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ZOOTAXA

Abstract

The genusChoristoneura(Lepidoptera: Tortricidae) comprises about 16 species in the Nearctic
Region and includes several destructive pests of importance to forestry and agriculture. The follow-
ing 15 species of Tachinidae (Diptera) are recognized as occasional or common parasitoids of
ristoneura species in this regionActia diffidensCurran, Actia interrupta Curran, Ceromasia
auricaudataTownsendCompsilura concinnatéMeigen),Cyzenis incrassatéSmith),Eumea cae-

sar (Aldrich), Hemisturmia parvdBigot), Hyphantrophaga blandéOsten SackenHyphantroph-

aga virilis (Aldrich and Webber)Lypha fumipennifBrooks, Madremyia saundersi{Williston),
Nemorilla pyste(Walker), Nilea erecta(Coquillett), Phryxe pecosensi@ownsend), andmidtia
fumiferanae(Tothill). Keys to the adults and puparia of these tachinid species are provided. The
known distribution, biology, and rates of parasitism are reviewed for each species and published
host records fronChoristoneuraspecies are listed. Colour habitus images of adults, illustrations of
all puparia, and illustrations of features mentioned in the adult key are included. Thirteen other spe-
cies of Tachinidae recorded fro@horistoneuraspecies but excluded from the main text as highly
dubious, rare, or accidental records are briefly discussed.

Key words: TachinidaeChoristoneuraNearctic, keys

Introduction

The genuhoristoneura(Lepidoptera: Tortricidae) comprises about 16 species of defoli-
ators in the Nearctic Region (Dang 1992). These species include such destructive forestry
pests as the spruce budwor@. fumiferana(Clemens)), western spruce budworé (
occidentalisFreeman), two-year cycle spruce budwof lpiennisFreeman), jack pine
budworm C. pinusFreeman) and large aspen torti@ conflictana(Walker)), as well as

the agriculturally important obliqguebanded leafroll&€. fosaceanaHarris)). Conifer-
feedingChoristoneuraspecies periodically attain outbreak status in the forests of Canada
and the United States, causing considerable economic losses to the forestry industry and
attracting great research interest in their biology and control. The developing resistance of
the obliguebanded leafroller to certain chemical insecticides in apple orchards and other
agricultural crops (Preet al. 2001) has heightened research interest in this species. The
destructiveness of these species has Mdmbeistoneuraone of the most studied genera in

the Lepidoptera (Otvos 1991; Sanders 1991).

There have been many studies on the natural control factors that help to keep popula-
tions of Choristoneuraspecies in check. Among the most important control factors are
endoparasitoids, which attack all life stagesChibristoneuraspecies. The best studied
species,C. fumiferana has a primary parasitoid complement of more than 90 species
(Huberet al. 1996). Most endoparasitoids Ghoristoneuraspecies are Hymenoptera in
the families Braconidae and Ichneumonidae or Diptera in the family Tachinidae.

This paper focuses on the tachinid parasitoids of Nedttkizistoneuraspecies. Fif-
teen species are recognized as occasional or common parasitoids of nine Rearctic
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toneuraspecies (Table 1). These species all attack @aristoneurahosts in the larval ZOOTAXA
stage, though some species emerge from the host pupae. Most species attack late la
and within this age group the tachinids are among the most significant parasitoids. Mortal-

ity during the late larval stage due to hymenopterous and dipterous parasitoids and various
predators can be considerable and can significantly affect generation survival (Carolin &
Coulter 1959; Alleret al. 1969; Royama 1984; Nealis 1991).

TABLE 1. Rearing records of Tachinidae from Nearctic specie€hafristoneura as compiled

from published records and examination of reared specimens in the Canadian National Collection
(Ottawa) and several other Canadian collections. Several columns in the table contain two or three
Choristoneuraspecies because the published records upon which they are based did not distinguish
between the species listed.

5 S S =
= o] =] Owm
Bol B |slo|B E:
o |8 |c |82 | g2 |Z|2|2 c|8E
Slsisls8|s 8 |S|8|8 c | =
EIEISIS5I1E5 E5[5E18] |§|5e
Tachinid species/ sz 2o Ccel8lcleSlc|e|g|SE
. . SIGIEIESIESEIE|ISISE|g|E|v vl
Tortricid species SIElE2|l28|26als8|8|82|8|a|e|e®
OO IOOIVIVIVO IO 0|0 |0a
Actia diffidens [ ) [ )
Actia interrupta ) ol o ) o e o o0
Ceromasia auricaudata [ ) [ ) o o
Compsilura concinnata ) o o
Cyzenis incrassata o o
Eumea caesar ejeoj0o| o [ ) el o (0o 0|0
Hemisturmia parva ol o ) o o oo o
Hyphantrophaga blanda )
Hyphantrophaga virilis )
Lypha fumipennis ) ol o ) o o L 3N )
Madremyia saundersii ) ol o ) o ® (0|0
Nemorilla pyste ol o ) ) eojleo|jo o
Nilea erecta ol o ) ) o o o
Phryxe pecosensis ) ol o ) ) L 3N )
Smidtia fumiferanae ) ol o ) ) °

Parasitism by Tachinidae is generally low in endemic populatio&hofistoneura
species, but may be high periodically and locally and is sometimes associated with a bud-
worm outbreak or the declining phase of an outbreak. Examples of high parasitism are
cited below for individual species to provide some indication of the relative importance of
each as &horistoneuraparasitoid. Because these rates were obtained by researchers
using a variety of collecting protocols and methods of analysis, they may not be directly
comparable among the studies.
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ZOOTAXA

Most of the Nearcti€Choristoneuraspecies in Table 1 have one generation per year,
with the notable exception . rosaceanawhich has two generations per year over most
of its range. In contrast, the tachinids in Table 1 have two or more generations per year,
except for a single generation ligpha fumipennisnd usuallySmidtia fumiferanaeFor
this reason, most tachinids attackibgoristoneuraspecies require alternate hosts to com-
plete their second and later generations, and their ability to resp@ibtistoneuraout-
breaks is limited not only by their intrinsic abilities to reproduce but by the availability of
alternate hosts.

This paper provides keys to the puparia and adults of the 15 occasional or common
tachinid parasitoids of NearctiChoristoneuraspecies (Table 1). These keys and their
associated illustrations supersede the puparial key by Ross (1952) and adult key by Coppel
(1960). Additionally, the life history of each species is reviewed @naristoneurahost
records are listed as completely as possible at the beginning of each species. Thirteen spe-
cies of Tachinidae recorded froBhoristoneuraspecies but excluded from the main text
as highly dubious, rare, or accidental records are briefly discussed.

Materials and Methods

This study was based on a review of the literature, examination of reared material, taxo-
nomic study of problematic specieSgfomasia auricaudatasee O’'Hara & Wood 2004;
Lypha fumipennissee O’Hara 2002), and consultation with ecologists studying the parasi-
toids of NearcticChoristoneura The keys were based on puparia and adults housed in the
Canadian National Collection of Insects in Ottawa. Morphological terms follow McAlpine
(1981).

The names ofChoristoneuraspecies have been corrected to conform with modern
usage as much as possible (Dang 1992). Some published rearings may have included more
than one species, so multiple names are shown in some columns of Table 1 and in the lists
of host records at the beginning of each species in the text. Tachinid names are those rec-
ognized by O’Hara & Wood (2004).

A dagger symbol (1) is used in the lists of host records to denote a record that was
based on previously published information. For example, the host-parasite catalogue of
Arnaud (1978) was based entirely on previously published records and is therefore always
cited with a dagger in the lists of host records. In papers combining new and published
records (e.g., O'Hara 1991), a dagger is placed next to previously published state or prov-
ince records.

Colour habitus images (Figs. 37-50) were taken with a Leaf Microlumina digital cam-
era mounted on a Wild M8 stereoscopic microscope. To create images with greater depth
of field, several digital images of each specimen were taken at different focal planes and
manually blended into montage images using Adobe Photoshop 6.01. Insect pins passing
through specimens were digitally removed. Images of puparia (Figs. 22—-36, b & ¢) were
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taken with a Nikon Coolpix 995 digital camera mounted on a Nikon SMZ-U stereoscopi@ooTAxA
microscope. Multiple images were blended into a single image for each puparial view
using Syncroscopy AutoMontage 4.0. Line drawings (Figs. 1-13) were modified from
existing images in Wood (1987) and O’Hara (1991) using Adobe Photoshop CS (= Photo-
shop version 8). Images in Figs. 14-21 were taken in digital format with a scanning elec-

tron microscope. Adobe Photoshop CS was used for all final manipulation of images and
preparation of plates.

Key to adults of tachinid parasitoids of NearcticChoristoneuraspecies

1. Eye bare or very sparsely haired ... 2
Eye densely haire@d (FIgS. 1m3) ....uuuuuueeriiiiiieeeiiiiiieiriiiiiierrreenearrrrnnerrenana.———————— 4

2. Wing veinRy bare dorsally.............ccceeiiiiiiiiiiii Ceromasia auricaudata

— Wing veinR; haired dorsally along most of its length (Figs. 12—13)............ccccuvierenns 3

3. Wing veinCuA; usually bare dorsally (very rarely with 1-3 hairs) and distal portion of
CuA, 0.27-0.38 length of proximal portion (Fig. 12); male with flagellomere 1 not

(=T q] E=T o T=To I (o TR I TR Actia diffidens
— Wing vein CuA; usually haired dorsally most of distance to crossdemcu (very

rarely with as few as 4 hairs) and distal portioif©afy 0.37-0.51 length of proximal
portion (Fig. 13); male with flagellomere 1 enlarged (Fig. 38)...... Actia interrupta

4. ProsternuUm DAre..........cvvviiiiiiiiiiiiiee e, Lypha fumipennis

— Prosternum haired (Fig. 14) ...oooco i e e e et e e e 5

5. Katepisternum with four setae (Fig..4)......cuvvuivieiieiiiiiiiiiiiiiiiiiiiieeeeeeeeee, Nilea erecta

— Katepisternum with two or three setae (Figs. 5—6, 11) ..c..ccoeerriiiiiiiiiiieeiieeeiceie e, 6

6. Facial ridge haired on 1/2 or more of distance between vibrissa and lower margin of
ESTor= o LI (o TS K 7

— Facial ridge haired on 1/3 or less of distance between vibrissa and lower margin of
ESTor= o LI (o TG ) 11

7. Eye very large, distance between eye and lower margin of head in lateral view not
wider than basal width of maxillary palpus (Fig. 43); two Kkatepisternal setae;
katepimeron haired along most of length.............ccccceoiiiiiiiiiiinnns Hemisturmia parva

— Eye smaller, distance between eye and lower margin of head in lateral view several
times wider than basal width of maxillary palpus (Figs. 1-2); three katepisternal setae
(Figs. 5-6); katepimeron bare or with one to several hairs anteriorly (Fig. 11) ........... 8

8. Maxillary palpus (Fig. 2) dark coloured; katepisternum with lowermost seta nearly
equidistant between outer two Setae (Fig. 6) ....uieirieeiiiieiiiiiiie e 9

— Maxillary palpus yellow; katepisternum with lowermost katepisternal seta closer to
anterior than posterior seta (as iN Fig. 5)...coiiiiiiiiiiiiiii e e e 10

TACHINIDS OF CHORISTONEURA © 2005 Magnolia Press 5
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FIGURES 1-1Q 1. Phryxe pecosensismale head2. Madremyia saundersimale head3. Smidtia fumifera-

nae male headd. Nilea erectakatepisternunmb. Eumea caesakatepisternun®. Phryxe pecosensikatepis-

ternum?. Cyzenis incrassatascutellum.8. Compsilura concinnatascutellum.9. Hyphantrophaga blanda

dorsal view of mid legl0. Eumea caesadorsal view of mid leg.

Abbreviations: ad s, anterodorsal setae; a kepst s, anterior katepisternal seta; ar 3, aristomere 3; a scut s, apical
scutellar seta; d scut s, discal scutellar seta; fc rd s, facial ridge setae; | fr s, lowermost frontal seta; | kepst s,
lowermost katepisternal seta; max plp, maxillary palpus; oc s, ocellar seta; pafc h, parafacial hairs; p kepst s,
posterior katepisternal seta.
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FIGURES 11-13 11 Lateral view of tachinid thoraXl2. Actia diffidens right wing.13. Actia interrupta

right wing.

Abbreviations (not including veins and crossveins): f cx, fore coxa; h cx, hind coxa; kepm, katepimeron; kepst,
katepisternum; trn sut, transverse suture.

10.

11.

12.

13.

Facial ridge with hairs decreasing to tiny size on upper portion of haired area (Fig. 1);

aristomere 3 evenly tapered to tip (Fig..1)....ccccvveeevennene. Phryxe pecosensigart
Facial ridge with strong setae only (Fig. 2); aristomere 3 thickened along most of
length and tapered near tip (Fig. 2)......cccoeviviieiiiiiii Madremyia saundersii

Scutellum (Fig. 11) with posterior half orange; discal scutellar setae narrowly sepa-
rated, distance between them not greater than distance between apical scutellar setae
(Fig. 7); female with tiny non-piercing ovipositor; ocellar setae well developed (as in
T TR RPN Cyzenisincrassata
Scutellum mostly gray; discal scutellar setae more widely spaced, distance between
them twice the distance between apical scutellar setae (Fig. 8); female with long pierc-
ing ovipositor (Fig. 40); ocellar setae usually absent or very weak ..................cceeeeeee.
................................................................................................... Compsilura concinnata

Parafacial with fine hairs on middle portion (Fig..3)................. Smidtia fumiferanae
Parafacial bare (Figs. 1-2) or with a few hairs directly below lowermost frontal seta...
......................................................................................................................... 12..

Mid tibia with one anterodorsal seta (Fig. 9) ......oooviiiiii i e, 13
Mid tibia with two or more anterodorsal setae (Fig. 10) ..., 15

Hind coxa bare on posteroapical margin; dorsal surface of thorax anterior to transverse
suture (Fig. 11) with three black stripes when viewed from behind, centre stripe along
010 ] T = S Nemorilla pyste

TACHINIDS OF CHORISTONEURA © 2005 Magnolia Press 7
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FIGURES 14-21 14. Ventral view of prosternum diyphantrophaga virilis15. Posteroventral view of hind
coxae oHyphantrophaga blandd 6. Posterior view of head éfyphantrophaga blanddemale.17. Posterior

view of head ofHyphantrophaga virilis female.18. Ventral view of abdomen dflyphantrophaga blanda
male.19. Magnified view of area shown in Fig. 130. Ventral view of abdomen dflyphantrophaga virilis
male.21. Magnified view of area shown in Fig. 20.

Abbreviations: f cx, fore coxa; h cx, hind coxa; h trch, hind trochanter; o vt s, outer vertical seta; pocl s, row of
postocular setae; prst, prosternum; T3, T4, T5, abdominal tergites 3, 4, 5.
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— Hind coxa with one or more setae on posteroapical margin (Fig. 15); dorsal surface &foTAxA
thorax anterior to transverse suture with four black stripes when viewed from behind
inner two stripes to either side of MIAING ... 14

14. Male with underside of abdominal tergites 4 and 5 silver pruinose and with regular
black hairs only (Figs. 18-19); female with outer vertical seta only slightly stronger
than setae of postocular row (Fig. 16).......cccoeeveeevviiiiiinnnnn.. Hyphantrophaga blanda

— Male with underside of abdominal tergites 4 and 5 dark coloured and with a mat of
tiny fine hairs in addition to regular (and much longer) black hairs (Figs. 20-21);
female with outer vertical seta much stronger than setae of postocular row (Fig. 17) ..
.......................................................................................... Hyphantrophaga virilis

15. Parafacial with a few hairs below lowermost frontal seta; scutellum (Fig. 11) dark
coloured; katepisternum with lowermost seta closer to anterior than posterior seta
[T TS ISP Eumea caesar

— Parafacial bare below lowermost frontal seta (Fig. 1); scutellum with posterior half
orange; katepisternum with lowermost seta nearly equidistant between outer two setae
[ To TR ) PP Phryxe pecosepsig

Key to puparia of tachinid parasitoids of NearcticChoristoneuraspecies

1. Posterior spiracular discs borne on a cylindrical projection that is about as long as

VLo L= (T TR ) IR Actia interrupta
— Posterior end of puparium without such a projection (Figs. 22—35) ........cccccvvvvvvvnnnnnns 2
2. Slits of posterior spiracular discs broadened considerably (Fig..35\ctia diffidens
—  SIitS NAIMOW (FIgS. 22—34) ooveeiieeieeeeeee e, 3
3. Each posterior spiracular disc with three slits (Figs. 27—34) ......cccovviiiiiiieeicieeicee e, 4
Each posterior spiracular disc with four slits (Figs. 22—26) ........cccoeeeeeiiiiiiiiiiiiiieeeenn. 12
4. Prominent bulge present below posterior spiracular discs, much broader and higher
than a single diSC (Figs. 31, 33) ..ottt eaee e aesareennee 5
— Bulge below posterior spiracular discs absent or small, not higher or broader than a
single diSC (FIgS. 28—30, 32) .....uuuuuuuriuiuiiuuiiiiiuniirierrrrrreerreerrarraeerarr——eerar—rrrrrrrrrrrrrrraee 7

5. Posterior spiracular discs scarcely raised above surface of puparium, with shallow
grooves between spiracular slits; bulge below spiracular discs rarely extended dorsally
to region between discs (Fig. 33).....ccuviiiiiiiiiiieiiiiiiee e, Smidtia fumiferanae

— Posterior spiracular discs protruding above surface of puparium, with deep grooves
between spiracular slits; bulge below spiracular discs varied along dorsal edge (Figs.
P2 T 1 1) PP PPPPPPPIY 6.......

6. Bulge below spiracular discs very prominent, raised off surface of puparium to at least
height of posterior spiracular discs and upper portion between discs (Fig. 31) .............
................................................................................................ Hemisturmia parva

TACHINIDS OF CHORISTONEURA © 2005 Magnolia Press 9
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27 a

FIGURES 22-27 Tachinid pupariaa, posterior view of posterior spiracular discs (scale bar = 0.1 imm);
posterior view of posterior spiracular discs and surrounding regjdateral view of posterior half of pupar-
ium. 22. Cyzenis incrassat®3. Hyphantrophaga blande24. Madremyia saundersiR5. Phryxe pecosensis

26. Nilea erecta27. Hyphantrophaga virilis
Abbreviations: btn, button; p spr ds, posterior spiracular disc; spr sl, spiracular slit.
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10.

11.

12.

13.

Bulge below spiracular discs smaller, rarely raised off surface of puparium to height gPoTAxA
posterior spiracular discs and rarely developed between discs (bulge scarcely deve
oped in some specimens, see couplet 10 and Fig.@G&pmasia auricaudatan part

Slits of posterior spiracular discs sinuous (Fig. 27)............. Hyphantrophaga virilis

Slits of posterior spiracular discs straight or gently curved (Figs. 28-30, 32, 34) ....... 8
Puparium posteriorly with dorsal surface depressed slightly or flat anterior to spiracu-
lar discs and ventral surface broadly rounded; spiracular discs situated high above
midline of puparium in lateral view and often slightly upturned; spiracular discs small,
round, and raised above surface of puparium (Fig..32).................. Nemorilla pyste
Puparium posteriorly more or less evenly rounded on upper and lower surfaces; spi-
racular discs near midline of puparium and not upturned; spiracular discs varied in
size, shape, and height (Figs. 28—30, 34) ...cccoiiiiiiiii e, 9
Surface of puparium posteriorly very wrinkled; spiracular discs small, more or less
round in shape; no trace of a bulge medially below spiracular discs (Fig. 34) ..............
............................................................................................................. Lypha fumipennis
Surface of puparium posteriorly mostly smooth, only rarely with conspicuous and
close-set wrinkles; spiracular discs larger, more or less round to subtriangular in
shape; slight bulge present or absent medially below spiracular discs, bulge generally
darker in colour than surrounding area (Figs. 28—30) ............uuvvvviiriireriiririnirinninn. 10
Posterior spiracular discs raised above surface of puparium, with deep grooves
between spiracular slits (Fig. 28) .....ccccoevvveeiiinnnn Ceromasia auricaudatan part
Posterior spiracular discs scarcely raised above surface of puparium, with shallow
grooves between spiracular slits (Figs. 29-30) ..., 11
Outer ring of posterior spiracular disc black, contrasting with mostly reddish orange
surface of disc between spiracular slits; black outer ring not noticeably thinned next to
o101 (o) o I (o TR 10 Eumea caesar
Entire posterior spiracular disc mostly black, with reddish orange restricted to small
areas between spiracular slits; black region much thinned next to button (Fig. 29) ......
................................................................................................... Compsilura concinnata

Slits of posterior spiracular discs straight or gently curved (Figs. 22, 26) ................ 13
Slits of posterior spiracular discs more sinuous, forming convoluted patterns (Figs.
P 4 O PPPPPPP PP 14........

Posterior spiracular discs raised above surface of puparium; discs entirely black and
shiny except for light-coloured spiracular slits; spiracular slits short and straight; spi-
racular discs close together; posterior end of puparium rounded or very slightly
pointed (Fig. 22)...c.coiiieiiiiieeee e, Cyzenis incrassata
Posterior spiracular discs almost flat against surface of puparium; button and spiracu-
lar slits reddish orange, some specimens with rest of disc between slits also reddish
orange; spiracular slits longer and straight or gently curved; spiracular discs usually
separated by at least 1/3 the width of a disc; posterior end of puparium usually slightly
protuberant (Fig. 26) .....ccccoiiiiiiiiiiiiiin e Nilea.erecta

TACHINIDS OFCHORISTONEURA © 2005 Magnolia Press 11
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33a
FIGURES 28-33 Tachinid pupariaa, posterior view of posterior spiracular discs (scale bar = 0.1 imm);
posterior view of posterior spiracular discs and surrounding regjdateral view of posterior half of pupar-

ium. 28. Ceromasia auricaudat?9. Compsilura concinnateB80. Eumea caesaBl. Hemisturmia parva32.
Nemorilla pyste33. Smidtia fumiferanae
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14. Posterior spiracular discs positioned above midline of puparium in lateral view; buttoFPOTAXA
close to centre of disc; surface of puparium surrounding discs relatively smooth excef
for tiny spinules (Fig. 23).......cuuuuuviriiiiiiiiiiiieiiiiireeerieeienenneennn, Hyphantrophaga blanda

— Posterior spiracular discs positioned at or below midline of puparium in lateral view;
button close to edge of disc; surface of puparium more rugose posteriorly, especially
DEIOW dISCS (FIgS. 24—25) ...oeieiiieiiiiieeeeeeeeeee ettt e e e e e e e e e e e e 15

15. Cuticle slightly bulged above posterior spiracular discs, forming a fine edge of cuticle
across the top of the discs (bulge rarely faint or lacking) (Fig. 24) ......cccooeevviiiiieiieeneenn,
............................................................................................ Madremyia saundersii

— Cuticle flat above posterior spiracular discs (Fig. 25)................. Phryxe pecosensis
Note: Ross (1952) noted that the central portion of the posterior spiracular disc is ligiter in
saundersiithan inP. pecosensjd.e., more reddish orange than black. Though this difference

seems to hold true for most specimens, there are nevertheless some exdéatimmyiaand
Phryxeare closely related genera and their puparia are quite similar.

c

36a _

FIGURES 34-36 Tachinid pupariaa, posterior view of posterior spiracular discs (scale bar = 0.1 hm);
posterior view of posterior spiracular discs and surrounding regideteral view of posterior half of pupar-
ium. 34. Lypha fumipennis35. Actia diffidens 36. Actia interrupta

TACHINIDS OF CHORISTONEURA © 2005 Magnolia Press 13



ZOOTAXA TABLE 2. Reproductive strategies used by tachinid parasitoids of Ne@fobigstoneuraspecies.

Species and their Egg type and mode of attack Approximate no. of
systematic placement eggs produced
Exoristinae
Blondeliini

Compsilura concinnata  incubated egg injected into host 50-200

with a piercing oviposit(?r

Eryciini

Madremyia saundersii  incubated egg laid on hdst ca. 104

Nilea erecta incubated egg laid on hdst ca. 1068

Phryxe pecosensis incubated egg laid on hdst <100P
Goniini

Ceromasia auricaudata incubated microtype egg ingested by fost >1000

Cyzenis incrassata incubated microtype egg ingested by Rost ca. 1000

Eumea caesar incubated microtype egg ingested by fost ca. 1008

Hyphantrophaga blanda incubated microtype egg ingested by Rost ca. 1008
Hyphantrophaga virilis incubated microtype egg ingested by host ca. 1008

Winthemiini
Hemisturmia parva unincubated egg laid on hdst <100t
Nemorilla pyste unincubated egg laid on hdst <100
Smidtia fumiferanae unincubated egg laid on hd3t 80-180°
Tachininae
Polideini
Lypha fumipennis incubated egg laid near hbst <150
Siphonini
Actia diffidens incubated egg laid near hbst ca. 1068
Actia interrupta incubated egg laid near hbst ca. 108

L inferred from systematic placement of genus and known habits of related taxa.
2 Culver (1919).

3 Inferred from number of ovarioles reported in females, which varied according to female size (Bourchier 1991).
4 Coppel and Maw (1954b).

5 Maw and Coppel (1953).

6 Coppel and Maw (1954a).

7 Coppel (1958).

8 Wishart (1945).

9 Thompson (1953).

10 Hgpert et al. (1989).

1 Inferred from biology of European dubia(Schroder 1969).
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Reproductive strategies of tachinid parasitoids o€horistoneuraspecies ZOOTAXA

One of the reasons why the Tachinidae are so successful is their varied repertoire of repro-
ductive strategies (O’Hara 1985). These strategies, which encompass both behavioral and
morphological traits, are an outcome of the phylogenetic history of the Tachinidae and
hence are reflected in the more recent classifications of the family (Herting 1984; Wood
1987; O’'Hara & Wood 2004). Species that are phylogenetically close tend to have similar
reproductive strategies and be classified together in the same genus or tribe. By grouping
the 15 tachinid species treated here according to their tribe and subfamily (Table 2), certain
commonalities in reproductive type become more evident.

Members of the Winthemiini are presumably among the more primitive tachinids,
lacking the ability to develop (“incubate”) their eggs internally. The eggs of winthemiines
must be laid directly on a host and generally require a few days for the first instar to
develop before hatching can occur.

The rest of the tachinids treated here belong to lineages in which fertilized eggs are
retained and incubated within the female reproductive system. The eggs are ready to hatch
immediately after oviposition. Eggs may be laid on or near a host, laid on foliage and con-
sumed by a host, or injected into a haSbmpsilura concinnataa member of the
Blondeliini, employs the last method; the female possesses a piercing ovipositor which is
used to inject eggs singly into a host. Most other blondeliines lay their incubated eggs on
or near a host, as do eryciines. The eggs of these taxa hatch after deposition and the motile
first instar actively finds and parasitizes a host.

Goniines have the curious adaptation of producing tiny (“microtype”) eggs that are
laid on foliage and do not hatch until ingested by a potential host. The likelihood of a suc-
cessful parasitization per egg is extremely low but this reproductive strategy is countered
by a ten-fold increase in the number of eggs produced compared to tachinids with more
typical strategies. One-third of the tachinids that paras@izeristoneurabelong to the
Goniini. These species have the reproductive potential to respond quickly to an outbreak
but may be limited by the availability of alternate hosts.

Two species belong to the Siphonini and one to the Polideini, both in the Tachininae.
Members of this subfamily deposit eggs that are ready to hatch. In some taxa the eggs are
laid near a host and the first instar searches for it, whereas in other taxa the first instar stays
rooted to the remains of the egg and waits for a host to pass by. It is likely that the three
polideine and siphonine species treated here lay eggs in the vicinity of a host and the first
instar actively seeks out its prey.

Actia diffidensCurran, 1933, Fig. 37

Host records ex.Choristoneura conflictana Prentice 1955 (SK, MB); O’'Hara 1991 (1SK, MB);
tArnaud 1978 (SK, MB); THubeat al. 1996 (America north of Mexico).

Host records ex.Choristoneura rosaceanaO’Hara 1991 (ON); tHubeet al. 1996 (America
north of Mexico).
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38 Actia interrupta &'

41 Cyzenis incrassata & 42 Eumea caesar 0

FIGURES 37-42 Habitus images37. Actia diffidens 38. Actia interrupta 39. Ceromasia auri-
caudata 40. Compsilura concinnatadl. Cyzenis incrassat&@2. Eumea caesar
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This species is an uncommonly recorded parasitolchofistoneuraspecies. It is similar ~ ZOOTAXA
in size and appearanceAo interruptaexcept that wing veiCuA is almost always bare

dorsally (only rarely with one to several hairs; veijsandR,..5 haired as irA. interrupta

cf. Figs. 12 and 13Actia diffidenss common and widespread throughout Canada and the
northern and eastern United States, with scattered records throughout the rest of the United
States and Mexico (O’Hara 1991). The first instaPofiffidenswas figured by O’Hara
(1988) and the adult was redescribed by O’Hara (1991) in his revision of the Nearctic spe-
cies ofActia. The three larval instars, pupa, and puparium were described and illustrated
by Prebble (1935).

Prebble (1935) studied parasitism of the tortrigaderis variana(Fernald) (a$ero-
nea variand by A. diffidensin Nova Scotia. He found that addit diffidensappeared in
June, parasitism of third to fifth instar varianaoccurred from late June to mid July, and
fully developed maggots emerged from their hosts and formed puparia from mid July to
mid August. Known hosts &. diffidensare mostly Tortricidae but include a few species
of Geometridae, Gracillariidae, Noctuidae, and Pyralidae (Arnaud 1978; O'Hara 1991).

Actia interrupta Curran, 1933, Fig. 38

Host records ex.Choristoneura conflictana Prentice 1955 (SK, MB); O’'Hara 1991 (tMB, SK);
tArnaud 1978 (SK, MB); THubeat al. 1996 (America north of Mexico).

Host records ex.Choristoneura fumiferana Daviault 1946, exArchips fumiferangQC); Reeks
et al. 1948 (Maritime provinces and NF); Daviault 1950 (QC); Doweleal. 1951, exArchips
fumiferana(NY); Miller 1955, asGymnophthalma interrupté\NB); McGugan & Blais 1959
(ON); Blais 1960 (QC); MacDonald & Webb 1963 (NB); tMiller 1963 (NB); Blais 1965 (QC);
TTilles & Woodley 1984 (ME); Hubeet al. 1996 (NB); Cappuccinet al. 1998 (QC); Cappuc-
cino et al. 1999 (QC); Schoenmaket al. 2001 (QC); tSmittet al. 2002 (eastern Canada);
Cussoret al. 2002 (QC).

Host records ex.Choristoneura fumiferanaand/or Choristoneura occidentalisBrown 1941 ex.
Cacoecia fumiferangCanada); Dowdeat al. 1948, exArchips fumiferangNorth America);
tZwolfer 1961, exC. fumiferana(North America); tArnaud 1978, ef. fumiferana(BC,
OR, ON, QC, NB, NF, NY); O'Hara 1991, 2. fumiferanaBC, ID, TOR, CO, AB, MB, ON,
QC, NB, NF, NY, VT).

Host records ex.Choristoneura fumiferana Choristoneura occidentali@nd/or Choristoneura
pinus: TRoss 1952, ex. spruce and/or jack pine budworm (Canada).

Host records ex.Choristoneura lambertiana O’Hara 1991 (MT); THubeet al. 1996 (America
north of Mexico).

Host records ex.Choristoneura occidentalisMcKnight 1974 (CO); Harris & Dawson 1979 (BC);
O’Hara 1991 (BC, ID, MT); THubest al. 1996 (America north of Mexico).

Host records probably ex.Choristoneura occidentalis Bedard 1938, a#ctia pilipennisex.
Cacoecia fumiferanan Douglas fir (“northern Rocky Mountain region”); Wilkesal. 1949,
asGymnophthalma interruptax. C. fumiferanaBC); Carolin & Coulter 1959, ex. fumifer-
ana(OR); TCoppel 1960, a&8ymnophthalma interruptax. C. fumiferana(BC).

Host records ex.Choristoneura occidentalisand/or Choristoneura retiniana Schauppet al.
1991 (OR).
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Host records ex.Choristoneura pinus Benjamin & Drooz 1954 (Ml); Dixon & Benjamin 1963
(W1); Allen et al. 1969 (MI); tArnaud 1978 (WI, MIl); O’'Hara 1991 (MB, ON, tWI, MI);
tHuberet al. 1996 (America north of Mexico).

Host records ex.Choristoneura rosaceanaSchuh & Mote 1948, exArchips rosaceandOR);
Neunzig & Gyrisco 1955 (NY); tArnaud 1978 (OR, NY); Hagley & Barber 1991 (ON);
O’Hara 1991 (tfOR, ON, NS, NY); tHubet al. 1996 (America north of Mexico); Wilkinson
et al.2004 (MI).

Actia interruptais a very small tachinid, generally 4-5mm long, that is easily recognized
among the species treated here by the dorsally haired wingRgiRs, 5 andCuA (Fig.

13). It is a common and widespread species found mostly in wooded areas from Alaska
and British Columbia to Newfoundland, and south to California in the West and Virginia
and Tennessee in the East (O’Hara 198t}ia interruptawas included in a key to the
puparia of dipterous parasitoids @horistoneuraspecies by Ross (1952) and in a key to

the adults of dipterous parasitoids@foccidentaligasC. fumiferana in British Colum-

bia by Coppel (1960, asymnophthalma interrupjaTilles and Woodley (1984) included

A. interruptaamong the five tachinids treated in their manual of spruce budworm parasi-
toids in Maine. O’Hara (1991) redescrib&dinterruptaand figured portions of its pupar-

ium in his revision of the Nearctic speciesAaftia

Eggs laid byActia females contain fully developed first instars that hatch soon after
oviposition. It is likely that the eggs are laid in the vicinity of a host and the first instar
actively searches for the host.

Actia interruptaattacks conifer-feedin@€horistoneuraspecies as late instar larvae,
usually attacking the fifth or sixth instar but occasionally the fourth, and emerges from the
sixth instar (Dowderet al. 1948; Miller 1955; Carolin & Coulter 1959; Cussehal.

2002). Choristoneura rosacean# apparently attacked earlier, from the third instar
onwards, with emergence from the third to sixth instar (Bostanian, pers. comm.; West-
brook, pers. comm.). There are two or more generations per year (Schaffner 1959, West-
brook, pers. comm.), with a variety of alternate hosts. Fully developed maggots pupariate
away from the host and the species overwinters in the pupal stage (Tilles & Woodley
1984).

Actia interruptais frequently recorded frorthoristoneuraspecies, but parasitism
rates are generally low. However, Blais (1965) recorded up to 32% parasitism in a residual
C. fumiferanaoutbreak in Québec, and Schawgil. (1991) reported 40% parasitism in
an endemic population @horistoneurasp. in southern Oregon. Schaugtpal. (1991)
noted thatA. interruptais usually rare in epidemic populations of conifer-feedigris-
toneuraspecies. The relatively low fecundity Af interrupta(probably not more than a
hundred or so eggs, compared to thousands in goniine tachinids that produce microtype
eggs) may limit its ability to respond quickly to outbreaks.

Hosts ofA. interruptainclude about 25 species of Tortricidae and a species each of
Geometridae and Notodontidae (Arnaud 1978; O’'Hara 1991).
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Ceromasia auricaudatdownsend, 1908, Fig. 39 ZOOTAXA

Host records ex.Choristoneura fumiferana tDowdenet al. 1948, asvlasicera rutilaex. Archips
fumiferana(eastern North America); Blais 1960 (QC); Huberl. 1996, asCeromasia auri-
frons (NB) andC. auricaudata(tAmerica north of Mexico).

Host records ex.Choristoneura fumiferana Choristoneura occidentaliand/or Choristoneura
pinus. TRoss 1952, a€eromasia aurifronsand C. auricaudataex. spruce and/or jack pine
budworm (Canada); TArnaud 1978,@sromasia aurifrongCanada) an€. auricaudata(BC,
OR, CO, ON, QC) exC. fumiferana

Host records ex.Choristoneura occidentalisMcKnight 1974 (CO); Harris & Dawson 1979 (BC);
Schmid 1981 (NM); Torgersest al, 1984 (WA, OR, ID, MT); tHarris & Dawson 1985 (BC);
tTorgersen 1985 (WA, OR, ID, MT).

Host records probably ex.Choristoneura occidentalisTothill 1913, asMasicera rutilaex. Tor-
trix fumiferana (BC); Wilkes 1946, exArchips fumiferanaBC); Coppel 1947, exArchips
fumiferana (BC); Dowdenet al. 1948, ex.Archips fumiferana(western North America);
TWilkes 1949, exArchips fumiferangBC); Wilkeset al. 1949, exC. fumiferanaBC); Cop-
pel 1953, exC. fumiferana(BC); Carolin & Coulter 1959, exC. fumiferana(OR); TCoppel
1960, exC. fumiferanaBC); tZwolfer 1961, exC. fumiferanaBC); tGraham & Jones 1962,
ex. C. fumiferana(BC); tTMcGugan & Coppel 1962, eg. fumiferana(BC); tClausen 1978,
ex.C. fumiferanaBC).

Host records ex.Choristoneura occidentalisand/or Choristoneura retiniana Schauppet al.
1991 (OR).

Ceromasia aurifronsand C. auricaudatawere considered to be distinct species until
recently, with the former having an eastern distribution and the latter a western distribution
(e.g., Sabrosky & Arnaud 1965). O'Hara and Wood (2004) synonyr@izadrifronswith

C. auricaudataand gave the known distribution of this species as transcontinental in Can-
ada and ranging southward to California, New Mexico, Kansas, and Massachusetts. Adults
are typically 7-9mm long, rather robust, and mostly gray with a mottled abdomen. The
head and tip of the abdomen are usually golden, though less so in eastern specimens. The
egg, three larval instars, and pupariunCofwuricaudatavere described and illustrated by
Coppel and Maw (1954af.eromasia auricaudataas included in a key to the puparia of
dipterous parasitoids @horistoneuraspecies by Ross (1952, as separate spEciasri-
fronsandC. auricaudatd and in a key to the adults of dipterous parasitoidStagristo-

neura occidentaligasC. fumiferanain British Columbia by Coppel (1960).

Ceromasia auricaudataelongs to the Goniini and produces microtype eggs that are
ingested by the host. Further information on general goniine biology is given below under
Cyzenis incrassataCeromasia auricaudatattacks late instar larvae @horistoneura
species and the mature maggot emerges from the host pupa and pupariates in the soll
(Dowdenet al. 1948; Coppel & Maw 1954a; Carolin & Coulter 1959). In a studg of
occidentalisparasitism in British Columbia by Harris and Dawson (1979), emergence
from sixth instar hosts as well as from host pupae was reported. Adult flies emerge from
their puparia in about 9-11 days (Coppel & Maw 1954a).

Adults of the second generation@fauricaudateoverwinter in alternate hosts includ-
ing pupae of the fall webwornyphantria cunedDrury) (Coppel 1947). The few other
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known hosts ofC. auricaudatainclude two tortricids, a species each of Geometridae and
Noctuidae, and three species of Pieridae and Pyralidae that served as hosts under labora-
tory conditions (Arnaud 1978, including records fro@ ‘aurifrons).

The rate of parasitism @&. auricaudatain conifer-feedingChoristoneurais negligi-
ble in the East but significant in the West, with parasitism of up to 13% reported by Wilkes
et al. (1949) and up to 16% reported by Harris & Dawson (1979) in British Columbia, and
up to 13% reported by Schauppal. (1991) in Oregon. Wilkest al. (1949) rankedC.
auricaudataas the fourth most important parasitoid, and second most important dipterous
parasitoid, ofC. occidentaligasC. fumiferanain British Columbia.

Efforts were made during the 1940s and 1950s to establish several western species of
budworm parasitoids in eastern Canada to help control outbreak¥hafstoneura
fumiferana Among these wa€. auricaudata which was reared in huge numbers in
Belleville, Ontario, from budworms collected mostly from the Lillooet area of British
Columbia (Wilkes 1946; Coppel 1947). About 21,000auricaudatawere released in
eastern Canada between 1944 and 1953, with an additional 2363 specimens released in
Maine and 6317 specimens released in New York during this period (McGugan & Coppel
1962; Clausen 1978). There is no evidence that any wéstenricaudatabecame estab-
lished in the East. Blais (1960) recorded a sir@leuricaudatafrom Québec, but that
specimen could well have represented parasitism from the endemic population of the spe-
cies. The only other published report 6f auricaudataparasitizing Choristoneura
fumiferanain the East is that of Hubet al. (1996, asC. aurifrongy based on a rearing
record from New Brunswick.

Compsilura concinnataMeigen, 1824), Fig. 40

Laboratory experiment ex. Choristoneura fumiferana Dowdenet al. 1948, exArchips fumifer-
ana(lab. experiment in northeastern United States); TArnaud 1978; tEiualet996.

Host records ex.Choristoneura rosaceanawilkinson et al. 2004 (Ml); four specimens from QC
(examined), from unpublished data of N. Bostanian (Agriculture and Agri-Food Canada, St.
Jean-sur-Richelieu).

Host records ex.Choristoneura rosaceanand/or Pandemis limitata Cossentinest al. 2004
(BC).

Compsilura concinnatés a mostly gray tachinid with four conspicuous, black, longitudi-

nal stripes on the thorax and a black-and-gray banded abdomen. Adults are typically 7—
8mm long but some individuals are as small as 4@ompsilura concinnatavas intro-

duced repeatedly into North America from Europe throughout the 1900s for control of a
number of lepidopterous pests, most notably the gypsy rgthantria dispar(L.)) and
browntail moth Euproctis chrysorrhoedL.)). It became established and is presently
recorded from most of southern Canada and the northeastern and western United States
(O'Hara & Wood 2004). Becauge. concinnatas continuing to expand its range, it may

well be more widely distributed than current records suggest.
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Compsilura concinnatés an extremely polyphagous parasitoid that has been reare@ooTAxA

from nearly 200 species of Lepidoptera, Hymenoptera (Symphyta), and Coleoptera

North America (Arnaud 1978; Boettnet al.2000). Females have a long piercing ovipos-

itor that is used to inject thin-shelled eggs into the body of a host. The eggs hatch immedi-

ately and the first instars migrate to the midgut, where they develop within the narrow

space between the peritrophic membrane and midgut wall (Ichiki & Shima 2003). The spe-

cies has two or more generations per year, often alternating hosts throughout the season,

and can develop gregariously in larger hosts (Culver 1919; Webber & Schaffner 1926;

Schaffner & Griswold 1934). The maggot overwinters within the host prepupa or pupa and

emerges in the spring to pupariate nearby (Culver 1919; Webber & Schaffner 1926).
Compsilura concinnatéas been recorded only recently fr@nrosaceangsee host

records above) but readily parasitifagumiferanan the laboratory (Dowdeet al. 1948)

and hence has the potential to be a significant budworm parasitoid. It is the most polypha-

gous tachinid known and its parasitismGiforistoneuraspecies will likely occur when-

ever suitable opportunities arise. Parasitis@lodristoneurdarvae can occur only during

a summer generation @f. concinnata

Cyzenis incrassatéSmith, 1912), Fig. 41

Host records ex.Choristoneura occidentalis Torgersenget al. 1984, asPhorocera incrassata
(WA, OR, ID, MT); tTorgersen 1985, &s incrassata(WA, OR, ID, MT); O’Hara & Cooper
1992 (BC, OR, NM); THubegt al. 1996 (America north of Mexico).

Host records probably ex.Choristoneura occidentaliswWilkes 1946, a®horocera incrassatax.
Archips fumiferangBC); Coppel 1947, aB. incrassataex. A. fumiferana(BC); TDowdenret
al. 1948, asP. incrassataex. A. fumiferana(western North America); TWilkes 1949, Bs
incrassataex. A. fumiferanaBC); Wilkeset al. 1949, a$. incrassataex. C. fumiferanaBC);
TRoss 1952, aB. incrassateex. spruce and/or jack pine budworm (Canada); Coppel 1958, as
P. incrassateex. C. fumiferana(BC); Carolin & Coulter 1959, a2 incrassataex. C. fumifer-
ana(OR); TCoppel 1960, & incrassateex. C. fumiferana(BC); tZwolfer 1961, a€lemelis
incrassataex. C. fumiferana(BC); tGraham & Jones 1962, Rsincrassataex. C. fumiferana
(BC); TMcGugan & Coppel 1962, Bsincrassatax.C. fumiferanaBC); TArnaud 1978, &R
incrassataex. C. fumiferana(BC, OR); TClausen 1978, & incrassataex. C. fumiferana
(BC); tHuberet al. 1996, exC. fumiferana(/America north of Mexico).

Host records ex.Choristoneura occidentali@nd/or C. retiniana Schauppet al. 1991, asPhoro-
cera incrassatqOR); TO'Hara & Cooper 1992 (OR).

Cyzenis incrassaté a grayish black tachinid about 5—-7.5mm long with a known range
comprising British Columbia, Washington, Idaho, Oregon, and New Mexico (O’'Hara &
Cooper 1992; O'Hara & Wood 2004). Attempts to estalisincrassatan eastern Can-

ada were unsuccessful (McGugan & Coppel 1962; O'Hara & Cooper 1992). The Nearctic
species ofCyzeniswere revised, an€. incrassataredescribed, by O’Hara and Cooper
(1992).Cyzenis incrassatéasPhorocera incrassajawas included in a key to the puparia

of dipterous parasitoids @horistoneuraspecies by Ross (1952) and in a key to the adults
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ZOOTAXA of dipterous parasitoids &. occidentaligasC. fumiferana in British Columbia by Cop-

pel (1960). The egg, larval instars, and pupariul@yfenis incrassataere described and
illustrated by Coppel (1958). Records@fzenis incrassatparasitizingC. fumiferanain
western North America are likely erroneous and based on misidentificatiGh®ofiden-
talis.

Cyzenidelongs to the Goniini (Exoristinae), a tribe characterized by the production of
huge numbers of microtype eggs in the female reproductive system (Herting 1984; Wood
1987). These eggs are deposited on foliage, sometimes in response to feeding damage
(Rolandet al. 1989), and contain fully developed first instars. The eggs are ingested by a
feeding host and pass unharmed into the gut, where they soon hatch under the influence of
digestive enzymes and perhaps physical trauma (Mellini 1990). First instars burrow
through the gut wall and move to specific locations within the host (Mellini 1990). In the
case ofCyzenis incrassatahe first instar delays development until the host begins to
pupate, then rapidly completes larval development and forms a puparium within the host’s
pupal case (Coppel 1958). Adults emerge from their puparia after 12-14 days (Coppel
1958).

Adults of Cyzenis incrassatappear in June in British Columbia and attack maturing
C. occidentalislarvae (Coppel 1958). Adults of the next generation appear in July and
early August whelC. occidentalidarvae are unavailabl€yzenis incrassatenust there-
fore overwinter in an alternate host, but its identity has not been determined (Coppel
1958).Choristoneuraspecies remain almost exclusively the only known hosts of this spe-
cies (Arnaud 1978; O’'Hara & Cooper 1992).

Wilkes et al. (1949) rankedCyzenis incrassatéasPhorocera incrassafaas the eighth
most important parasitoid, and fifth most important dipterous parasitoil,afcidentalis
(asC. fumiferana in British Columbia, with an average parasitism rate of 1.1% during
1943-1947. Other studies have reported similarly low levels of parasitism, e.g., 0.008—
0.500% in British Columbia (Coppel 1958) and 0.0-2.5% in Oregon (Scleaahi 991,
with higher rates found in epidemic than endemic populations).

Eumea caesafAldrich, 1916), Fig. 42

Host records ex.Choristoneura conflictana Prentice 1955 (SK, MB); tArnaud 1978,A3lomya
caesar(SK, MB); tHuberet al. 1996 (America north of Mexico).

Host records ex.Choristoneura fractivittana TWishart 1945, aé\plomya caesaex. Archips
“practivittana” (North America); TArnaud 1978, &plomya caesafNorth America); THuber
et al. 1996 (America north of Mexico).

Host records ex.Choristoneura fumiferana Wilkes & Anderson 1947, aZenillia caesarex.
Archips fumiferangON, QC); Daviault 1950, a&plomyia caesafQC); Dowderet al. 1951,
as Aplomya caesaex. Archips fumiferangNY); Jaynes & Drooz 1952, a&§plomya caesar
(NY, ME); Raizenne 1952, d&spimasicera caesgiON); Dowderet al. 1953, asAplomya cae-
sar (ME); Miller 1955, asAplomya caesa(NB); McGugan & Blais 1959 (ON); Blais 1960
(QC); MacDonald & Webb 1963, aplomya caesafNB); tMiller 1963 (NB); Blais 1965
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(QC); tTilles & Woodley 1984, aSplomya caesafME); Hébertet al. 1989 (QC); Hubeet al. ZOOTAXA
1996 (NB).

Host records ex.Choristoneura fumiferanaand/or Choristoneura occidentalisTothill 1913, as
Exorista nigripalpisex. Tortrix fumiferana(BC, QC); Brown 1941, aZenillia caesarex.
Cacoecia fumiferangCanada); Sellers 1943, #plomya caesarmex. Archips fumiferana
(North America); TWishart 1945, #plomya caesaex. Archips fumiferangNorth America);
Dowdenet al. 1948, asAplomya caesaex. Archips fumiferangNorth America); tZwolfer
1961, exC. fumiferanaNorth America); TArnaud 1978, @plomya caesaex.C. fumiferana
(BC, OR, ON, QC, NB, NF, NY, ME).

Host records ex.Choristoneura fumiferana Choristoneura occidentalisand/or Choristoneura
pinus: TRoss 1952, a&plomya caesaex. spruce and/or jack pine budworm (Canada).
Host records ex.Choristoneura occidentalisMcKnight 1974, a®\plomya caesafCO); Harris &

Dawson 1979, aAplomya caesafBC).

Host records probably ex.Choristoneura occidentalisWilkes et al. 1949, asAplomya caesaex.
C. fumiferana(BC); Coppel 1953, aZenillia caesarex. C. fumiferana(BC); Carolin &
Coulter 1959, ag\plomya caesaex. C. fumiferana(OR); tCoppel 1960, exC. fumiferana
(BC).

Host records ex.Choristoneura occidentalisand/or Choristoneura retiniana Schauppet al.
1991, asAplomya caesafOR).

Host records ex.Choristoneura parallela Sellers 1943, aBplomya caesaex. Archips parallela
(North America); TWishart 1945, a#gplomya caesaex. Archips parallela(North America);
tArnaud 1978, a®\plomya caesa(North America); THubeet al. 1996 (America north of
Mexico).

Host records ex.Choristoneura pinus Drooz & Benjamin 1956, a&plomya caesa(Michigan);
Kulman & Hodson 1961, a&plomya caesarMinnesota); Dixon & Benjamin 1963, as
Aplomya caesafWisconsin); Alleret al. 1969, a#Aplomya caesafMichigan); TArnaud 1978,
asAplomya caesa(Minnesota, Wisconsin, Michigan); Nealis 1991 (ON); tHudteal. 1996
(America north of Mexico).

Host records ex.Choristoneura rosaceanatWishart 1945, as\plomya caesatex. Archips
rosaceana(North America); Raizenne 1952, Epimasicera caesaex. Archips rosaceana
(ON); tArnaud 1978, a&plomya caesafON); THuberet al. 1996 (America north of Mexico).

Eumea caesais a common tachinid found throughout temperate and boreal Canada, and
south to California and Texas in the West and Virginia in the East (O’'Hara & Wood 2004).
Adults are generally 7-8mm long and mostly black with a black-and-gray banded abdo-
men. It was included in a key to the puparia of dipterous parasito@isosfstoneuraspe-
cies by Ross (1952, @&plomya caesarand in a key to the adults of dipterous parasitoids
of C. occidentalis(as C. fumiferand in British Columbia by Coppel (1960). Wishart
(1945) described and illustrated the immature stages cdesarasAplomya caesarand
provided a detailed account of larval development in the European corn Ostenig
nubilalis (Hubner)). Tilles and Woodley (1984) included caesar(asAplomya caesgr
among the five tachinids treated in their manual of spruce budworm parasitoids in Maine.
Eumea caesabelongs to the Goniini, and like other members of that tribe produces
microtype eggs that are laid on foliage and ingested by the hostyzeais incrassata
above for further information on goniine biology). It parasitizes fifth or sixth instar bud-
worms, and the fully developed maggot emerges from the sixth instar or pupa and pupari-
ates away from the host (Dowdenal. 1951; Carolin & Coulter 1959; Alleat al. 1969;
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ZOOTAXA Hébertet al. 1989).Eumea caesanas more than one generation per year and occasionally
two maggots emerge from a singidoristoneurahost (Dowderet al. 1951). Dowderet
al. (1951) reported thaE. caesaroverwinters in an alternate host, whereas Tilles and
Woodley (1984) stated that it overwinters as a pupa in the soil.
Eumea caesars recorded from a number of Tortricidae and six other families of
Microlepidopera (Arnaud 1978, @gplomya caesgr Parasitism o€Choristoneuraspecies
in western North America is reportedly low (Carolin & Coulter 1959; McKnight 1974;
Harris & Dawson 1979; Schaump al. 1991) ancE. caesarasAplomya caesdrwas not
included by Wilkeset al. (1949) in the top 15 hymenopterous and dipterous parasitoids of
C. occidentaligasC. fumiferanain British Columbia. Parasitism of budworms in the East
is also usually low but there are several reports of rates in excess of 25% (Daivadlen
1948; Jaynes & Drooz 1952; Blais 1965). Parasitisr@.gbinuswas reported as low by
Drooz and Benjamin (1956) in Michigan, by Dixon and Benjamin (1963) in Wisconsin,
and by Nealis (1991) in Ontario, but as high as 13% in a study by éflah (1969) in
Michigan.

Hemisturmia parva(Bigot, 1889), Fig. 43

Host records ex.Choristoneura fumiferana Dowdenet al. 1951, asPhorocera tortricisex.
Archips fumiferangdNY); Huberet al. 1996, agHemisturmia tortricisNB).

Host records ex.Choristoneura fumiferanaand/or Choristoneura occidentalistArnaud 1978,
asHemisturmia tortricisex. C. fumiferana(BC, NY).

Host records ex.Choristoneura fumiferana Choristoneura occidentali@nd/or Choristoneura
pinus: TRoss 1952, a@horocera tortricisex. spruce and/or jack pine budworm (Canada).

Host records ex.Choristoneura occidentalisHarris & Dawson 1979, ademisturmia tortricis
(BC).

Host records probably ex.Choristoneura occidentalisWilkes et al. 1949, ag?horocera tortricis
ex. C. fumiferangBC); tCoppel 1960, aSeratochaeta tortriciex.C. fumiferanaBC).

Host records ex.Choristoneura occidentalisand/or Choristoneura retiniana Schauppet al.
1991, aHemisturmia tortricis(OR).

Host records ex.Choristoneura pinus Dixon & Benjamin 1963, a®horocera tortricis(WI);
tArnaud 1978, aslemisturmia tortricis(WI); tHuberet al. 1996, asHemisturmia tortricis
(America north of Mexico).

Host records ex.Choristoneura rosaceanaSchuh & Mote 1948, aPhorocera tortricis ex.
Archips rosacean$OR); TArnaud 1978, ademisturmia tortrici OR); THubeet al. 1996, as
Hemisturmia tortricis(America north of Mexico); Liet al. 1999, asHemisturmia tortricis
(BC); fLiet al.2002, aHemisturmia tortricis(BC); Wilkinsonet al. 2004 (M).

Host records ex.Choristoneura rosaceanand/or Pandemis limitata Vakenti et al. 2001, as
Hemisturmia tortricis(BC); Cossentinet al. 2004 (BC).

Hemisturmia parvas found throughout most of the forested regions of North America
(O’'Hara & Wood 2004). Adults are generally 5—7.5mm long, rather dark coloured, with an
exceptionally large eye, a striped or black thorax, mostly orange scutellum, and banded or
mottled abdomenHemisturmia parvavas included in a key to the puparia of dipterous
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parasitoids oChoristoneuraspecies by Ross (1952, Risorocera tortrici and in a key to ZOOTAXA
the adults of dipterous parasitoids@foccidentaligasC. fumiferana in British Colum-
bia by Coppel (1960, d&3eratochaeta tortricis

Hemisturmiabelongs to the Winthemiini, a tribe in which the females oviposit unincu-
bated eggs directly on a host (Wood 1987). The first instar probably develops within the
egg for several days, then exits the egg and burrows into theHamsisturmia parva
attacks late instar larvae Ghoristoneuraand emerges from the larva or, more commonly,
the pupa (Schuh & Mote 1948; Harris & Dawson 197%tlal. 1999). It has at least two
generations per year and its method of overwintering is not known (Schaffner 1959). Para-
sitism rates are rarely above 1%Ghoristoneuraspecies (Dixon & Benjamin 1963; Har-
ris & Dawson 1979; Schaupgt al. 1991; Liet al. 1999). Wilkeset al. (1949) did not
include H. parva (as Phorocera tortrici3 among the 15 dominant hymenopterous and
dipterous parasitoids @. occidentaligasC. fumiferanain British Columbia, and Tilles
and Woodley (1984) excluded it from their manual of spruce budworm parasitoids in
Maine.

Hemisturmia parvas recorded from more than ten species of Tortricidae and a species
each in the families Glyphipterygidae, Nymphalidae, Pterophoridae, and Pyralidae
(Arnaud 1978, ashl. tortricis; Fitzpatricket al. 1994, adH. tortricis).

Hyphantrophaga blandgOsten Sacken, 1887)
Host records ex.Choristoneura rosaceanaWwilkinsonet al. 2004 (Ml).

Hyphantrophaga blandand H. virilis are, at best, uncommon parasitoidsCtforisto-
neuraspecies. They are included here rather than classed as accidental parasitogds of
ristoneurabecause a record eachHofblandaandH. virilis parasitizing different species
of Choristoneurasuggests that such parasitization is more opportunistic than accidental,
and probably occurs occasionally. Both species are small to medium-sized tachinids (5—
8mm long), mostly gray with four black stripes on the thorax and a lightly banded abdo-
men. They are widely distributed throughout North America (O’Hara & Wood 2004).
Sellers (1930) examined reared specimertd.dflandaandH. virilis (both as species
of Zenillia Robineau-Desvoidy) and described differences between the species in the
puparium and both sexes of the adult. Thompson (1953) described and illustrated the egg,
larval instars, and puparium Bf blanda
Hyphantrophagas a member of the Goniini, producing microtype eggs that are laid
on foliage and consumed by a host (€seenis incrassatabove; also Thompson 1953).
Records from a number of hosts indicate that the mature maggot dfl bloldndaandH.
virilis generally emerges from the host pupa but sometimes forms a puparium within the
host (Sellers 1930). Similarly, Ciesla (1964) reported tHatblanda (as Eusisyropa
blandg emerges from the pupa Bhnomos subsignariéHibner) (Geometridae). How-
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ever, Burgess and Crossman (1927) reported the emergertebtdnda (as Zenillia
blandg from the larva ol.eucoma salicigL.) (as Stilpnotia salicis Lymantriidae), and
Evans (1962) reported the emergencel ofirilis (asEusisyropa virili from the larva of
Melanolophia imitata(Walker) (Geometridae). Sellers (1930) found that btiblanda
andH. virilis overwinter as larvae in the host pupa, and noted that “if parasitic on hosts
producing adults in the same season, both parasites completed their development that sea-
son; but if parasitic on hosts that pass the winter in the pupal stage and emerge the follow-
ing spring or summer, the flies likewise did not emerge until the following spring” (p.
574). There are usually two generations per year and multiparasitism can occur in larger
hosts (Schaffner & Griswold 1934; Schaffner 1959).

Sellers (1930) examined the host recordsfoblandaandH. virilis and found that
only about one-third of the hosts known for these two species are shared. They are parasi-
toids of a wide variety of Lepidoptera, attacking hosts belonging to about 15 families.
Hyphantrophaga blanddas a well known parasitoid of several tortricids, especially
Archipsspecies (Sellers 1930; Arnaud 1978Easisyropa blanda

Hyphantrophaga virilis(Aldrich and Webber, 1924), Fig. 44

Unpublished host record ex.Choristoneura occidentalisone specimen from BC (examined),
from collection of Pacific Forestry Centre, Victoria.

This species is discussed unéphantrophaga blanda

Lypha fumipennisBrooks, 1945, Fig. 45

Host records ex. Choristoneura conflictana Prentice 1955, atypha setifacieqSK, MB);
tArnaud 1978, akypha setifaciegx. C. fumiferana(SK, MB); tHuberet al. 1996, ad ypha
setifaciegAmerica north of Mexico); O’Hara 2002 (AB, tSK, MB).

Host records ex.Choristoneura fumiferana Brooks 1945, adypha setifaciesex. Archips
fumiferana(ON, QC); Wilkes & Anderson 1947, agpha setifaciegx. Archips fumiferana
(ON); Dowdenet al. 1951, ad ypha setifaciegx. Archips fumiferangNY); Jaynes & Drooz
1952, asLypha setifaciegNY, ME); Miller 1955, asLypha setifaciegNB); Dowdenet al.
1953, ad ypha setifacie$ME); McGugan & Blais 1959, dsypha setifacie$ON); Blais 1960,
asLypha setifacie$QC); MacDonald & Webb 1963, aypha setifaciegNB); tMiller 1963,
asLypha setifaciegNB); Blais 1965, asypha setifaciegQC); tTilles & Woodley 1984, as
Lypha setifacieME); Hébertet al. 1989, asLypha setifaciegQC); Huberet al. 1996, as
Lypha setifacie¢NB); Bourchier & Smith 1998, dsypha setifacie§ON); Cappuccineet al.
1999, asLypha setifacieQC); tSmithet al. 2002, asLypha setifacieqeastern Canada);
O’Hara 2002 (ON, TNB, tQC, TNY, ME).

Host records ex.Choristoneura fumiferanaand/or Choristoneura occidentalisBrown 1941, as
Lypha dubiaex. Cacoecia fumiferangCanada); tDowdeat al. 1948, ad ypha setifaciegx.
Archips fumiferana(North America); TZwolfer 1961, dsypha setifacieex. C. fumiferana
(North America); TArnaud 1978, aypha setifacieex.C. fumiferana BC, ON, QC, NB, ME,
NY).
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Host records ex.Choristoneura fumiferana Choristoneura occidentalisnd/or Choristoneura ZOOTAXA

pinus: TRoss 1952, dsypha setifaciegx. spruce and/or jack pine budworm (Canada).
Host records ex.Choristoneura occidentalisO’Hara 2002 (BC, TOR).

Host records probably ex.Choristoneura occidentalis Coppel 1947, asypha setifacieex.
Archips fumiferangBC); Wilkeset al. 1949, ad ypha setifaciegx. C. fumiferanaBC); Cop-
pel 1953, asypha setifaciegx. C. fumiferanaBC); Carolin & Coulter 1959, ds/pha setifa-
ciesex.C. fumiferanaOR); tCoppel 1960, ds/pha setifaciegx. C. fumiferana(BC).

Host records ex.Choristoneura occidentalisand/or Choristoneura retiniana Schauppet al.
1991, ad ypha setifacie$OR).

Host records ex.Choristoneura pinus Benjamin & Drooz 1954, dsypha setifaciegMI); Dixon
& Benjamin 1963, adypha setifacieqWI); Allen et al. 1969, asLypha setifaciegMI);
tArnaud 1978, akypha setifaciegWI, Ml); Nealis 1991, atypha setifacie§ON); THuberet
al. 1996, ad ypha setifacie§America north of Mexico); tFrankenhuyzen 2002l @gsha seti-
facies(ON, prairie provinces); O’Hara 2002 (ON, TWI, TMI).

Host records ex. Choristoneura rosaceara Brooks 1945, adypha setifaciesex. Archips
rosaceang QC); tArnaud 1978, dsypha setifacie$QC); THuberet al. 1996, ad ypha setifa-
cies(America north of Mexico); TO’Hara 2002 (QC).

Lypha fumipenniss a dark coloured tachinid, 5-7.5mm long, that occurs throughout
southern Canada and the northern United States and is also recorded from Georgia
(O’'Hara 2002). It was redescribed by O’Hara (2002) in his revision of the Polideini of
America north of MexicoLypha fumipennigasL. setifacieswas included in a key to the
puparia of dipterous parasitoids Ghoristoneuraspecies by Ross (1952) and in a key to
the adults of dipterous parasitoids@foccidentaligasC. fumiferand in British Colum-
bia by Coppel (1960). Tilles and Woodley (1984) inclutlefumipennigasL. setifacie}
among the five tachinid species treated in their manual of spruce budworm parasitoids in
Maine.

Almost all the North American species lofphawere combined under the narbe
dubia (Fallén), a Palearctic species, until Brooks (1945) revised the Canadian species of
the genus. Brooks did not examine the type serids sktifacies(West), however, and
O’Hara (2002) showed that Brooks misapplied this name. O’Hara (2002) discovered that
the species described by Brookdamtermediais in factL. setifaciesand that th&. set-
ifacies of Brooks is conspecific with the species Brooks (1945) described from British
Columbia ad.. fumipennisHence, the valid name for ththoristoneuraparasitoid id..
fumipennis Unfortunately, the name used by Brooks (i.k., setifacie} became
entrenched in the literature d@horistoneuraparasitoids because this species has long
been known as a parasitoid of the spruce budworm.

Host attack by.. fumipennishas not been described but is probably similar to that of
its Palearctic relative,ypha dubia(Fallén).Lypha dubiadeposits fully incubated eggs in
the vicinity of a host, the eggs hatch soon afterwards, and the first instars search for and
parasitize the host (Schréder 1969)pha fumipenniparasitizes fifth and sixth instar lar-
vae ofChoristoneuraand the fully mature maggot emerges from the sixth instar of its host,
or more rarely from the pupa (Benjamin & Drooz 1954; Carolin & Coulter 1959; Allen
al. 1969; Héberet al. 1989). The maggot enters the ground, overwinters in the puparium,
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and emerges as an adult in spring (Brooks 1945; Coppel 1947). Adults are only seen dur-
ing spring and early summer (O’Hara 2002), so there is probably only one generation per
year. Females df. dubiain Europe live for 30-50 days, have a preoviposition period of
approximately a month, and develop about 150 eggs (Schroder 1969).

Lypha fumipenniss one of the most significant tachinid parasitoids of late iftar
ristoneuralarvae. Most studies of budworm parasitism have reported its preserice (as
setifacie} and parasitism rates are sometimes high. Benjamin and Drooz (1954) and Allen
et al. (1969) reported parasitism of up to 16% and 9% respectivdly pinusin Michi-
gan, Dowderet al. (1951) reported up to 18% parasitismGffumiferanain New York,
Jaynes and Drooz (1952) reported up to 17% parasiti€dnfofniferanain Maine, Nealis
(1991) found greater than 20% parasitismGof fumiferanain northwest Ontario, and
Wilkes et al. (1949) reported up to 10% parasitismfoccidentalifasC. fumiferanain
British Columbia. In several studiés fumipenniswas the most dominant, or one of the
most dominant, parasitoids of late instar budworms (Benjamin & Drooz 1954; Tilles &
Woodley 1984; Nealis 1991)ypha fumipennigasL. setifacieywas ranked by Wilkest
al. (1949) as the fifth most important parasitoid, and third most important dipterous parasi-
toid, of C. occidentaligasC. fumiferana in British Columbia. Jaynes and Drooz (1952),
Nealis (1991), and Bourchier and Smith (1998) reported increased rates of spruce bud-
worm parasitism prior to the collapse of an outbreak, suggestind.thaipennismay
have played a role in budworm decline.

Lypha fumipenniss almost exclusively a parasitoid @horistoneuraspecies (O’'Hara
2002). The other known hosts are a tortri€ideudosciaphila duplgValsingham), and a
pyralid, Dioryctria reniculelloides(Mutuura & Munroe) (O’Hara 2002).

Madremyia saundersi{Williston, 1889), Fig. 46

Host records ex.Choristoneura conflictana Prentice 1955 (SK, MB); tArnaud 1978 (SK, MB);
tHuberet al. 1996 (America north of Mexico).

Host records ex.Choristoneura fumiferana Dowdenet al. 1951, ex Archips fumiferangNY);
Miller 1955 (NB); Blais 1960 (QC); TMiller 1963 (NB); Blais 1965 (QC); Hubkéml. 1996
(NB).

Host records ex.Choristoneura fumiferanaand/or Choristoneura occidentalisDowdenet al.
1948, ex.Archips fumiferanaNorth America); tArnaud 1978, e&. fumiferana(BC, OR,
QC, NB, NY); tZwolfer 1961, aBhryxe saundersix.C. fumiferana(North America)

Host records ex.Choristoneura fumiferana Choristoneura occidentaliand/or Choristoneura
pinus:; TRoss 1952, ex. spruce and/or jack pine budworm (Canada).

Host records ex.Choristoneura occidentalisMcKnight 1974 (CO); Harris & Dawson 1979 (BC);
Schmid 1981 (NM); Torgersest al, 1984 (WA, OR, ID, MT); tTorgersen 1985 (WA, OR, ID,
MT).

Host records probably ex.Choristoneura occidentalisBedard 1938, exCacoecia fumiferanan
Douglas fir (“northern Rocky Mountain region”); Wilkes al. 1949, exC. fumiferana(BC);
Coppel 1953, exC. fumiferanaBC); Carolin & Coulter 1959, exC. fumiferana(OR); TCop-
pel 1960, exC. fumiferanaBC).
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Host records ex.Choristoneura occidentalisand/or Choristoneura retiniana Schauppet al. ZOOTAXA

1991 (OR).

Host records ex.Choristoneura parallela Johnson 1925, eXacoecia parallelgMA); Franklin
1950, exArchips parallela(MA); tArnaud 1978 (MA); tTHubeet al. 1996 (America north of
Mexico).

Host records ex.Choristoneura pinus Kulman & Hodson 1961 (MN); Dixon & Benjamin 1963
(WI); Allen et al.1969 (MI); tArnaud 1978 (MN, WI, MI); tHubet al. 1996 (America north
of Mexico).

Madremyia saundersis a common and widespread species ranging from the Yukon and
British Columbia to Newfoundland, and south to Mexico in the West and Virginia in the
East (O’'Hara & Wood 2004). Adults are generally 4.0-7.5mm long and mostly dark
coloured with faint silvery bands on the abdonidadremyia saundersivas included in

a key to the puparia of dipterous parasitoid€béristoneuraspecies by Ross (1952) and

in a key to the adults of dipterous parasitoid€obccidentalifasC. fumiferand in Brit-

ish Columbia by Coppel (1960). The egg, larval instars, and puparium were described by
Coppel and Maw (1954b).

Madremyiabelongs to the tribe Eryciini (in the Exoristinae) and is closely related to
Phryxe a species of which is treated below. The biologiMotaundersiwas studied by
Coppel and Maw (1954b). They observed that females deposit fully incubated eggs
directly on the integument of a host. Soon after oviposition, the first instar exits from the
end of the egg through the underside of the chorion and burrows into the host. Females
generally lay 75-100 eggs during a lifetime of 20-60 days. Usually only one parasitoid
emerges per host but multiparasitism also ocddeslremyia saundersittacks late instar
larvae ofChoristoneuraspecies and emerges from the sixth instar or pupa (Doetddn
1948; Coppel & Maw 1954b; Carolin & Coulter 1959; Alletnal. 1969). The fully mature
maggot falls to the ground and pupariates in the soil (Coppel & Maw 1954b). A second
generation is passed in an alternate host, and perhaps a third generation as well (Schaffner
& Griswold 1934; Coppel & Maw 1954b). Coppel and Maw (1954b) speculatedithat
saundersiipasses the winter as a first or second instar in an alternate host.

Parasitism of conifer-feedin@horistoneuraspecies byM. saundersiihas been
reported as higher in western than eastern North America. Dostddr(1948) recorded
emergence ofl. saundersifrom up to 6% of larvae and up to 14% of pupae in Colorado.
Coppel and Maw (1954b) reported up to 7.5% parasitism in British Columbia. In Oregon,
Carolin and Coulter (1959) reported parasitism approaching 10% and Soitaapp
(1991) recorded parasitism as high as13%; in both these studies there was an increase in
parasitism as budworm outbreaks progressed. Wikak (1949) ranked/. saundersias
the twelfth most important parasitoid, and sixth most important dipterous parasit@id, of
occidentalis(as C. fumiferana in British Columbia. Dowderet al. (1951) and Blais
(1960) reported very low parasitism 6f fumiferanain New York and Québec, respec-
tively. In northwestern Ontario, McGugan and Blais (1959) did not keasaundersii
from C. fumiferanaand Nealis (1991) did not rear it fro@ pinus Tilles and Woodley
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(1984) excludedV. saundersiifrom their treatment of spruce budworm parasitoids in
Maine, presumably because of its rarity as a parasitdid hfmiferanan that state.

Madremyia saundersinas a broad host range of over 30 known species, including
members of the Danaidae, Geometridae, Lasiocampidae, Lymantriidae, Noctuidae,
Nymphalidae, Pieridae, Pyralidae, and Tortricidae (Arnaud 1978).

Nemorilla pyste(Walker, 1849), Fig. 47

Host records ex.Choristoneura fumiferana Tothill 1913, a€xorista pystex. Tortrix fumiferana
(QC); Richmond 1941b, a¢emorilla[= N. maculospex. Cacoecia fumiferanan spruce (SK,
MB, ON); Daviault 1946, adlemorilla maculosax. Archips fumiferandQC); Dowderet al.
1951, asNemorilla floralis ex. Archips fumiferangNY); Raizenne 1952 (ON); McGugan &
Blais 1959 (ON); Schaffner 1959, &emorilla floralis (northeastern United States); Blais
1960 (QC); Blais 1965 (QC); Hubet al. 1996 (NB).

Host records ex.Choristoneura fumiferanaand/or Choristoneura occidentalisBrown 1941, as
Nemorilla maculosax. Cacoecia fumiferangCanada); TDowdept al. 1948, asNemorilla
floralis ex.Archips fumiferangNorth America); TZwolfer 1961, déemorilla maculos&x.C.
fumiferana(North America); TArnaud 1978, eg. fumiferana(BC, OR, SK, MB, ON, QC,
NY).

Host records ex.Choristoneura fumiferana Choristoneura occidentali@nd/or Choristoneura
pinus: TRoss 1952, ex. spruce and/or jack pine budworm (Canada).

Host records ex.Choristoneura occidentalisMcKnight 1974 (CO).

Host records probably ex.Choristoneura occidentalisBedard 1938, aBlemorilla floralis ex.
Cacoecia fumiferanan Douglas fir (“northern Rocky Mountain region”); Wilkesal. 1949,
ex. C. fumiferanaBC); Carolin & Coulter 1959, ademorilla floralisex.C. fumiferana OR);
tCoppel 1960, exC. fumiferanaBC).

Host records ex.Choristoneura parallela Franklin 1943, adlemorilla floralisex. Cacoecia par-
allela (MA); TArnaud 1978 (MA); THubeet al. 1996 (America north of Mexico).

Host records ex.Choristoneura pinus Richmond 1938, a$iemorilla” maculosa ex. spruce bud-
worm, Cacoecia fumiferaneon jack pine (MB, ON); Richmond 1940, ldemorilla maculosa
ex. jack pine budworntCacoecia fumiferanaon jack pine (SK, MB, ON); Richmond 1941a,
asNemorilla maculosax. jack pine budwormArchips fumiferanaon jack pine (SK); Dixon
& Benjamin 1963, adlemorilla floralis(WI); TArnaud 1978 (WI); tHubest al. 1996 (Amer-
ica north of Mexico).

Host records ex.Choristoneura rosaceanaDavis 1912, agxorista pysteex. Archips rosaceana
(IL); Schaffner 1959, aslemorilla floralisex. Archips rosaceanénortheastern United States);
tArnaud 1978 (IL, northeastern United States); THebat. 1996 (America north of Mexico).

Host records ex.Choristoneura rosaceanand/or Pandemis limitata Pfannenstiel & Unruh
2003 (WA); Cossentinet al. 2004 (BC).

Nemorilla pystels a common species that is widespread throughout Canada, the United
States, and Mexico (O’Hara & Wood 2004). It is a dark coloured tachinid, generally 4.0—
7.5mm long, with three black stripes on the thorax (median stripe quite broad) and a mot-
tled abdomen. It was included in a key to the puparia of dipterous parasit@tsiidto-

neura species by Ross (1952) and in a key to the adults of dipterous parasit@ds of
occidentalis(asC. fumiferana in British Columbia by Coppel (1960).
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The mode of oviposition has not been describedNfemorilla pystebut is probably ZOOTAXA
similar to that in other members of the tribe Winthemiini (includitemisturmia parva
andSmidtia fumiferanaef the species treated here). The female uses a telescopic ovipos-
itor to attach eggs to the body of a host. The eggs hatch after several days and the first
instar immediately burrows into the hosemorilla pysteattacks late instar larvae 6ho-
ristoneuraspecies and emerges from the pupa (Davis 1912; Doetd®in1948; Carolin
& Coulter 1959; McKnight 1974). It is likely, based on specimens. gfystein the Cana-
dian National Collection of Insects reared from various hosts, that the tachinid either
pupariates in the host pupa or emerges as a mature maggot and pupariates elsewhere. The
parasitoid has two or more generations per year and overwinters as a larva in various hosts
(Schaffner 1959).

Nemorilla pystéhas been reported frequently as a parasitofdhafristoneuraspecies,
but the level of parasitism was generally very low (Dixon & Benjamin 1963; Dowtden
al. 1951; Carolin & Coulter 1959; McGugan & Blais 1959; Blais 1960; McKnight 1974).

It was not ranked among the top 15 hymenopterous and dipterous parasitoidscoi
dentalis(as C. fumiferand in British Columbia in a study by Wilkest al. (1949), nor
included among the parasitoids of spruce budworm in Maine by Tilles and Woodley
(1984). However, during outbreaks ©f pinusin Saskatchewan in 1939 and 1940,
pyste(asN. maculosawas considered one of the most important parasitoids of the bud-
worm (Richmond 1940; Richmond 1941a).

Nemorilla pystéhas a broad host range. It is recorded from about 30 species in each of
the Pyralidae and Tortricidae and has one to several hosts in each of the Gelechiidae,
Glyphipterygidae, Hesperiidae, Lycaenidae, Lymantriidae, Noctuidae, Oecophoridae, and
Yponomeutidae (Arnaud 1978).

Nilea erecta(Coquillett, 1902), Fig. 48

Host records ex.Choristoneura fumiferana McGugan & Blais 1959, a8seudoperichaeta erecta
(ON); Blais 1960, a$seudoperichaeta erec{®C); tHuberet al. 1996 (America north of
Mexico).

Host records ex.Choristoneura fumiferanaand/or Choristoneura occidentalisDowdenet al.
1948, asPhorocera erectaex. Archips fumiferana(North America); tZwolfer 1961, as
Pseudoperichaeta erecex. C. fumiferana(North America); tArnaud 1978, d@seudoper-
ichaeta erectax. C. fumiferana(BC, OR, ON, QC).

Host records ex.Choristoneura fumiferana Choristoneura occidentaliand/or Choristoneura
pinus: TRoss 1952, a8horocera erectax. spruce and/or jack pine budworm (Canada).
Host records ex.Choristoneura occidentalisHarris & Dawson 1979, @seudoperichaeta erecta

(BC).

Host records probably ex.Choristoneura occidentalisWilkes et al. 1949, asPhorocera erecta
ex. C. fumiferana(BC); Carolin & Coulter 1959, ahorocera erect@x.C. fumiferanaOR);
tCoppel 1960, aBseudoperichaeta erecex.C. fumiferanaBC).

Host records ex.Choristoneura pinus Dixon & Benjamin 1963, a®horocera erectaWl);
tArnaud 1978, aPseudoperichaeta erecf@Vl); THuberet al. 1996 (America north of Mex-
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ico).

Host records ex.Choristoneura rosaceanaknowlton & Allen 1937, asPhorocera erectaex.
Cacoecia rosaceandUT); Knowlton & Hansen 1938, aBhorocera erectaex. Cacoecia
rosaceana(UT); Zeller & Schuh 1944, aRhorocera erectaex. Archips rosaceangOR);
Schuh & Mote 1948, aBseudoperichaeta erecex. Archips rosaceangOR); Raizenne 1952,
asPseudoperichaeta erectx. Archips rosacean$ON); Schaffner 1959, @horocera erecta
ex.Archips rosaceanénortheastern United States); tArnaud 197 & seidoperichaeta erecta
(OR, UT, ON, northeastern United States); Hagley & Barber 1991 (ON); tTietladr1996
(America north of Mexico); Wilkinsoet al. 2004 (Ml).

Host records ex.Choristoneura rosaceanand/or Pandemis limitata Vakentiet al. 2001 (BC);
Pfannenstiel & Unruh 2003 (WA); Cossentgteal. 2004 (BC).

Nilea erectais a small (generally 4.0-6.5 mm long), grayish black tachinid with a some-
what mottled or banded abdomen. It differs from other tachinids treated here in possessing
four katepisternal setae (Fig. 4) instead of two or three. It is a widespread species found
throughout America north of Mexico (O’Hara & Wood 200Mjlea erectawas included
in a key to the puparia of dipterous parasitoid€lobristoneuraspecies by Ross (1952, as
Phorocera erecthand in a key to the adults of dipterous parasitoids. afccidentaligas
C. fumiferanain British Columbia by Coppel (1960, Bseudoperichaeta eredta

The egg-laying habits dfl. erectahave not been described but are likely similar to
those of the other eryciines treated héfadremyia saundersiand Phryxe pecosensis
(Table 2). If this is the case, then a fully incubated egg is deposited on a host and the first
instar emerges almost immediately and burrows into the host's Hddg. erectaattacks
late instar larvae o€horistoneuraspecies and emerges from the sixth instar or pupa
(Knowlton & Allen 1937; Dowderet al. 1948; Schuh & Mote 1948; Carolin & Coulter
1959; Harris & Dawson 1979). There is usually only dheerectaper host, there are at
least two generations per year, and the winter is passed in the puparium (Schaffner 1959).

Nilea erectahas been frequently reported as a parasitoldhafristoneuraspecies but
levels of parasitism are generally low (Carolin & Coulter 1959; McGugan & Blais 1959;
Blais 1960; Dixon & Benjamin 1963). However, Zeller and Schuh (1944) bitextecta
(asPhorocera erectpand a braconid wasp as the two most important parasitoi@s of
rosaceana(as Archips rosaceanain an Oregon study. Wilkest al. (1949) placedN.
erecta(asPhorocera erectplow on their list of the 15 dominant parasitoidsCofocciden-
talis (asC. fumiferanain British Columbia, ranking it thirteenth among all parasitoids and
sixth among the Diptera. It was not included in a treatment of spruce budworm parasitoids
in Maine (Tilles & Woodley 1984).

Nilea erectais chiefly a parasitoid of the Tortricidae (15 host species) and Pyralidae
(nine host species), with a single host species reported from each of the Noctuidae and
Notodontidae (Arnaud, 1978).
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47 Nemorilla pyste & n® 48 Nilea erecta 0"

FIGURES 43-48 43. Habitus imageddemisturmia parvad44. Hyphantrophaga virilis45. Lypha
fumipennis46. Madremyia saundersi#t7. Nemorilla pyste48. Nilea erecta

TACHINIDS OF CHORISTONEURA © 2005 Magnolia Press 33



ZOOTAXA

49 Phryxe pecosensis & 50 Smidtia fumiferanae

FIGURES 49-50 49. Habitus image$hryxe pecosensiS0. Smidtia fumiferanae

Phryxe pecosensiffownsend, 1926), Fig. 49

Host records ex.Choristoneura conflictana Prentice 1955 (SK, MB); Schaffner 1959, ex.
Archips conflictangnortheastern United States); TArnaud 1978 (SK, MB, ME); tHebal.
1996 (America north of Mexico).

Host records ex.Choristoneura fumiferana Johannsen 1913, &xorista vulgarisex. Tortrix
fumiferana(ME); Tothill 1913, asExorista vulgarisex. Tortrix fumiferana(QC); tTWinn &
Beaulieu 1915, aBxorista vulgarisex. Tortrix fumiferana(QC); Wilkes & Anderson 1947, ex.
Archips fumiferangON, QC); Daviault 1950 (QC); Dowdaest al. 1951, exArchips fumifer-
ana (NY); Jaynes & Drooz 1952 (NY, ME); Raizenne 1952 (ON); Doweleal. 1953 (ME);
Miller 1955 (NB); McGugan & Blais 1959 (ON); Schaffner 1959 Pdésyxe vulgaris(north-
eastern United States); Blais 1960 (QC); MacDonald & Webb 1963 (NB); tMiller 1963 (NB);
Blais 1965 (QC); tArnaud 1978, Baryxe vulgarigMA, QC, ME); tTilles & Woodley 1984
(ME); Hébertet al. 1989 (QC); Hubeet al. 1996 (NB); THubeet al. 1996, as>hryxe vulgaris
(America north of Mexico); Cappuccirat al. 1999 (QC).

Host records ex.Choristoneura fumiferanaand/or Choristoneura occidentalisBrown 1941, as
Zenillia vulgaris ex. Cacoecia fumiferangCanada); Sellers 1943, eirchips fumiferana
(North America); Dowderet al. 1948, ex.Archips fumiferana(North America); tZwolfer
1961, exC. fumiferanaNorth America); TArnaud 1978, ek. fumiferangBC, OR, ON, QC,
NB, NF, ME, NY).

Host records ex.Choristoneura fumiferana Choristoneura occidentalisand/or Choristoneura
pinus: TRoss 1952, ex. spruce and/or jack pine budworm (Canada).

Host records ex.Choristoneura occidentalisMcKnight 1974 (CO); Harris & Dawson 1979 (BC).

Host records probably ex.Choristoneura occidentalis Wilkes et al. 1949, ex.C. fumiferana
(BC); Carolin & Coulter 1959, exC. fumiferanaOR); tCoppel 1960, ex. fumiferanaBC).

Host records ex.Choristoneura pinus Benjamin & Drooz 1954 (Ml); Drooz & Benjamin 1956
(MI); Kulman & Hodson 1961 (MN); Dixon & Benjamin 1963 (WI); Allest al. 1969 (MI);
tArnaud 1978 (MN, WI, MI); tHubeet al. 1996 (America north of Mexico).
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1978 (ON); THubeet al. 1996 (America north of Mexico).

Phryxe pecosensianges from Alaska to Newfoundland, and south to California and New
Mexico in the West and Virginia in the East. It is a dark coloured species about 4.0-7.5mm
long. The adult and puparium resemble those of the reldaéelemyia saundersiand the
puparia of the two species (Figs. 24-25) are not always easily distinguiRiigcte
pecosensisvas included in a key to the puparia of dipterous parasitoi@ofistoneura
species by Ross (1952) and in a key to the adults of dipterous parasiGidscofdentalis

(as C. fumiferana in British Columbia by Coppel (1960). The egg, larval instars and
puparium were described by Maw and Coppel (1953).

Phryxe vulgarigFallén) is a widely distributed Holarctic species that is very similar in
appearance tB. pecosensisThis similarity has resulted in frequent misidentifications of
P. pecosensiasP. vulgarisin the literature. Sellers (1943) provided useful characters by
which to separate the species, but the differences between the species are so subtle that
misidentifications continue to occur. Sellers (1943) considered host recdedswfaris
from C. fumiferana(as Archips fumiferana to be based on misidentifications Bf
pecosensisand | agree with his assessment.

Phryxe pecosensis an eryciine tachinid that develops mature eggs within the female
reproductive system. In a study of the biology of this species, Maw and Coppel (1953)
found that eggs are deposited directly on the host. The first instar usually emerges soon
after egg deposition, exiting through the ventral surface of the egg and burrowing into the
host. Maw and Coppel (1953) observed a maximum deposition of 32 eggs in the labora-
tory but found many more eggs in the reproductive systems of dissected females, so
females probably deposit close to 100 eggs under natural conditions. Females have a pre-
oviposition period of about 10 days and adults live up to about 50 days (Maw & Coppel
1953).Phryxe pecosensittacks late instar larvae Ghoristoneuraspecies and emerges
from the sixth instar or pupa (Dowden al. 1948; Carolin & Coulter 1959; Alleat al.

1969; McKnight 1974). The fully mature maggot leaves the host to pupariate elsewhere
(Sellers 1943; Maw & Coppel 1953). Adults are active from May to October, there are two
or more generations per year, and the parasitoid overwinters as a larva in an alternate host
(Schaffner & Griswold 1934; Schaffner 1959).

Phryxe pecosensis a commonly recorded parasitoid@ifioristoneuraspecies that is
generally responsible for low levels of parasitism but occasionally has been found at
higher levels. Parasitism @f. pinuswas reported as low (less than 3% parasitism of late
larvae) in Michigan by Benjamin and Drooz (1954) and Adleal. (1969) and in Wiscon-
sin by Dixon and Benjamin (1963). In Quebec, Daviault (1950) reported spruce budworm
parasitism as high as 7.4% in larvae and 1% in pupae, whereas Blais (1960) reported rela-
tive parasitism as high as 15%. In New York, Dowdeal. (1951) reported parasitism of
spruce budworm larvae as high as 18% and of pupae as high as 6%. Jaynes and Drooz
(1952) found up to 24% parasitism of mature larvae of spruce budworm in New York and
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up to 12% parasitism of budworm larvae in Maine. Tilles and Woodley (1984) indRuded
pecosensisaas one of five tachinids in their manual of spruce budworm parasitoids in
Maine. Parasitism in the West has been reported as low. Witkals (1949) rankedP.
pecosensidifteen among the 15 dominant dipterous and hymenopterous parasit@ds of
occidentalis(asC. fumiferana in British Columbia.

The hosts from whicP. pecosensibas been reported are many and varied: a species
of Tenthredinidae (Hymenoptera), a species each in Danaidae, Hesperiidae, Pieridae, and
Saturniidae, two species of Pyralidae, several species in each of Geometridae and Noctu-
idae, and about ten species of Tortricidae (Arnaud 1978).

Smidtia fumiferanae(Tothill, 1912), Fig. 50

Host records ex.Choristoneura conflictana Prentice 1955, a®motoma fumiferanaésK, MB);
tArnaud 1978, a®motoma fumiferanaéSK, MB); tHuberet al. 1996, asVinthemia fumifer-
anae(America north of Mexico).

Host records ex.Choristoneura fumiferana Wilkes & Anderson 1947, &dmotoma fumiferanae
ex. Archips fumiferangON, QC); Dowderet al. 1951, aOmotoma fumiferanaex. Archips
fumiferana(NY); Raizenne 1952, &®motoma fumiferana@ON); Miller 1955, asOmotoma
fumiferanae(NB); McGugan & Blais 1959, a®motoma fumiferanaéON); Blais 1960, as
Omotoma fumiferana€QC); MacDonald & Webb 1963, @motoma fumiferana¢NB);
tMiller 1963, aswWinthemia amoené\B); Blais 1965, a¥Vinthemia amoen&QC); TTilles &
Woodley 1984, a®motoma fumiferanaéME); Hébertet al. 1989, adVinthemia fumiferanae
(QC); Hébert & Cloutier 1990a, &¥inthemia fumiferana@QC); Hébert & Cloutier 1990b, as
Winthemia fumiferana@QC); Héberet al. 1990, asVinthemia fumiferana@QC); Huberet al.
1996, aswinthemia fumiferanaéNB); Bourchier & Smith 1998, a#/inthemia fumiferanae
(ON); TSmithet al.2002, asVinthemia fumiferanageastern Canada).

Host records ex.Choristoneura fumiferanaand/or Choristoneura occidentalisTothill 1912, as
Winthemia fumiferanaex. Tortrix fumiferana(BC, QC); Hewitt 1913, a#/inthemia fumifera-
nae ex. Tortrix fumiferana(BC, QC); Tothill 1913, asVinthemia fumiferanaex. Tortrix
fumiferana (BC, QC); tJohannsen 1913, Winthemia fumiferanaex. Tortrix fumiferana
(Canada); Tothill 1923, ad/inthemiaex. spruce budworm (BC, NB); Brown 1941, \&-
themia fumiferanaeex. Cacoecia fumiferangCanada); Dowdemt al. 1948, asOmotoma
(Winthemia) fumiferanaex. Archips fumiferana(North America); TZwolfer 1961, ad/in-
themia amoenax. C. fumiferana(North America); TArnaud 1978, &@motoma fumiferanae
ex.C. fumiferangBC, OR, ON, QC, NB, NH, NY).

Host records ex.Choristoneura fumiferana Choristoneura occidentalisand/or Choristoneura
pinus: TRoss 1952, e®motoma fumiferanaex. spruce and/or jack pine budworm (Canada).

Host records ex.Choristoneura occidentalisMcKnight 1974, asOmotoma fumiferanaéCO);
Doganlar & Beirne 1978, ad/inthemia fumiferanaéBC); Harris & Dawson 1979, aa/in-
themia fumiferana€BC); Schmid 1981, aSimnavia[= Timavigd fumiferanae(NM); Torg-
ersenet al. 1984, asTimavia fumiferanagWA, OR, ID, MT); tHarris & Dawson 1985, as
Winthemia fumiferanaéBC); tTorgersen 1985, d@mavia fumiferanaéwWA, OR, ID, MT).

Host records probably ex.Choristoneura occidentalisCoppel 1947, a®motoma fumiferanae
ex. Archips fumiferangBC); Wilkeset al. 1949, asOmotoma fumiferanaex. C. fumiferana
(BC); Coppel 1953, a®motoma fumiferanaex.C. fumiferangBC); Carolin & Coulter 1959,
asOmotoma fumiferanaex. C. fumiferana(OR); TCoppel 1960, @motoma fumiferanaex.
C. fumiferana(BC).
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This distinctive and common species is found throughout most of America north of
Mexico (O’Hara & Wood 2004). For many years it was variously assign€uirtotoma
Lioy, WinthemiaRobineau-Desvoidy, ofimavia Robineau-Desvoidy, but was recently
moved toSmidtiaRobineau-Desvoidy by Shima (1996), who also pladetbtomaand
Timaviaas generic synonyms &midtia Smidtia fumiferanaean be distinguished from
the other tachinids treated here by the presence of hairs on the mid portion of the parafacial
(Fig.3); it differs fromWinthemiaspecies in having the hairs on the dorsum of the abdo-
men mostly erect (hairs recumbentWinthemid. Adults are mostly 5-9mm long. The
egg, larval instars, and puparium were described by Coppel and Smith ($8%d)ia
fumiferanae(asOmotoma fumiferangevas included in a key to the puparia of dipterous
parasitoids oChoristoneuraspecies by Ross (1952) and in a key to the adults of dipterous
parasitoids ofC. occidentaligasC. fumiferanain British Columbia by Coppel (1960).

Females ofs. fumiferanaday unincubated eggs directly on their hosts, as is typical of
members of the Winthemiini. Eggs are laid primarily on sixth instar budworms and the
first instar maggot is capable of parasitizing its host after about three days of development
(Coppel & Smith 1957; Hébert & Cloutier 1990a). However, the first instar maggot gener-
ally waits in the egg for the host to begin pupation before entering it (Coppel & Smith
1957; Hébert & Cloutier 1990a). Hence, parasitoid development usually takes place
entirely within the host pupa. Less frequently, fourth or fifth instar hosts are attacked
(Doganlar & Beirne 1978), and emergence from sixth instar hosts has been reported (Har-
ris & Dawson 1979). Once the maggot has completed development, it leaves the host pupa
and pupariates in the soil (Coppel & Smith 1957; Hébieat. 1989). The parasitoid over-
winters in the puparium and there is typically one generation per year (Schaffner & Gris-
wold 1934; Coppel & Smith 1957; Hébeittal. 1989).

Smidtia fumiferanadés arguably the most important tachinid parasitoidCbbristo-
neuraspecies in Canada. It was ranked by Wilkeal. (1949, a®Omotoma fumiferange
as the third most important parasitoid, and single most important dipterous parasitoid, of
C. occidentalis(as C. fumiferand in British Columbia. Harris and Dawson (1979)
reported parasitism of late instar occidentalidarvae byS. fumiferanagasWinthemia
fumiferanag as high as 18% in British Columbi&midtia fumiferanagas Omotoma
fumiferanag was considered a major parasitoid of budworms in Colorado by Dogiden
al. (1948) and in Oregon by Carolin and Coulter (1959). In the East, budworm parasitism
by S. fumiferanadas not matched the levels reported in the West, but the species is com-
mon and parasitism can be locally significant (Coppel and Smith 1957, Blais 1960; Hébert
et al. 1989). The species was included among the five tachinids treated by Tilles and
Woodley (1984) in their manual of spruce budworm parasitoids in Maine.

The hosts os. fumiferanaénclude two species of Geometridae and a few species of
Noctuidae (Arnaud 1978, &motoma fumiferangein addition to theChoristoneuraspe-
cies indicated in Table 1.
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Excluded species

The following 13 species of Tachinidae were excluded from consideration &hintis-
toneuraparasitoids, either because the identifications are highly dubious, or because the
records are erroneous, or represent rare or accidental parasi@raftoneuraspecies.

Blondelia eufitchiag(Townsend) (a$hrynolydella eufitchiade— Recorded by Graham
(1965) fromC. rosaceandasArchips rosaceanabut based on Caesar (1915). Caesar
(1915) rearedB. eufitchiag(asMasicera eufitchiagfrom a leafroller on apple, ba.
rosaceangasTortrix rosaceanawas one of three tortricid species found on apple and
B. eufitchiaecould have emerged from any of thet.rosaceanavas the least com-
mon of the three tortricids studied (Caesar 1915).

Campylochetap. (aChaetophlepsisp.).— Unverified record (Prentice 1955).

Chaetogaedia townsen&iabrosky and Arnaud.— A single verified record in the collec-
tion of the Northern Forestry Centre, Edmonton. The host was collected in Manitoba
and identified as a “budworm.” A tortricid host is unusual f@reetogaedisgpecies
so possibly the host was misidentified.

Chetogenasp. (asEuphorocerasp.).— Unverified record (McKnight 1974).

Drino sp. (asSturmiasp.).— Arnaud (1978) cited Gardiner (1946) as the source of this
host record. However, Arnaud was in error because the original record in Gardiner
(1946) was based on a rearing from the spruce sawfly, not spruce budworm.

Erynnia tortricis (Coquillett) (asTortriciophaga tortriciy.— Unverified record (Raizenne
1952).

Lespesiasp.— A single verified record in the collection of the Northern Forestry Centre,
Edmonton. The host was collected in Saskatchewan and identifiedfamiferana
There are many specieslafspesiaand hundreds of host records in the literature, but
no records from Tortricidae. Either the host was misidentified or the host record is
aberrant.

Lypha setifacies(West).— A single verified record from Alberta e€. conflictana
(O’Hara 2002).

Panzeria ampeluf/NValker).— A single verified record in the collection of the Pacific For-
estry Centre, Victoria. The host was collected in British Columbia and identifiéd as
occidentalis If the host was correctly identified, then this rearing represents an
unusual host record fé&t. ampelus

Phryxe vulgaris(Fallén).— Cited frequently, particularly in older literature, but most
likely based on misidentifications &f pecosensis

Prooppia crassisetdAldrich & Webber) (asAplomya crassiseja— Unverified record
(Prentice 1955).

Tachinomyia nigrican§Vebber.— Unverified record (Ross 1952).

Xanthophytesp.— Unverified record (Dowdest al. 1948).

38 © 2005Magnolia Press O’HARA



Acknowledgments ZOOTAXA

First and foremost | thankhoristoneuraresearchers who have generously assisted with
this project, either by providing me with reared tachinid specimens or information about
tachinid parasitism. They are, in alphabetical order, N. Bostanian (Horticultural Research
and Development Centre, Agriculture and Agri-Food Canada [AAFC], St. Jean-sur-Riche-
lieu, Quebec), J.E. Cossentine (Pacific Agri-Food Research Centre, AAFC, Summerland,
British Columbia), E. Eveleigh (Atlantic Forestry Centre, Natural Resources Canada
[NRCan], Fredericton, New Brunswick), V. Nealis (Pacific Forestry Centre, NRCan, Vic-
toria), 1.S. Otvos (Pacific Forestry Centre, NRCan, Victoria), M. Sarvary (graduate stu-
dent, Department of Entomology, Cornell University, Ithaca, New York), C.J. Westbrook
(graduate student, Department of Entomology, Cornell University, Ithaca, New York), and
T.K. Wilkinson (graduate student, Department of Entomology, Michigan State University,
East Lansing, Michigan). D.M. Wood (Research Associate, AAFC, Ottawa) gave freely of
his time and expertise in Tachinidae, helping to resolve several taxonomic problems
encountered during this study. J.T. Huber (Canadian Forest Service, NRCan, Ottawa) and
I.S. Otvos (Canadian Forest Service, NRCan, Victoria) kindly reviewed the manuscript.
My colleagues J.M. Cumming, D.J. Lafontaine, and J.H. Skevington (all AAFC, Ottawa)
provided advice on various matters. | am especially grateful to my technician, B.E. Cooper
(AAFC, Ottawa), for preparing the colour images, taking the original scanning electron
microscope images and assisting with the preparation of the puparial images. D.N. Moor-
house skillfully prepared the puparial drawings of posterior spiracular discs. | thank D.
Kritsch (AAFC. Ottawa) for his assistance with various technical aspects of this work.
Specimens useful to this study were provided by L. Humble (Pacific Forestry Centre,
NRCan, Victoria) and D.J. Williams (Northern Forestry Centre, NRCan, Edmonton,
Alberta). Our summer student in the Diptera Unit (AAFC, Ottawa), J. King, carefully
checked the References and proofread the manuscript. Financial support for this study
from the Canadian Forest Service of NRCan, as provided by J.T. Huber (NRCan, Ottawa)
and I.S. Otvos (NRCan, Victoria), is gratefully acknowledged.

References

Aldrich, J.M. (1916) Two new Canadian Dipte@anadian Entomologisé8, 20—22.

Aldrich, J.M. & Webber, R.T. (1924) The North American species of parasitic two-winged flies
belonging to the genuPhoroceraand related generd&roceedings of the United States
National Museum63 (Art. 17) [= No. 2486], 1-90.

Allen, D.C., Knight, F.B., Foltz, J.L. & Mattson, W.J. (1969) Influence of parasites on two popula-
tions of Choristoneura pinuglLepidoptera: Tortricidae) in MichigaAnnals of the Entomolog-
ical Society of Amerigab2, 1469-1475.

Arnaud, P.H., Jr. (1978) A host-parasite catalog of North American Tachinidae (DijteitEd
States Department of Agriculture, Miscellaneous Publicati®i9, 860 pp.

Bedard, W.D. (1938) An annotated list of the insect fauna of DouglaBsi@u@otsuga mucronata

TACHINIDS OF CHORISTONEURA © 2005 Magnolia Press 39



ZOOTAXA

rafinesqué in the northern Rocky Mountain regiddanadian Entomologis?70, 188—197.
Benjamin, D.M. & Drooz, A.T. (1954) Parasites affecting the jack-pine budworm in Michigan.
Journal of Economic Entomolog47, 588-591.

Bigot, J.-M.-F. (1889) Diptéres nouveaux ou peu connuspadie. XLIl. Diagnoses de nouvelles
especesAnnales de la Société Entomologique de France, $é8e253—-270.

Blais, J.R. (1960) Spruce budworm parasite investigations in the Lower St. Lawrence and Gaspé
regions of Quebecanadian Entomologis®2, 384—-396.

Blais, J.R. (1965) Parasite studies in two residual spruce budw@narigtoneura fumiferana
(Clem.)) outbreaks in QuebdC€anadian Entomologis®7, 129-136.

Boettner, G.H., Elkinton, J.S. & Boettner, C.J. (2000) Effects of a biological control introduction on
three nontarget native species of saturniid mdtlesiservation Biologyl4, 1798-1806.

Bourchier, R.S. (1991) Growth and development Gi¥mpsilura concinnata(Meigan [sic])
(Diptera: Tachinidae) parasitizing gypsy moth larvae feeding on tannin Getadian Ento-
mologist 123, 1047-1055.

Bourchier, R.S. & Smith, S.M. (1998) Interactions between large-scale inundative rele@ses of
chogramma minuturfHymenoptera: Trichogrammatidae) and naturally occurring spruce bud-
worm (Lepidoptera: Tortricidae) parasitoidvironmental Entomolog@7, 1273-1279.

Brooks, A.R. (1945) New Canadian Diptera (Tachinid@anadian Entomologis?7, 78—96.

Brown, A.\W.A. (1941) Foliage insects of spruce in Can&knada Department of Agriculture
Publication 712 (Technical Bulletin 31), 1-29.

Burgess, A.F. & Crossman, S.S. (1927) The satin moth, a recently introducedrptest. States
Department of Agriculture, Department Bulletid69, 1-22 + 1 pl.

Caesar, L. (1916) Leaf-rollers attacking applésnual Report of the Entomological Society of
Ontario [for] 1915, 46, 163-178.

Cappuccino, N., Houle, M.-J. & Stein, J. (1999) The influence of understory nectar resources on
parasitism of the spruce budwofhoristoneura fumiferanan the field.Agricultural and For-
est Entomologyl, 33—-36.

Cappuccino, N., Lavertu, D., Bergeron, Y. & Régniéere, J. (1998) Spruce budworm impact, abun-
dance and parasitism rate in a patchy landscpeologia 114, 236—242.

Carolin, V.M. & Coulter, W.K. (1959) The occurrence of insect parasit€hofistoneura fumifer-
ana(Clem.), in OregonJournal of Economic Entomology2, 550-555.

Ciesla, W.M. (1964) Life history and habits of the elm spanwd&momos sibsignariysn the
southern Appalachian Mountains (Lepidoptera: Geometridas)als of the Entomological
Society of Americeb7, 591-596.

Clausen, C.P. (1978) Tortricidaln: Clausen, C.P. (Ed.), Introduced parasites and predators of
arthropod pests and weeds: a world revidnited States Department of Agriculture, Agricul-
ture Handbook480, 236—240.

Coppel, H.C. (1947) The collection of spruce budworm parasites in British Columbia with notes on
their overwintering habitsAnnual Report of the Entomological Society of Ontario [for] 1946
77, 38-40.

Coppel, H.C. (1953) Effects of super, — multi, — and hyperparasitism on the abund&ngtoof
dietus fumiferanadRohw. (Hymenoptera: Ichneumonidae), a primary parasite of the spruce
budworm,Choristoneura fumiferanéClem.) (Lepidoptera: TortricidaelReport of the Quebec
Society for the Protection of Plants [for] 1950-1932-33, 189-193.

Coppel, H.C. (1958) Studies on dipterous parasites of the spruce buddwristoneura fumifer-
ana(Clem.) (Lepidoptera: Tortricidae). \lPhorocera incrassat&mith (Diptera: Tachinidae).
Canadian Journal of Zoolog36, 453-462.

Coppel, H.C. (1960) Key to adults of dipterous parasites of spruce budvaironistoneura
fumiferana(Clem.) (Lepidoptera: Tortricidaeinnals of the Entomological Society of Amer-
ica, 53, 94-97.

40 © 2005Magnolia Press O’HARA



Coppel, H.C. & Maw, M.G. (1954a) Studies on dipterous parasites of the spruce bu@honns; ZOOTAXA
toneura fumiferana(Clem.) (Lepidoptera: Tortricidae). llICeromasia auricaudatalns.
(Diptera: Tachinidae)Canadian Journal of Zoolog®2, 144-156.

Coppel, H.C. & Maw, M.G. (1954b) Studies on dipterous parasites of the spruce budtomis;
toneura fumiferana(Clem.) (Lepidoptera: Tortricidae). IMMadremyia saundersi(Will.)
(Diptera: Tachinidae)Canadian Journal of Zoolog®2, 314-323.

Coppel, H.C. & Smith, B.C. (1957) Studies on dipterous parasites of the spruce bu@koris;
toneura fumiferana(Clem.) (Lepidoptera: Tortricidae). VOmotoma fumiferanagTot.)
(Diptera: Tachinidae)Canadian Journal of Zoologg5, 581-592.

Coquillett, D.W. (1902) New Diptera from North AmericBroceedings of the United States
National Museum25 [= No. 1280], 83-126.

Cossentine, J., Jensen, L., Deglow, E., Bennett, A., Goulet, H., Huber, J. & O’Hara, J. (2004) The
parasitoid complex affectin@horistoneura rosaceanand Pandemis limitatan organically
managed apple orchard@ioControl 49, 359-372.

Culver, J.J. (1919) A study @ompsilura concinnataan imported tachinid parasite of the gipsy
moth and the brown-tail motlunited States Department of Agriculture, Bureau of Entomol-
ogy, Bulletin 766, 1-27 + 1 pl.

Curran, C.H. (1933) The North American specie8afain the American Museum of Natural His-
tory. American Museum Novitate814, 1-7.

Cusson, M., Laforge, M., Régniere, J., Béliveau, C., Trudel, D., Thireau, J.C., Bellemare, G,
Keirstead, N. & Stolz, D. (2002) Multiparasitism @horistoneura fumiferanay the ichneu-
monid Tranosema rostral@nd the tachinidhctia interrupta occurrence in the field and out-
come of competition under laboratory conditioBatomologia Experimentalis et Applicata
102, 125-133.

Dang, P.T. (1992) Morphological study of male genitalia with phylogenetic inferer@isoafto-
neuralLederer (Lepidoptera: Tortricida€}anadian Entomologisfi24, 7-48.

Daviault, L. (1946) Forest entomolodyeport of the Minister of Lands and Forests of the province
of Quebec for the year ending March 31st, 1948-122.

Daviault, L. (1950) Les parasites de la tordeuse des bourgeons de I'ép@lettestoneura
fumiferanaClem.) dans la province de QuébReport of the Quebec Society for the Protection
of Plants 31, 41-45.

Davis, J.J. (1912) Report on insects injurious to flowering and ornamental greenhouse plants in llli-
nois. Report of the State Entomologist on the noxious and beneficial insects of the state of llli-
nois, 27, 83-143.

Dixon, J.C. & Benjamin, D.M. (1963) Natural control factors associated with the jack-pine bud-
worm, Choristoneura pinuslournal of Economic Entomology6, 266—270.

Doganlar, M. & Beirne, B.P. (1978) Natural enemies of budwoi@gristoneuraspp. (Lepi-
doptera: Tortricidae), on Douglas fir near Yale, British Columbia, in 183itnal of the Ento-
mological Society of British Columbi@5, 25-26.

Dowden, P.B., Buchanan, W.D. & Carolin, V.M. (1948) Natural-control factors affecting the spruce
budworm.Journal of Economic Entomolog§l, 457—-464.

Dowden, P.B., Carolin, V.M. & Dirks, C.O. (1951) Natural control factors affecting the spruce bud-
worm in the Adirondacks during 1946-194®wurnal of Economic Entomolog¢3 (1950),
774-783.

Dowden, P.B., Jaynes, H.A. & Carolin, V.M. (1953) The role of birds in a spruce budworm out-
break in MaineJournal of Economic Entomology6, 307—-312.

Drooz, A.T. & Benjamin, D.M. (1956) Parasites from two jack-pine budworm outbreaks on the
Upper Peninsula of Michigadournal of Economic Entomolog49, 412-413.

Evans, D. (1962) Descriptions and life history Mélanolophia imitata(Walker) (Lepidoptera:
Geometridae)Canadian Entomologis®4, 594-605.

TACHINIDS OFCHORISTONEURA © 2005 Magnolia Press 41



ZOOTAXA

Fitzpatrick, S.M., Troubridge, J.T. & Maurice, C. (1994) Parasitoids of blackheaded fireworm
(Rhopobota naevandbn.) larvae on cranberries, and larval escape behavoumal of the
Entomological Society of British Columbi@l, 73—74.

Frankenhuyzen, K. van. (2008horistoneura pinus pinusreeman, jack pine budworm (Lepi-
doptera: Tortricidae)n: Mason, P.G. & Huber, J.T. (EdsBiological control programmes in
Canada, 1981-200@ABI Publishing, Wallingford and New York, pp. 75-78.

Franklin, H.J. (1943) Injurious and beneficial insects affecting the cranbdagsachusetts Agri-
cultural Experiment Station Bulletii398, 26—28.

Franklin, H.J. (1950) Cranberry insects in Massachusetts. Part V. Insects and other animals benefi-
cial in cranberry growingMassachusetts Agricultural Experiment Station Bullefi#5, 55—

76.

Gardiner, J.G. (1946) Report of the Minister of Agriculture [for] 1945R&hort of the Minister of
Agriculture for the Dominion of Canada for the year ended March 31,,128%pp.

Graham, A.R. (1965) A preliminary list of the natural enemies of Canadian agriculturalGrests.
ada Department of Agriculture Research Institute Information BuJlétin—179.

Graham, A.R. & Jones, P.A. (1962) Appendix |. Parasites and predators released against forest
insects in Canada, 1910-38: McLeod, J.H., McGugan, B.M. & Coppel, H.C., A review of
the biological control attempts against insects and weeds in Cabaaenonwealth Institute
of Biological Control, Technical Communicatid? 129-175.

Hagley, E.A.C. & Barber, D.R. (1991) Foliage-feeding Lepidoptera and their parasites recovered
from unmanaged apple orchards in southern Onfaraxzeedings of the Entomological Society
of Ontarig 122, 1-7.

Harris, J.W.E. & Dawson, A.F. (1979) Parasitoids of the western spruce bud@bomistoneura
occidentalis(Lepidoptera: Tortricidae), in British Columbia 1977-38urnal of the Entomo-
logical Society of British Columbj&6, 30—38.

Harris, JW.E. & Dawson, A.F. (1985) Parasitoids of the western spruce budworm in British
Columbia.ln: Sanders, C.J., Stark, R.W., Mullins, E.J. & Murphy, J. (EB&gent advances in
spruce budworms researcRroceedings of the CANUSA spruce budworms research sympo-
sium. Bangor, Maine, September 16—20, 1984. Canadian Forestry Service, Ottawa, p. 102.

Hébert, C. & Cloutier, C. (1990a) Temperature-dependent development of eggs and lavirae of
themia fumiferana&oth. (Diptera: Tachinidae), a larval-pupal parasitoid of the spruce bud-
worm (Lepidoptera: TortricidaeCanadian Entomologisti22, 329-341.

Hébert, C. & Cloutier, C. (1990b) Host instar as a determinant of preference and suitability for two
parasitoids attacking late instars of the spruce budworm (Lepidoptera: Tortrictaa)s of
the Entomological Society of Amerj@8, 734—741.

Hébert, C., Cloutier, C. & Régniere, J. (1990) Factors affecting the flight activityimmhemia
fumiferanae(Diptera: TachinidaeEnvironmental Entomology9, 293-302.

Hébert, C., Cloutier, C., Régniere, J. & Perry, D.F. (1989) Seasonal bioldgynibfemia fumifera-
naeToth. (Diptera: Tachinidae), a larval-pupal parasitoid of the spruce budworm (Lepidoptera:
Tortricidae).Canadian Journal of Zoolog$7, 2384—2391.

Herting, B. (1984) Catalogue of Palearctic Tachinidae (Dipteftlittgarter Beitrdge zur
Naturkunde Serie A (Biologie369, 1-228.

Hewitt, C.G. (1913) Report of the Dominion Entomologist for the year ending March 310#&1-2.
ada Department of Agriculture, Annual Report on Experimental Farms for the year 1911-12
173-189.

Huber, J.T., Eveleigh, E., Pollock, S. & McCarthy, P. (1996) The chalcidoid parasitoids and hyper-
parasitoids (Hymenoptera: Chalcidoidea)Giforistoneuraspecies (Lepidoptera: Tortricidae)
in America north of MexicoCanadian Entomologisti28, 1167-1220.

Ichiki, R. & Shima, H. (2003) Immature life @ompsilura concinnatéMeigen) (Diptera: Tachin-
idae).Annals of the Entomological Society of Ameri2@, 161-167.

42 © 2005Magnolia Press O’HARA



Jaynes, H.A. & Drooz, A.T. (1952) The importance of parasites in the spruce budworm infestatio@®0TAXA
in New York and MaineJournal of Economic Entomolog45, 1057-1061.

Johannsen, O.A. (1913) Spruce bud worm and spruce leaf niifeire Agricultural Experiment
Station, Bulletin210, 13-36 + 3 pls.

Johnson, C.W. (1925) Fauna of New England. 15. List of the Diptera or two-wingedities-
sional papers of the Boston Society of Natural Histéry—326.

Knowlton, G.F. & Allen, M.W. (1937) Oblique-banded leaf roller, a dewberry pest in Wbainnal
of Economic Entomolog®0, 780-785.

Knowlton, G.F. & Hansen, L.L. (1938) Notes on berry insects of WRabceedings of the Utah
Academy of Sciences, Arts and Lettéfs 127-130.

Kulman, H.M. & Hodson, A.C. (1961) Parasites of the jack-pine budw@imyistoneura pinus
with special reference to parasitism at particular stand locationsnal of Economic Ento-
mology 54, 221-224.

Li, S.Y., Fitzpatrick, S.M., Hueppelsheuser, T., Cossentine, J.E. & Vincent, C. (20@2sto-
neura rosaceangHarris), obliguebanded leafroller (Lepidoptera: Tortricidée)Mason, P.G.

& Huber, J.T. (Eds.)Biological control programmes in Canada, 1981-20CG@BI Publish-
ing, Wallingford and New York, pp. 78-83.

Li, S.Y., Fitzpatrick, S.M., Troubridge, J.T., Sharkey, M.J., Barron, J.R. & O’Hara, J.E. (1999) Par-
asitoids reared from the obliquebanded leafroller (Lepidoptera: Tortricidae) infesting raspber-
ries.Canadian Entomologisti31, 399-404.

MacDonald, D.R. & Webb, F.E. (1963) Insecticides and the spruce budWvorkhorris, R.F. (Ed.),

The dynamics of epidemic spruce budworm populatibtemoirs of the Entomological Soci-
ety of Canada31, 288-310 + figs. 39.1-39.6.

Maw, M.G. & Coppel, H.C. (1953) Studies on dipterous parasites of the spruce budhamisto-
neura fumiferana(Clem.) (Lepidoptera: Tortricidae). IPhryxe pecosensiéins.) (Diptera:
Tachinidae)Canadian Journal of Zoolog@1, 392—-403.

McAlpine, J.F. (1981) Morphology and terminology — aduits.McAlpine, J.F., Peterson, B.V,,
Shewell, G.E., Teskey, H.J., Vockeroth, J.R. & Wood, D.M. (Eds.), Manual of Nearctic Diptera.
Volume 1.Agriculture Canada Monograpt27, 9—63.

McGugan, B.M. & Blais, J.R. (1959) Spruce budworm parasite studies in northwestern Ontario.
Canadian EntomologisB1, 758-783.

McGugan, B.M. & Coppel, H.C. (1962) Part Il — Biological control of forest insects, 1910-1958.
In: McLeod, J.H., McGugan, B.M. & Coppel, H.C., A review of the biological control attempts
against insects and weeds in Can&tanmonwealth Institute of Biological Control, Technical
Communication2, 35-127.

McKnight, M.E. (1974) Parasitoids of the western spruce budworm in ColoEaddronmental
Entomology3, 186-187.

Meigen, J.W. (1824)Systematische Beschreibung der bekannten europaischen zweifliigeligen
InsektenHamm, \Vol. 4, xii + 428 pp.

Mellini, E. (1990) Sinossi di biologia dei Ditteri Larvevoridiollettino dellIstituto di Entomolo-
gia “Guido Grandi” dell'Universita di Bologna45, 1-38.

Miller, C.A. (1955) A technique for assessing spruce budworm larval mortality caused by parasites.
Canadian Journal of Zoolog33, 5-17.

Miller, C.A. (1963) Parasites and the spruce budwdnmMorris, R.F. (Ed.), The dynamics of epi-
demic spruce budworm populatiodemoirs of the Entomological Society of Canada,
228-244 + figs. 34.1-34.7.

Nealis, V.G. (1991) Parasitism in sustained and collapsing populations of the jack pine budworm,
Choristoneura pinuginus Free. (Lepidoptera: Tortricidae), in Ontario, 1985-1@8nadian
Entomologist123, 1065-1076.

Neunzig, H.H. & Gyrisco, G.G. (1955) Some insects injurious to birdsfoot trefoil in New York.

TACHINIDS OF CHORISTONEURA © 2005 Magnolia Press 43



ZOOTAXA

Journal of Economic Entomolog48, 447-450.

O’Hara, J.E. (1985) Oviposition strategies in the Tachinidae, a family of beneficialftiaersity
of Alberta, Agriculture and Forestry BulletiB(2), 31-34.

O’Hara, J.E. (1988) Survey of first instars of the Siphonini (Diptera: Tachinia¢dmologica
Scandinavical8, 367-382.

O’Hara, J.E. (1991) Revision of Nearctic specie\ofia Robineau-Desvoidy (Diptera: Tachin-
idae).Canadian Entomologisti23, 745-776.

O’Hara, J.E. (2002) Revision of the Polideini (Tachinidae) of America north of MeSicaoia
dipterologia, Supplement0, 170 pp.

O’Hara, J.E. & Cooper, B.E. (1992) Revision of the Nearctic speci€ypénisRobineau-Des-
voidy (Diptera: TachinidaelCanadian Entomologist24, 785-813.

O’Hara, J.E. & Wood, D.M. (2004) Catalogue of the Tachinidae (Diptera) of America north of
Mexico. Memoirs on Entomology, Internationdl8, 410 pp.

Osten Sacken, C.R. (1887) Some North American Tach@e®adian Entomologistl9, 161-166.

Otvos, |.S. (1991) Tortricids in forestry. North American species in fordstrywan der Geest,
L.P.S. & Evenhuis, H.H. (Eds.Jortricid pests. Their biology, natural enemies and control.
World Crop Pests 5, Elsevier, Amsterdam, pp. 719-756.

Pfannenstiel, R.S. & Unruh, T.R. (2003) Conservation of leafroller parasitoids through provision of
alternate hosts in near-orchard habitatsVan Driesche, R.G. (Ed.Proceedings of the Inter-
national Symposium on Biological Control of Arthropods. Honolulu, Hawaii, 14-18 January
2002. United States Department of Agriculture, Forest Service, Morgantown, WV. FHTET-
2003-05, pp. 256—262.

Prebble, M.L. (1935Actia diffidensCurran, a parasite &feronea variangFernald) in Cape Bre-
ton, Nova ScotiaCanadian Journal of Research2, 216-227.

Pree, D.J., Whitty, K.J., Pogoda, M.K. & Bittner, L.A. (2001) Occurrence of resistance to insecti-
cides in populations of the obliquebanded leafroller from orch&adsadian Entomologist
133, 93-103.

Prentice, R.M. (1955) The life history and some aspects of the ecology of the large aspen tortrix,
Choristoneura conflictan@Wlkr.) (n. comb.) (Lepidoptera: Tortricida€janadian Entomolo-
gist, 87, 461-473.

Raizenne, H. (1952Forest Lepidoptera of southern Ontario and their parasites received and
reared at the Ottawa Forest Insect Survey Laboratory from 1937 to Ctada Department
of Agriculture, Science Service, Division of Forest Biology, Ottawa, v + 277 pp.

Reeks, W.A., Forbes, R.S. & Cuming, F.G. (1948) Maritime provinces and NewfounGkmada
Department of Agriculture, Science Service, Annual Report of the Forest Insect Survey, Forest
Insect Investigations, 1949-23.

Richmond, H.A. (1938) Forest insects of the season 1937 in Manitoba and northern Qatzaio.
dian Insect Pest Reviews, 45-46.

Richmond, H.A. (1940) Review of forest insects of the season 1939 from the Winnipeg laboratory.
Canadian Insect Pest Reviel8, 49-54.

Richmond, H.A. (1941a) Forest insects of the season 1940 in central Caaaddian Insect Pest
Review 19, 57-60.

Richmond, H.A. (1941b) [UntitledCanadian Insect Pest Reviel®, 209.

Roland, J., Evans, W.G. & Myers, J.H. (1989) Manipulation of oviposition patterns of the parasitoid
Cyzenis albicangTachinidae) in the field using plant extracteurnal of Insect Behavip®,
487-503.

Ross, D.A. (1952) Key to the puparia of the dipterous parasi@baistoneura fumiferan&€lem.
Canadian EntomologisB4, 108-112.

Royama, T. (1984) Population dynamics of the spruce budv@iraristoneura fumiferanaeco-
logical Monographs54, 429-462.

44 © 2005Magnolia Press O’HARA



Sabrosky, C.W. & Arnaud, P.H., Jr. (1965) Family Tachinidae (Larvaevorittaeptone, A., ZOOTAXA
Sabrosky, C.W., Wirth, W.W., Foote, R.H. & Coulson, J.R. (Eds.), A catalog of the Diptera 0
America north of MexicolUnited States Department of Agriculture, Agriculture Handbook
276, 961-1108.

Sanders, C.J. (1991) Tortricids in forestry. Biology of North American spruce budwomas. der
Geest, L.P.S. & Evenhuis, H.H. (EdSdrtricid pests. Their biology, natural enemies and con-
trol. World Crop Pests 5, Elsevier, Amsterdam, pp. 579-620.

Schaffner, J.V., Jr. (1959) Microlepidoptera and their parasites reared from field collections in the
northeastern United Statddnited States Department of Agriculture, Miscellaneous Publica-
tion, 767, iv + 97 pp.

Schaffner, J.V., Jr. & Griswold, C.L. (1934) Macrolepidoptera and their parasites reared from field
collections in the northeastern part of the United Stateged States Department of Agricul-
ture, Miscellaneous Publicatiori88, 1-160.

Schaupp, W.C. Jr., Volney, W.J.A. & Waters, W.E. (1991) Parasitoids of endemic and epidemic pop-
ulations ofChoristoneura occidentalifreeman andhoristoneura retiniangWalsingham)
(Lepidoptera: Tortricidae) in southern Oreg@anadian Entomologisii23, 1095-1102.

Schmid, J.M. (1981) Distribution of western spruce budworm (Lepidoptera: Tortricidae) insect par-
asites in the crowns of host tre€anadian Entomologisti13, 1101-1106.

Schoenmaker, A., Cusson, M. & Frankenhuyzen, K. van. (2001) Interactions b&aakus thu-
ringiensisand parasitoids of late-instar larvae of the spruce budworm (Lepidoptera: Tortri-
cidae).Canadian Journal of Zoology9, 1697-1703.

Schrdder, D. (1969 ypha dubig(Fall.) (Dip.: Tachinidae) as a parasite of the European pine shoot
moth,Rhyacionia buoliangSchiff.) (Lep.: Eucosmidae) in Eurog@ommonwealth Institute of
Biological Control, Technical Bulletjil2, 43—60.

Schuh, J. & Mote, D.C. (1948) The oblique-banded leaf roller on red raspbekrasp$
rosaceangHarris)]. Oregon Agricultural Experiment Station, Technical Bullgtif, 1-43.

Sellers, W.F. (1930) The identity @énillia blandaO.S. andZenillia virilis A. & W. with notes on
Zenillia blanditaCoq. (Diptera, Tachinidaehnnals of the Entomological Society of America
23, 569-576.

Sellers, W.F. (1943) The Nearctic species of parasitic flies belongifgnidia and allied genera.
Proceedings of the United States National Muse28r[= No. 3157], 1-108.

Shima, H. (1996) A systematic study of the tribe Winthemiini from Japan (Diptera, Tachinidae).
Beitrdge zur Entomologjel6, 169—235.

Smith, H.E. (1912) A contribution on North American dipteroldgpceedings of the Entomologi-
cal Society of Washingtph4, 118-127.

Smith, S.M., Frankenhuyzen, K. van, Nealis, V.G. & Bourchier, R.S. (208@)istoneura fumifer-
ana (Clemens), eastern spruce budworm (Tortricidae)Mason, P.G. & Huber, J.T. (Eds.),
Biological control programmes in Canada, 1981-20Q®&BI Publishing, Wallingford and
New York, pp. 58—68.

Tilles, D.A. & Woodley, N.E. (1984) Spruce budworm parasites in Maine: a reference manual for
collection and identification of common speciémited States Department of Agriculture,
Forest Service, Cooperative State Research Service, Agriculture Han@i&oB5 pp.

Thompson, W.R. (1953) The tachinid parasitesAathips cerasivoranaritch. (2) Eusisyropa
blandaO.S. (Diptera)Canadian EntomologisB5, 393-404.

Torgersen, T.R. (1985) Parasitoids and western budworm dyndmisanders, C.J., Stark, R.W.,
Mullins, E.J. & Murphy, J. (Eds.Recent advances in spruce budworms rese&dteedings
of the CANUSA spruce budworms research symposium. Bangor, Maine, September 16-20,
1984. Canadian Forestry Service, Ottawa, pp. 104—-105.

Torgersen, T.R., Campbell, R.W., Srivastava, N. & Beckwith, R.C. (1984) Role of parasites in the
population dynamics of the western spruce budworm (Lepidoptera: Tortricidae) in the North-

TACHINIDS OFCHORISTONEURA © 2005 Magnolia Press 45



ZOOTAXA

west.Environmental Entomology 3, 568-573.

Tothill, J.D. (1912) Systematic notes on North American Tachini@aaadian Entomologis#4,
1-5.

Tothill, J.D. (1913) Tachinidae and some Canadian h@stsadian Entomologis#t5, 69—75.

Tothill, J.D. (1923) Notes on the outbreaks of spruce budworm, forest tent caterpillar and larch saw-
fly in New Brunswick.Proceedings of the Acadian Entomological Society [for] 1&A 72—

182.

Townsend, C.H.T. (1908) The taxonomy of the muscoidean flies, including descriptions of new
genera and specieSmithsonian Miscellaneous Collectioid (2 [= pub. 1803]), 1-138.

Townsend, C.H.T. (1926) New holarctic Muscoidea (Diptdragecutor Inscitiae Menstrupd4,
24-41.

Vakenti, J.M., Cossentine, J.E., Cooper, B.E., Sharkey, M.J., Yoshimoto, C.M. & Jensen, L.B.M.
(2001) Host-plant range and parasitoids of obliquebanded and three-lined leafrollers (Lepi-
doptera: Tortricidae)Canadian Entomologisfi33, 139-146.

Walker, F. (1849).ist of the specimens of dipterous insects in the collection of the British Museum.
London, Vol. 4, pp. 689-1172.

Webber, R.T. & Schaffner, J.V., Jr. (1926) Host relation€ahpsilura concinnatdMeigen, an
important tachinid parasite of the gipsy moth and the brown-tail rustited States Depart-
ment of Agriculture, Department Bulletih363, 1-31.

Wilkes, A. (1946) The introduction of insect parasites of the spruce budwachips fumiferana
Clem., into eastern Canadaanadian Entomologis?8, 82—86.

Wilkes, A. (1949) Notes on the transfer of budworm parasites from British Columbia to eastern
CanadaReport of the Quebec Society for the Protection of Plants [for] 1945+-B®4711—

112.

Wilkes, A. & Anderson, M. (1947) Notes on recovery of the introduced spruce budworm parasite,
Phytodietus fumiferana@ohw. in eastern Canadannual Report of the Entomological Society
of Ontario [for] 1946 77, 40-44.

Wilkes, A., Coppel, H.C. & Mathers, W.G. (1949) Notes on the insect parasites of the spruce bud-
worm Choristoneura fumiferangClem.) in British ColumbiaCanadian Entomologist80
(1948), 138-155.

Wilkinson, T.K., Landis, D.A. & Gut, L.J. (2004) Parasitism of obliguebanded leafroller (Lepi-
doptera: Tortricidae) in commercially managed Michigan apple orchidmal of Economic
Entomology97, 1524-1530.

Williston, S.W. (1889) The dipterous parasites of North American butterfieScudder, S.H.,

The butterflies of the eastern United States and Canada with special reference to New England.
Published by the author, Cambridge. Vol. 3, pp. 1912-1924 + pl. 89.

Winn, A.F. & Beaulieu, G. (1915) A preliminary list of the insects of the province of Quebec. Part Il
— Diptera (two-winged flies)Supplement to Report of the Quebec Society for the Protection
of Plants 7, 108—159.

Wishart, G. (1945Aplomya caesafAldrich), a tachinid parasite of the European corn b@ana-
dian Entomologist77, 157-167.

Wood, D.M. (1987) Tachinidaén: McAlpine, J.F., Peterson, B.V., Shewell, G.E., Teskey, H.J.,
Vockeroth, J.R. & Wood, D.M. (Eds.), Manual of Nearctic Diptera. Volumégdiculture
Canada Monograph?28, 1193-1269.

Zeller, S.M. & Schuh, J. (1944) Diseases and insect pests of cane fruits in @eggon Agricul-
tural Experiment Station Bulletj®18, 1-58.

Zwolfer, H. (1961) A comparative analysis of the parasite complexes of the European fir budworm,
Choristoneura murinangHub.) and the North American spruce budwof, fumiferana
(Clem.).Commonwealth Institute of Biological Control, Technical Bulletinl62 pp.

46 © 2005Magnolia Press O’HARA



