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ABSTRACT Field and laboratory studies investigated the preimaginal developmental time, adult
emergence phenology, mating behavior, and weevil hosts of Necremnus tidius (Walker) (Hymenop-
tera: Eulophidae), a solitary ectoparasitoid of coleopteran larvae. In addition, changes in parasitism
levels of the cabbage seedpod weevil, Ceutorhynchus obstrictus (Marsham) (Coleoptera: Curculion-
idae), by N. tidius were determined during 2003Ð2005 in commercial Þelds of canola (Brassica rapa
L. and Brassica napus L.) in southern Alberta and Saskatchewan, Canada. Mean � SE developmental
time from egg to adult was 18.3 � 0.23 d for specimens reared at 21�C and a photoperiod of 12:12 (L:D)
h. Emergence began in late July in commercial Þelds near Lethbridge, AB, and 20 d later 81% of the
population had emerged. Emergence was completed by the end of August. Mating was preceded by
a complex courtship behavior with the male standing on the dorsum of the mesosoma and gaster of
the female, ßapping its wings without ßight, leaning forward and stroking its antennae over the
antennae of the female, leaning back, and repeating the sequence several times. The native weevil
Ceutorhynchus neglectus Blatchley was determined to be an alternate host of N. tidius in central and
northern Alberta.N. tidiuswas found in few commercial canola Þelds in 2003, but in 2004, it occurred
over hundreds of thousands of hectares of canola cropland, reaching peak parasitism levels of 45%.
In 2005, N. tidius was still common, but parasitism declined relative to that observed in 2004.

KEYWORDS Ceutorhynchus obstrictus,Ceutorhynchus neglectus, parasitoid development, courtship
behavior, spatio-temporal distribution

Necremnus tidius (Walker) (�N. duplicatus Gahan)
(Hymenoptera: Eulophidae) is a solitary ectoparasi-
toid of coleopteran larvae with a Holarctic distribution
(Gibson et al. 2005). In North America, N. tidius has
been reared only from larvae of the alien weevil Ceu-
torhynchus obstrictus (Marsham) (Curculionidae)
(cabbage seedpod weevil), and the geographic range
of N. tidius encompasses much of the continent (Gib-
son et al. 2005, 2006). In Europe, N. tidius also para-
sitizes C. obstrictus, but additional hosts recorded in-
clude the curculionidsCeutorhynchus typhae (Herbst)
(Kuhlmann et al. 2001),Ceutorhynchusfloralis(Paykull)
(Kuhlmann and Mason 2002), and Ceutorhynchus sp.
(Gomez and Zamora 1994). Noyes (2003) also listed
species of Apionidae and Chrysomelidae (Coleoptera)
plus Agromyzidae and Chloropidae (Diptera) and Yp-
nomeutidae (Lepidoptera) as putative hosts, but the
noncoleopteran host associations likely resulted from
incorrect identiÞcations of the parasitoid. In Europe,

N. tidius ranges from Poland (Miczulski 1968) to Ger-
many (Laborius 1972), Spain (Gomez and Zamora
1994), and England (Nasredlin 1973, McKenna 1992).
N. tidius also was recorded in the Canary Islands
(Askew et al. 2001).

More than 165 yr have elapsed since N. tidius was
Þrst described by Walker (1839), yet very little pub-
lished information exists on its life history, behavior,
hosts or plant afÞnities. Gibson et al. (2005) noted that
in North AmericaN. tidiuswas associated with species
of Brassicaceae, including Descurainia sophia (L.)
Webb (ßixweed),Descurainia pinnata subsp. interme-
dia (Rydb.) Detling (western tansy mustard), and
Sisymbrium altissimumL. (tumble mustard), and with
Salsola tragus L. (Russian thistle), a member of the
Chenopodiaceae. Dosdall et al. (2006) reported N.
tidius as a parasitoid ofC. obstrictus in canola, Brassica
napusL. andBrassica rapaL. (Brassicaceae), in south-
ern Alberta. Larvae of C. obstrictus develop in canola
siliques (the elongated dehiscent fruit capsules char-
acteristic of Brassicaceae, having two valves that fall
away leaving a central partition) from July to August
(Dosdall and Moisey 2004). After a short pupation
period in the soil,C. obstrictus adults emerge, feed, and
overwinter beneath the soil, usually in shelterbelts
(Dosdall and Moisey 2004, Ulmer and Dosdall 2006).
Specimens of N. tidius reared from C. obstrictus indi-
cate that emergence occurs from mid-July to mid-
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August in southern Alberta and Saskatchewan, late
June to late August in British Columbia, mid-May to
mid-June in Georgia, mid-June to late July in Idaho
and Washington, and late May in Illinois (Gibson et al.
2005). Nothing is known about the overwintering life
stage or habitat of N. tidius. However, its late-season
adult emergence from C. obstrictus hosts in western
Canada suggests that it may overwinter as an adult.

Dosdall et al. (2006) reported that infestations of
canola crops in southern Alberta by C. obstrictus from
2002 to 2004 were associated with substantial increases
in the distribution and abundance of several species of
Chalcidoidea, includingN. tidius. Studies were under-
taken to investigate aspects of the life history of N.
tidius, including overwintering habitats, mating, and
oviposition behaviors and host plant afÞnities in view
of the potential importance of N. tidius for biological
control of the cabbage seedpod weevil in western
Canada. In addition, we studied changes in its levels of
parasitism of C. obstrictus throughout southern Al-
berta and Saskatchewan from 2003 to 2005, and we
investigated a sympatric, native congener of the cab-
bage seedpod weevil, Ceutorhynchus neglectus Blatch-
ley, as a potential alternate host of N. tidius.

Materials and Methods

Overwintering Habitat and Migrations to Host
Plants. Emergence cages were used from 2003 to 2005
to identify possible overwintering habitats ofN. tidius.
In 2003 and 2004, 49 and 57 emergence cages, respec-
tively, were placed at nine sites within a 20-km radius
of Lethbridge, AB (49� 27� N, 112� 39� W). In 2005, 10
cages were placed within a large shelterbelt of mature
poplar (Populus balsamifera L.) trees in Lethbridge.
Cages were set out on 9 April 2003, 9 April 2004, and
5 May 2005. The Þrst collections were made on 15
April 2003, 15 April 2004, and 11 May 2005, and col-
lections were made weekly thereafter until mid-July
of each year. The emergence cages were pyramidal, 1
m2 at the base, and they followed the design of Dosdall
et al. (1996).

In 2003 and 2004, emergence cages were placed in
either open, intermediately sheltered or fully shel-
tered habitats. Cages in open habitats were not shaded
from any direction, and the dominant vegetation was
either smooth brome (Bromus inermis Leyss.)
(Poaceae), crested wheat grass (Agropyron cristatum
L.) (Poaceae), or both species. Cages in sheltered
habitats were in wooded sites, shaded on at least three
sides and from above by trees taller than the cages.
The dominant tree species were caragana (Caragana
arborescens Lam.) (Fabaceae) and poplar (Populus
tremuloides Michx. and P. balsamifera) (Salicaceae).
American elm (Ulmus americana L.) (Ulmaceae),
Siberian elm (Ulmus pulmila L.) (Ulmaceae), ash
(Fraximus americana L.) (Oleaceae), and willow
(Salix spp.) (Salicaceae) also were present at some
sites. Cages that were slightly shaded or sheltered on
one or two sides were categorized as intermediate. In
2005, all cages were in fully sheltered habitat.

On each collection date, all insects were removed
from the cages with battery-powered aspirators
(HausherrÕs Machine Works, Toms River, NJ). Insect
collections were then frozen until specimens could be
sorted, counted, and recorded.

Yellow bowl traps (15 cm in diameter, 9 cm in
depth) were used in 2004 and 2005 to monitor move-
ment of N. tidius to host plants. Each bowl trap was
attached with a metal bracket to a metal post anchored
into the ground so the height of the bowl could be
adjusted to always remain at the top of the plant
canopy. Each bowl trap was Þlled with a 1:1 mixture
of water:propylene glycol, and the trap was reÞlled as
needed. Sampling involved straining bowl trap con-
tents through a Þne mesh net and preserving the
Þltered insect specimens in jars of 70% ethanol. Sam-
ples were sorted in the laboratory, andN. tidius adults
were identiÞed, counted, and recorded.

In 2004, one bowl trap was installed at each of 20
sites making up patches of brassicaceous weeds, in an
area encompassing a 20-km radius around Lethbridge.
Sites were dominated either by ßixweed (n � 5),
hoary cress (Lepidium draba L.) (n� 5), pennycress
(Thlaspi arvense L.) (n� 5), or wild mustard (Sinapis
arvensisL.) (n� 5). The area of each site was variable
but most commonly encompassed �60 m2. Traps were
installed on 4 May when the majority of plants were
in the rosette to bud stages. Samples were collected
weekly until 20 July when all plants were dried and
in pod.

On 5 May 2005, two bowl traps were installed at
each of 12 sites that were dominated by D. sophia in
the rosette stage. Samples were collected weekly until
22 July when ßixweed plants senesced.
Preimaginal Development and Adult Emergence
Phenology. B. napus ÔQ2Õ plants were grown in Þve
10-cm diameter Þber plant pots (one plant per pot)
Þlled with pasteurized soil mix. Plants were grown in
a greenhouse under natural light, watered daily, and
provided with weekly additions of water-soluble 20Ð
20Ð20Ð10 (NÐKÐPÐS) fertilizer. When plants were
still ßowering but the lower pods were elongating and
beginning to Þll (growth stages 4.2Ð4.3 of Harper and
Berkenkamp 1975), they were enclosed in mesh bags
(1 m in length, 0.75 m in diameter, and 1-mm mesh)
with 50 Þeld-collected adult C. obstrictus added per
bag. After 24 h, the bags and weevils were removed.
The plants were maintained in the greenhouse for
12 d, when pod dissections indicated the presence of
third instars of weevils.

Each canola plant was then placed in a screened
cage measuring 40.5 by 40.5 cm at the base and 80.5 cm
in height, lined on the sides and the top with 500-�m
Nitex mesh screening and with clear acrylic plastic on
one side. Ten pairs of adult N. tidius were added to
each cage. The N. tidius were obtained by placing
Þeld-collectedB. rapa siliques infested withC. obstric-
tus larvae in cardboard rearing containers measuring
18 by 18 cm and 16 cm in height. Each container had
a small cylindrical plastic vial attached over a 4-cm-
diameter opening in the side of the box for collecting
the parasitoids (Dosdall et al. 2006). Within 12Ð16 h of
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emergence, the adult N. tidius were transferred to
individual insect cages. They were held for 24Ð96 h at
room temperature and under natural light, with vials
containing a 20% honey solution. The N. tidius were
then moved to the larger cages holding the weevil-
infested canola plants.

After exposure to canola plants for 24 h, N. tidius
were removed from the cages by aspiration, and the
plants were maintained in a growth chamber at 21�C
and a photoperiod of 12:12 (L:D) h. Days to emer-
gence and sex of eclosed N. tidius adults were re-
corded.

In 2004, a portion of a commercial canola Þeld near
Lethbridge of �1,250 m2 was seeded to B. rapa ÔRe-
wardÕ on 28 April. From 19 July to 11 August, weekly
collections were made of �500 siliques. The siliques
were placed in cardboard rearing containers as de-
scribed above for parasitoid emergence. Newly
eclosed N. tidius adults were removed every 3 d, and
their numbers and sex were recorded.
Courtship, Mating, and Oviposition Behaviors.

Adult N. tidius were reared from B. rapa siliques.
Within 8 h of emergence, adults were placed individ-
ually in small insect cages, each with a vial containing
a 20% honey solution. Adults remained in these con-
tainers, held at room temperature and under natural
light, for 48Ð72 h before observations of their mating
and oviposition behaviors. Observations were made
using either small plastic vials (4 cm in diameter, 6 cm
in height), petri plates (4 cm in diameter), or screened
cages (as described above) containing canola plants
bearing siliques containing multiple Þnal instars of C.
obstrictus.A singleB. napus pod that was infested with
a third instar ofC. obstrictuswas placed in each vial or
petri plate. The canola had been grown in a green-
house chamber, and it had been caged for 24 h with
several adult weevils �12 d before the study.

Mating and oviposition behaviors were photo-
graphed in petri plates (4 cm in diameter) with an
Hitachi solid state color video camera (model VK-
C350) Þtted with Nikon lenses (Micro-NIKKOR 55
mm and a series of close-up lenses) connected to a
television monitor (JVC) and video recorder (JVC).
Fiber optic illumination was provided. The petri plate
was Þlled nearly to the top with molten parafÞn that
was allowed to cool until nearly solid. A canola pod
harboring a Þnal instar of C. obstrictuswas embedded
in the parafÞn with a space of �5 mm remaining
between the pod surface and the lid of the dish. Eight
maleÐfemale pairs were observed.

Descriptions of courtship behavior were developed
by review of the video sequences on a computer mon-
itor, after converting the videotape sequences to dig-
ital images. Behavioral descriptions were developed
following the terminology of van den Assem et al.
(1982).
C.neglectus as aNativeHostofN. tidius.Populations

of C. neglectuswere investigated in central and north-
ern Alberta in 2005 to determine whether this species
is a native host for N. tidius. Feeding and preimaginal
development of C. neglectus occur in plants of D.
sophia (Dosdall et al. 1999), one of the known plant

associates of N. tidius (Gibson et al. 2005). Conse-
quently, patches of D. sophia were sampled for the
presence of C. neglectus.

Fifty survey sites for C. neglectus were selected
100Ð600 km north of the 2004Ð2005 invasion front of
C. obstrictus, which extended along an eastÐwest
transect from Red Deer (52� 16� N, 113� 48� W) to
Stettler (52� 19� N, 112� 43� W) and Oyen, AB (51� 22�
N, 110� 28� W) (L.M.D., unpublished data). Collec-
tions were made of �4,000 D. sophia siliques per site.
Siliques were separated into 10 samples of �400 pods
per site, and each sample was placed into a cardboard
rearing container as described by Dosdall et al. (2006).
Boxes were sealed with tape to prevent escape of C.
neglectus larvae or parasitoids, and they were main-
tained under continuous light at room temperature for
6 wk until all parasitoids had emerged.

Parasitoids were identiÞed using published taxo-
nomic keys, type material, or other authoritatively
identiÞed specimens. Voucher specimens have been
deposited in the Canadian National Collection of In-
sects and Arachnids (CNC), Ottawa, ON, Canada.
Distribution and Abundance ofN. tidius in Canola.

The distribution of N. tidius and the levels of parasit-
ism of C. obstrictus larvae were assessed in southern
Alberta and Saskatchewan from 2003 to 2005. Com-
mercial canola crops were sampled from late July to
mid-August each year when the majority of plants in
the Þelds were in the pod ripening stage of develop-
ment and seeds in the lower pods were translucent to
green (growth stages 5.1Ð5.2 of Harper and Berken-
kamp 1975). In total, 147, 202, and 165 Þelds were
sampled in 2003Ð2005, respectively. A single sample
was collected from each Þeld, making up �450Ð850
canola siliques. Pods were collected from canola
racemes Þrst at the Þeld edges and then progressing
inward over a distance of �35Ð50 m. The geographical
location of each Þeld was determined using high-
resolution maps or hand-held global positioning sys-
tem units. Fields were selected to lie within the known
range of the cabbage seedpod weevil.

Parasitoids were reared and collected as described
above. For each site, the total number of hosts avail-
able was determined by counts of all pods and exit
holes in the sample. Weevil and parasitoid exit holes
could be distinguished because exit holes of C. ob-
strictus larvae are circular but irregular along their
margins, whereas those of parasitoids are smaller and
uniformly rounded along their margins (Dosdall et al.
2006). Samples were discarded when total numbers of
emerged adult parasitoids did not equal total parasi-
toid exit holes from the pods. Voucher specimens were
deposited in the CNC.

Parasitism levels ofN. tidius adults at each site were
used to generate surface maps of abundance by using
ArcMap Geographical Information Systems software
with Spatial Analyst Extension (ESRI, Redlands, CA).
The process examines point (site) data in relation to
values from its nearest neighbor to estimate how val-
ues decline (decay) with distance from the point in
question. The “interpolate to raster function” was used
with the “inverse distance weighted option”. A Þxed
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search radius of 500 km and an output cell size of 1 km
were set. For each year, the spatial distribution of N.
tidius adults was presented as a contour map of par-
asitism level of C. obstrictus larvae.

Results

Overwintering Habitat and Migrations to Host
Plants.No specimens of N. tidiuswere collected from
any of the emergence traps, regardless of habitat type,
in any of the 3 yr of the study.

In 2004, N. tidius were collected in bowl trap sam-
ples located in patches of L. draba on 5 June (1 �), 16
June (1�), and 23 June (1�, 1�), and D. sophia on 5
June (2�) and 18 June (1�). No N. tidius were re-
covered from bowl traps located in patches of T. ar-
vense or S. arvensis. In 2005, N. tidius specimens were
recovered from bowl trap samples inD. sophiapatches
on three dates: 8 June (1�), 16 June (2�), and 23 June
(2�).
Preimaginal Development and Adult Emergence
Phenology. In total, 32 N. tidius adults were reared
from third instars of C. obstrictus. The mean � SE
developmental time from egg to adult was 18.28 �
0.226 d. The sex ratio was 17�:15� (1:0.88).

In 2004, Þrst emergence ofN. tidiuswas observed on
30 July (Fig. 1). Emergence of males slightly preceded
that of females. By 12 August, 64% of males had
emerged compared with only 46% of females (n �
443). A gradual increase in emergence from 30 July to
18 August was followed by several days of compara-
tively low emergence levels until 30 August, when all
N. tidius had emerged.
Courtship, Mating, and Oviposition Behaviors.

When a newly emerged pair ofN. tidiuswas placed in
an observation vial containing a canola silique, the
male initially walked up and down the silique several
times, stroking its antennae across the surface of the
pod. Before courtship, the male pursued the female
from behind, ßapping its wings (without causing
ßight) and touching its antennae to the antennae of
the female. This was followed by the male mounting
the female, taking up a position with its two front legs
on the dorsum of the female mesosoma and its other

legs on the dorsum of the gaster. Although a male
sometimes attempted mating without Þrst performing
the courtship display, such attempts were invariably
terminated by the female. Courtship involved alter-
ation between both “high-” and “low”-phase episodes
in the position of the male head relative to that of the
female (van den Assem et al. 1982). During both
phases, the tarsi remained in the same position but the
position of the male head relative to that of the female
varied. During the low phase, the male head was
aligned approximately with the midpoint of the female
mesosoma. The high phase was initiated by the male
often ßapping its wings and then leaning forward so
that its head was aligned with that of the female or
slightly forward of the femaleÕs head. The high phase
always ended with the male stroking its antennae over
those of the female. The female antennae were turned
forward during both high- and low-phase episodes.
The low-to-high phase sequence was repeated with-
out intervals or “rest” periods between. The number of
high- to low-phase episodes comprising courtship var-
ied considerably among pairs, but in general, a mini-
mum of Þve to seven episodes preceded mating.

Sexually receptive females raised the gaster up-
wards to expose the genital oriÞce and stretched out
the head with antennae pointing upwards. The male
would lower itself to the substrate, and during copu-
lation the male antennae also pointed forward. In
mating, genitalia were joined for �15Ð30 s.

Oviposition was preceded by the female drumming
its antennae across the surface of the silique. The
drumming behavior occurred initially over a wide area
of the pod but gradually the search area narrowed as
the female located the position of the weevil larva
within the pod. Rapid up and down movements of the
female gaster just above the pod surface with its ovi-
positor inserted in the pod often preceded oviposition.
Eventually, the female would arch the tip of the gaster
so that it contacted the pod wall, followed by insertion
of the ovipositor and egg laying. After oviposition, the
female often walked forward on the silique a few
paces, arched the tip of her gaster, touched it to the
silique, and brushed the pod.

Fig. 1. Percentage of emergence of N. tidiusmales and females from pods of canola (B. rapa) infested with C. obstrictus
larvae near Lethbridge, AB, in July and August, 2004. Numbers on histograms give total specimens of males and females (n�
443) on each date when emergence was recorded.
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C. neglectus as a Native Host ofN. tidius.Of 50 sites
of ßixweed surveyed north of the C. obstrictus distri-
bution front in Alberta, eight were found to harbor
populations of C. neglectus: Vegreville (53� 30� N, 112�
06� W), Edmonton (53� 30� N, 113� 32� W), Fort Ver-
milion (58� 22� N, 116� 03� W), High Level (58� 31� N,
117� 09� W), Sexsmith (55� 21� N, 118� 47� W), Rycroft
(55� 45� N, 118� 42� W), Fairview (56� 04� N, 118� 23�
W), and Falher (55� 44� N, 117� 11� W). N. tidius was
reared from ßixweed at two sites: Vegreville (2�, 1�)
and Fort Vermilion (3�, 1�). Incidence of parasitism
was low: only 0.33% at Vegreville and 0.60% at Fort
Vermilion. Other parasitoid species reared from the
ßixweed pods included Trichomalus lucidus (Walker)
(Pteromalidae) from Fairview (1�), Necremnus sp.
fromVegreville(1�, 5�),anunknownEulophidae from
Fort Vermilion (1�), an unknown Mymaridae from
Vegreville (1�) and an unknown Scelionidae from Fort
Vermilion (1�, 5�) (Platygastroidea). It was not pos-
sible to further identify the unknown eulophid, my-
marid, and scelionid specimens because they became
damaged in the recovery process.
Distribution and Abundance ofN. tidius in Canola.

In 2003, N. tidius emerged from Þve canola Þelds in
Alberta and 12 Þelds in Saskatchewan infested withC.
obstrictus(Fig. 2). InAlberta,N. tidiuswas reared from
Þelds south of Lethbridge near the U.S. border. In
Saskatchewan, N. tidius was reared most commonly
from Þelds south of Swift Current, SK. The highest
percentages of C. obstrictus larvae parasitized by N.
tidius were 4Ð6% in Alberta and 10Ð12% in
Saskatchewan.

In 2004,N. tidiuswas widespread throughout south-
ern Alberta and southeastern Saskatchewan, with par-
asitism levels ranging from 0 to 45% (Fig. 2). N. tidius
was collected from 35 sites spanning a range that
extended from the U.S. border north to Swift Current
in the east and west to Lethbridge and Claresholm, AB
(50� 01� N, 113� 35� W). Percentages of C. obstrictus
larvae parasitized were greatest near Medicine Hat,
AB, and Swift Current with �0.4 parasitoid emerging
per weevil-infested pod.

In 2005, N. tidius was collected from 32 sites
throughout southern Alberta and southwestern
Saskatchewan (Fig. 2). The range of N. tidius in
Saskatchewan was similar for both years, but in Al-
berta it did not extend as far to the north and west as
in 2004. In both provinces, levels of parasitism de-
clined dramatically with only 10Ð12% parasitism in the
most densely populated collection sites south of Med-
icine Hat and Swift Current.

Discussion

Overwintering habitats of N. tidius in southern Al-
berta remain unknown. We collected all insects
emerging from 49, 57, and 10 m2 of soil in 2003, 2004,
and 2005, respectively, representing a variety of hab-
itats near commercial Þelds of canola, but we failed
to capture any specimens of N. tidius. By contrast,
other insect species that overwinter as adults in the
area, such as C. obstrictus, Phyllotreta cruciferae

(Goeze) (Coleoptera: Chrysomelidae), and Lygus
spp. (Hemiptera: Miridae) were routinely collected in
the traps. In particular, �2,400 and 5,400 specimens of
C. obstrictuswere collected in the emergence traps in
2003 and 2004, respectively (Ulmer and Dosdall 2006).
Theseobservations suggest thateither1)N. tidiusdoes
not overwinter in southern Alberta but instead dis-
perses to this area annually, presumably from the
south; 2) N. tidius overwinters in a preimaginal life
stage on an alternate native host; or 3) N. tidius over-
winters as an adult but in a habitat not represented by
our sampling regime. Of these possibilities, it seems
most likely that N. tidius overwinters as an adult in
southern Alberta, perhaps under tree bark or in soil in
riparian habitats, which we did not survey. Movement
from regions outside of the geographical area encom-
passed by our studies could have occurred, but high
levels of parasitism of C. obstrictus (e.g., 45% in 2004
and 12% in 2005) and the presence of N. tidius in the
far north at Fort Vermilion suggest overwintering. A
native congener of N. tidius, Necremnus breviramulus
(Gahan), was presumed by Puttler et al. (1973) to
overwinter as a diapausing adult, because adults held
in vials at 4Ð6�C and fed with honey lived for 6 mo in
the laboratory. Similarly, adult Necremnus metalarus
(Walker) entered reproductive diapause in the ab-
sence of hosts and lived �3 mo at 20�C (Ryan 1980).
N. tidiuswas not sufÞciently abundant in bowl trap

collections to provide substantial insight into species
population dynamics, but trap collections did indicate
that N. tidius adults are active in early June, �4 wk
before Þnal instars of C. obstrictus are abundant in
canola crops. The early ßowering brassicaceous weed
species occurring where N. tidius adults were col-
lected, such as L. draba and D. sophia, probably pro-
vide a nutrient source for adults until canola crops
begin ßowering and pollen and nectar become abun-
dant. Adult activity in early June coincides with the
period when C. neglectus adults mate and oviposit on
D. sophia (Dosdall et al. 1999). Early season activity
and feeding by N. tidius could facilitate parasitization
later when larvae of C. neglectus are present in
ßixweed siliques.

The preimaginal developmental time ofN. tidius(18
d) was similar to those published for other species of
this genus. Puttler et al. (1973) reported that N. bre-
viramulus developed from egg to adult in 12Ð16 d
under laboratory conditions of 22Ð24�C and 40Ð50%
RH. Chamberlin (1925) found that eggs ofNecremnus
leucarthros (Nees) hatched within 1 d and that new
generation adults emerged 13Ð17 d later under un-
speciÞed rearing conditions. Ryan (1980) found that
N.metalarus required 21 d to develop from egg to adult
at 20�C.

The relatively rapid developmental time ofN. tidius
and the ability of new generation adults to readily
mate and oviposit in the presence of canola pods
infested with C. obstrictus larvae suggest that this spe-
cies is multivoltine in western Canada. Multivoltinism
enhances the potential effectiveness of N. tidius for
the biological control of C. obstrictus.Oviposition and
larval development of the cabbage seedpod weevil are
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synchronized with various developmental parameters
of their canola host plants (Dosdall and Moisey 2004).
Seeding of canola crops occurs over a 3- to 4-wk period
in southern Alberta and Saskatchewan, resulting in an
extended period when weevil larvae occur in pods.
The short developmental time of N. tidius makes it
possible that a second generation could parasitize C.
obstrictus larvae and thus have a greater impact on

reducing weevil populations than a single generation
of the parasitoid.

In the Chalcidoidea, males react to conspeciÞc fe-
males by courtship displays that induce sexual recep-
tivity (van den Assem et al. 1980), and the speciÞc
characteristics of these displays can have importance
for determining evolutionary relationships among taxa
(van den Assem et al. 1982). Several aspects of the

Fig. 2. Changes from 2003 to 2005 in the distribution and level of parasitism of N. tidius on the cabbage seedpod weevil.
The legend indicates the percentages of weevil-infested canola pods parasitized by N. tidius in southern Alberta and
Saskatchewan.
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courtship behavior we have described for N. tidius
indicate a more plesiomorphic condition compared
with contrasting behaviors hypothesized as derived by
van den Assem et al. (1982). The features described as
plesiomorphic by van den Assem et al. (1982), and
making up courtship in N. tidius, include alteration of
high and low phases rather than a sustained low-phase
male posture, the placement of male tarsi on the fe-
male mesosoma rather than on the head, a display
without leg movements, and male antennation that
rubs or lashes the female antennae. As proposed by
van den Assem and Povel (1973), such courtship be-
havior by N. tidius likely acts as an ethological barrier
between closely related sympatric species.

Host-Þnding and oviposition behaviors of femaleN.
tidius were similar, but not identical, to those de-
scribed for the European parasitoid of the cabbage
seedpod weevil, Trichomalus perfectus (Walker) (Hy-
menoptera: Pteromalidae) (Dmoch and Rutkowska-
Ostrowska 1978, Dmoch 1998). We found no evidence
for “radaring” behavior in N. tidius, and unlike T. per-
fectus, antennal drumming in N. tidius was followed
directly by tapping or stroking the end of the gaster on
the pod wall without the intermediate behavior of
antennal stroking along the pod. The rapid up and
down movements we observed by the female with her
ovipositor inserted in the silique are likely similar in
function to the “quick stings” observed by Quednau
(1967) in Chrysocharis laricinellae (Ratzeburg) (Hy-
menoptera: Eulophidae), which apparently serve to
inject paralyzing ßuid into its host larva. The Þnal step
we observed in the oviposition sequence of N. tidius,
involving touching and brushing of the tip of the gaster
along the silique surface, could indicate deposition of
an oviposition deterring pheromone, but further study
is needed to validate this hypothesis.

We found no evidence of host feeding by N. tidius,
although this behavior occurs in many other Chal-
cidoidea (e.g., Jervis and Kidd 1986). Virgin N. tidius
females were observed to mate and oviposit without
feeding on the hemolymph of C. obstrictus larvae.
However, the possibility of host feeding by N. tidius
cannot be discounted because some synovigenic par-
asitic females can oviposit small numbers of eggs with-
out host feeding, but host feeding is needed for
continuous egg production (Jervis and Kidd 1986,
Morales-Ramos 2000).

Mymaridae and Scelionidae are egg parasitoids
(Gibson 1993, Masner 1993), and their emergence
from D. sophia siliques does not necessarily indicate
that they are a component of the parasitoid fauna of
C. neglectus. Other insects in the region may have
deposited eggs in stems or siliques that could have
been hosts for the egg parasitoids. However, there can
be little doubt that rearings ofN. tidius, Necremnus sp.,
and T. lucidus represented parasitism of C. neglectus,
because each of these species attack coleopteran lar-
vae, and C. neglectus was the only nonhymenopteran
species reared from the pods.

The discovery that the Nearctic weevil C. neglectus
is a native host for N. tidius raises concern that pop-
ulations of C. neglectus may be negatively altered by

the invasion of C. obstrictus. The development of an
abundant resource of C. obstrictus larvae in commer-
cial canola Þelds could ßood the system with N. tidius
and reduce populations of C. neglectus, perhaps even
leading to localized extinction of C. neglectus where
the ranges of the two weevils overlap.

The level of parasitism of N. tidius on C. obstrictus
varied considerably over the 3 yr of this study, from
very low levels throughout southern Alberta and
Saskatchewan in 2003 (usually 0%) to higher levels in
2004 (usually 4Ð6%, but occasionally as high as 45%),
with a return to lower levels in 2005 (usually 2%) (Fig.
2). Our study likely underestimated parasitism levels,
because our approach of rearing adults from Þeld-
collected pods left the pods too dried out to enable us
to follow rearing with pod dissections to determine
numbers of individuals ofN. tidius that did not pupate
or emerge successfully. The reduction in parasitism
levels from 2004 to 2005 could represent a natural
decline in N. tidius populations or could represent
effects of competition with other Chalcidoidea for C.
obstrictus larvae. In 2005, parasitism levels of C. ob-
strictus by Chlorocytus sp. and Pteromalus sp. (Ptero-
malidae) increased (L.M.D., unpublished data), and
this could indicate that they are better competitors.
For example, maximum parasitism levels of Chlorocy-
tus sp. increased from 1.5% in 2003 to 10% in 2005, and
parasitism of C. obstrictus by Pteromalus sp. increased
from a maximum of 1.5% in 2003 to 9% in 2005 (L.M.D.,
unpublished data). Further study over several more
years is necessary to resolve whether competition
with other parasitoid species impacts N. tidius popu-
lations.
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