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BESSA SELECTA (172I327) AS A PARAST™E OF SILPITTA FIRIVTIAT (UARTIG)
by L. S. Hawboldt
I "R0DUCTION
This project arose out of studiee of the Suropean snruce saw-

fly, Gilpinia hercyniae (Htg.) in connection with the Canadian Forest

Insect Survey at the Dominion Entomolozical Laboratories, Fredericton,
T.Be As an introduction to the subject a brief account is here presen-
ted of the outbreak of the European spruce sawfly.

Gilpinia hercyniae was first discovered in imerica in the fall

of 1930 in the Gaspe Peninsula. How lony it had been active in this coun-
try has not been determined, but at that time it had already severely de-
foliated spruce over some 2,500 square miles in the interior of the %aspe
Peninsula. The spruce sawfly 1s presumed to have been introduced at least
several decades a0 (6). lLike many orzanisms introduced vithout their
native enemies, 1t increased rapidly in population and by 1939 had spread
eastward throughout the !'aritime Provinces, westward throuth the Pro-
vince of Quebec into eastern Ontario. 3y this time it was aleo present

in the New Znzland States, as far south as Connecticut and west as lew
Yorke In 1941 the first sample of the species was received from Newfound-
land(6).

The peak of the infestation was reached about 1938 when an es-
timated 12,000 square miles were heavily infested (9). Tallies in 1942 in
the Gaspe Peninsula showed about 757%by volume of the white spruce dead,
and about 457 of the black (8).

The decline of the outbreak coincided with the appearance of
diseased larvae. Althouch insignificant evidence of disease ;ppeared ear-

lier (9), it was not until late 1938 that diseased larvae occurred in Sur-
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vey samples from the field. In 1939 disease symptoms appeared amon3 the
larvae early in the season and it became very difficult to rear Zuropean
spruce sawfly larvae in the laboratory- By 1942 the disease had spread
amonz the population of sawfly throughout the zreater part of its rangze,
and by the followinz year the sawfly population was reduced to insiznifi-
cant numbers.

Bessa gelecta (Mz-) had been observed as a pa}asite of the

larch sawfly, Pristiphora erichsoni (HEtz). Particular interest was aroused
in it as a parasite occurrinz on the Buropean spruce sawfly. The latter
host was frequently found to bear the ezgs and inteyumental funnels of

B. selectas The object was to study its complete 1ife history and hadbits

and its effectiveness as a possible control factor of the spruce sawfly.
However, great difficulty wzts experienced in reurinzy the host due to high
mortality caused by disease. Hence the original ailss were not attained
to the entire satisfaction of the author.

Bessa selecta senerally is referred to as a parasite of saw-

flies and considerable evidence of its presence is found amon> them.

It 18 now known, however, that so many mishaps befall it durir develop~-
ment from the ez to the adult that it is not considered by the author

to have exerted any sreat amount of control on the spruce sawfly. Undoub-
tedly it did play a part, along with other controls, and possibly is a
more important factor in the environmental resistance of such forms as tlre

larch sawfly and the mountain ash sawfly, Pristiphora eniculata (Ht:z).

Only brief notes were fow.d in the literature on 3essa selecta.

Early accounts were mostly of occurrence and taxonomy. The latter is re-
viewed below. Other than occasional notes nothing was found regarding
the biology of this species.

Nielsen (31) refers to the method used by the last instar maggot



in leaving the host. Dobrodeiev (15), in connection 7ith his studies of

Priophorus padi L., referred to the method by ~hich tke nost becomes na-
rasitized. Baer (3) makes the zeneralizatior trat 'if parasitism beizs
early enough the host is unable to progress to a further staze', = ich

rule he applies to Bessa (Ptychomyia) selecta. The 1cst lenxthy account

of B. selecta encountered was by Baird (10), who briefly recorded a ‘ow
observations on oviposition, overwinterinz stage, place of pupaticn, and
the foct that there are two generations a year.

A summary of the distribution of Bessa selecta as recorded by

various authors appears in Table 1, alonz with a list of hostc from wrich
the parasite was reared, and perti.cnt remarks .:.ade by the author in each
instance.

The author wishes to express his :ratitude for the cooperztion
and advice accorded him by 'essrs. R. Z. 3alch, V. A. Reeks, and I!'. L.
Prebble, of the Dominion &Antomolcgical Laboratories, and particularly for

the suggestions offered by Mr. Reeks, while enjazed on tris nroject.



DISTRIZTNICH

Some doubt exists as to whether 3essa selecta is rative to Torth

America or 1s a European species. It is generally referred to as a
Tachinid parasite of sawflies and recorde of its occurrence have been no-
ted in many parts of Europe and America.

Considerable of the difficulty as to its nativity aprears %o
have arisen out of taxonomic discussions. There is little doubt -lat the

Buropean and American Bessa selecta are the same tsrecies. Aldrich (1) in

i.
this connection says, "That this European species (Ptychoryyia (Besta) selecta)

occurs in rTorth America has now been ascertained?

There is 1little to indicate whether t-is species ori~inated in su-
rope and was introduced into America on some of the introduced sawflies o
whether it 1s an international species.

It occurs comaionly as a parasite of the larch sawfly, Pristiphora

erichsoni, both in Europe and America. In American literature it is par-

ticularly associated with this pest of larch, apparently occurrinz where-

ever P. erichsoni is found. There is, in the author's opinion, good rea-

son for believing that B. selecta was introduced into the western world,

possibly with P. erichsoni.

It is recorded in the literature as occurrinz in the 3ritish
Isles, France, Jermany, Russia, Finland, Austria, Italy, liontana and Great
Lakes District, liaine, and British Columbia.

Records obtained in connection with this project indicate it oc-

curs in New Brunswick and l'ova Scotia, wherever P. erichsoni is found, z2nd

it has also been reared from P. erichsoni larvae received from ilewfound-

land.

Table 1 zives a list of points of distribution.

i. Author's parentheses.



IDEXTIFICATICT

Be8sa selecta (ieigen) belonzs to the fznily Tachinidae, of

the order Diptera. The genus 3essa was erected by Robineau-Desvoidy in
1863. The synonymy of the genus is as follows:
1863 Bessa Robineau-Desvoidy, Hist. Mat. Dipt. de Paris 2:64
1863 Ephyra Robineau~Desvoidy (przocc.), Ibid p. 156
1863_511§g§.Robineau-nesvoidy (preocc.), Ibid p. 160
1863 Myrsina Robineau-Desvoidy, (preocc.), Ibid p. 158
1863 Osmina Robineau-Desvoidy, Ibid p. 166

1889 Ptychomyia Brauer and Von 3ergenstamm, Iusc. Schiz. 1:21

1931 Ptychomyia Brauer and Von Bergenstamm = Myrsina Robineau-Desvoidy.
Villeneuve, Konowia 10:56
1936 Myrsina Robineau-Desvoidy & Bessa Iobineau-Desvoidy. Townsend,
Man. Myiol. pt.IV p. 278
The synonymy of Meigen's species selecta, 1824, is as follows:

1824 machina selecta Meigen, Syst. Beschr. 4:377 (237)

1863 Besgsa secutrix Robineau-Desvoidy, Hist. Nat. Dipt. de Paris 2:64

= Tachina selecta leigen

1863 Phorinia micromera Robineau-Desvoidy, Ibid p. 156 = Tachina selecta

Meigen.

1863 Lilaea aurozonata Robineau-Desvoidy, Ibid p. 160 = Tachina selecta

Meigen

1863 Myreina ambulatrix Robineau-Desvoidy, Ibid pe. 158 = Tachina selecta

lleigen

1863 Osmina lubrica Robineau-Desveoidy, Ibid p. 166

1892 pasochaeta parveyi Townsend, Trans. Ame Ent. Soce. 19:98

1892 Masicera tenthredinidarum Townsend, Ibid p. 285

1900 Tachina parallela Meigen. Stein, Ent. Nach. 26:145 = Tachina selecta

Veigen



1907 Roeselia convexifrons Pandelle. Villeneuve, Ann. Soc. Znte. Pr.

76:388 = Tachina selecta lleigen

1915 FProntina (.iasicera) tenthredinidarum Townsend. 3ritton, 3Iert.

Conn. izr. 2xp. Sta. pp. 125-134%

1922 Frontina tenthredinidarum Towrsend. 3aird, Proc. Acad. Znt. Soc.

no. 8, pp. 158-171

1927 Tachina tincta ileigen. Lundbeck, Dipt. Danica 7:345 = Tackina

selecta lleigen

1930 Daeochaeta harveyi Townsend. Aldrich, Proc. EZnt. Soc. 7ash. 22:25

= Ptychomyla selecta leizen

1930 Masicera tenthredinidarum Townsend. Aldrich, Ibid = Ptychomyia

selecta lMeigen

1931 Prosopodes fugzax Rondani. Villeneuve, Konowia 10:56 = Tachina
selecta Ileizen

1936 Bessa harveyi Townsend, ’sn. lyiol. pt. IV p. 236 = Daeochaeta

harveyl Townsend and !'asicera tenthredinidarum Townsend

1936 Bessa selecta (lleigen). Townsend, Ibid

There appears to be some confusion rezarding the species Daeochaeta

harveyl Towns., Masicera tenthrecinidarum Towns., 3essa Larveyl Towns., and

Bessa gelecta Mg. In 1892 Townsend (44) described D. harveyl from one spe-

cimen, the female sex of which he queried. At the same time he also de-

scribed a single male specimen of !. tenthredinidarum. In 1936 he made the

following correction, "D. harveyl is the male and !'« tenthredinidar.m is

the female of an American species of Bessa, to be known as 3essa harveyl

Townsend, the European 3essa selecta lelgen not occurring in America.” (46)

Previously Aldrich in 1930 examined the types of harveyi and

tenthredinidarum and suspecting that the Buropean selecta was the same, sent

several specimens of the American materiel to Dr. J. Villeneuve, who con-

firmed the identity (1).



Whether Townsend was aware of this comparison he does rct saye.
In the aufhor's opinion, based on the facts as presented, D. harveyi,

M. tenthredinidarum and B. harveyi are all identical with Bessa selecta,

which from the facts occurs in America as well as Europe.



METHODS OF STUDY
The data for this thesis were collected durinz the sumer and
fall of 1939 and the spring, summer and fall of 1940. The material used
was obtained both from field collections, culture rearinzs of boh the

European spruce sawfly and Bessa gelecta, and from “crest Insect Survey

samples.

During the summer of 1939 larvae of G. hercyniae were collected

in the field and obtained from Forest Insect Survey samples. These were
divided into four groups:-

1. Those bearinz unhatched ezgs.

2. Those bearing hatched ezzs.

3. Those bearing intezumental funnels.

4. Those bearing doubtful scars.

Records were kept of the host larval stages and the m:iterial was
all reared in lots

l. Individually to determine:-

(a) there the egg was deposited, and the relationship of its

position to the eventual location of the intezumental funnel.

(b) Whether the intezumental funrel occurred at any rezular

location.
(¢) T™he method of ezz hatch.
(d) How the mazzot became established.
(e) In what stage of the host the ma3zot matured and where it
pupated.
2. Individually and in groups as series for discections to de=
termine:~

(a) The number of maggot stadia.

(b) The length of each stadium.
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(¢) The lenzth of the ma3-ot stagze.

(d) How soon after mazzot m2turity the puparium wes formed.
(e) ™e lenzth of the puparial staze.

(f) How and when the adult emergzed.

It was orizinally planned to dissect lote every three or four
days, but the mortality of host larvae due to disease interrupted the sche-
dule. Instead, dyinz or dead larvae occurred frequently enouzh for these
dissections.

At 2ll times records were made of occurrences duriny development
from e3» to adult which would irmair efficlency of the n-rasite.

Cocoons were obtained in the 211 and put up in lots for irmmedi-
ate and stbsequent dissections to determine the overwinterin; staye and
spring development. Trom this miterial and other sources adults were ob-
tained.

These were kept in cotton cazes ~:d ..otes obtained on habits.

Tese cazes were also stocked with G. hercrmiae for oviposition, to supply

large numbers of narasitized larvae with which to continue the work of the
previous summer. In addition, material was obtaineC from the s=zme scurces

as previously mentioned.
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DISCRIPTICH
Egg. (Pigs. 1 and 2)

The egg of Bessa selecta has a heavy, opaque dorsal chorion.

The general color is white. The ventral éurface is flexible conforaiiny in
shape to the surface upon which it is deposited. T™is ventral chorion is
thin and transparent. The general form is oblonz, beinz broad at the pos-
terior end, narrowing slightly toward the anterior end to zive a blunt ta-
per. In lateral view the dorsum is markedly arched with the ventral sur-
face flattened or concave, dependinz on the surface of the host. The re-
ticulate markings, formed by the immression of the ends of the ov:rian
follicular cells, are very indistinct.

T™e egg is of the dehiscent macrotype, with a distinct fracture
over the anterior end, commencinz at the antero-ventral edze, extending
dorsally and somewhat posteriorly, comnletely marking off a distinct oper-
culune On some occasions hatching is accomplished by forcirny this opercu-
lum backward, and eventually, as the e3gshell zyes the operculum drops off,
leaving a circular aperture in the anterior end of the ez3chell. Rezard-
less of the method of hatching the operculum nearly always drope off even-
tually.

The egg is attached to the host integument apparently b a rmeci-
laginous substance, which results in a darkening of the aost interament at
the point of deposition.

Bessa selecta eggs measure from 0.566 mis. to 0.610 mms. in length

with an average length of 0.588 ms., and at the broadest rart from 0.272
mms. t0 0.305 mmse. in width, with an average of 0.285 mms.

First Instar Maggot. (Fizs. 3, 4, 5, 6, 9 and 10)

The first stage magzot is tachiniform, hatching from a macrotype
e3g. The body is somewhat robust, taperinz toward the ce-halic end and

truncate at the caudal end (Fig. 3]). The average lenzth is 0.993 m=s., with
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a range of 0.415 mms. to 1.383 mms. The body consists of eleven sejuents
and a small retractile, conical pseudocephalon. The cuticle is colorless
and transpérent, 80 that the internal orzrans are visivle. The cuticle of
each segment bears armature in the form of bands of sninulee, » rticularly
at the segmental margins. Heavily sclerotized hooks (Fig. 3) with their
points directed anteriorly for attachment to the integumental furnel (Fig. 4)
occur on the posterior segments. The eleventh or terminal segment bears

the posterior spiracles (Fig. 9). +the anal end is elevated dorsally where

it fits into the funnel.

The pseudocephalon is equipped with the buccopharyngeal :rmature
and bears a pair of sensory papillee on its antero-lateral :i.rjins. These
paplllae bear short rod-like sensory orzans (Fiz. 10).

The buccopharynzeal apparatus is a simple unjointed sclerotized
structure (Figs. 5 and 6). The median tooth has a rounded dorsal edze, the
anterior nart of which is equipped with teeth for makinz entry into the host,
and a sharp dorso-ventral point. Posteriorly the apparatus divides into two
lateral arms. sach of these arms continues posteriorly aes a 1izhtly sclero-
tized wing and each also bears a lishtly sclerotized ventral winz. On either
side the median tooth lies a lateral anterior plate, and vertrally there is a
salivary gland plate. The entire buccopharyngeal a peratus varies in lernzth
from 0.132 mms. to 0.248 mns., with an averaze length of 0.186 mms.

Fhe rows of spinules which compose the bands of armature on each
segment are not easily differentiated, but adhere closely to the following
description.

fhe prothoracic segment has a burd consistin> of six rows of sri-
nules encircling the anterior edze of the se yient. fThere 2re also - few
scattered spinules on the posﬁerior eize. mizht rows occur ventrally. +the
spinules are directed posteriorly.

The mesothoracic seyment has a bard on the anterior =2r -in com-
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posed of six rows of spinules across the dorsum and pleura, increasinz to
eight rows midventrally. There are two rows encirclinz the sezment on the
posterior marzin,.

On the anterior margzin of the metathoracic dorsum there is a five-
row band of spinules, lesseninz to four rows on the pleura. There are seven
and nine rows ventrally. Spinules on the venter of the thoracic sezmente
are more closely arranged than on any of the other sejments.

There are five rows in the anterior band of the first abdominal
dorsum; across the antero-venter there are seven, decreasiny to four late-
rally until on the pleura the spinules are very scattered.

The second abdominal segment has five rows of sPinules on the an-
terior dorsal marzin, six closely arransed rows across the venter, decreas-
ing to three or four rows of more scattered sninules laterally. Located
on each pleuron of this se>ment are two large snines directed anteriorly,
which assist in maintaining the maz>ot's atsachment in the funnel.

The third abdominal segment has a four or five row band antero-
dorsally with two rows of very scattered spinules nosteriorly. There is
a row of four to cseven larze spines, directed anteriorly, on each pleuron.
Ventrally there are four or five rows ante-iorly and three scattered rows
posteriorly.

The fourth abdominal segment has five rows dors:lly on the anteri-
or margin and three scattered rows on the posterior m~rzin. There are seven
large spines anteriorly on each pleuron. On the anterior ma2rzin of the ven-
ter there are five or six rows, while the posterior band has three or four
more scattered rows.

T™e fifth abdominzl sejment has a five-row band on the antero=
dorsum and a four-row band on the postero-dorsum. The larze anteriorly di-
rected spines occur in a cluster of seven on each pleuron. Ventrally there

are five rows of spinules anteriorly and three rows posteriorly.
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The sixth abdominal sezment has four rows of gr-i:zules anteriorly
and five -scattered rows posteriorly on the dorsum. This is the last sex-
ment on which occur +the larze zttachment spines, there bein; four on each
pleuron. On the antero-venter there are four rows of spinules and three
and four on the postero-venter.

Spinules occur in short very scattered rows on the a~terior and
posterior margins of the seventh abdominal segment.

The eigzhth and terminal sezment has very small spirules scattered
in short rows anteriorly. The posterior sninules are the larzer and are lo-
cated in two scattered rows encirclin: the ;egment.

gecond Instar lMaz~ot. (Figs. 7, 8, 11, 13 and 19)

The second stage mazpot somewhat recembles the first in color and
form. It has a thin, transparent inteyument. Althouzh anterior spiracles
were not observed in the first staze, they were in the second (Fiz. 13).
They are minute, with two elliptical orenin s and are situated pleurally,
close to the inter-segmental space between the first and second thoracic
segments. The posterior s:-iracles are widel; spaced on the anal segment
and each consists of two openinzs (Fiz. 1l). The average length of the body
is 3.122 mms., with a range in lenzth from 1.801 to 3.892 mms. The cuticu-
lar armature consists of bands of spinules arranged in rows on each sezment.
The armature 1s heavier than 1n the precedinz staze, and althouszh the spi-

‘nules are arranged in rows, these rows are s ort and cor"used, £0 muck so
that it is difficult to accurately determine the number- Pseudopodia are
discernable.

The buccopharyngeal apparatus is larzer and ~ore hi 1y developed
(FMgse 7 and 8). The length averages 0.+12 mme. with variztions “rom 0,385
to 0.539 mms. Instead of the sinzle median hook there is a pair of curved
mandibular hooks. As near as could be determined the entire :tructure is

fused into a sinzle unit, there beiny no civisicn between an rte -icr re-
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glon and an intermediate rezion. The dorsal and ventral wirze are present
and more ﬁighly sclerotized, as is the czce with the entire structure. La-
teral plates were 1ot obcerved, but the ventral salivary zland plate is pre—
sent.

The anterior margin of the prothorax has elzht or rine rowe of
spinules dorsally, the rows occurrinz in not too distinet lirezl >roups of
three to seven. Ventrally there is an eleven-row band of heavy spinules
on the anterior marzin. There is no posterior band.

The mesothorax has nine or ten rows on the dorsal anterior margin
in groups of three to nine spinules, increasins to twelve and thirteen rows
ventrally, while the.posterior band is laclkir-.

There are seven rows on the anterior mar-in of the metathoracic
dorsum. These rows consist of groups of four to twenty spinules. Ventral-
ly there are eight and nine rows. There is no nosterior vaid.

T™he splnules on the dorsum of the first abdominal segment occur
in lineal groupe of four to twenty-one to make up four and five a.terior

rows. On the véenter there are #i1x.and seven anterior rows.

Ventrally the spinules on the first four body secoments are con-
siderably heavier in structure than those which occur on the dorsum.

T™e anterior band of the second abdominal serient consiste of
four or five rows in zroups of four to nineteen. The zrours become mcre

scattered laterally, but are demser, and the band is wider ventrally than

dorsally. Again the posterior band is absent.

On the third abdominal sejuent the anterior burd has four or five
rows of spinules in groups of five to twenty-ore. The anterior vertral band
of this segment is similar to that ou the tecond sejment. Dorszlly the pos-
terior band consists of two and three rows of espinules, some of w#hich are
directed anteriorly, others posteriorly. This band encircles the sezment

and ventrally the spines point anteriorly.
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There are four rows in the anterior dcrsal band of the fourth seg-
ment. Moet of these spinules are directed posteriorly, while some ere di-
rected an?eriorly. This band ventrally has cix ard eisht rows. The rows
beco?e lees in number, and the groups are more scattered laterally. Ventral
ly the posterior band is as wide as the anterior one, and it continues so
laterally, diminishing dorsally to three ard four rows of anteriorly direc-
ted spinules in groups of five to sixteen.

The anterior band of the fifth se>ment has three and four rows of
posteriorly directed spinules in groups of three to twelve. Ventrally this
band is similar to that of the precedin; segment, but becomes narrower with
widely scattered groups laterally. The posterior band encircles the segment
with four rows of anteriorly pointed spinules in groups of eizht to sixteen.

On the sixth abdominal segment there is an anterior band of three
and four rows of small, scattered spinules directed backward. This band
continues laterally as an occasional group, increasirz ventrally, where it
is located midventrally and consiats of four and five rows. The posterior
band 1s like that of the precediny segment.

The anterior band of the seventh segment has practically disap~
peared, only a few scattered posteriorly directed spinules occur dorsally
and midventrally. The posterior band consists of five and seven rowe of
spinules directed forward.

Dorsally the terminal segment has spinules scattered all over it
in groups of three to fourteen. Anteriorly on both dorsum and venter there
are scattered groups of small spinules directed posteriorly, while the rest

of the segment, particularly the venter, is strongly covered with anteri-

orly directed spinules.

Third Instar Maggzot. (Figs. 12, 14, 20, 21, 22, 23 and 24)

The mature larva is more robust in general avpearance than the

Preceding stages (Fig. 20). 14 has increased considerably in size, being on
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the average 5.84 mms. long and ranging in length from 4.669 mms. to 7.470
mms. There is an appreciable tapering cephalad and c:iudad. Distinct median
pseudopodia occur between the abdominal segments. The anal opening occurs
mid-ventrally on the seventh abdominal seoment (Figs. 20 and 22).

The anterior spiracles are situated laterally, just dorsad of the
pleural line, near the posterior margin of the prothorax. The sriracles
are fan-shaped and consist of four lobes each bearirg an oval opening to
the spiracular chamber (Fiz. 14).

The posterior spiracles are somewhat triansular in shape and are
surrounded by highly sclerotized black peritremes. They are locatec in a
shallow depression on the ei hth abdominal sezment, slizhtly dorsad of the
transverse axie. This segment curves dorsally to fit into the inte-umental
funnel. The spiracular plates or peritremes are separated by about one=-
half their width. Their inner margins are irrerular with three procesces
projecting into the spiracle toward the spirzcular scar, thus forming four
lobes at the periphery of each respiratory area. Situated in three of these
lobes are the spiracular slits (Fiz. 12).

The buccopharyngezl apparatus is a cormzratively heavy structure
with two distinct articulations separatiny the anterior intermediate and
basal regions (Figs. 23 and 24). The anterior reyion consists of the paired
oral hooks. There is a fossa on the external lateral surface of each mouth
'hook, the purpose of which is not known. The intermediate rexion or hypo-
stomal arch is articulated dorselly on each side with a dorsal process on
each hook. Its lateral arms are connected by a ventral transverese dridce.
A ventral plate occurs between the anterior and intermediate rezions. The
posterior or basal region consists of a lishtly sclerotized ventral trough
wniting the more heavily sclerotizec lateral arms.

The larval head bears two palrs of circular sensory structures,

which occur on distinot protuberances, situated antero-laterally (Fi;. 21)
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The anterior pair bear a rumber of small panillae. rhe rosterior nair bear
a circulgr sclerite with clear central areas.

Armature occurs on each segment in the form of curved lineal
groups of spinules and except for those on the terninal sezment which are
directed anteriorly, all point posteriorly.

Dorsally on‘the anterior 1arzin of the prothorax there is a wide
heavy twelve-row band, which tapers to nothir~ laterally and consists of
only a siﬁgle row ventrally.

The mesothorax bears a twelve and trirteen-row band of epinules
dorsally on the anterior margin di:irishiny to eight and -ine rows lateral-
ly and to two and three ventrally.

On the anterior arzin of the metathoracic dorsum there is an
eleven and twelve-row band, which reduces to five and six rows laterally
and three and four ventrally. There is a row of scattered groupes encirc-
ling the segment posteriorly.

The first five abdominal sezments have arterior bands dorsally
consisting of three and four scattered rows of spinulés. The first sex-
ment has ﬁhe seme laterally and ventrally.

The second abdominal segment, where the first pseudopodia occur,
has thrée or four rows of spinules lateéally and four and five across the
peeudopodia.

The third segment has two and three scattered rows laterally
while ventrally there are five and six. Five and six rows occur ventrally
\on each of the next three segments.

There are three rows antero-laterally and one postero-laterally
on segment four; two and one respectively on segment five.

T™e sixth segment has two and three rows antero-dorsally, and
only one antero-laterally and one postero-laterally.

On abdominal segment seven there ie a bard consisting of three

rows postero-dorsally, one laterally, three ventrally and a four-row band



18

antero-ventrally.

Tﬁe eighth abdominal segment is heavily armed with spines that,
as mentioned above, are directed anteriorly. There are intermingling
groups of spinules over the entire segment, except for a small bare area
mid-ventrally.

The Puparium. (Figs. 15, 28, 29 and 30).

PThe puparium is subelliptical and is slizhtly wider in the mid-
region (Fig. 28). Both ends are smoothly rounded, and the sezmentation is
distinct. The longitudinal axis is straizht. Wheﬁ first formed the pupa-
rium is yellowish, changing to brown in a few days. The larval spinules
are visible throughout its entirety, as are the areas of the pseudopodia.
The puparium ranges from 4.03 mms. t0 5.6 mms. in length, and from 1.9 mm.
to 2.6 m. in width. ZEleven segments are distinzulshable, the first beingz
the prothorax. Apparently the pseudocephalon is invazinated.

The mouth opening may be seen slightly ventral of the transverse
axis (Fig. 30). The buccopharyngeal anparatus is seen adhering to the in-
ner surface of the puparium. Slizhtly dorsad of the trunsverse axis, at
the posterior margin of the prothoracic seyment may be seen the anterior
spiracles which are fan-shaped and consist of a stalk surmounted by three
papillae each with a terminal pore (Fiz. 15).

There are two lines of cleavage through which the two halves of
the puparial cap are separated from the remzinder of the -uparium at the
tive of adult emergence. The horizontal line extends across the front,
dorsad of the mouth opening, and thence posteriorly to a point almost mid-
way on the first abdominal segment. The vertical 1line of cleavage does not
appear in entirety but exists as partial creases on either side extendinz
8lightly dorsad and ventrad of the junction with the horizontal crease.

The external prothoracic cornicles protrude throuzh opénings lo-
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cated on each eide of the first abdominal segment, near the vosterior mar-
gin and dorsad of the horizontal axis.

The anal openin3z 1s represented by a circular scz2r at the rosteri-
or margin of the seventh abdomirial cegment.

The posterior spiracles are those of the third irstar =an;3ot and
are recognizable. They are located dorsad of the transverse axis. The peri
tremes are slightly raised above the surrounding surface of the terminal se3-
ment.

The Pupa. (Figs. 16, 17, 18, 25, 26 and 27)

All those puparia dissected contained pupae developed to the staze
illustrated in Figs. 25, 26 and 27. Within each of thece puparia, which
contained well-developed pupae, was found a thin traisparent membranous
eheath. This sheath adhered‘closely to the pup=rial wall but wvas not at-
tached. It was apparently structureless and could not be relztec to any
particular staze of the developinz fly. ™he buccophar:mzeal anprratus was
always found attached to the inner 7zll of the pup rium itself and not to
this sheath. Prebble (33) found a strucsiure, siilar in some rec—eccts, in

Actia diffidens which after a review of Snodgrass's description o Tnaroletis

pomonella he concludes is the cast prepupzl clin. The auti.cr is unable to

conclude what this membrane represeiits in 3escu gelecta. It may represent

evidence of the existence of a prepupal stagé, but if it does this staye
apparently does not have the lzrval structures cf the trird irstzr which
apparently is the case in above mertioned soecies.

e pupae found were in a staze of development where ~uny of the
adult structures were recoznizable. The specimens were entirely wiite.
T™e compound eyes were distinguished, as were the complete antennae. The
proboscis is plainly visible, corsistiny of a rair of labellar lobes, a
spear-ihaped labrum and bearinz the maxillary palpl. The lezs =re well-

developed. Wing pads are distinct and the points of articulation with the
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thorax are becoming evident. Posteriorly, on the laterads o" the thorax
nﬁy be seen fhe calypteres. The thoracic dorsum is bezinninz to show the
regions of thé adult dorsum. The abdominal seznentation, or the abdomiral
spiracles are not in evidence.

The internal prothoracic spiracles (7izs. 15, 16 and 17) are sitm-
ated laterally on the prothorax bemeath the pupal intezument. The spiracles
have their opening through the sinzle orifice of the protroracic cornicles,
which protrude throuzh the puparial wall. The cornicles are each borne on
a protuberance of the body wall. Each surmourts a chamber connected by a
trunk to another chamber, the latter bearinz the inner sriracles. The spi-

racles have an irregular outline and each bears fifty-seven papillae.
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SEASONAL HISTCY

Hibernation.

Bessa selecta overwinters as first instar 2za>zote within the

hivernating host. Dissections of Gilpinia hercyniae cocoons collected in

the field revealed the inactive first instar magsots from Auzust 29 threugh-
out the late fall and early winter until May 8 of the following sprirng when
the first second stage mazgots occurred (Table2). Then activity was first
resumed in the spring was not determined, but it was apparently between

the middle and the last week of ipril.

First Generation.

The first generation starts with the hibernating first instar
maggot. Development continues throuth the three instars and puparial staze
to the adults which appear around the firct part of Julye.

(a) Pirst Instar llazcot. Unfortunately the spring dissections

were not commenced early enough to determine how soon activity was resumed.
The first dissections were on May 6 when only first instar massots occurred.
They continued until June 14 and later, but thoese still present after !lay
25 are presumed to have ceasec¢ development (Table 3). This is discussed
below,

(b) Second Instar Maggot. The first appearance of secord in-

star maggots was on lMay 8 and they continued wntil Jw.e 7, a reriod of thirty
days. The mean date of development of this stadium is calculated as being

May 21, (Table 3).

(¢) Third Instar Mazsot. This stadium is a rapid feeder and

develops more quickly than the first two. The mean date of development
is June 8, while the average number of daye spent in this staze ic eighteen.
1t was found within host prepupal stages from Llay 31 until June 14 (Table 3)

(d) Puparial Stae. Upon maturinz the third instar ma~~ot forms
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the puparium within twenty-four hours. Those of the first generation
which were-reared were formed between June 5 and 14, the mean date de-
ing June 9. The first adults emerged on July 5 and continued to emersze
until July 18. The mean date of emergence was July 10. This zives a
mean period in the puparial stage of thirty-two days with a ranze of
thirty to thirty-four days (Table 4).

Adults removed from emergence boxes in the field mated as soon
as they were put in a warm, sunny place. OUviposition took place shortly
after copulation, e3gs appearing on larvae about three days after mating.

Second Generation. (Tables 6 and 7)

(a) First instar mazzots of the second generation were first

observed to be established on July 16. Some were probably established as
early as July l2. Dissections of second generation material were com-
menced on July 17. The first stage was present from July 22 to August 11,
the mean date being July 28, which was about nine days after the mean
hatohipg date of egzs. First stage maggots present after August 1l are
considered to have had their development arrested. irthis retardation of
development is discussed below.

(b) Second Instar Magzots. These were found present from July

23 to August 11, the mean date being August 1, four days after that of

the first instar.

(¢) Third Instar Maggots occurred between July 17 and August 25

with an average date of August 4 or thrée days after the second stadium.
(4) Puparial Stage.The puparia were formed within twenty-four
hours after the magzots matured and emerged from their hosts. The mean
date of formation of the puparia was August 5. The period of adult emer-
gence was from July 31 to September 16, the mean date being August 21,

which gives an average length of the puparial staze of sixteen days.

These adults mated and deposited thelr eggs about six days later,

and from those eggs hatched the overwintering first instar maggots.
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3EFAVICUR

Adult Activity.

As with the great majority of Tachinidae adults, emerzence takes
place mainly during the early morning hours. The adult makes its exit
from the puparium by exerting pressure with the ptilinum against the an-
terior end of the puparium thus forcinz off the operculum. Havin> forced
off this cap, emergence from the puparium is completed by a process of
protrusion and retraction of the ptilinum. By a similar use of the pti-
linum, aided by the posteriorly directed macrochaetae on the head and tho-

rai“and by the use of the legs, the adult forces its way upward through the
soil.

Within a very short time after emergence the body has chanzed
from the soft form of the emerzing adult to the sclerotized form of the
mature adult. The zeneral body color is darker, the wings have spread,
and the ptilinum is retracted permanently into the cranium.

Adults taken from emergence'boxes, which were kept under moss in
the woods, became very active as soon as they were placed in a warm, sunny
location, Activity was always greatest durirnzy the noon hours.

Mating occurs soon after emergence from the puparia, but was ob-
served mainly between the hours of 1l A.M. and 1 P.l., when the ca3es were
in a warm, sunny location. Coition lasts for varying lenzths of tine,
ranging between fifteen and fifty minutes, with the averase time being be-

tween twenty-five and thirty minutes. The males of Bessa selecta will fer-

tilize more than one female, but how many more was not determined.

Among first generation adults, oviposition takes place within
three days of mating, while in those cases observed of second -eneration
adults, six days elapsed between mating and oviposition. It is hishly pro-

bable that the period of gestation has a considerable range, from approxi-

mately three to six days.
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Following Townsernd's (45) distinction of rerroductive hadits
among Tachinidae, B. selecta belonrs to the™ost ovircsiting™ type and de-
posits its egzs supracutaneously. Iothinz was observed to support the

statement of Dobrodeiev (15) that "it is probable infestation of Priophorus

padi L. by Bessa (Ptychomyia) selecta does not take place throu-h actual

oviposition on the skin of the host, but by the host swallowinr ezrs of

the parasite deposited on its food plants." It mizht be stated here that
no evidence of parthenogenesis has been observed.

There are five larval feedin> instars in 3ilpinia hercvriae and

a sixth non-feeding instar, which spins the cocoon. Development within
the cocoon proceeds through three vhases, the eonymph, the pronymph, axd
the pupa, to the adult.

As in the case of perhaps most Tachinidae the larval staze of
the host is the one attacked, and the ey3ys are denoeited mainly on the

- fifth stage larvae of G. hercimiae. Eggs have been noted on younzer sta-

ges, not uncommonly on fourth instars, and rarely on third and secord in-
stars (Table 8). The youngest host larva found bearing an i~tezunental
funnel was a fourth staze, from which a mature magzot emerzed. Either
the exg was dislodged from this larva or it wae deposited on the third

instar.

Accordin~ to Clausen (13), most of those tnecies of Tachinidae
which deposit their ezzs directly unon the body of the host do so on a
particular part of the body rather than place them indiscri-i.atelr.
B. selecta does not conform to this yeneral rule, but is found to demosit
egés at random on the host. 2»3s have been found on eaci. of the thoracic
seyments, and\segments one, two, three, five and ei }ht of the abdomen,
as well as on the head capsule. :Tever has it been observed that a ma~>c4

entered the host throuzh the head camsule. E;3s have also been noted on
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the dorsal, lateral and ventral regions of the host's body. 3aird (10)

also found that Bessa selecta oviposited on any psrt of larch sawfly lar—

vae.
The females of Tachinidae which deposit macrotype ez>s apparent-
ly exercise little discriminatién in their choice of host individuals for
parasitization. This frequently results in an individual host receivin>
an excessive number of ezggs. This habit appiies equally to B. selecta.
As many as twenty-nine ezzs have been observed on one host from which
twenty-seven maggots hatched and became established. The host larva, of
couree, died before any of the mazzots prozressed beyond the first\instar.
One other instance of twenty-two e3zs on an individual host was noted,
and not infrequently two to five eggs are found on one host.
Pemales of B. selecta deposit their eggs quickly and easily.
They 11ght on a larva and with a quick downward thrust of the abdomen
seem to wipe the egg onto the host. Then they usually hop a short dle-
tance from the host and may return to denosit another e3z or o irn search of
a second victim.
Under caged conditions the period of ezz production extended over
about two weeks amonz the .first zeneration adults. Oviposition was firet
noticed on July 15. From this date until July 20, parasitization of lar-

vae was 100 percent, dropping off until July 29, when only fifty percent

of the larvae were parasitized by e3ss.
The reproductive capacity of 3. selecta females was not definite-
1y determined. It is believed that the capacity is somewhere in the nei zh-

bourhood of one hundred eggs per femasle. Clausen (13) states that the pro-

ductive capacity\émong the macrotype Tachinidae is zererally between one

and two hundred.

Adults lived in the insectary on sugar and water for a maximum
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ﬁeriod of thirty-five days and an averaze period of fifteen days.
Pew definite data are avallable on sex ratios o¢ Tachinidae,
undoubtedly due to the difficulty in distinxuishinz sexes superficially.

This same difficulty applies to Bessa selecta but it is vossible to dis-

tinguish sexes and basea on a number of rearec¢ adults the percent. ;e of

femsles 1s 46.4.

Incubation of Ezz, Hatching, and Bntry into Host.

In general macrotype ezys underzo the entire enbryonic develop-
ment outside the body of the parent (13). There are excepsiocnc to this,

an example being in the case of Ptychonyia re-ota (43), in which there oc-

curs a partial and variable degree of uterine develop:ent. ‘fhe ..ormal
period of incubation for macrotype e3gs is thirty-six to fifty hours, 7ith
minimum and maximum periods of thirty ninutes and four days res;ectively.
Among other species it most frequently requirec two to three days with a

minimun of one day in a few irstances.

Because of the habits of Bessa selecta it is difficult to deter-

mine when hatching has taken place. However, distinct evidence of eclosion
occurring within twenty-four hours of depocsition has been roted. The au-
thor suspects hatching may be delayed for two or three days, but that in
general the incubation period lasts about twenty-four hours (Table 5).
Baird (10) records that B. selecta ezgs do not "apparently hatch”" until

the host has spun its cocoon. This could happen only if tlLe e ;38 were

deposited on the cocoon spinning stagze, after the last moult.

There are two distinct ways in wi:ich Tachinidae maggots exit
from macrotype eggs and enter the host. Among those many genera which
have the indehiscent type of egg, the ma3zgot bores directly downward
through the thin chorion on the venter of the egs and through the hLost

integument. In such cases there is no external evidence to indicate the

628 has hatched. An exception to this method occurs in the case of
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Bubiomyia calosomae (14), in which the youns ma ;304 escapes fhrou;b ‘re
thin venter, but then emergeg from beneath tke e~z to enter the nost at
some other point. 1In the other form, or dehiscent type of ez, hatching
is effected by lifting a defirite 1id or operculum, at the cerhali:z erd of

the e33. The maggot then emerses throush tre resultant exit hole.

Bessa selecta has the dehiscent macrotype e=:, but ecloeion has
been observed to take place In two ways with variations. The ma x50t may
hatch from the egg by boring down through'the thin ventral chorior and
thence through the host integument. Tis may be accomplished near the cen-
ter of ﬁhe ventral surface or it may take place at the extreme cephalic end
of the egge.

The young maggote may also force the operculum back sufficiently
to permit exit. Regardless of the method, the operculum usually drops off
with age, leaving a hole in the cephalic end of the ezz. In this latter
method the maggot may enter the hoét directly in front of the egg before
1t emerges entirely With the caudal segments still enclosed within the egg,
the maggot arches ite body sufficiently to bring the buccopharynzeal appa-
ratus into action against the host intesument. After much scratching, the
saw-likxe edge of the mouth-hook effects an entrance hole in the intesument
through which the maggot enters the body of the host. As a variation of
this method the maggot may abandon the eggshell entirely and make its en-
try into the host at some distant point. A successful venture of this
sort 1s infrequently found because the maggot is dislodged but occasion-
ally a funnel is located a short distance from the ezgshell.

After leaving the egg the maggot enters the host integument
through the slit-like aperture formed by the mouthhook. The yourg maggot
does not disappear entirely within the host. A snmall portion of the cau-

dal end protrudes above the surface of the integument, the maz~ot being

held in this position by the anteriorly directed spines on the posterior
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segments. The elit in the host integument servee as the distal opening of
the subseqmently formed integumental fumnel eventually becoming more roun-
ded ae the fumel is formed. It is throuzh this opening that the mazzot
maintains constant contact between the posterior spiracles and the outside
atmosphere for respirétory requirements. As the funnel forms the maggot
sinks more deeply below the surface of the intezument, but still main-
tains direct contact with the external atmosphere.

Several interesting but unexplainable occurrences have been ob=-
served with respect to the location of the maggots. Ore instance occurred
of two integumental funnels in one host, which bore only one exz and con-
tained only one maggot. One funnel was located on the first thoracic sez-
ment adjacent to the head capsule, the other occurred on the second abdo-
minal sezment and this contained the marzot. On one other occasion the
maggot was not found ir its funnel, which was on the thorax, but after
carefully dissecting the entire host, it was located near the aral segment,
but not within a funnel.

On two other occasions young maggots apparently relocated them-
gelves when the integumental openings to their respiratory funnels became
gsealed over. In each case the smaller funnels were unoccupied by maggots,
but alongsidé these funnels larger funnels were present containing the mag-
gots.

These occurrences suggest.that because of some undesirable con-
dition or another, the young maggot is cépable of leaving its first point of
establishment and relocating itself at another point. ‘hether under such
circumstances the maggot effects the new opening by means of the buccopha=-
ryngeal apparatus or by some other means was not determined.

Formation of Intogggental or Respiratory Funnel.

The respiratory requirements of Pachinidae maggots within the

host are met by Wwo general methods. There may occur & temporary tapping
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of an air sac or tracheal branch of the host; or res;.iration may be by
means of & fixed source of exchange with the exterral at~osphere thrcugh
the host tracheal syestem or directly thrcugh the intesument. The latter
involves the formation of a respiratory funnel within #hich is enclosed
the caudal end of the mazzot. ™ie seems to be a very zeneral occurrence
among the Tachinidae (13),.

The development of an integumental funnel outside of the Tachi-
nidae is foqnd only in a very few of the more hizhly specialized species
of the Sarcophagidae. Their formation has not been found associated with
any other families of parasitic Diptera (13).

These funnels are of two types (32), those developing at the
point of entry of the maggot and designated as primary, which are always
integumentary; and those arising as a result of activities of the maggot
from within the host and termed secondary. The l~ntter may be inte yumen-
tary or tracheal in origin. An example of the secondary intecumentary

type occurs in Actia diffidens, a parasite of Peronea variana (33).

FTunnels often begin to form immediately entry is effected into
the host and may be consistent in position for a given sreclies, as 1s the

case with Actia diffidens (33). The position of the “umnel of snecies

that deposit macrotype eggs is governed by location of the e3s on the host
bOdyo
The initial phase of the integumentary or respiratory fumnel in

Bessa selecta is the slit-like aperture made by the first instar maszot

in entering the host. This opeuning widens to an elliptical shape and e-
ventually becomes more or less round. The funnel proper is of host ori-in

and is considered to arise as a result of a hezling rrocees to seal the in-
)

Jury.

The inward direction of this wound tissue, which forms ‘he fun-

nel is effected by the securing of the maggot to the edges of the opening
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by the spines of 1tes posterior segments, thus preventing the tissue grow-
1ng acrose the opening. The invaginating fumnel usually bends to follow
close to the inner body wall of the host. It has a segmented or annuler
appearance possibly due to irregular formation. The main part of trhe fun-
nel is darkened and somewhat sclerotized, particularly near the intezumen-
tary opening. It ends abruptly as a sclerotized structure of -uticula
and hypodermis and continues as a soft, membranous sleeve. The mazzot
restes within this sleeve with its caudal segments curved dorsally into the
cone-shaped basal fﬁnnel and its spiracles applied to the aperture.

This membranous sheath is also believed to be of host origin.
It is soft, flexible and opaque. Apparently it is the result of a defen-
sive reaction on the part of the host, as is the funnel proper, sinilar
to such structures formed where a foreim body is attacked by phazooytes.
In this respect it differs in formation from the fumnel. MNuesebeck (29)
conslders the sheath of Sturmia to be composed of hypodermal cells, leuco-
cytes, and compressed fat cells, and that it envelopes only the fumnel and

the posterior portion of the body. In Siphona cristata and other species

the young overwintering magzots are entirely enclosed in the sheath or
sleeve, but in older individuals the sheath 1is open at the anterior end (13).
It is uncertain whether the sleeve is closed at the free end in the case

of Actia diffidens. It has been observed beyond the tip of the mazzot (33)k

If it does enclose the magzgot it would have to be permeable to the host bo-

dy fluids in order that the magzot obtain nourishment.

Dissections in the fall have revealed the overwintering maggots
of B. selecta to be encased in this sheath. TWhether the operins exists at
the anterior end of this sheath is uncertain. ITormally 1t i1s believed to
be ;resent in the case of summer ma~zots. However, fall dissections of
maggots which continued through the summer without developing, and sprin-

dissections of overwintering maggots have revealed some ma~-ots t0 be en-
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closed in a hard sclerotic shell. This shell was hard enouz: to zgreatly
resist efforts to break it open with dissectinz needles.

When opened many of these shells contained only decomposed re-
mains of the maggots, while others contained dead or livin: maggotes. It
is believed that the young m2g:ot ie incapable of breakinz throush this
shell to resume feeding in the spring. Althouzh a number of living ma~-
gotes have been taken from these shells, by far the majority have been dead
at the time of later dissections, when other individuals had developed to
more mature stagés.

The cause of this hardened shell is undetermined. It is suspec-
ted to be a successful defensive reaction on the host's part to segregate
this "foreign body"™ through a process which results in the hardening or
sclerotization of the sheath. Since it completely envelopes the mazzot,
it is possible that the sheath does the same, at least in the case of the
overwintering magzot. Certainly the later stages are not entirely encased
by the sheath.

By the time the magzot reaches the third instar the funnel is a
large, heavily sclerotized structure, with a large, shaggy membranous
sheath at its anterior end. Incorporated in it are the exuviae of the
first and second instars, usually attached to the sheath. These exuviae
may be found at varying distances between the cephalic and caudal ends of
the third stage.maggot.

Development of the Maggot Instars:
The method of entering the host and establishment of the first

instar maggot has been discussed. From this stage umtil the final en-
gorgement by the mature maggot all functions of the ma3zyot stage are car-
ried on from within the funnel.

e first instar marzot feeds slowly and apparently makes its

diet chiefly of the body fluids and fat bodles of the host, in the miscle
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layer. Thls stadium does not exert any apparert inhibitions on the devel-
opment of fhe host. First instar maggots have becore established in fourth
stage larvae of the host and continued developin; while the hoet advanced
to the prepupal stage, from which the mature maggot emerzed.

Living first stage mazgots have been found within the bodies of
dead, diseased host larvae. They appear capable of living within this
state of decomposition until the contents have become too dry to longer
serve as food. One instance of cannibalism was observed within a host
which contained twenty-seven first instar magzots. One of these razgots
had made its way into the body of another, and was found encased by the
integunent of the disposed-of maggot. Wndoubtedly this occurred only be-
cause of the large number of magsgots within the same host larva.

Moulting to the second instar is a gradual and relatively slow
process. The first instar cuticula becomes loosened from the new epider-
mis. The posterior spiracles and the buccopharyngeal apparatus transform
to those of the second instar, and for a time both sets of spiracles and
both sets of mouth-hooks are present. The exuviae of the first instar
splits at the cephalic end over the pseudocephalon, and is yradually forced
backward wntil i1t becomes invested in the sheath of the integumental fun-
nel, and perhaps eventually on the inner wall of the funnel.

The second instar magzot is larger and with its more efficient
mouth-hooks is better equipped to attack the tissue of its host. It feeds
more deeply in the host but apparently does not attack vital tissues since
it has not been found to arrest development of the host. It probably sub-
sists on body fluids, adipose, and perhaps other tissue. This stadium de-
velops more rapidly, being a heavier feeder, reaching its maxi-um eize in
about four days.

Bodysis occurs in the same manner as described above for the
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first instar. The second stage exuviae 21s0 eventually reach the sleeves
of the integumental funnels.

The third instar mazzot is armed with very heavy mouth-hooks,
capable of attacking any part of the host contents. At first it feeds
slowly until almost mature, and then leaving the fumnel it lives freely
within the bddy cavity of the host. Host contents at tris ti-e often
appear very watery, aé though some induced process of liquefaction had
occurred. The maggot completely guts the host, leaving little more than
the integument,

The manner of emergence of mature Tachinidae mazgots from the
host has several variations. The mature magzot usually makes an incision
in the abdominal venter of the host. Some authors consider this is done
by the mouth-hooks, while others are of the opinion it is accomplished by
a pressure of the caudal end, aided by solvent action of body secretions.
Nielsen (31) describes the caudal end foremost emergence of mature Bessa
selecta maggots from the host, apparently usiny the latter method described
above. The author has not found this to be the case, but rather that ma-
ture Besea mazzots leave the host cephalic end first, apparently having
used the buccopharyngeal apparatus with waich to incise the intezumen t.
This method has been observed to be the most normal habit (13).

Pupation.

The place of pupation of Tachinidae is variable. llost species
form their puparia outside the bodies of their hosts in the scil. 3essa
selecta forms its puparium in two places. The usual place is outside the
hoat in the soil; but the puparium may be formed inside the cocoon. It has
never been found in the larval skin.

The stage of the host from which miture mazsots emerge is not

consistent. Maggots have matured and left the fourth staze larva of 3.

hercyniae. Most often they emerze from the fifth stage larvae and drop
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to the forest floor. ifter entering the soil and firdinz a sultable lo-
cation, they reverse their position so that the pupsrium is “ormed cepha-
lic end uppermost. The mag3ot contracts alonz the artero-posterior axis
wtil it takes on a squat sub-elliptical form. At first the formir: pu-
parium is white, gradually changing from yellowish to brown, and finally
to a dark brown. The puparium thus formed consists of the third instar
exuviume.

It frequently happens that the second zeneration mazzot has not
completed its development before the host larva has nm:tured and dropped to
the forest floor where it spins a cocoon. When this occurs the mazgot e-
merges from the eonymphal or pronymphal staze of the host. iazsots may
emerge from the pupal stagé but this has never been observed.

Before pupating the maggot under these circumstances muet pre-

pare for its immediate or later exit from the cocoon. 3obbinsg(35) deter-

mined that the maggot of Diplostichus Jjanitrix cuts a circular groove with

1ts mouth-hooks around the inner wall at one end of the Diprion pini co=-

coon. This cap is left only lizhtly attached and the fly in emergzging for-
ces it off to effect its exit from the cocoon. uther workers have found

& similar occurrence with other species.

Bessa selecta does one of two trhings. The mazz0t upon leaving

the host prepupal stage makes a hole in the end of the cocoon by what ap-
pears to be the combined use of the mouth-hooks and a secretion by cthe
ma330t, resulting in an aperture with a rarred protruded ed~e. The ma3zot

N

may then leave the cocoon and pupate in the =0il outside, or remain ia-

side the cocoon to pupate. It is not uncommon in dissecting entire .

hercyniae cocoons to find B. selecta puncria, and perhans emeryed adults,

inside. in such cases the mugzots failed to provide a me s of exit and
the adults perished inside the -ost cocoon. The exit holes prepared by

the mazgots are sometimes too small to permit emergerce of tre ..dulte ~rd
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they may be found dead with only their heads rrotrudins throush the co-

ecoonse.
All maggots of the first generation mature inside the cocoon and
either form their puparia inside the cocoon or in the soil.

Diapause.
The question of whether Bessa selecta exhibite a tendency to-

ward diapause has come up in the past in comnection with narasite studies

of G. hercyniae. The problem was insufficiently covered by the author to

offer any definite conclusioﬁs.

The term "diapause™ as referred to here, is intended to be sr-
nonymous with dormancy, and to include in its inference the definition of
the term as given by Shelford (38), "A condition in which no further ac~
tiv;;y or progress can be induced until certain physiological changes of
a physico-chemical character‘have taken place."

Sometimes a lack of progfess was observed amonz first instar
magzots; development appeared to be suspendeds Table 3 shows the extended
period over which first generation first instar magzots occurred. Some of
these were not dissected, but nermitted to continue within the host until
fall. In the meantime the hosts spun their cocoons, and some in pupatiny
sloughed the magzots with the prepupal integument, while other host ﬁre—
pupae remained in their recow:ized diapause(34) w:til the ma3zcts were
dissected. MTable 6 indicates the same occurrence in the first instar mag-
gots of the second generation.

Those first generation first instar mazzote which continued throuz h

the summer in s state of inactivation were found at tre time of f2ll dissec-

tione to be enclosed in the dark, sclerotic shell referred to above. Spring
dissections revealed some of the overwintering mag3jots were siilarly en-

cased.
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The occurrence of this inactivity on the n:rt of “irst insctar
maggote wad 80 closely associated with the formation of a hardened sheath
that 4t remains uncertain whether diapause exists.

If we assume that normal development of the parasite is suffi-
oiently-raﬁid to make unsuccessful any attempé on the part of the hoet to
segregate the maggot, then it is difficult to underst.nd how these maggots
were trapped, unless development was suspended.

On the other hand the physiolozy involved in the formation of
the sheath is so little understood, that no conclusions can be drawn as
to whether or not the mazzot, even.when development is normal, may on oc-
caglon be successfully segrezated. A healthy, vijorcus host may be suc-
cessful in its efforts, whereas a weaker individual might fail to offsetl
the maggot.

Diapause among first instar m:3j0te of 3essa selecta remains an

open question, although the author doubtis that it exists, believinz that
failure on the part of first instar maggots to develop is due to scleroti=

z&tion of the sheath.



37

EFFICIENCY AS A PARASITE
(See Tables 9 and 10)
A nmumber of occurrences threaten the ultimate success of 3essa

selecta developing to the adult stage. If it were not for such happenings

the efficlency of this Tachinid as a parasite of G. hercyniase mizht be

greatly enhanced.

Te following is a list of occurrences reducing effiziency on
which data were recorded in- rearings:

(a) Eggs sloughed.

(b) Maggote dead in the eggs.

(¢) Magzots dislodged.

(d) Magzots sloughed.

(e) Unknown.

{a) Eoge sloughed. 'hen the eggs are desosited on the host as

1t 15 ready to moult, they are subject to sloushing with the host exuviae.
Since s0 little time elapses between deposition of the egg and the exit
of the maggot, it seems improbable th<t this would happen very frequently.
The difficulty of determining exactly when the ma~z-ot does leave the esg
may have resulted in some error of decidinz tre ez; had been sloughed be-
fore hatching, when actually it had die¢ withir the e3;. From field col-
leocted material it was determined that 4.1 percent of the egzs had been
sloughed, while 3.8 percent of the insectary deposited e3ss were cast be-
fore hatching.

{b) Maggots dead in the egzs. Frequently mazgots were found dead

from unknown causes inside the e3gse. These maggots’had developed ‘embryo-
logically but failed to leave the e3zgs for some reason. This occurrence
appeared to be somewhat more prevalent among field collected material than

among insectary reared material. Of the total e;ss collected in the field

24.8 peroent contained dead magzots, while 16.9 percent of those egss de-
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posited under insectary conditions containec dead nazzote.

{e) Magzote dielodged. "hen the young mazzots leave the ez al-

together to enter the host integument they are in a position to be die-
lodged rather easily. Bmpty eszs were found and since no intezumental fun-
nel was present on the host, the habits of the young maggote suggest thay
left the egg and were dislodged before entering the host. Tis was found
to be the case with 15.9 percent of the field collected material while on-
ly 6.2 percent met a similar fate in the insectary.

(d) Magzote sloughed. Occasionally the first instar maggots have

been sloughed with the host exuviae. This is understandable when the es-
tablishment of the maggot occurs just prior to or sirmltaneously with the
moulting of the host. Under such circumstanceg the young mag:ot would not
be sufficiently secured to withstand the ecdysis. On one occasion this
happened when an overwihtering mageot which was firmly estaeblished in its
funnel was sloughed with the prepual exuvium at the time of host pupation.

The adult G. hercyniae was not injured in any way, other than that it bore

a scar on the abdominal dorsum. Observations have revealed only 0.4 per-
cent of the total material handled was in thies category.

(e) Unknown. Mention is made of this group, consisting of 5.9

percent of the total, as unknown. Actually they probably all belonz in
the two categories "died in the egg" and "™maggots dislodged.™ It so hap~

pens that the records were not completed for several lots - the cast exu-

viae of the hosts were not analysed.

In addition éo the above occurrences which react on the efficien-
oy of B. selecta several other things happen on which no complete data was
kapt.

(f) Wasted oviposition. Occasionally a host larva is found with

more than one B. selecta e3g attached to it. Considering the thinge which

un&'happen %0 a single individual before it reaches the adult stage, two
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or three egge on one host larva may assure successful parasitism of the
host. Howéver, an individual host larva will apparently supvort orly one
maggot to maturity. If others are present they will succumb to the stron—-
gest. 'On one occasion a mature mazgot emerged from the host and examina-
tion revealed two first instar and one third instar ma3>ots remaining.
None of these would have survived in a dead host depleted of food material.
0f a total of 503 parasitized larvae reared, there were 590 ezge present
or an average of l.2 per larva.

Bmergence of Maggots from Cocoons. Prequently the mature
maggote do not emerze from the cocoons but merely puncture one end and
then form their puparia within the host cocoon. If this hole has not been
made large enough the adult is unable to emerge, and often the adults are
found dead with only their heads protruding throuzh the punctures made by
the maggots.

Dissections of cocoons bearing no punctures have revealed pupa-
ria and dead adulﬁs inside. In such cases the maggots failed to make ar-

rangement for the subsequent emergence of the adult stage.

Meld Records of Parasitism.
| Before entering a discussion on records of parasitism it 1s felt
that mention should be made regarding expression of parasitism.

While observing the activity of parasites in connection with the
rearing of forest insects a number of degrees of parasitism have been no-
ted. Larvae may be obtained from the field which contain parasite eggs
or established maggots, but development of such pafasites to the adult is
often interrupted at various stages with the result that the adults do not
emerge.

When we speak of "percent parasitism" what exactly do we meant

Do we mean that a particular percent of larvae were parasitized to the ex-
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tent that they bore ezz8? Do we mean a certain nercentaze of larvae were
parasitized because they contained carasitic ma3sots? Do we mean th:t
from a known number of individuals a certain number of parasite magots
emerged and hence the percent parasitism was so much? Do we mean that
from that known number of parasitized individuals a certain number of pa-
rasitic adults emerged to carry on the work of their species?

Each instance definitely represents parasitism but it is no in-
dication of the efficiency of a parasite to state that a certain percentage
parasitism was observed if we are referring merely to the number of hoet
larvae bearing eggs; or containing magsots; or from which massots encrged
but died before the adult stage; or from which adults emerxed while also
there were cases of each of the others.

In expressing percent parasitism some indication of the parasite's
success should be given in order that at a glance one may estimate the ac-
tual efficient work done by the parasite. The following definitions are
suggested as doing this. For the purpose of these definitions it is con-
sldered that the success of a parasite depends upon destruction of the
hoet, achievement of maturity, and the production of 2 new zenerztion.

(a) Unsuccessful Parasitism is that form of parasitism when the

host insect has been subjected to attacks of 2 parasite but survived, while

the parasite died as a result of being sloughed, etc., befcre rez=chir;

the adult stage.

(b) Partially Successful Parasitism is that form of parasitism

occurring when the host insect 1is killed by the activities of the parasite,

and the parasite dies as well before reaching t-e adult etage.

(c) Suécesaful Parasitism is that form of parasitism cccurring

when the host insect is killed by the activities cf the parasite, and the

adult parasite emerges to produceé progenye
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(4) Total Paraeltism is an expression of the summation of all tiree. It

is that form of expression which includes all evidence of parasitiem ir a

given sample, whether i1t be successful, partially successful or unsuccess-
ful.

In this particular paper reference is made to "potem<iall; suc-
cessful parasitism.”" This is merely considered a converient term to express
what might have been successful parasitism if the development of tle .nag-
gots had not been stOppeq by dissections. It is not intended to be adop-
ted as an expression of parasitism. In the usual studies of pzrasite ef=-
ficiency the term would be unnecessary, although occasions mizht arise when
it would conveniently express whnt mi>ht otherwise have been cuccessful pa-
rasitism if wilful mechanical interference had rnot prevented it.

Another expression of pzrasitism which should be redefined here

i{s that of superparasitism, which is "that form of w»urasitism occurring

when there ie a superabundance (more ezxs laid than can survive) of para-

sites of a single species attackinz an individual host insect.”

Oof 3,151 G. hercyniae larvae collectec in the field the total pa-

rasitized was only 169 or 5.4 percent total parasitism (Table 11). Then
broken down this represents only 0.2 percent successful parasitism, 0.7 per-
cent partially successful parasitism. Those potentially successfully pa-
rasitized, that is 2.5 percent, can mostly be included in the last two
categories, since the percentage lost after the m=23zz0ts become est-blished
is comparatively low. ILowever this would yield at the —most 3 percent euc-
cessful and partially successful p:rasitiem. Unsucceesful pirasitism was
2.4 percente.

These were the only data collected on field n-rasitism of 3.

hercyniae by Besea selecta, but they are considered to be representative

of what was found in the past. Of course somé are:s when ti1ken irdividusal-

1y would yield a hi her rate of parasitism. The material used for thece
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data was collected in various parts of ew Brunswick and represents the
average confiitions. Table 1l also shows the percentages of parasitism
for the different categories in the individual lots. This reveals that the
total percent parasitism varied between 0.9 and 25.0, while the successful
and partially successful parasitism ranzed from 0.6 percent to 10.7 per—
cent.

Oocasidﬁally fairly high percentazes of parasitism occurred.
Prom casual observations these appeared to occur most noticeably in spruce
stands adjacent to larch or mixed with larch in which the larch sawfly was
present in greater than normal numbers. This is taken as indicating that

Bessa selecta being more numerous under such conditions, was attracted to

Gilpinia hercyniae from Pristiphora erichsoni, and that probably the para-

site does make a better showing on P. erichsoni than it does on G. hercyniae.

In some localities B. selecta is considered to be an important control fac-
tor.
Samples of cocoons from the field zive an incomplete picture of

the activity of Bessa selecta because of its habit of sometimes leaving the

hoet larva before the cocoon 13 sSpunle
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HOST RECORDS

The host preferences of Tachinidae ars chiefly among the Lepi-

doptera and Coleoptera, Clausen (13)., Bessa selecta is one of the rela=-

tively few species which attack sawfly larvae, the Tenthredinoidea. One
frequently finds reference to Bessa selecta as "a parasite of sawflies.”

BRearings of this Tachinid indicate how apt a description this is.

Bessa selecta is considered by the author as primarily a parasite

of Pristiphora grichseonl in Nova Scotia and New 3runswick at least. It

is believed that heavy parasitism of other species of sawflies, including

Gilpinia hercyniase, occurs only adjacent to or among larch stands where

P. erichsoni is present in fairly large numbers.
Among those Tenthredinoidea from which the author reared B. selecta

are Pristiphora erichsoni (Htg.), Gilpinia hercyniae (Htgz.), Pristiphora

geniculata (Htg.), Pikonema alaskensis Roh., P. dimmockii Cress., and

Neodiprion abietis Harr. Only seldom was it taken from Lepidopterous hosts

among which were Nymphalis antiopa, and Nepytia canosaria Wik,

Attempts were made in the insectary to rear B. selecta on other

Lepidoptera but without success. Among these were Bupithecia spp. (from

spruce), Ellopla fiscellaria Gn., and Elaphria versicolor Grt. BEggs
were deposited but the maggots did not become established.

Mable 1 1lists the hosts from which Bessa selecta has been reared

a8 recorded in the literature.



le

2.

Se

4.

5e

6e

7.

8.

9.

10,

11.

12.

Allen, H. Wo An annotated list of the Tachinidae of "iseissippi. Ann

REFERENCES

Aldrioh, ¥. M. Notes on Synonymy of Diptera. Proc. Ent. Soc. Wash.

32:" 25=28. 1930,

Baer, W. Die Tachinen als Schmarotzer der schadlichen Insekten Ihre

Lebensweise, wirtschaftliche Bedeutunzg und systematische Kennzeich

nunge Zeitschr. angew. Ent. 6: 185-246. 1920. (Cited in Rev.
App. Ent. (4) 9: 61-63).

Baer, Wo Ibid. 7: 97-163, 349-423. 1920, 1921. (Cited in Rev. App.

Ent. (A) 93 252)0

Balch, R. B. The Furopean spruce sawfly outbreak in 1935. Can. BEnt.

68 H 25'31 ° 19 36.

Balch, R. E. Reports of the European spruce sawfly. N. S. Dept. Lands

and Forests, Reports. 1932-194l.

Balch, R B., W. A. Reeks, and S. G. Smith. Separation of Buropean spruce

sawfly in America from Gilpinia polytoma (Htg.) and evidence of its

introduction. Can. Ent. 73: 198-=203. 1941.

Balch, R. B. Buropean spruce sawfly in 1942. N. S. Dept. Lands and

Forests, Report. p. 92. 1542.

Balch, R, E. and F. T. Bird. A disease of the European spruce sawfly,

Gilpinia hercyniae (Htz.) and its place in natural control.

Scient. Agr. 25: 65-80. 1944.

Baird, A, B. Some notes on the natural control of the larch sawfly and

larch casebearer in New Brunswick in 1922. Proc. Acad. Ent. Soc.

no. 8, pp. 158-171. 1922,

Briston, W. E. Te larch sawfly, Lygaeonematus (Nematus) erichsoni Ftgz.

Rap‘b, Conn. ‘gro. Exp. Sta. PP 125-134. 1915.

Browmn, A. W. A. Annual Repért of the forest insect survey, 1939. 37 pp



13

14.

15.

16.

17,

18.

19.

20.

2l.

22.

45

Cane. Dept. Agr. 1940.

Clauséh, C.‘P.; Entomophagous Insects. Hc. Graw=Hill, Few.York.

Dpe 688. 1940.

Colline, C. W. and C. E. Hood. Life history of Hubiomyia Calosomse, a

Tachinid parasite of Calosoma beetles. Jour. A3r. Res. 18: 483-497.
1920.

Dobrodeiev, 4. I. (Priophorus padl L. and ite control.-The Protection
of plants from pests). (Friend of Tature). Petrograd pp. 28-29;

38-44. 1916. (Cited in Rev. App. Ent. (A) 5: 26).

‘Dobrovliansky, V. J. (Report of Entomological Section. Report on the

work of the Kiev Station for control of peste and plants of the
South-Russian Agricultural Syndicate for 1914). (Husbandry).
1915. (0ited in Rev. App. Ent. (A) 3: 638).

Dowden, P. B. Parasites of larch sawfly in western Montana and G5reat
‘Lakes region. Jour. Econ. Ent. 30: 381. 1937.

Fisher, R. C. Notes on the poplar sawfly (Trichiocampus viminalis Fall).

Scottieh Naturalist. pp. 151-154. 1922.

Hopping, G. R. Biolozy of Hemichroa crocea Geoff. Can. Ent. 69: 248.

1937.

Hein (Chu-8ieh). Beitrage zur FNaturgeschichte der Blattwespen.
Zeitechr. angew. Ent. 22: 253-294. 1935. (Cited in Rev. App.
Ent. (4) 23: 596).

Kazyakina-Vinogradova, V. N. (Some results of the entomolozical exa-
mination of orchards in the Luga district of the Sovernment of
Lﬁningrad). (Plant Protection. 7: 87-92). 1931. (Cited in Rev.
App. Ent. (A) 20: 89).

Korsakova, M. V. (fhe gooseberry sawfly, Pterorus ribesi} Scop.) (Plant

Protection 4: 255-275). 1927. (Cited in Rev. App. BEnt. (A) 16: 42).



25.

26.

27.

28.

9.

30.

3l.

32

S3e

46

Lacroix, J. L. Quelques observations sur une mouche 2 scie nusible
Sur ssules, Ptoronidea salicis L. Rev. Zool. Agric. 27: 59-66.
1928, (Cited in Rev. App. Ent. (4) 16: 624).

Lambert, R. and M. E. Genest. Les insectes forestiers du Quebec en
1939. Bull. Serv. Ent. Minist. Terres Quebec, No. 4, 38 ppe 1940.

Lebedev, A. G. (4 new pest of apples, Lyzaeonematus moestus Zadd).

(Plant Protection 3: 349-352). 1926. (Cited in Rev. App. Ente

Lovaszy, P« (Some notes on the insect parasites of Diprion polytomum

Htg.)o Ann. ent. fenn. 5: 225-233, 1939. (Cited in Rev. App.

Melis, A. La tignola orientale del pesco, Laspeyresia cydia molesta

Busck. in Toscana e alcune considerazioni sulla lotta naturale e
artificisle contro 41 essa. Note Fruttic. 14 nos. 1-4. 1935.
(Cited in Rev. App. Ent. (4) 24: 124).

Miles, H. Wo Notes on Tachinid flies. Trans. Lincolnshire Nat. Unlon.
1924. (Cited in Rev. App. Ent. (4) 13: 451).

Muesebeck, C. F. W. Two important introduced parasites of the brown-
tail moth. Jour. Agr. Res. 14:; 191-206. 1918.

Nash, R. W. The yellow-headed spruce sewfly in iiaine. Jour. Econ.
Ent. 32: 330-334. 1939.

Nielsen, J. C. Jagtlagelser over entoparasitiske muscidelarver las
Arthropoder. Ent. Meddei. 4; 1-126. 1909. (Cited in Clausen,
p. 455. 1940).

Pantel, J, Recherches sur les Dipteres a larves entomobies. Cellule
26, 27-216 et 29: 7-289. 1910 et 1912. (Cited in Clausen, p. 459.
1940).

Prebble, M. L. Actia diffidens Curran, a parasite of Peronea variana

(Fernald), in Cape Breton, Nova Scotia. Can. Jour. Res. 12: 216-227.



4.

85,

37

38

39.

40.

4l.

42

43.

47

prebble, M. L. The diapause and related phenomena in Gilpinia polytoma
dHartig). Can. Jour. Res. 19: 295-346; 350-362; 417=-454., 1941.

Robbins, J. C. Diplostichus janitrix Hartis, a Pachinid parasite of

D

the pine sawfly, and ite method of emergence. Proc. Ent. Soce
Lond. 2: 17-19. 1927. |

Schimitschek, B. Das Massenauftreten des Tannentrieb-wicklers, Cacoecia
murinans Hb. in Niéderosterrlich 1929-1934, Zeitschr. angew. Ent.
22; 565-602. 1936. (Cited in Rev. App. Ent. (A) 24: 340).

Servadél A, Contributo alla conoscenza delle, Hyponomeuta padellus L.

cognatellus Hbne e vizintipunctatus Retz. 30ll. Lab. Ent. Bolozna

3: 254-301. 1930. (Cited in Rev. App. Ent. (A) 19: 441).
Shelford, V. E. Laboratory and field ecolozy. Williams and Vilkins,
Baltimore. 1929.
Stehli. \Die Gespinstmotten. Kosmos, p. 25. 1921. (Cited in Rev. Appe
Bnt. (A) 10: 144).
Thielmann, K. Die Nematiden der Larche eine bionomisch okolo3zisch
forstwirtschaftliche Untersuchung. Zeitschr. angew Ent. 25: 1§9-
' 214. 1938. (Cited in Rev. App. Ent. (4) 27: 216).

Torka, V. Pristophora alnivora Htz. Arb. physiol. angew. Ent. Berl.

1; 301-304. 1934. (Cited in Rev. App. Ent. (&) 23: 122).

Tothill, J. D. Tachinidae and some Canadian hosts. Can. Ent. 45: 69-

75. 1913.
Tothill, .f. D., T« H. C. Taylor, and R. V. Palne. The coconut moth in

Fiji. London. 1922.

Townsend, C. Ho T. Notes on North American Tachinidae with descrip=-
tioz\m of new genera and species. Trans. Am. Ent. Soc. 19: 98,
285. 1892,

Townsend, C. H. T« 4 record of reaixlﬁs from rearings and dissections of

machinidae. U. S. Bur. Ent. Tech. Ser. no. 12, 6: 95-118. 1908.



48

46, 7Townsend, C. H. T. liamal of Myloloxy IV, p. 236. 1936.
47. ViﬁﬁtﬂVic, P. (Contribution to the study of insect assoclations).
Berblan. Spomenik 70: 35-91. 1931. (Cited in Rev. Appe. Znt.
- (A) 20: 260).
48. Walnwright, C. J. The British Tachinidae (Diptera). Trans. Ent. Soc.
Lond. 76: 139-254; 80: 387-404; 90: 411-448., 1928; 1932; 1940.

Proc. Roy. Ent. Soc. Lond. (B) 10: 70. 1941.



i
g
m
T~
f=7
o
e
m
ot
g
g
ct
| nd
o
=
®
Q
o
e |
=
m
o
s ]
uJ
@
o
m
[
m
@
bt
L44]
Q
<t
o
e ——— i . gl

leigzen

.Locali‘by Remarks on 3. selecta authority
Kew, Scotlang "effectively prevents Pisher (1922)
. ' pest appearing in larze
A 'MNHM ribesii TKirton, Great . o
4 foops Britain wiles T
e eronus salicis Cha 5
. g: . andr;nezi_éggi;?ure :izﬁd in numerous rear- Lacroix (1928)
S R Trance 5
- Lygaeonematus Mecklenbury
o8 laricis Htg. Germany R i
e L, weemaeli Tischb. llecklenburz, Hein (1935)
. o ,Gemalw
s | Hyponomeuta. euony-
i mellus I |
. Clysia ambiguella Germany "importent parasite of Stehli (1921)
g Hb. - these web-moths"
B Polychrosis botrana
' Behiffi a1 "' .
: Pristiphora alni- Upper Silesia Torka (1934)
LT vora Htg. Ty
X Pristiphora wes- Bavaria Thielmann (1938)
Be ! ‘maeli Tischb.
)8 1P1'10phorus padi L. Kiev, Russia Dobrodeiev (1916
EL Pteronus ribesii  Kiev, Russia Dobrovliansky
4 Seop. : (1915)
fﬁ Pristiphora palli- Kiev, Ruscsia Dobrovliansky
i Lyzaeonematus Kiev, Russia "heavily parasitized, Lebedev (1926)
i moestus Zadd. reduced population of
e host on apple trees to
HTH e AR niln
- |Pteronus ribesii  North Russia "about 847 of fifth Korsakova (1927)
b Scop. stage larvae parasitized"
- Pristiphora palli- ‘Luga District- "about 15% of larvae s« Kazyakina-Vino=-
! pes Lep. l’%ussia were parasitized" gradova (1931)
Diprion polytomum West of Finnish "6% larvae collected Lovaszy (1939)
Htg. Lapland were parasitized"
Portrix murinana  Lower Austria "of minor importance in Schimitschek
, Hbe (e natural control™ (1936)
i : Ennmeu’ca mali- Serbia Vukasovic (1931)
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Dissections to Show Overwintering Staze

Date Dissected Tumber of Magzots  Maggot Instar
Aug, 29 B ; I
Sept. 8 3 I

i 6 I
L - 2 1
Oct. 4 4 3
" 8 2 I
W8T 2 I
Nov. 9 6 | N
Dec. 9 ' 15 L
W 13 3 T
Nay 6 2 .

" 8 18 9-1 and 9-1I1




Development of Magzots-First Gensration

Date Dissected Number of lMazzote lMaggot Stadia
I XX 3
May 8 18 g 9
. =3l —4 %
n 13 8 6 2
n 17 s r | 3
16 " 18 & N
1 " 20 ' 3 2 1
18 | "o o4 ‘ 3 ; IR
» s s 7 7
gg - ¢ 2 2
21 w30 8 8
- ' ! ) [y
o 23 June 1 6 i
-~ " B o e |
'I o R " 18
26 " a’ . .
27 " 10 : 3
o " 12 6 ]
29 " o14 & ’

- Mean Development Dates:-
AT ' I Instag prior to May 15
B I1 Instan May 21

R - '

S 11T Instan June 8



»

ent of Puparia and Adult Emerzence - First Generation

zed. Ma.ria Formed Number of  Adults Emerged Number of

Individuals Individuals

June 5 11 : July 5 3
S 22 " 6 16
\ IRy 11 . 7 10
SRR 9 n g : 6
o 1 B 17
w10 47 L 21
w 3l 23 Sl ¥ ¢ 10
w12 7 no12 4

n 14 2 weab 1

" 16 9

" 17 2

* 18 |

Range:= June 5 to 14 Rangze:- July5 to 18

Mean Date:- June 9 Mean Date:- July 10



e
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e 1
.l._l. oL

R
A

" Development of Ezgs

!'m.r of Individuale Date of Hatchinz Number of Individuals

16

20
120
24
51
16

21

ek

25 -

July 16
L TRRR: L
w 18
S |
" 25
" 26
N 38
- 29

93  Tirst
18 Generation
35

14

18



it of lMazgots = Second Generation

Instar II Instzar ITI

r of Date Tumber of Date Number of
| Individuals Dissected Individuals Dissected Individuals

July " 20 July 23 1 July 17 1

" 23 e vom 1 "~ 2
o2 4 "y as 1 L7} 1

m 25 109 % 29 3 .2 2

27 13 " 30 4 " 2 1

" 29 18 " 31 2 . 2
" 30 10 Aug. 2 1 o 1
T " 3 7 " 5 2 " 30 2
Aug. 2 13 " 10 2 ey 7
v 4 e 3 2 ST »
- . SR
. L . w
4 b iy 2 e
o8 i e .
"~ 6 1

%Y 1

Rl 2

S 1

" 10 2

P 1

. 13 1

" 14 1

" 25 5

M" July 23 to Ranze: July 17 to
Amf 11 Aug. 25

ean Date: Aug. 1  lean Date: Aug. 4

— S ————————————




at of Puparia and Adult Zmergence - Second Generation

Number of Adulte Emerged Number of

| Tndividuals Individuals
i 1 July 31 1
By 2 Auvg., 2 : §
“ 1 " 5 1
26 2 AT ]
" 31 1 m 9 1
S - 1 "1l 3
L g “ 2 w 13 3
“3 1 6 " 13 2
B 2 "4 1
" .5' 1 n 15 1
" 4 3 L G | 1
S 4 .. 18 2
" 6 4 T 3
" .7 | 1 " 20 4
gix g 2 SR T 5
h 9 2 n 95 1

10 1 s .
% n 27 ¢ |

1 n 30 1

1 Sept. 1 1

1 " 2 1

5 n 4 2

" 6 2

n 14 : -

n 16 1

';'"::-; ' Ranges July 51 to Sept.16

Mean Date: Aug. 21



4 2.7 2 1l.3 133 88.7 10 6.7

10 3.7 5 1.9 28T 90T 10 3.7

142 3.4 7 1.7 370 89.9 20 4.8

B L B T ey )




Table 9

Showing What Happened to Bessa selecta. Series A.
Total Ezgs Vaggots lagzots
Lot Wumber Number Eggs & Slou%hed Pied in Bzzs Dialogged
Tumber TLarvae Parasitized Maggzots INo. ¢ No. % o« %
1 12 3 3 2.66:6 1, 339 -l -
2 16 1 2 2 1000, = - = -
3 88 1 1 - - - - 1 100.0
L 95 1 i L JUNE 1 100.0 ) (31
5 135 2 2 1 50.0 - = - -
6 105 1 1 11000 = = - =
7 .490 6 6 - - & 16T - -
8 567 39 40 LR B 18 3040 6 1bs0
9 290 1 1 " 1 100.0
10 249 3 3 o - I 33.3 2 6646
11 350 11 11 - = 3 27.3 2 18.2
12 223 36 40 =l - L 2V 9  22.5
13 176 29 29 - - B 17.8 B 17.2
14 50 3 3 BT 3 100.0 IR
15 221 12 : - = 3"  25.0 - -
16 46. 2 2 - - - - w o
17 86 10 10 - - - - 1 10.0
18 152 2 2 e DR 1 50.0 )l -
Totals; 3151 163 169 4.1 42 24.8 R NED.9

Parasitiem of Field Collected Gilpinia hercyniae Larvae

®

Magzots  lMaggzots Maggots
Sloughed mgtab1ished Matured
W. % No. % No. %

FIRR 1 50.0 - -

- 4 6646 ¢ SN 1T

- - 19 47.5 - -

I B SR R T - -

- - 15 37.5 -

- 13 44.8 %5 10.4

- - 9 75.0 - -

e - 2 100 .9 - -

- - 9 90.0 - -

o] - 1 50-0 - o

1 0.8 78 46:2 6 3.6

To.

{

1.2

* Dissected before development completed

Magzots Adults
Pupated BEmerzed
% Yo.

%

2D

7.5

6.9

3e6

29.3

10.8

20.8

2.1

11+9

rots




Table 10 Insectary Induced Parasitiem of Gilpinls hercymize

showing What Happened to Bessa gelecta Series B

Total Bggs Maggots ;‘ Magzots Maggzots Maggots* magzots  Maggots  Adults +
Lot umber Eggs and Sloughed Died in Bzgs Dislodged Sloughed '[Zstablished Matured Pupated Emerged Unecertain
Number Parasitized lazzote TWo. %  TNo. % No. % Wos: % |mo. & Wo. # No. % No. % NWo. %
19 w8 75 b (i L. 31 I41.4 14 18.6 = - 13 16.0 R - = - RN 70 R 20.0
20 15 15 - - 6 40.0 7 46.7 - = 2 13.% e o - - S
21 9 11 - - 4 3644 e Sl - - 7 63.6 w - - - - - =
22 2 2 -l 2 1000 = = - L 2 b B ISl
23 11 11 - - - p IR b I} S o B B  T2.7 =\ e =ty = 20 Bk = -
24 e B iy I - SRR - - - - 6 B85.7 - - - - - - - -
25 6 25 - - 2 8.0 - - - - 22  88.0 % Al AR e R SR S
26 2 3 - - 2 66.6 - - - - - - - - - - ‘ L 383 =
ar 20 20 1l 5.0 3 50 - - - 18 90.0 B ol ) e = =
28 37 41 i £ 1 2e4 i By 16 8%9.1 d 24 R 4.8 2 4.8 18 29.9
29 g 5 e 2 40.0 - - G U RO N O
30 71 121 - 8 6.6 By e = - 95 - ye.t T 1 0.8 4 ' 8,1 A% 10.8
31 6 6 - - | 1 157 - - - - 4 66.6 - - R 1K - -
32 24 24 = | [ & 125 1 4.2 o WK 15, 62.5 e e e 5 . 208
33 52 55 6 10.9 8 14:6 3 5.5 = 32 B8.1 - - P - - 5 9.1
Totals: 340 : 421 16 S8 71 169 26 6.2 'l 0.2 (240 57.0 VL - SR e (R 2.6 50 1139

¥  Dissected before development completed
¢+ Belong under ™"maggots died in eggs™ and "iagzots

dislodzedn




L
-

Series A

e, : Partially Potentially

e Total - TUnsuccessful Successful Successful Successful

Lot Total Parasitism Pparasitiesm Parasitism Parasitism Parasitism
ber ZLarvae To. A Yo. % o. &  Wos % To. &

i

12 3 25.0 3 25.0 - - - - - -
16 21 12.5 2 12.5 - - - - - -
88 1 1.1 1 llel - - - - - -
95 1 1.0 1 1.0 - - - - - -
2 1.4 < 0.7 - - 1 0.7 - -
1 0.9 - 0.9 - = . = - -

6 1.2 1 0.2 1 0-2 1 0.8 i o

40 10,9 19 5.2 1 0.2 19 5.2 1 0.2

1 003 1 903 — = g = - -
R EUNEE S ;s b I
11 " SR SR %, . U 5 1.4 = =

40 - 17.9 20 B8 2 1.0 15 6.7 3 .1'3

29 16.4 10 5.7 A 2.3 13 (Y- 2 1.2

RTINS S DR Diiag it
12 5.4 3 l.4 - - 9 4.0 - -
R I - - Y hE e s
ETIOE SR B RREREURE SR . o

2 1.3 1 0.6 i P 1 0.5 - -



Pige 1 borsal view of egg.

Pig. 2 bateral view of egg.

rig. 3 Lateral view of first-instar maggot.

Fig. 4 First-instar maggot showing position in integumernitary funnel,
sleeve, and sheath.

Fig. 5 Lateral view of buccopharyngeal apparatus of first-instar maggot.

Flg. 6 Dorsal view of same.

Pig. 7 Lateral view of buccopharyngeal apparatus of second-instar maggot.

Flg. 8 Dorsal view of same.

Fig. 9 rosterior spiracle and stigmatic chamber of first-instar maggot.

Fig.10 Ventral view of pseudocephalon of first-instar larva.

Fig.1ll posterior spiracles of second-instar maggot.

Pig.12 posterior spiracles of third-instar maggot.

Fig.13 Anterior spiracle and stigmatic chamber of second-instar maggot.

Fiz.14 Anterior spiracle and stigmatic chamber of third-instar maggot.

¥ig.15 Anterior larval (third-instar) spiracle remaining on puparium.

Fig. 16 uateral view of prothoracic splracular apparatus of pupa.

#ig.17 Lateral view of prothoracie cornicle of the prothoracic spiracular
apparatus.

Piz.18 inlarged view of the prothoracic spiracle of pupa.

#ig.19 Lateral view of second-instar maggot.
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Fig.22

#13.23

?18024

Fig.25

rig.27

Fi2.30

Lateral view of third instar maggot.

ventral view of pseudocephalon of third-instar larva, showing
enlarged views of sensoria.

Ventral view of abdominal segments seven and eight of third-instar
maggot to show position of anal opening.

Lateral view of buccopharyngeal apparatus of third-instar larva,
Dorsal view of same.

ventral view of pupa showing development of appendages, mouthparts,

eye rogions and antexnnae.

Dorsal view of pupa.

Lateral view of pupa, showing position of prothoracic spiracular
apparatus.

Lateral view of puparium, showing position of lines of cleavage,

position of prothoracic cornicle, remains of third-instar larval
armature and ambulatory organs.

rosterior view of puparium, showing remains of third-instar larval
posterior spiracles, and anal eopening.

Anterior view of puparium, showing prothorax, mesothorax, and

region of invaginated pseudocephalon.
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