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Twenty-seven species of parasitoids have been recorded as being reared from Euxoa
ochrogaster (Guenée). Three of these records are not valid because they are based on mis-
identifications. Descriptions of the available immature stages of 15 species are provided.
Of the remaining species, four had been previously described, two could not be studied
because of taxonomic difficulties, and no material was available of three more. A brief
discussion of the host specificity and the role of the parasitoids in regulating E. ochrogaster
populations is given.

Vingt-sept espéces de parasitoids ont é1é spécifiées comme faisant partie de [’Euxoa
ochrogaster (Guenée). Cependant, trois de ces spécifications se sont relevées fausses a cause
de certaines erreurs d'identification. Des descriptions de 15 espéces a l’état précoce sont
publiées. Concernant le reste, quatre ont été antérieurement décrites, deux de ces espéces
n’'ont pas pu étre observées encore de facon spécifique d cause de difficultés d'ordre taxono-
mique et les trois autres demeurent inconnues par manque de matériels. Une bréve discussion
sur la spécificité et le role des parasitoids en relation avec le controle des groupes d’E.
ochrogaster a été pourvue.

The red-backed cutworm, Euxoa ochrogaster (Guenée) is a well-known, destructive
ground cutworm native to the prairie provinces of Canada. The purpose of this study is to
provide a method of identifying some of the immature stages of the parasitoids of the red-
backed cutworm. Some groups of parasitoids are difficult to identify to species as adults
but may be identified using morphological or behavioural characters of immature stages.
The advantages of recognizing the immature stages of the parasitoids of any host species
are: 1. If research with live adult parasitoids is necessary, identification using the remains of
the immature stages prevents damage to the living specimens. 2. It is not necessary to rear
either the host or the parasitoids to maturity to obtain data on the host-parasitoid relations.
This allows analysis of host specimens which died, and of hosts killed to enlarge a sample
size when there was no time to rear all the hosts or parasitoids to.maturity. 3. Super-,
hyper-, or multiple parasitoid attack can usually be recognized only by the dissection of
host material before any of the parasitoids can mature and emerge. Analysis of inter-specific
and intra-specific competition of parasitoids as well as the interactions with predators and
disease is possible from the results of such dissections.

The term parasitoid is used in this paper rather than parasite which is usually used when
referring to entomophagous groups which attack single host units. The need for the term
parasitoid arises from the fact that ecologically the action of such entomophagous species
is different from that of either predators or true parasites. Doutt (1964) outlined the ways
in which parasitoids differ from parasites.

PROCEDURES AND REVIEW

Materials and methods

This research was started during the summer of 1967 in conjunction with the work of
Dr. J. H. Frank (1971a, b) on the predator complex attacking E. ochrogaster. The field
research was carried out at Calahoo, Alberta on the farm of Mr. C. Bergstreiser. The location
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of the field site was South-west 8, Township 55 — Range 27: West 4th Meridian. This site
was first investigated June 22, 1967 following a report of a cutworm outbreak to the
Alberta Department of Agriculture. The outbreak was limited in both cutworm numbers
and in area attacked and little damage was caused. Most of the cutworms were in the final
instar. The center of the outbreak was used as a test area and the balance of the field was
sprayed with insecticide. During the spring and summer of 1968, plots were established in
an oat field adjacent to the barley field in which the outbreak had occurred the year before.
The oat field was summer-fallowed the year before. Cutworms were collected in two types
of pitfall traps: 3.05 m x 0.12 m eavestroughs and plastic containers 8.7 cm diameter at
the top x 10.2 cm depth, by hand collecting, and by systematic sieving of quadrat samples.
The numbers of cutworms captured were higher than the season before but inadequate for
a meaningful population study of either the host or its parasitoids. All live hosts were reared
in both 1967 and 1968. A small number of cutworms was collected in 1969 at Calahoo
using 3.05 m eavestroughs as pitfall traps and preserved for further study.

Captured cutworms were reared in the laboratory in individual plastic petri dishes. Each
dish was provided with moist filter paper and fresh dandelion (Taraxacum officinale Weber)
leaves on at least every second day. The dishes were changed when feces had badly contam-
inated the filter paper. To prevent or reduce the spread of disease in the laboratory new
dishes were used as much as possible or the old dishes were sterilized with a KOH solution.
Forceps used to handle specimens were rinsed in 95% ethyl alcohol after each specimen was
handled. Dishes infested with mites were changed but mites were still a serious source of
mortality in laboratory reared cutworms. Specimens were reared in a controlled temperature
cabinet at between 18 and 21 C. All specimens which were found dead in the field (usually
drowned) and most of those which died in the laboratory were preserved in 70% ethyl
alcohol. Some of the hosts which showed obvious stages of parasitoid attack were killed and
stored in alcohol for further study. All hosts which failed to produce either adults or
parasitoids were checked by dissection for evidence of parasitoid attack.

The basic parasitoid list was formed using three sources of information. A literature
review was carried out to establish all the recorded parasitoids. The best sources of informa-
tion were King and Atkinson (1928), Thompson (1945), and Graham (1965). Specimens of
adult parasitoids which had been reared in my study were compared with known specimens
or were identified by Dr. Mason or Dr. Peck of the Entomology Research Institute, Ottawa.
The final source of information was host labels on reared specimens in the Canadian National
Collection (C.N.C.). The host labels aided by allowing me to find specimens which had
originally been recorded at the generic level only, or which were not previously recorded at
all.

Specimens of most of the species studied were borrowed from the C.N.C. The only
bombyliid personally examined was Poecilanthrax alcyon (Say). The only other parasitoid
species which I did not borrow specimens of was Copidodoma bakeri (Howard).

The methods of differentiating species and the preparation of the specimens for study
will be discussed in the sections dealing with each family of parasitoids.

Biology of E. ochrogaster
The biology of the red-backed cutworm has been discussed by King (1926), McMillan
(1930), and Strickland (1923). Jacobson (1970) gives details of the laboratory ecology.
Hardwick (1965) reviews the taxonomy and the geographical range of E. ochrogaster.
One useful character is the appearance of the pupa before and after the parasitoids
emerge. Fig. 60 shows a typical pupa which would produce an E. ochrogaster adult. Directly
after the prepupa has molted to the pupa, the cuticle is a pale off-white. The cuticle darkens
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quickly to a light brown and remains this color. As the normal pupa develops, it gradually
darkens and shortens until just before emergence, when it is very black and the surface is
distorted. The adult emerges through the dorsal side and many of the sutures release,
leaving the pupal remains badly damaged. The abdominal segments of the pupa are often
telescoped anteriorly at emergence (Fig. 61). After emergence, the pupa returns to a light
brown color.

Predators, diseases, and non-insect parasitoids

King and Atkinson (1928) list several predators of E. ochrogaster inmature stages. Frank
(1971a) studied the carabid predators of E. ochrogaster extensively. I found that the lycosid
spider, Trichosa terricola Thorell, killed many cutworms in pitfall traps. From its ability to
kill even the largest cutworms, it is probably an important predator at Calahoo.

The role of diseases in the control of the red-backed cutworm is in need of study. King
and Atkinson (1928) carried out a preliminary study but did not have the pathogen identi-
fied. I also found extensive mortality from an unidentified disease in my laboratory colonies.

The only non-insect parasitoid found attacking the red-backed cutworm was a single
nematode. It was reared from a fifth instar red-backed cutworm in late June, 1969 from
material collected at Calahoo. This specimen was examined by Dr. H. E. Welch, who stated
that it probably belongs to the genus Agamermis Cobb, Steiner, and Cristie. Positive identi-
fication was not possible because the specimen was immature.

TACHINIDAE

The morphology of immature tachinids

The morphology of the final instar larvae and puparia of tachinids, as well as of other
higher Diptera, is poorly understood. A recent work by Menees (1962) offers an explanation
of the origins of the cephalopharyngeal structures of the various larval instars. In his work
he shows that the mouth hooks are chiefly maxillary in origin, and that beyond the first
instar there is no evidence of vestigial mandibular structures. Various authors describing
these structures use different terminologies which assume different origins of the structures
(Zuska, 1963; Sanjean, 1957). Others based their terminologies on convenient names (Fin-
layson, 1960). The system which I use is outlined in Fig. 1-4 and includes arbitrary terms
not based on any morphological assumptions.

The final instar tachinid larva has 12 segments, but the puparium has only 11 due to
the invagination of the pseudocephalon and part of the first thoracic segment when the
larval skin becomes the puparium (Zuska, 1963). This leaves the cephalopharyngeal struc-
tures lying in the immediate anterior end of the puparium, attached to part of the un-
sclerotized final instar larval skin. Horizontal and vertical sutures in the puparium release
when the adult emerges. The flaps which are formed at emergence are connected at their
midpoints to the rest of the puparium. The dorsal flap, carrying the anteiror spiracles, often
is lost. The ventral flap is less often lost and contains the cephalopharyngeal structures.

The puparium retains many of the characters of the final instar larva. One of these charac-
ters is the pattern of spinules. Zuska (1963) states that these patterns may vary due to
different hosts and other factors, and that thus is not a good taxonomic character. Colour is
often used as a character in the description of the puparium (Greene, 1921; Strickland,
1923), but as pointed out by Zuska (1963) and from my observation, the variation is too
great for it to be of much use. The most reliable puparium characters to work with are the
posterior spiracles (Fig. 3). Unfortunately, the difference between closely related species is
not always sufficient. While all of the species in this study had three orificia, some groups
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of tachinids have four or more. The cicatrix, remnants of the second instar spiracle, was
evident in all specimens studied. As the anterior spiracles are often lost, they are not a good
character to base general classifications on. In addition, the number of openings or pori
varies intraspecifically.

The cephalopharyngeal structures (Fig. 2) found inside the puparium are generally good
characters, but the variability of some of the parts must be considered. Basically, the
cephalopharyngeal structures are formed of three sclerites: the anterior, median, and poste-
rior. These may be fused to their adjacent members so that only one or two sclerites are
apparent and functional. The anterior parts appear to be very constant whereas the posterior
portion may vary a great deal in shape or degree of sclerotization. As the posterior sclerite
is the least sclerotized portion of the structure, it may be twisted or bent in such a way as
to obscure its true appearance.

Sclerites in addition to the basic three, occur in some species. Sanjean (1957) offers
names for three such sclerites in sarcophagid larvae, but there is no evidence to show which
are present in my specimens. As the true origin of these sclerites is not known, I have called
them auxiliary sclerites. While dissecting the host, the cast cephalopharyngeal structures of
earlier instars may be found but not often enough to be of use in identifying a species.

Gonia Meigen

The concept of the genus Gonia has been reviewed by Tothill (1924), Morrison (1940),
and Brooks (1943). Brooks regarded Gownia as a composite of several genera which he
separated and described. His work separated the species which I am considering into three
genera: Gonia (capitata, sequax); Reaumuria (aldrichi), and Fuscigonia (fuscicollis). Sabrosky
and Armaud (1965) restored Gonia to its original concept, which will be used in this paper.
As will be shown in the discussion of the species of this genus, more work is needed on their
taxonomy.

The characteristics of Gonia puparia are as follows. The puparia are robust, larger than
9 mm in length, and are patterned or completely covered with spinules. The posterior
spiracles are large, protruding, and heavily sclerotized while the anterior spiracles are diverse
in character. The anal protuberance is small and insignificant. The cephalopharyngeal struc-
ture is two-articled with the anterior and median sclerites being fused. The dorsal anterior
portion of the posterior sclerite forms an arm which projects forward to the anterior
sclerite. A sclerotized band of different widths surrounds the inner angle between the dorsal
and ventral processes of the posterior sclerite. The entire structure of the cephalopharyngeal
apparatus has a triangular form with the lines of the anterior-median and posterior sclerites
being nearly straight.

The females of this genus typically lay their eggs on vegetation which may be eaten by
host larvae. The eggs hatch in the host gut and the larvae penetrate into the body cavity.
The larvae develop to the second instar in the host larva and complete development after
the host pupates. The puparium is found in the host pupa. Strickland (1923) provides a
detailed account of the life-cycle of a species he called Gonia capitata. King and Atkinson
(1928) did not differentiate between three species of Gonia which they found but stated
that as a group, they tended to select plants which were most likely to be eaten by host
cutworms. None of these authors believed that Gonia species would ever show a high
effective rate of parasitism in E. ochrogaster populations as has been found in Agrotis
orthogonia Morrison populations.

When the cutworm is attacked by Gonia sp., the pupa darkens to a deep brown because of
the presence of the puparium. The emerging adult causes a transverse break across the head
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of the host pupa. (Fig. 62). The break usually closes and the host pupa remains intact. The
abdominal segments remain very much like those of a normal pupa. In some specimens, the
host pupa is expanded around the puparium and is slightly collapsed directly behind it.

Gonia aldrichi Tothill

King and Atkinson (1928) recorded Gonia aldrichi as reared from E. ochrogaster. They
stated that aldrichi is the most important parasitoid of E. ochrogaster in the genus Gonia
and is widely distributed in Saskatchewan. It appears that at least two species are currently
included in the concept of G. aldrichi and both have been reared from E. ochrogaster. These
species will be designated here as G. aldrichi No. 1 and G. aldrichi No. 2.

Description of puparia. — The puparia are similar in both of these species. The exit hole
from the host pupa is a transverse, irregular break across the head of the pupa (Fig. 62).
After the adult has emerged, the break is usually only slightly open except in the unusual
cases where the anterior region of the host pupa is broken off. The posterior spiracles (Fig.
9, 10) are large and the orificial ridges are high and prominent. The orificial ridges occur very
close to the edge of the spiracular plate and the ventral ridge often appears continuous with
the edge. The cicatrix is usually poorly developed but varies in size and prominence from
specimen to specimen. Spinules cover most of the puparium in indistinct bands. The spinules
occur singly, and are randomly distributed (Fig. 11). The anterior spiracles have two very
different shapes, one of which consists of two or three pori on a distinct pedicel (Fig. 8),
and the other with 12 or more pori (Fig. 7) surrounding and partially obscuring the pedicel.
The difference in anterior spiracle shape could not be correlated to other characters. Also,
the number of pori vary on the same specimen though never from one type to the other.

Description of larvae. — The main difference between the two species lies in the shape of
the cephalopharyngeal structures. The entire structure of G. aldrichi No. 1 (Fig. 5) is a
wider triangle than that of G. aldrichi No. 2 (Fig. 6). The angle between the dorsal and
ventral arms of the posterior sclerite is greater in No. 1 than in No. 2. The inner angle of
No. 1 is only lightly, if at all sclerotized, whereas in No. 2 a definite band of up to one-
quarter the width of the dorsal arm extends around the inner angle from near the tip of the
dorsal arm to past the widened area of the lower arm. The lower arm of No. I lacks any
definite widening along its length. The fused anterior and median sclerite of No. I is shorter
than that of No. 2. The blade of the mouth hooks of No. 2 has a definite S-curve shape
whereas in No. | the curve is a simple arc. The overall sizes of No. 1 and 2 are similar.

The second instar larvae of Gomnia sp. (Fig. 12) were found in my dissections of dead
host larvae. As the puparia and cephalopharyngeal structures of all the reared specimens
were similar to the two G. aldrichi species, it is safe to call these second instar larvae G.
aldrichi also. The cephalopharyngeal structures of these larvae are fused into a single sclerite
(Fig. 13). The larva is 5 to 6 mm long, curved ventrally and patterned by black papillae.
The patterns of papillae were not constant.

Biology. — While no adults were obtained from reared specimens in my study, several
puparia were found in reared host pupae. The reared Gonia puparia compared favorably
with borrowed specimens. It is likely that faulty rearing conditions caused the failure of
adult emergence. During the dissection of dead host larvae, five specimens were found to
contain from one to five second instar Gonia larvae. In one of these host larvae, two of the
five Gonia larvae were damaged and partially disintegrated, while in another only the cepha-
lopharyngeal structures of a larva were found, as well as a healthy Gonia larva.

Hosts. — Specimens of G. aldrichi examined were reared from E. ochrogaster and A.
orthogonia.
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Fig. 1-4. Immature tachinids. 1. posterior view of puparium. a, b, maximum and minimum distance between posterior
spiracles; c, orificium; d, spiracular plate; e, supra-anal protuberance; f, distance of anus from posterior spiracles; g, anus.
2. cephalopharyngeal structures of 3rd instar larva. h, anterior sclerite; i, dorsal process of posterior sclerite; j, median
sclerite; k, posterior sclerite; 1, ventral arm of posterior sclerite. 3. side view of posterior spiracle. m, orificial ridge;
n, stigmatophore; (from Zuska, 1963). 4. dorsal view of puparium. o, p, width and length of puparium. Fig. 5-8.

Gonia aldrichi. 5. cephalopharyngeal structures of G. aldrichi No. 1. 6. G. aldrichi No. 2. 7, 8. anterior spiracles. Scales
in millimeters.
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Gonia capitata (De Geer)

Gonia capitata was recorded as being reared from E. ochrogaster by Strickland (1923).
Strickland noted that this could be a mistaken identification and that the species studied
could be divided into five groups. It is now recognized that G. capitata is exclusively a
European species (Brooks, 1943; Sabrosky and Arnaud, 1965). This invalidates the figures
and descriptions of Greene (1921). The biological work of Strickland must now be regarded
as being of Gonia sp. but is nevertheless a valuable source of information.

Gonia fuscicollis Tothill

Gonia fuscicollis was recorded as being reared from E. ochrogaster by King and Atkinson
(1928). Brooks (1943) regarded this species as being so different from the other species of
Gonia that he created the genus Fuscigonia for it. Unfortunately, no specimens were availa-
ble for study.

Nothing is known of the biology of this species and it is likely that it is not an important
parasitoid of any of the economic cutworms. The description of the immature stages is
necessary in the future, however, to help separate the large number of species in this genus.

Gonia sequax Williston

Gonia sequax has not been recorded as being reared from E. ochrogaster. 1 am including
G. sequax in this study as I am sure that it is a potential, if not actual parasitoid of E.
ochrogaster, as well as to represent the capitata species group (Brooks, 1943).

Description of puparia. — The puparium of G. sequax is very similar to that of G. aldrichi
in size and shape. The posterior spiracles (Fig. 15) differ in that the orificial ridges are set
further in from the edge of the spiracular plate than those of G. aldrichi. The orificial ridges
enclose the cicatrix which is fairly prominent. The anterior spiracles (Fig. 16) have only one
porus on the end of a long pedicel. Only one specimen was examined so that this may not
be characteristic of all members of this species. The spination of the puparia differs sharply
from that of G. aldrichi. The spines (Fig. 17) tend to be in groups or series of three or more
and often form long, irregular rows.

Description of larvae. — The cephalopharyngeal structures (Fig. 14) are similar to both
G. aldrichi No. 1 and No. 2 but differ from both enough to be separated. The blade of the
mouth hooks is a simple arc as in G. aldrichi No. 1 but the overall shape is closer to that of
No. 2. Distinct from both G. aldrichi No. 1 and No. 2 is the anterior projection of the dorsal
arm of the posterior sclerite. It is long, distinct, and well developed, and usually has a large
open space between it and the anterior-median sclerite.

Biology. — Little is known of the biology of this species and how it differs from other
members of the genus.

Hosts. — This species has been reared from Agrotis orthogonia from Alberta and Sas-
katchewan.

Bonnetia comta (Fallen)

The puparia and posterior spiracles of Bornnetia comta were described by Greene (1921)
and all the life stages including the above structures were described by Strickland (1923).
Allen (1926) described the first instar larvae. Greene’s drawings either are not clear enough
or are of a different species than what is now called B. comta.
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Fig. 9—13. Gonia aldrichi. 9. posterior spiracle. 10. posterior view of puparium. 11. spine pattern of puparium. 12.
second instar larva. 13. cephalopharyngeal structures of second instar larva. Fig. 14—17. Gonia sequax. 14. cephalo-
pharyngeal structures. 15. posterior spiracle. 16. anterior spiracle (side view). 17. spine pattern of puparium. Scale in

millimeters.
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Description of puparia. — The puparia are large, sub-elliptical, smooth-surfaced without
any trace of spination, and show only vague segmentation marks (Fig. 22). The anterior
stigmata (Fig. 20) are raised and show either five or six pori which are arranged in a
curvilinear pattern with the axes of the individual porus pointing towards the center of the
curve. Both the stigmatal plates and the supraanal protuberance are widely separated from
the true anus and occur high on the dorsal surface of the puparium (Fig. 21). The stigmatal
plates of the posterior spiracles (Fig. 19) are low and flat with the orificial ridges being only
slightly raised but quite wide. The cicatrix is also low but is large and distinct. Occasionally,
especially with transmitted light, a weakly sclerotized region can be seen between the inner
and medial orificial ridges. The supraanal protuberance is pronounced and in some speci-
mens is higher than are the stigmatal plates. From it runs a distinct ridge which separates
the stigmatal plates.

Description of larvae. — Strickland (1923) describes the life stages and gives figures for
them. The following passage is taken from his paper to describe the final instar larvae, which
I have not examined.

“The smallest specimen seen measures 12 mm. long and 4 mm. wide; the largest, which

was almost mature, was 15.75 mm. by 4.25 mm. While living, the larvae that were dis-

sected from their host constantly changed their shape by violent muscular contractions.

The transparent cuticle revealed the yellow and brown viscera in strong contrast to the

voluminous white fat-body. When Killed . . . the larva is arcuate, dorsum concave, tapering

cephalad and slightly so to the bluntly rounded caudal extremity. Eleven segments, only,
were seen. Dorso-laterally between segments I and II there are a pair of blackened
spiracles . . . each of which possesses six respiratory papillae that open into a short con-
stricted felt-chamber, behind which are a pair of stout trachea which run the length of the
body and connect with the caudal spiracles. The cuticle is almost destitute of armature,
though minute simple spines are present on all of the intersegmental areas. These are
most numerous in the anterior and posterior segments where they form a fine network
of rows that encircle the body. In addition there are traces of intersegmental hooks be-
tween the four anterior segments. The buccal-pharyngeal armature . . . differs little from

that of the preceding stage except in size. The over-all measurement is 1.0 mm. to 1.1

mm., the mandibular hooks being 0.17 mm. to 0.18 mm. long.”

Strickland’s drawings of the cephalopharyngeal structures provide the appropriate general
impressions but are inaccurate in one aspect. Ventral to the anterior sclerite lies an auxiliary
sclerite as shown in Fig. 18. This sclerite is always shown as being solidly fused to the ante-
rior sclerite in Strickland’s paper. I have examined 12 borrowed specimens and three slides
which were part of Strickland’s study and my interpretation is as follows: The posterior
sclerite is very slightly sclerotized and while it has a characteristic shape, it is often twisted
or bent in the puparium. The anterior process of this structure becomes progressively less
sclerotized until it terminates in a ligament-like structure which connects with the posterior
process of the anterior sclerite. The articulation between the median and posterior sclerite
is very weak and usually releases when the entire structure is being removed from the pu-
parium. In contrast, the anterior articulation is very solid and it is often difficult to find the
division between the two sclerites except at the tip of the posterior process of the anterior
sclerite.

Biology. — The life history and behavior of B. comta is well outlined by Strickland
(1923). This species belongs to the tachinids which either larviposit or oviposit in an area
where the first instar larvae can actively attach themselves to a host and enter from the out-
side of the body. Strickland found that the cutworms were attacked in the third or fourth
instar and death resulted during the prepupal stage when the mature larva emerged to enter
































































































