April 1971 to October 1973, the permits were to import 133 
consignments of mantis egg-masses, 79 of coccinellids, 13 of trichogrammas, and 3 of 
hemerobiids (F. R. Wetmore pers. comm.). Some consignments were sufficiently 
large to make colonization a probability: in 1972 a firm of feedlot operators in Alberta 
imported an estimated 400,000 of one species of parasite and 240,000 of another for 
release against manure-breeding flies (J. Weintraub pers. comm. ). 

While colonization of wide spectrum biological control agents can be useful, it can 
have undesirable side effects if they are predators. It is thus something that should be 
attempted only with caution, on a basis of evaluation of all the possible consequences, 
and only by experts prepared to accept the responsibility for undesirable consequences. 

Influences of Coincidence 
The degrees of success of biological control attempts can be overestimated if the 

influences of coincidence are overlooked. This has happened in Canada. 
Populations of Lecanium tiliae , Laspeyresia nigricana , and Nygmia phaeorrhoea 

decreased dramatically after biological control agents were introduced. The assump- 
tions at the time were that the introduced agents were primarily responsible for the 
decreases and therefore that the biological control attempts against those pests were 
successes. In fact they were not successes. Other factors that affected the pest 
populations at about the same time that the agents were introduced were in fact 
primarily responsible for the reductions. The collapse of the outbreak of L.  tiliae in 
southwestern British Columbia could not have been influenced by the introduced 
parasite because that parasite failed to become established (Rubin and Beirne 
in press) but may have been caused by native parasites and weather. The control of 
L. nigricana in the same region was primarily because of changes in growing, cultivating, 
and harvesting practices that killed the pest and that by coincidence followed the 
parasite colonizations. The decrease and ultimate extinction of N.  phaeorrhoea in 
Eastern Canada is now believed to have been caused by physical and chemical control 
measures and by unfavourable weather, not by the colonized parasites. 

It is possible in these instances to identify factors that probably caused the effects 
that had been attributed to the biological control attempts. It seems likely that there 
are other similar instances that are unrecognized as such because the factors responsible 
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have not been specifically identified. The history of introduced pest insects in Canada 
often appears to have followed what pathologists refer to as the grand cycle that occurs 
when a disease is introduced into a new region: there is a major outbreak that eventually 
subsides and the population levels off with occasional lesser outbreaks. 
The appearance of a new pest tends to stimulate both indigenous species of parasites and 
predators to attack it and people to start a biological control attempt against it. TO 
distinguish between the effects on the pest population of introduced agents and of 
indigenous ones can be difficult. The natural tendency is to emphasize the influence of 
the former and therefore to overestimate the degree of successes of the biological 
control attempt. 

There are indications that some deliberately-introduced agents may have increased 
initially and then declined to a lower average level of abundance as did the parasite 
Dahlbominus fuscipennis (Zett.) when colonized on Diprion hercyniae. The normal 
control value of such a species could be overestimated if it is evaluated at the time when 
the agent is at its early and highest peak of abundance. 

Moreover, a newly-introduced pest may be regarded as being more important than 
it actually is because it tends to attract public attention and publicity because of its 
novelty. After a few years the pest comes to be regarded as a normal part of the 
environment and the general public interest in it dies down. Then it may be regarded 
as being less important than it actually is. Introduced biological control agents could 
be given undue credit for its apparent decline in importance if their colonization 
happens to coincide with the beginning of decreasing public awareness of the target 
pest. This may have happened with, for instance, biological control attempts against 
the European earwig Forfcula auricularia L. 

Evaluations of the success of biological control attempts, if they are to be accurate, 
must be based on evaluations of the true role of the colonized agents over a long period 
of time, as a rise and fall in public opinion on the importance of the target species, 
gradually increasing effects of indigenous parasites and predators, possible decreasing 
effects of some introduced agents from their initial levels, and possible application of 
cultural or chemical controls can all tend to exaggerate unduly assessments that are 
made on a basis of what happened in the first few years after introduced agents became 
established. 

Possibilities for the Future 
About 90% of the biological control attempts against pest insects in the field in 

Canada did not fulfil the reason for which they were made: to lower permanently the 
status of the target species as economic pests. A primary reason for the failures to 
control is that over 70% of the species of parasites and predators that were introduced 
failed to colonize. Probable causes of most of the failures to colonize can now be 
identified. Predominantly they are inadequacies in the application of colonization 
procedures. 

The biological control attempts may be classed as serious if colonization pro- 
cedures were adequate and made colonizations a probability, or speculative when 
procedures were inadequate and made it merely a possibility. On the basis of present 
knowledge most of the past biological control attempts in Canada may now be termed 
speculative, though they usually could not have been recognized as such when 
made. There seems to be no reason why most of them could not now be seriously 
re-attempted. 

Adequate colonization procedures include obtaining much larger quantities of 
field-collected material than was done in most past attempts and releasing it in situations 
that are selected, modified, or constructed to be as receptive as possible to the 
colonizers. This means spending much more time and money on precolonization work 
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than was common hitherto. It also means fewer failed colonization attempts that both 
waste time and money and bring discredit to biological control as an effective method of 
preventing pest damage. 

Increasing the numbers of introduced agents colonized, by increasing the probabil- 
ity of colonization, is in itself the main factor that should increase the number of 
successful biological control attempts. 

The scope of any future biological control attempt should not be determined 
basically by the amount of money available. It should be determined by the amount of 
work needed to make the attempt a serious and constructive one. An attempt that is 
pursued with inadequate resources should be clearly labelled as and understood to be a 
speculative one. 

Biological control is a subject on which people readily regard themselves as instant 
experts and act accordingly. To add to an environment an organism that can affect 
aspects of it permanently is not something that should be done lightly on a basis of lack 
of knowledge on what the organism could do combined with the hope of what it might 
do. It is therefore something that should not be done in the future by members of the 
public, but only by or under the supervision of specialists. 

Most biological control attempts in Canada hitherto were aimed at individual pest 
species or groups of related pest species. With the development of pest management 
philosophy, future attempts may be aimed increasingly at insects of particular 
taxonomic groups in particular classes of habitats, a group including non-pest species as 
well as pests and including indigenous species. This should mean that wide-spectrum 
agents may be considered increasingly as candidates for colonizations - a process that 
may have already started with Sorex and the ants that were colonized against sawflies 
and the species that were introduced by members of the public. The future emphasis, 
however, desirably should be on parasites rather than the more polyphagous predators to 
reduce the possibility of establishing undesirable side-effects. 

Biological control by introductions is clearly a method that in Canada has suffered 
in its effectiveness and reputation more from the limitations of and on those who 
organized the attempts to apply it than from inherent limitations. It therefore appears 
to have much unrealized potential for effective use in the future. 
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