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ABSTRACT

Kennantudawage Siril- Hemachandra. University of Marﬁtoba, 2004. Parasitoids of

Delia radicum (Diptera: Anthomyiidae) in canola: assessment of potential agents for
classical biological control.
Major supervisor: Dr. N.J. Holliday
Delia radicum L. is an important insect in canola on the Canadian Prairies and

there is no single effective method of control. Hence, classical biological control has
been proposed. The main objective of this study was to assess the parasitoid community
of D. radicum in canola on the Canadian Prairies and Europe. Immature stages of
D. radicum were sampled in six canola fields on t'he Canadian Prairie Provinces and in 11
canola fields and one brassica vegetable field in Switzerland and Germany. Immatures
were individually reared in the laboratory until emergence of parasitoids and adult
D. radicum. Parasitoid species found in canola on the Canadian Prairies and in canola
and brassica vegetables in Europe included Trybliographa rapae (Westwood)
(Hymenoptera: Eucoilidae) and Aleochara bilineata Gyllenhal (Coleoptera:
Staphylinidae). Aleochara verna Say (Coleoptera: Staphylinidae) was found only in
Canadian canola while 4. bipustulata L. (Coleoptera: Staphylinidae) was found only in
European canola and brassica vegetables. Minor parasitoids found in canola included
Phygadeuon trichops (Thomson) (Hymenoptera: Ichneumonidae), three undescribed
Phygadeuon species, Aphaereta minuta (Nees) (Hymenoptera: Braconidae), Aleochara
brevipennis Gravenhorst (Coleoptera: Staphylinidae) and Trichopria sp. (Hymenoptera:
Proctotrupidae). Specimens collected by other workers in North America and labeled as

A. bipustulata were examined and found to be 4. verna. The previous reports of
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occurrence of A. bipustulata in North America were erroneous. Hence, 4. bipustulata is
the most promising candidate for introduction to canola on the Canadian Prairies. In
addition, some aspects of the biology of D. radicum, A. bilineata, and T. rapae were

studied.
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CHAPTER 1
Introduction

Delia radicum (L.) (Anthomyiidae: Diptera) is an introduced insect now present
in many regions of North America (Griffiths, 1991). The insect is of European origin
(Biron et al., 2000) and it is assumed that it was introduced to North America in the mid
19' century (Schoene, 1916; Griffiths, 1991). The presence of D. radicum in North
America, with a positive identification, was confirmed with the report of an outbreak of
D. radicum in New York State in 1856 (Riley, 1885). The species was reported to be in
Canada at about the same time and it had been reported from Nova Scotia to Ontario by
1885 (Fletcher, 1886). In Manitoba, D. radicum was probably present in the valleys of
the Red and Assiniboine Rivers by the 1930s (Turnock et al., 1995), but its presence with
definite identification was not confirmed until 1958 (Allen, 1964). Moreover, it was
present in Saskatchewan by 1949 (Brooks, 1949) and in British Columbia by 1913
(Wilson, 1913). Delia radicum now occupies the Nearctic and Palaearctic regions from
35 to 60°N and is associated with agriculture and horticulture (Griffiths, 1991).

Delia radicum infests brassica vegetables in the Atlantic Provinces causing
economic damage (Read, 1960) and it infests canola (Brassica napus L., and Brassica
rapa oleifera (DeCandolle) Metger) on the Canadian Prairies (Griffiths, 1986a, 1986b;
Turnock et al., 1992; Soroka et al., 2002). Delia radicum larvae feed on canola roots and
feeding injuries interfere with nutrient and water uptake (McDonald and Sears, 1991). In
addition, root injuries predispose the root to attack by pathogenic microbes (Griffiths,
1986a). Delia radicum causes economic damage to canola in the northwestern

agricultural region of Alberta (Griffiths, 1986a, 1986b), but its damage on canola in other



parts of the Canadian Prairies has yet to be quantified. In a year when D. radicum
infestation is high and canola is under poor growing conditions, the estimated yield loss
could be high as $100 million (Soroka et al., 2002). Even fhough the relationship
between yield loss and root damage of canola is yet to be defined, a yield loss of a few
dollars per hectare due to root injuries would amount to millions of dollars because
canola is grown so extensively. From 19942003, on average 4.6 million ha of canola
was grown on the Canadian Prairies (Canola Council of Canada, 2004). Therefore,

D. radicum damage in canola, even though it may not result in economic damage for a
farmer, leads to significant losses in foreign income to Canada.

Canola growers on the Canadian Prairies do not apply any particular management
practices for D. radicum (Canola council of Canada, 2004). However, manipulation of
cultural operations such as tillage regime (Dosdall et al., 1996b) and seed density
(Dosdall et al., 1996a) can have a significant effect on population suppression of
D. radicum. Insecticides applied as seed-dressings do not provide effective control of
D. radicum. This is because D. radicum generally infests canola more than a month after
seeding, when canola is in the bolting stage (Griffiths, 1986a). Even though management
of D. radicum in brassica vegetables is well established (Finch, 1987, 1989, 1993;
Gehringer and Goldstein, 1988; Finch and Collier, 2000b), those management practices
are not technically feasible in canola on the Canadian Prairies (Soroka ef al., 2002).
Therefore, additional control strategies for D. radicum in canola are required and
classical biological control has been suggested (Turnock et al., 1995).

Classical biological control of D. radicum in brassica vegetables in eastern

Canada was attempted in 1949. In that attempt, Aleochara bilineata Gyllenhal,



Aleoc;zara verna Say, Trybliographa rapae (Westwood), Phygadeuon trichops
(Thomson), and Aphaereta sp. were introduced (McLeod, 1962; Soroka et al., 2002).
However, the programme was suspended when it was found that the main parasitoid
species that were introduced were already present in Canada (Soroka et al., 2002).
Introduction of 4. bilineata to Canada was partly associated with misidentification of
Canadian specimens of A. bilineata as Baryodma ontarionis Casey (Colhoun, 1953).
This signifies the need for precise identifications of parasitoid species, including
agreement on parasitoid identities by taxonomists in Europe and North America.
Biological control of D. radicum in canola is a viable option and technically
feasible. Crops that can tolerate a reasonable level of pest injury with no economic
damage are suitable target crops for biological control (Turnbull and Chant, 1961).
Canola plants can tolerate a reasonable level of D. radicum larval injury (McDonald and
Sears, 1991); therefore, it is not necessary to suppress larval populations to a very low
level. In addition, D. radicum injury does not directly affect market standard of the
product or economic value of the crop. Moreover, shortage of hosts for parasitoids is
unlikely because canola is grown every year on a large scale (Canola Council of Canada,
2004). Delia radicum larvae remain on roots for about 2-3 weeks and then overwinter as
pupae in soil until next spring (Brooks, 1949, 1951). Consequently, the immature stages
of D. radicum are available to parasitoids and predators for an extended period of time.
In developing classical biological control of D. radicum in canola on the
Canadian Prairies, it is absolutely essential to characterize the parasitoid community of
D. radicum in canola in Canada to avoid the introduction of parasitoid species that are

already present. Comparing the Canadian parasitoid community with the European



parasitoid community facilitates the sel‘ection of potential biocontrol agents for
introduction to Canada. Here and throughout this thesis, parasitoid community refers to
all “parasitoid species that exploit the population of” D. radicum “in a given locality”
(Mills 1994, p 399). Therefore, the objectives of this study were to assess the parasitoid
community of D. radicum in canola in Canada and in canola in Europe to choose
potential biocontrol agents for introduction, and to study the tritrophic interaction among
canola, D. radicum and its parasitoids to understand the biological control system in
canola.

This thesis is organized in paper style, comprising four chapters. Chapter one is
devoted to a general introduction, and is followed by a literature review in chapter two.
Chapter three consists of eight sections, each section detailing a facet of the research in

the general format of a research paper. Chapter four is a general discussion.



CHAPTER 2

Literature Review
Economically important Delia species in Canada

In Canada, there are seven species of Delia that are economically important pests
in agriculture. Delia coarctata (Fallén), the wheat bulb fly, infests wheat, barley, and
rye, and the larvae damage the plant by feeding on the crown below the ground. As a
result, the central shoot dies or becomes stunted (Griffiths, 1992). Delia platura
(Meigen) and Delia florilega (Zetterstedt), seed maggots, attack a wide range of crops,
which includes brassica root cropé, solanaceous crops, legume crops and corn. Legumes
are attacked at the time of seed germination (Griffiths, 1993). Delia antiqgua (Meigen),
the onion maggot, infests cultivated species of Alium such as onion, shallot, garlic and
leeks (Ellis and Eckenrode, 1979). Delia floralis (Fallén) and Delia planipalpis (Stein)
infest a wide range of brassica crops such as cabbage, cauliflower, broccoli, Brussels
sprouts, mustard, rapeseed, turnip and rutabaga (Griffiths, 1991). Delia radicum,
cabbage root maggot, also infests a wide range of brassica crops in common with D.
floralis and D. planipalpis. Of these species, D. radicum is the most important pest in

brassicas, particularly in canola in Canada (Griffiths, 1986a, 1986b, 1991).

Taxonomic status of Delia radicum

The taxonomic status of Delia species has been reviewed by Griffiths (1991).
The genus Delia iS classified under the order Diptera, and family Anthomyiidae (Borror
et al., 1992). The genus Delia has been included in the Delia group with a series of other
genera based on the characteristics of the hypandrium, gonostyli, and the sclerotization of

the distal section of aedeagus and processes of the 5™ sternite (Griffiths, 1991). The



Delia species that occur in the Nearctic region have been divided into the nine sections
discalis, radicum, longicauda, bracata, interflua, elongata, frontella, coarctata and
albula (Griffiths, 1991). The division of sections is based on the characteristics of the 5
sternite process, prealar bristle, the lower surface of the costa, the 3" abdominal sternite
and twenty other characteristics (Griffiths, 1991). The species of the radicum section are
further divided into two subsections based on their host range. The larvae of the species
in the D. radicum subsection feed on roots of brassicas whereas the species of the D.
cardui subsection are borers or leaf miners on Chenopodiaceae and Caryophyllacaeae
(Griffiths, 1991). Griffiths (1991) included D. radicum in the D. radicum subsection
together with two other economic pests, Delia planipalpis and Delia floralis, and two |
new species, Delia notobata and Delia banksiana.

There are many synonyms for D. radicum depending on the countries (Finch,
1989), time period, and research group (Griffiths, 1991). Delia radicum was first
described by Linneaus as Musca radicum L. in 1758 (Pont, 1981). SubSequently, many
different names have been used for D. radicum. According to Griffiths (1991) those
synonyms were: Anthomyia brassicae Hoffmannsegg, Anthomyia brassicae Bouché,
Chortophila floccosa Macquart, Aricia villipes Zetterstedt, Phorbia brassicae (Bouche¢),
Anthomyia raphani Harris, Anthomyia radicum (L.), Anthomyia ruficeps Meigen,
Pegomya brassicae (Bouché), Chortophila brassicae (Bouché), Chortophila brassicae
(Wiedemann), Hylemyia brassicae (Bouché), Erioischia brassicae (Bouche), Delia
brassicae (Bouché), Delia brassicae (Hoffmannsegg and Wiedemann), and Hylemya
brassicae (Wiedemann). The currently accepted name is Delia radicum (L.) (Pont,

1981).



External anatomy and developmental biology of Delia radicum
Adults

External anatomy and identification characteristics of adult D. radicum are well
documented (Schoene, 1916; Brooks, 1949, 1951; Huckett, 1987; Griffiths, 1991). The
adult male is very bristly, and dark and has gray markings on thorax and abdomen
(Schoene, 1916); the compound eyes are holoptic; the thorax is ash gray with three
distinct longitudinal lines on the dorsum (Schoene, 1916; Brooks, 1951). Females are
lighter in colour than males; the body and legs are gray with a tinge of brown, and the
compound eyes are dichoptic (Schoene, 1916; Brooks, 1951; Griffiths, 1991); the
longitudinal lines on the thorax are less distinct than in males (Schoene, 1916).

Several other characteristics of adults are useful in identification to the species
level. The bristle arrangement on the hind femur and the thoracic chaetotaxy, particularly
the length of the prealar bristle, may be used to separate D. radicum from other closely

related brassica—féeding Delia species (Brooks, 1949, 1951; Griffiths, 1991).

Eggs

Eggs of D. radicum are white, elongate, 0.9—1.1 mm long and 0.3-0.4 mm broad
(Schoene, 1916; Hughes and Salter, 1959); the anterior end has a broad circular
depression (Schoene, 1916; Hinton and Cole, 1965). The chorion has a sculptured
surface, which consists of coarse longitudinal ribbing (Brooks, 1951; Miles, 1952b).
Generally, eggs hatch within 3—4 days of oviposition and the first-instar larvae emerge
tSchoene, 1916; Harris and Svec, 1966; Whistlecraft ez al., 1985b). Viability of eggs is

usually very high, 90-100% (Harris and Svec, 1966).



Larvae

The larva is a typical, legless maggot; the head is reduced and the posterior end of
the body is somewhat triangular in profile. The head is deeply retracted into a broad
prothorax (Miles, 1952b). First-instar larvae are 1.5 mm long, cylindrical and tapers
anteriorly (Schoene, 1916). They do not have exterior anterior spiracles (Schoene, 1916),
but developing anterior spiracles can be seen through the integument. Posterior spiracles
are knob-like with a circular opening, and project horizontally from the dorsal oblique
area (Brooks, 1949; Miles, 1952b). The duration of development of the first-instar larva
is about 4 days (Hughes and Salter, 1959; Swailes, 1963; McDonald, 1985). Second-
instar larvae are about 3.8 mm long, and have both anterior and posterior spiracles
(Schoene, 1916). The anterior spiracles have densely-sclerotized 11-13 ﬁnger—like ’
processes, and the number of processes is useful in identification of Delia species (Miles,
1952b). Each posterior spiracle has two slits (Brooks, 1949). The duration of
development of the second-instar larva is about 6 days (Hughes and Salter, 1959;
Swailes, 1963; McDonald, 1985). The body length of third-instar larvae is highly
variable, 2.5-8 mm. The body is white, fleshy, and cylindrical and tapers anteriorly
(Schoene, 1916). Third-instar larvae have three slits on each posterior spiracle (Schoene,
1916; Brooks, 1949) and the anterior tubercles are very conspicuous (Brooks, 1949).
Duration of development of the third-instar larvae is 8-12 days (Schoene, 1916).

The differences in structures of the mouthparts are also useful for distinguishing
the larval instars (Brooks, 1949; Miles, 1952b), particularly the distance between the tip
of the mandible and the ventral process of the pharyngeal sclerites (Hughes and Salter,
1959). Tubercle number and arrangement on the 8™ abdominal segment are used to

determine the identity of Delia species. When the third larval instar is about to pupate, it



moves away from its feeding place and pupates in the soil (Jones, 1986). The distance
that the larva moves depends on soil moisture (Hughes and Salter, 1959). Seventy-five
per cent of larvae pupate within 0-5 cm of their feeding place and 61% of larvae pupate
within the top 5 cm of the soil surface (Jones, 1986). There is a prepupal stage, which
lasts about 3 days (Harris and Svec, 1966). Total duration of larval development is 18—
22 days at 19°C (Brooks, 1949, 1951; Whistlecraft et al., 1985b). Premature pupation

can occur when food is scarce (Harris and Svec, 1966).

Puparia

Puparia are sub-elliptical, smoothly rounded, and brownish (Miles, 1952b).
Protuberances of the puparium are the remains of tubercles of the 8" abdominal segment
of larvae (Brooks, 1951; Miles, 1952b). The average weight of puparia is 16.6 mg when
larvae feed on rutabaga (Harris and Svec, 1966). Here and throughout this thesis, the
term “puparium” refers to the puparium including the pupa within it. The weight of
diapausing puparia is greater than of non-diapausing puparia (Johnsen and Gutierrez,
1997). The length of the puparium varies from 3.5 to 6.5 mm and averages about 5.5 mm
(Schoene, 1916). Adult flies emerge from non-diapausing puparia within two weeks in
the field (Jones, 1986). Success of emergence of the fly is not associated with the depth
of pupation up to 15 cm from the soil surface, but 80% puparia at 20 cm deep failed to

reach the soil surface (Finch and Skinner, 1980).

Host plant associations of Delia radicum
Host range

Delia radicum larvae attack a wide range of wild and cultivated brassica plants.

Common brassica crops that serve as hosts are cabbage (Brassica oleracea var capitata



(L.)), cauliflower (Brassica oleracea var botrytis (L.)), broccoli (Brassica oleracea var
cymosa (L.)), Brussels sprouts (Brassica oleracea var gemmifera (Zenker)), turnip
(Brassica rapa (L.)), rutabaga (Brassica napus var. napobrassica (L.)), mustard (Synapis
alba (L.)), radish (Raphanus sativus L.), Chinese cabbage (Brassica rapa var. pekinensis)
and rapeseed (Brassica napus L. and Brassica rapa oleifera (DeCandolle) Metzger)
(Griffiths, 1991). Weed plants that support the development of Delia maggots in the field
are Barbarea vulgaris R.Br., Sysymbrium officinale (L.), Brassica nigra (L.), Synapis
arvensis L., Sisymbrium altissimum L., Raphanus raphaistrum L. and Conringia
orientalis (L.) (Griffiths, 1991). Many other wild brassica plants can support the

development of D. radicum (Finch and Ackley, 1977).

Host plant location

Delia radicum females respond to the chemical profile of a plant when choosing
the plant for oviposition (Finch, 1978; Nottingham, 1988; Roessingh and Stadler, 1990;
Baur et al., 1996a, 1996b; Finch and Collier, 2000a). Females respond to glucosinolates,
one of the chemical groups present in brassicas (Traynier, 1967a, 1967b; Finch, 1978).
One of these glucosinolates, allyl isothiocyanate (mustard oil), attracts gravid female
D. radicum (Nair et al., 1973; Nair and McEwen, 1976; Hawkes and Coaker, 1979; Finch
and Skinner, 1982a, 1982b; Tuttle et al., 1988). In addition, D. radicum females respond
to chemicals that are not glucosinolates (Nair et al., 1976; Birch et al., 1993); these
chemicals have not been identified but are commonly called cabbage identification factor
“CIF” (Birch et al., 1993). In contrast, D. radicum flies avoid plants that have some
chemicals. For instance, carboxylic acid (Cole et al., 1989), monoterpenes (Ntiarﬁoah

and Borden, 1996), naphthalene (Ouden, 1988), and cynaptic acid (Jones and Finch,

10



1987) function as deterrents. Delia radicum also responds positively to odours
emanating from damaged tissues of brassica plants as a result of larval feeding. The
odour is associated with damaged roots, soil or associated microbes (Baur et al.,1996c¢,
19964d).

Delia radicum flies respond to visual cues, including colour and shape, in host
plant selection (Prokopy et al., 1983; Vernon and Broatch, 1996; Kostal, 1991; Finch and
Collier, 2000a). Yellow attracts D. radicum flies (Tuttle et al., 1988; Kostal and Finch,
1996; Liburd et al., 1998). Adult D. radicum responds to the level of reflection of host |
compared with the background, and land more frequently on brassica plants surrounded
by bare soil than on brassica plants surrounded by green cloyer (Gehringer and Goldstein,
1988; Kostal and Finch, 1994a, 1994b, 1996). Delia radicum flies respond to shape of
the leaves (Prokopy et al., 1983), but conspicuousness of the object is more important
than the shape (Kostal, 1993b). In additioh, they respond to the texture of the leaf surface
(Roessingh and Stadler, 1990).

Plant varieties within the subspecies of Brassica oleracea are chosen over other
brassicas when there is a choice (Matthewman and Lyall, 1966; Mukerji, 1969; Hardman
and Ellis, 1978; Ellis and Hardman, 1988; McKinlay and Birch, 1992; Freuler et al.,
1996). Delia radicum flies prefer certain subspecies of Brassica oleracea to other
subspecies when they have a choice (Matthewman and Lyall, 1966; Radcliffe and
Chapman, 1966; Hardman and Ellis, 1978; Doane and Chapman, 1962; Ellis, 1992;
Dosdall et al., 1994). Chinese cabbage is preferred to Brussels sprouts, broccoli, cabbage

and cauliflower (Mukerji, 1969).

11



Delia radicum responds to the physiological age of the plant, which may be
associated with both its chemical and physical characteristics (Ellis et al., 1979,
McDonald and Sears, 1992). In addition, D. radicum flies are not attracted to plants
infested by aphids, Brevicoryne brassicae (L.) or Myzus persicae (Sulz.) (Finch and
Jones, 1989). Delia radicum also responds to plant density (Finch and Skinner, 1976)

and crop diversity (McKinlay et al., 1996).

Feeding behaviour of Delia radicum larvae

Delia radicum is a primary phytophagous insect; larvae do not need a previously
damaged place to start feeding (Brooks, 1949). Upon emerging from an egg, the first-
instar crawls through the soil to locate roots. Generally it enters the root about 1 cm
below the soil surface (Read, 1958). In canola, first-instar larvae mine into the roots and
enter the periderm where they start to feed on the parenchyma tissues of the secondary
phloem. The second- and third-instars aggregate on the root surface and continue to feed,
making tunnels along the taproot. Larvae can attack the conductive and storage cells
within a narrow band of tissues between the secondary xylem near the root stele and the

secondary phloem within the periderm (McDonald and Sears, 1991, 1992).

Impact of larval feeding on the plant

Feeding injury caused by Delia species negatively influences the growth of
brassica crops depending on the type of crop and the growing stage (Hopkins et al.,
1996). Root feeding injury is critical in the early stages of cabbage and cauliflower, and
causes heavy plant mortality. Early root feeding causes distortion of roots in early crop
stages of rutabaga and radish (Forbes and King, 1957; Read, 1960). Feeding damage

causes stunting and yield loss in late stages of cabbage and cauliflower, and maggot
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feeding on the swollen tap-root of late stages of rutabaga causes severe loss of economic
yield (Read, 1960). Delia radicum does not oviposit in canola when the plants are at the
seedling or rosette stages (Griffiths, 1986a). Females oviposit when the plants are at the
bolting stage (Griffiths, 1986a). Hence, seedling mortality due to root damage does not
occur in canola. Canola plants can withstand considerable lafval feeding on roots without
significant yield loss (Liu and Butts, 1982). However, plants with 50% of root surface

area injured produced fewer racemes and seed pods (McDonald and Sears, 1991).

Behavioral biology of Delia radicum

Oviposition

Delia radicum females start to lay eggs 46 days after emergence (Read, 1965b;
Hawkes, 1972), and continue to lay for two to five weeks (Hughes and Salter, 1959;
Whistlecraft et al., 1985b; Griffiths, 199.1). Females generally live about 25-39 days
(Swailes, 1961; Read, 1965b; Nair and McEwen, 1976). The number of eggs laid varies
and averages 78 eggs per female (Swailes, 1961; Finch, 1971; Nair and McEwen, 1976).
Generally, about 50% of the egg load is laid within the first five days of oviposition
(Swailes, 1961). Eggs are laid singly or in batches of two to five on soil near the root
collar of brassica plants (Miles, .1 952a; Hughes and Salter, 1959; Mukerji, 1971;
McDonald and Sears, 1991). More than one female may choose the same plant for
oviposition, and up to 40 eggs per plant have been observed during the peak oviposition
period (Miles, 1953, 1954). Weather conditions, especially warm temperature (18—
20°C), low precipitation, low wind (0.2-0.4 m / s), and long hours of sunshine result in
increased fly activity and oviposition (Carlson ef al., 1947; Miles, 1953, 1954; Bligaard,

1996; Nair and McEwen, 1974).
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Winter diapause

Delia radicum is restricted to the Holarctic region, and winter diapause is an
essential element of its life cycle (Johnsen and Gutierrez, 1997). Diapause of D. radicum
is facultative, and the insect overwinters as a pupa (Hughes, 1960; McLeod and Driscoll,
1967). Abiotic factors affect diapause induction, diapause development, diapause
termination and post-diapause development. Temperature and photoperiod are the main
cues for induction of winter diapause (Hughes, 1960; Read, 1965a, 1968, 1969; Soni,
1976; Colliér and Finch, 1983a, 1983b; Collier ez al., 1988). In addition, light intensity
also affects diapause induction (Read, 1969). In addition to a direct photoperiodic effect,
photoperiod affects larvae through chemical changes in the host plant (Hughes, 1960).
Diapause induction can also be triggered in the adult stage (Read, 1965a, 1969; McLeod
and Driscoll, 1967), egg stage (Johnsen and Gutierrez, 1997) and larval stage, particularly
the second- and third-instars (Hughes, 1960; McLeod and Driscoll, 1967; Soni, 1976;
Johnsen and Gutierrez, 1997). In fact, the proportion of puparia entering diapause is the
result of the interaction among temperature, photoperiod, and D. radicum instar; exposure
of immature D. radicum to different combinations of temperature and photoperiod results
in different proportions of diapausing pupae (Soni, 1976). Geographical location of the
population also affects diapause induction. For example, critical day length, the day
length when 50% of population enter diapause, for a population in Finland at 60.5°N was
>19 h, much longer than the 14-16 h observed at 46.2°N in Switzerland (Collier et al.,
1988). Generally, when the third larval instar is exposed to <15°C together with a short
photoperiod, <12 h, subsequent pupae enter diapause (Read, 1969).

Diapause development of D. radicum puparia depends on the temperature.

Generally, rate of diapause development at 0—8°C is more or less similar but above 10°C
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the development rate declines (Collier and Finch, 1983b). The minimum time period
required for diapause development varies with population in relation to geographical
location. For example, members of a D. radicum population at Wellesbourne in the
United Kingdom require a minimum of 19 weeks at <10°C for the completion of
diapause development (Collier and Finch, 1983a). In contrast, members of a population
of D. radicum in Denmark require 17 weeks to complete diapause development at <10°C
in the field (Johnsen ef al., 1997). When the duration of the diapause period is short, few
flies emerge. For example, following warming, only 30% of flies emerged when puparia
had been exposed to 5°C for 12 weeks (Coaker and Wright, 1963). Afier completion of
diapause development, pupae remain dormant until they experience warm temperatures
that allow post-diapause development (Collier and Finch, 1983a).

The time required for post-diapause development of D. radicum depends on
temperature and varies among populations. The lower threshold for post-diapause
development is 4-5°C (Collier and Finch, 1983b; Collier et al., 1989; Johnsen et al.,

-1997). Generally 50% of flies emerge in the field when they receive 230 + 10 air degree-
days Celsius (DDC) or 179 + 8 soil DDC above 4°C (Collier and Finch, 1985). These
values have been estimated using a D. radicum population at Wellesbourne in the United
Kingdom. Thermal accumulations based on air temperature needed for fly emergence in
brassica vegetables fields are in: Arlington, Wisconsin, 343-680 DDC (base 5.5°C)
(Eckenrode and Chapman, 1972) or 300-608 DDC (base 6.1°C) (Wyman et al., 1977),
Cambridge, Ontario, 374-567 DDC (base 6°C) (Nair and McEwen, 1975) and Winnipeg
and Portage la Prairie, Manitoba, 387 + 69 DDC (base 5°C) (Bracken, 1988). The

variation in the required degree-days for peak fly emergence is partly associated with
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differences among populations (Finch ef al., 1986) and the methods used to estimate fly
emergence (Collier and Finch, 1985). Delia radicum populations can be divided into

- early, intermediate and late emerging subpopulations on the basis for time required for
post-diapause development; this emergence pattern is heritable (Hawkes et al., 1988;
Finch and Collier, 1983). Emergence patterns are associated with geographic locations of
populations (Finch et al., 1986; Taksdal, 1992) and with cropping pattern (Hawkes ef al.,

1988).

Aestivation

Delia radicum undergoes aestivation in warm weather in mid summer. Only the
early pupae can be induced to aestivate in the laboratory, but not eggs or larvae (Finch
and Collier, 1985). An increasing proportion of D. radicum aestivate with increasing
temperature. In a Wellesbourne population, 50% aestivate at 23.5°C whereas 100%
aestivates at 27.4°C (F inéh and Collier, 1985). Based on emergence of D. radicum
adults, Nair and McEwen (1975) suggested that the second generation D. radicum
aestivate in rutabaga fields in southwestern Ontario. When aestivating puparia are
exposed to comparatively low temperatures, they resume deveiopment with subsequent

adult emergence (Finch and Collier, 1985).

Population biology of Delia radicum

The number of generations that D. radicum completes per year depends on
geographical location, weather and host plant availability. Delia radicum is univqltine in
northern parts of Alberta in canola (Griffiths, 1986a, 1986b), but completes two
generations in southwestern parts of Alberta in rutabaga (Swailes, 1958). In southern

Manitoba, D. radicum completes one or two generations per year on rutabaga (Bracken,
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1988). Spring weather, particularly temperature, affects emergence of flies (Bracken,
1988), and warm spring weather allows the flies to complete two generations per year
provided that host plants are available. In southern Manitoba, successive plantings of
rutabaga are available in the field for four to six months depending on the frost-free
period of the year. When rutabaga plants are available, D. radicum completes two or
three generations per year (Dr. N.J. Holliday, personal communication).

Precipitation and soil moisture affect the activity of D. radicum. Rainy weather
reduces activity of ovipositing females (Miles, 1952a; Finch and Skinner, 1975). Low
soil moisture delays the establishment of the first-instar larvae on roots, and so affects the
number of generations per year (Nair and McEwen, 1975; Griffiths, 1991).

Several cultural practices carried out by farmers affect D. radicum mortality. Fall
and spring tillage reduce the emergence of flies as a result of mortality of puparia
(Dosdall et al., 1996b; Finch and Skinner, 1980). Increased plant density of canola
appears to reduce the level of infestation (Dosdall et al., 1996a). Meanwhile, soil
moisture affects establishment of the first-instar larvae on roots (Mukerji, 1971; Nair and
McEwen, 1975), and mortality of first-instar larvae is associated with the difficulty of
finding a host plant (Hughes and Salter, 1959; Mukerji, 1971). Mortality of the first-
instar larva is also associated with rainfall, soil temperature and root texture (Mukerji,
1971). Low temperature in winter months is not a mortality factor for D. radicum pupae
(Turnock et al., 1983, 1985; Kostal, 1993a)

Biotic mortality factors greatly affect the population biology of D. radicum. Egg
predation by staphylinids and carabids is important (Wishart ez al., 1956; Hughes, 1959;

Hughes and Salter, 1959; Coaker and Williams, 1963; Coaker, 1965; Mukerji, 1971;

17



Mowat and Humphreys, 1994). Estimate of D. radicum egg predation varies from 80—
90%, depending on composition and abundance of the predator fauna and estimation
vmethods. For example, egg loss in the field has been estimated at 90% (Coaker and
Williams, 1963) and 86% (Hughes and Salter, 1959) at Wellesbourne in rutabaga fields
and 81% in Belleville, Ontario and 88% in Prince Edward Island in cabbage fields
(Wishart et al., 1956). In addition, Scatophaga stercoraria (L.) is scatophagid fly that
preys upon D. radicum adults (Read, 1958). Microbial diseases cause mortality of

D. radicum; Strongwellsea castrans Batko and Weiser (Nair and McEwen, 1973, 1975;
Humber, 1976; Griffiths, 1991; Lamb and Foster, 1986; Finch, 1989) Entomophthofa
muscae (Cohn) (Griffiths, 1986a,1991), E. virulenta Hall and Dunn, Conidiobolus
coronatus (Costantin) (Matanmi et al., 1974), Metarrhizium anisopliae (Metschnikow)
and Paecilomyces fumosoroseus (Wize) (Vanninen et al., 1992) cause pathogenic
infections in D. radicum. Among nematodes that attack D. radicum larvae are
Heterorhabditis bacteriophora (Oswego) (Finch, 1989), Heterorhabditis sp. (Nair and
" McEwen, 1975), Steinernema carpocapsae All (Royer et al., 1996) and Steinernema
feltiae Filipjev (Schroeder et al., 1996; Vanninen et al., 1992).

Parasitoid-related mortality is a major factor in the population biology of

D. radicum (Miles, 1956; Hughes, 1959; Finch and Skinner, 1980; Finch and Collier,
1984). Among the parasitoids of D. radicum, Aleochara bilineata Gyllenhal is the major
coleopteran parasitoid that occurs in both North America and Europe. Aleochara
bipustulata L. is the second major coleopteran parasitoid of D. radicum and occurs only
in Europe (Maus et al., 1998). Among the hymenopteran parasitoids, Trybliographa

rapae (Westwood) is the most important parasitoid in both North America and Europe
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(Wishart and Monteith, 1954; Wishart, 1957). These parasitoids considerably affect
population biology of D. radicum, hence, their life histories are considered in detail

below.

Life histories of major parasitoids of Delia radicum
Aleochara bilineata Gyllenhal

Aleochara bilineata is an important natural enemy of D. radicum because it
functions as a predator as well as a parasitoid (Fuldner, 1960). The adult beetle is a
general predator and feeds on dipteran eggs among other foods (Colhoun, 1953;
Klimaszewski, 1984; Fournet et al., 2000). First-instar larvae of 4. bilineata parasitize
dipteran puparia, mainly puparia of D. radicum, D. platura, D. antiqua, D. floralis,

D. planipalpis, Pegomyia hyoscyami Curtis (Anthomyiidae), P. cepetorum Maede, Musca
domestica L. (Muscidae) and Calliphora erythrocephala Meigen (Calliphoridae)
(Klimaszewski, 1984; Maus et al., 1998).

External anatomical characteristics of adults are important to distinguish
A. bilineata from related species, but precise identification requires microscopic
examination of genitalia. The external anatomy of A. bilineata has been well
characterized by both North American and Europgan researchers (Casey, 1916; Colhoun,
1953; Fuldner, 1960; Read, 1962; Klimaszewski, 1984; Whistlecraft et al., 1985a; Maus,
1996). The adult beetle is 2—6 mm long (Klimaszewski, 1984) and there is no size
difference between males and females (Fuldner, 1960). The size of the beetle is
associated with the size of the host puparium in which it developed (Wadsworth, 1915b;

Langlet et al:, 1998). The body is black and the elytra are uniformly coloured (Fuldner,
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1960; Klimaszewski, 1984). Precise identification of A. bilineata relies on structure of
the aedeagus and spermatheca (Klimaszewski, 1984; Maus, 1996, 1998).

The biological characteristics of adult and immature stages influence the value of
A. bilineata as a natural enemy of D. radicum. Adult beetles readily copulate after
emergence, and in the laboratory no courtship period or mating play has been observed
(Wadsworth, 1915b; Colhoun, 1953; Fuldner, 1960). The preoviposition period is 2 days
(Colhoun, 1953). Aleochara bilineata lays eggs in the soil around the host’s habitat
throughout its life, and average total fecundity is 500-640 eggs (Read, 1960; Bromand,
1980; Fournet et al., 2000). On average, females lay 8—15 eggs per day and the average
adult life span is about two months (Read, 1962; Bromand, 1990; Langlet et al., 1998).
Eggs are milky white and shiny, oval, and 0.45 x 0.36 mm (Fuldner, 1960). The
incubation period varies from 3-7 days depending on temperature and on average is 5
days at 22°C (Bromand, 1980; Ahlstrém-Olsson, 19.94b).

The external anatomy of the campodeiform first-instar larva is well documented
(Colhoun, 1953; Fuldner, 1960). The first-instar larva actively seeks and enters a Delia
puparium, where it spends the rest of its immature life (Fuldner, 1960). The first-instar
larvae of 4. bilineata search for host puparia in soil. In laboratory experiments, first-
instar larvae burrow up to 9.5 cm in sand to parasitize a puparium (Bromand, 1980) and
in the field there is hardly any parasitism of puparia that lie below 20 cm in soil
(Bromand, 1980). Generally, only one larva enters a puparium; two or three larvae per
puparium are possible, but only one larva survives (Wadsworth, 1915b; Fuldner, 1960;
Read, 1962). Temperature and humidity affect the entry of the first-instar larva into the

puparium (Brunel and Langlet, 1994). Humidity softens the puparium wall, which
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affects ease of parasitoid penetration (Brunel and Langlet, 1994). Upon entering the
puparium, the larva closes the entry hole within 6-12 h using a white anal secretion,
which later turns brown or black (Fuldner, 1960). Aleochara bilineata overwinters as a
first-instar larva (Wadsworth, 1915b; Fuldner, 1960).

| The second larval instar is eruciform and 2.8 mm long; the third-instar larva is
similar to the second-instar, but 7-7.6 mm long (Wadsworth, 1915b; Fuldner, 1960).
Aleochara bilineata pupates within the host puparium. The pupa is milky white and all
appendages are clearly visible. Durations of the second-instar, third-instar and pupa at
15.5°C are 5, 10, and 34 days respectively (Fuldner, 1960). Total duration from egg to

adult at 15.5°C is 67 days (Fuldner, 1960).

The importance of adult 4. bilineata as pfedators has been assessed. Adults have

been found in brassica crops feeding on D. radicum eggs and larvae (Colhoun, 1953;

Wilkes and Wishart, 1953; Wishart et al., 1956; Read, 1962; Coaker and Williams, 1963;

Bromand, 1980). In laboratory conditions, a pair of beetles, male and female, has the
potential to eat 2400 eggs or young larva, or 350 third-instar larvae in their lifetime
(Read, 1962).

Behaviour of adults and first-instar larvae evidently influences the value of
A. bilineata as a parasitoid. Aleochara bilineata adults respond to semiochemicals
originating from brassica host plants and from D. radicum larvae and frass (Royer and
Boivin, 1999; Fournet ez al., 2000). They also respond to host density (Langer, 1996),
probably as a result of their response to the semiochemicals of hosts. Risk of

parasitization of D. radicum puparia, which involves the behavioral responses of both
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adults and the first-instar larvae, increases with host density in the root (Langer, 1996)
and is lower in a mixed crop than in a rﬁonoculture (Langer, 1996).

The first-instar larvae respond to physical characteristics of the host puparium.
First-instar larvae avoid the area of puparia with transverse ridges when making entry
holes (Royer et al., 1998). When D. radicum puparia, ranging from 4 to 19 mg, are
available for parasitism, the first-instar 4. bilineata larvae parasitize a significantly higher
percentage of small puparia, 4-8 mg (Ahlstr6m-Olsson, 1994b; Jonasson, 1994).
However, preference for small puparia for parasitism is not evident when 9-25 mm
puparia are available for parasitism (Ahlstrém-Olsson, 1994b). First-instar larvae also
respond to semiochemicals emanating from host puparia (Royer et al., 1999). Density
dependent parasitism by A4. bilineata (Mukerji, 1971) might be one of the results of
response to semiochemicals. First-instar larvae are also capable of discriminating host
puparia parasitized by conspecifics by responding to semiochemicals (Royer et al., 1999).
Host discrimination decreases with increasing age (after 2 days) of attacking larvae and
decreasing host density (Royer et al., 1999). In addition, the ability of a first-instar larva
to enter a host puparium decreases with increasing age of the larva (Royer et al., 1999).
Life expectancy of the first-instar larva is 56 days, which includes the duration of both
free living and parasitic forms (Fuldner, 1960; Royer et al., 1999).

' When the first-instar A. bilineata larva parasitizes the host puparia, it appears that
there is some degree of selection of healthy D. radicum puparia rather than puparia
parasitized by T rapae (Bromand, 1980). This phenomenon was most conclusively
shown in experiments conducted by Jones (1986) and Reader and Jones (1990). When

host puparia containing first- and second-instar endoparasitic larvae or third or fourth
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instar ectoparasitic larvae of T. rapae are presented to A. bilineata larvae, they parasitize
more puparia with endoparasitic 7. rapae than puparia with ectoparasitic larvae (Reader
and Jones, 1990). When A. bilineata parasitizes puparia containing an endoparasitic

T. rapae, it is common for both parasitoids to die; those that do survive are mainly

A. bilineata. The first-instar larva of 4. bilineata is capable of discriminating to some
degree between unparasitized and 7. rapae-parasitized puparia when the 7. rapae is an
ectoparasitic larva (Jones, 1986; Reader and Jones, 1990). If A. bilineata parasitizes such
puparia, T. rapae is more likely to survive to adulthood than 4. bilineata (Reader and

Jones, 1990).

Aleochara bipustulata L.

The biology of A. bipustulata is generally similar to that of 4. bilineata except for
the external anatomy of the adult, its host preference, and the overwintering stage
(Fuldner, 1960; Ahlstrom-Olsson, 1994a; Fournet ez al., 2000). General external
anatomy of the beetle is similar to that of A. bilineata, but the base of each elytron has a
brownish red spot. This spot can extend up to one quarter of the length of the elytron
(Fuldner, 1960). The posterior margin of the 6™ abdominal tergite has 10 strong spines in
males and 14 such spines in females (Fuldner, 1960). Precise identification of species
relies on characteristics of aedeagus and spermatheca (Maus, 1996, 1998).

The first-instar larva of A. bipustulata parasitizes a wider host range than the host
range of A. bilineata (Maus et al., 1998). It does not show a preference for host speciés
among D. radicum, D. platura and D. antigua, but does show a preference for small
puparia when it has a choice (Ahlstr6m-Olsson, 1994b). The first-instar larva parasitizes

host puparia regardless of their age (Fuldner, 1960; Ahlstrdm-Olsson, 1994b). In
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Sweden, 4. bipustulata coexists with 4. bilineata in brassica vegetable fields (Ahlstrom-
Olsson and Jonasson, 1992). Unlike 4. bilineata, A. bipustulata overwinters as an adult
and becomes active early in the season (Fuldner, 1960). Application of mustard meal in

cabbage attracts A. bipustulata adults (Ahlstrém-Olsson and Jonasson, 1992),

Trybliographa rapae (Westwood)

The external anatomy of the adult T. rapae has been well documented and can be
used in identification (Kerrich and Quinlan, 1960; Hertveldt, 1970; Nordlander, 1981).
Generally, T. rapae is 2.3 mm long, with a shiny black body (Wadsworth, 1915a; Wishart
and Monteith, 1954; Hertveldt, 1970) and 13-segmented antennae, each with an 11-
segmented flagellum (Butterfield and Anderson, 1994). Males have longer antennae
(James, 1928) with more elongated segments than those of females (Kerrich and Quinlan,
1960). Female antennae are moniliform, moderately hairy, and segment three is
distinctly longer than segment four (Kerrich and Quinlan, 1960).

This parasitoid is found almost everywhere in Europe, North America and Asia
wherever host insects are available (Wishart and Monteith, 1954). It parasitizes a wide
range of hosts that includes D. radicum, D. floralis, D. antiqua, and D. platura (Wishart
and Monteith, 1954).

Trybliographa rapae is pro-ovigenic; oviposition starts within 2 days of
emergence, and continues for 10 days (James, 1928). Total fecundity averages 37.7 eggs
per female (Jones, 1986). Trybliographa rapae adults are not active fliers (Wishart and
Monteith, 1954). The adult female parasitoid crawls through soil along the root (James,
1928) and can parasitize all three larval instars of D. radicum (Neveu et al., 2000). When

searching for hosts for oviposition, 7. rapae responds to volatiles emanating from hosts,
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host plants and host tissues damaged by D. radicum (Jones, 1986; Brown and Anderson,
1999), and also responds to physical stimuli arising from larval movement (Vet and
Alphen, 1985). Visual cues are less important for host finding (Jones, 1986). The
probability of hosts on a plant being attacked by T rapae increases with the host density
per plant (Langer, 1996) and, once an infested plant is found females spend more time
there if host density is high (Jones and Hassell, 1988). The level of ground cover,
monoculture or mixed culture, does not significantly affect parasitism of hosts (Langer,
1996). Delia radicum puparia parasitized by 7. rapae were found at depths upto 10 cm in
the soil; 63% of parasitized puparia were found at depths of 05 cm in a rutabaga field in
England (Block ef al., 1987).

Trybliographa rapae eggs are 0.50 x 0.16 mm, with a 0.35 mm long pedicel
(Kacem et al., 1996). Eggs are deposited in the haemocoel of the host larva, a location
where there is no encapsulation of eggs (Neveu et al., 2000). First-instar parasitoid
larvae are eucoiliform, sub-cylindrical, 0.7 mm long and have a distinct head. The
presence of a caudal appendage, 0.24 mm long, is a specific character (Wishart and
Monteith, 1954; Kacem et al., 1996). The first-instar parasitoid larva remains dormant
until the host larva matures (Neveu et al., 2000). The second-instar T. rapae is
polypodous, 2.3 mm long when full grown, with a reduced caudal appendage; the
integument is thin and soft (Wishart and Monteith, 1954; Kacem et al., 1996). The third
and fourth instar larvae are ectoparasitic, in contrast to the endoparasitic first- and
second-instars (Wishart and Monteith, 1954). The third-instar larva is about 3.5 mm long
when fully grown, with an integument that is thin and adapted to apneustic respiration.

The third-instar larva takes up an external feeding position on the host pupa. The fourth
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instar is a grub-like hymenopteran larva and varies in size (2.66—4.40 mm) depending on
the host size. Parts of the head and spiracles are sclerotized (James, 1928; Wishart and
Monteith, 1954). Trybliographa rapae overwinters as a fourth instar larva within the
host puparium (Wishart and Monteith, 1954; Block et al., 1987). Hence, duration of the
fourth instar larva could vary from two weeks to several months depending on
temperature and diapause state (Wishart and Monteith, 1954). A pupal stage follows
after the fourth instar larva, and the adult gnaws an irregular exit hole in the puparium
(Wishart and Monteith, 1954). On average, females live three weeks and males live 10
days (Jones, 1986).

The duration of the life cycle of T. rapae varies depending on the stage of host
attacked. The total development time is 5461 days when the eggs are laid in first-instar
larvae, the time is 5-6 days for incubation of eggs, 15 days for the first-instar, 5 days for
the second-instar, 3 days for the third-instar, 13 days for the fourth instar and 25 days for
the pupa at 20°C and 60% RH (Kacem et al., 1996). The duration of the life cycle when
the eggs are laid in the second-and third-instar of D. radicum is 54 and 50 days at 20°C,

respectively (Neveu et al., 2000).

Classical biological control of Delia radicum in canola on the Canadian Prairies

Incorporation of additional mortality factors is required to further suppress the
population level of D. radicum in canola on the Canadian Prairies because current
mortality factors are not adequate. Delia radicum populations in canola are related to
farm operations and biotic and abiotic mortalities. Fall and spring tillage and seeding rate
affect D. radicum populations (Dosdall et al., 1996a, 1996b). Insecticide application as a

seed dressing (Canola Council of Canada, 2004) may have little effect on the D. radicum
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populations because D. radicum infest canola at the bolting stage (Griffiths, 1986a).
Precipitation and temperature in June and July affect D. radicum populations (Turnock et
al., 1992). Cool and wet weather in spring favours higher D. radicum populations
(Soroka et al., 2002). Soil moisture affects desiccation of eggs (Mukerji, 1971; Nair and
McEwen, 1975). Predation of immature D. radicum by carabids and staphylinids
accounts for a considerable mortality of D. radicum (Wishart et al., 1956; Hughes, 1959;
Hughes and Salter, 1959; Coaker and Williams, 1963; Coaker, 1965; Mukerji, 1971;
Mowat and Humphreys, 1994). Aleochara bilineata has only limited value as an egg
predator of D. radicum because the occurrence of adult beetles and D. radicum eggs is
not synchronized in the spring (Read, 1962; Finch, 1989). Aleochara bilineata and

T. rapae parasitize a variable proportion of D. radicum populations (Finch, 1989).
Mortality of D. radicum through all the above factors does not provide sufficient and
consistent suppression of D. radicum population in canola; hence, there is a requirement
for additional mortality factors (Turnock et al., 1995). Addition of exotic parasitoids
might provide the additional mortality of D. radicum required to lower the population
level of D. radicum.

Assessment of the parasitoid community of the target host in the release areas and
in the areas of origin is a prerequisite for classical biological control (Waage, 1990). This
avoids the introduction of an already existing biocontrol agent, which has been a reason
for failure for several biological control projects (McLeod, 1962). Confirmation of the
identity of the parasitoid species, including agreement on identities by taxonomists in
source and target areas, avoids the potential introduction of already existing parasitoid

species. In addition, study of the biology of the host insect and its parasitoids provides a
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better understanding of the host and parasitoid system in the target crop. Therefore, this
study initially focused on comparative assessments of the parasitoid community of
D. radicum on the Canadian Prairies and Europe, followed by studies of the biology of

the host and its parasitoids.
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CHAPTER 3 SECTION 1

Assessment of the parasitoids of Delia radicum in canola on the
' Canadian Prairies
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Introduction

Delia radicum is one of several injurious insects in canola (Alford ef al., 2003) on
the Canadian Prairies (Soroka et al., 2002; Canola Council of Canada, 2004). Larvae of
D. radicum feed on conductive and storage cells within a narrow band of tissues on
canola roots, and severe feeding damage disrupts water and nutrient uptake (McDonald
and Sears, 1992). In addition, larval feeding predisposes the root to infection by
pathogenic microbes e.g. Fusarium spp. (Griffiths, 1986a). Severe root damage causes
plant wilting, stunting, lodging, reduced flowering and plant death (Liu and Butts, 1982;
Soroka et al., 2002). Infestations of D. radicum have been found in Alberta,
Saskatchewan and Manitoba (Turnock et al., 1992; Soroka et al., 2002) and economic

damage to canola has been documented in some parts of Alberta (Liu and Butts, 1982;
Griffiths, 1986a; Soroka et al., 2002).

Current control methods for D. radicum in canola do not provide adequate plant
protection. Manipulation of tillage regime and seeding rate has an effect on D. radicum
damage to canola (Dosdall ez al., 1996a, 1996b), and also applying granular insecticides
at seeding provides some suppression of D. radicum (Canola Council of Canada, 2004).
However, these methods do not provide adequate control of D. radicum. Furthermore,
the control methods used in brassica vegetables, such as inter-cropping, mulching,
manipulation of planting date and insecticide drenches (Finch, 1987, 1989), are not
technically feasible in canola on the Canadian Prairies. One of the options available is
classical biological control (Turnock et al., 1995; Soroka et al., 2002).

Classical biological control of D. radicum in brassica vegetables was attempted in
eastern Canada (McLeod, 1962). Several parasitoid species were introduced into Canada

in the1950s, but the biocontrol program was discontinued after a few years, because it
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was found that the introduced species had already been present in Canada (Soroka ef al,,
2002).

The parasitoid community of D. radicum in brassica vegetables has been
characterized in Canada. Aleochara bilineata Gyllenhal and Trybliographa rapae
(Westwood) are present in brassica vegetable growing areas of all Canadian provinces
(Wishart, 1957). Aleochara verna Say, Aphaereta spp. and Phygadeuon trichops
Thomson are present, but not highly abundant in Canada (Turnock et al., 1992).

The biology of D. radicum in canola differs in several respects from that in
brassica vegetables. Canola is mainly grown in Western Canada in geographically
different areas to brassica vegetable growing areas; therefore, the number of generations
of D. radicum per year is different (Griffiths, 1991). Moreover, the canola habitat is
different from the brassica vegetable habitat, and the difference may affect the
D. radicum parasitoid community. In addition, the different agronomic operations in
brassica vegetable farming and canola production may influence the host-parasitoid
system. Some characteristics of canola render the crop more suitable than brassica
vegetables for biological control. Canola can tolerate a low level of D. radicum
population with little or no effect on yield (McDonald, 1985) and the insect does not
attack economically valuable parts of the canola plant. Suppression of such insects to a
very low population level is not generally required (Munroe, 1971). Canola is grown
over large areas in every year (Canola Council of Canada, 2004), hence there is no
shortage of host plants or hosts for parasitoids. Therefore, revisiting the topic of classical

biological control of D. radicum is not a repetition of the previous attempt.
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Among the desirable characteristics of a biocortrol agent, synchronization of the
parasitoid’s and host’s life histories is important and may affect the level of suppression
of the host population (Huffaker ef al., 1976). Imperfect synchronizaﬁon of host-seeking
stages of parasitoids and susceptible stages of hosts results in some hosts being at low or
no risk of parasitism (Godfray et al., 1994). The level of host-parasitoid asynchrony
affects the stability of both populations (Godfray, 1994; Godfray et al., 1994). Data on
dynamics of the parasitism of host can be used to assess the synchronization of host and
parasitoids (Macdonald and Cheng, 1970).

| The objectives of this study were to define the parasitoid community of
D. radicum in canola on the Canadian Prairies and to obtain information on times of

parasitoid attack and emergence in relation to host phenology.

Methods

In summer 2000, immature D. radicum were collected from selected locations on
the Canadian Prairies, and individually reared to assess the parasitoid community. There
were six major sampling sites, two fields in each of Manitoba, Saskatchewan and Alberta.
Canola fields for sampling were selected based on infestation levels of D. radicum in the
area in 1999, infestation level of D. radicum in canola in 2000, the history of crop

“rotation, usage of insecticide in 2000 and ease of access to fields. The sampled fields in
Manitoba were at the University of Manitoba Carman Field Research Station, (49°30'N;
98