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INTRODUCTION

The bivch leaf-mining sawfly (Phyllotoma nemorate (Fall))
(fg. 1) is & Turopean species. It was present in Nova Scotia as
early as 1905, and it appeared abundanily in Maine in 1926. TFrom
1927 to 1933 1t caused severe browning of foliage in many sections
as far west as the Adirondacks, and it is still abundant in certain
areas in Maine.  Although the species was recorded in Europe from
Scotland, Sweden, and Ostmark, Germany (Austrin), no outbreak
had ever been reported; it was hoped, thervefore, that beneficial

! Received for publicntion Jay 1, 1940,

2 This study was conducied undor the direction of ©, W, Colling 0t Molrase [irhlands,
Mass., 0 1832, 1033, and 182 and under the direviion of 1, C. Tirown nt Melrose Hz=ilands,
Mags., and New laven, Coun, in 1935, 1836, and 1937, All the torcign work from 1041
o 1034, i isive, was dicceted by W, J. Sellers, in charge af (e Budapest substution, with
the able assistence of W, I, Itippor and . Rargold, of Viennn,  The information an foreln
investigntions hins been compiled by the wrirer from e anm] roporls o feetizn mirasitg
work sulmitied by Mr, Sellers. The writer is also Indehted to C. 5. W, Muesebeck nnd D. E,
I'urker for obscrvitions on parasiles reeeived from Burope in 1980, to II. A, Hess for
Inborntory mssistance in 1935, and to Mary F. Bengon nwd (L 13, Bradford for the drawings
vf the adult insects,
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parasites responsible for holding the insect in check might be found
there. Requests for parasite material were sent from the Bureau of
Entomology laboratory at Melrose Highlands, Mass., to its Euro-
pean substation at Budapest, Hungary, in 1929, but owing to the
searcity of the insect in Hurope an Infestation was not located untit
1930. Small shipments were made from Ostmark that year, and
from 1931 through 1934 very satisfactory collections were made from
the same general region.

ViaURE 1.—Phplietone wemoradn,  Adulr female, 208

This bulletin is a report of the work done in Europe and of the
parasites liberated in the United States, together with biological and
morphological notes on the various parasitic species that were reared.

GENERAL LIFE HISTORY OF HOST

The biology of Phyllotoma nemoratu has been thoroughly studied
by Peirson and Brower (I7), and the following remarks ave taken
largely from their bulletin.

The insect has but I generation a year. The winter is spent as
a prepupa within & lens-shaped hibernacubmm formed between the
upper and lower leaf surfaces. At Bar Harbor, Maine, pupation
takes place in June and July, und the adults issue about 9 days later,
the height of emergence occurring in the last 10 days of June. The
insect appears to be completely parthenogenstic, for no males have
been discovered. Egg laying takes place soon after adult emergence
and lasts about a week., The eggs are inserted in the leaf tissne be-
tween the upper and lower surfaces of the leaf tooth. They hatch
in abont 19 days. The larva feeds slowly, forming a conspicuous
blotch mine (fig. 2, 4) that remains quite free of excrement. The
infested leaf usnally hangs downward, and the small pellets of frass

1 Italic numbers in parentheses refer to Literatura Cited, p. 54,
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drop through the opening made during oviposition. Teeding ig
completed i from 5 to 10 weeka,  The hibernaculim (lig, 2. B) is
formed by the prepupa. I is @ tongh, parehnendike cetl. ranghly
civcular in outline. formed from seeretions of the <k gland.  Hiber-
August to the early part of

naculu are formed from the last of
Oetober,

)

Mirue 200 Phaltotoma newmrdfa s 4 Loaf of Belatea priheseons showing larva
inwine, B Hibernaeulin Boll shgiuly enlaeged. Plunes by Ripguer t2ig,

NATURAL CONTROL OF PHYLLOTOMA IN TIE
UNITED STATES

Peirson and Brower (£7) have sl sindied the factors of matural
comrol wdfeeting Phytlotome in Maine, and the Following notes nre
a hrief sunnmiey of their olservations,

Wenther conditions appavently have little offeet on the walerproof
Phalloteme hibernacaln, hut dronghi iy destroy up (o 3 percent
of the ega-mid young Inrvae,

Bivds are the most important peodators, Many species have been
olerved feeding on Ievae nd tearing apen hibermmenla 1o ohinin
the prepupie. Duving 1932 il 1933 (e estimated. destenet jon by
birtds was 20 pereent of the larvae and 30 pereent of the prepopae.
Ants destroy Lorge numbers of lavae found in letves on trees in' the
vicinitye of their nest~. A number of niiscellitneons preditors e of
IO inporiange:

Nvvimes Pl st sulfors soverely fron calnpetitor=. The bipel
sleletunizer (fueenluteie cunade nsisi e Chinnd) b securred  in
destruetive numbers tn frge arens in Maine during the last few
years. Where the infestation is heavy a hich pereentiyre of the saw-
Ay larvae are unable wo watv e, for Feenlatvie Lo develop more
rapidyv. The Phygtlofome that do comiplete development are wsunlly
sall and have o very low reproductive eHpelly. )
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Several native species of parasites were reaved. Trichogramma
minutum Riley was the most important egg parasite; and Gelis
wrbanus (Brues), Agrothereutes slossonne Cush., Epiurus indagator
{Cress.), and dlophosternum folliicola Cush. were the gpecies most
commonly reared from hibernacula and larvae. The extent of para-
sitization varied greatly, and in many collections it was negligible.
The highest egg porasitization recorded was at Bar Harbor and
Great ﬁond, Maine, where it ranged from 21 to 25 percent. The
parasitization of larvae and prepupae was also highest at Bar Harbor,
ranging from 5.5 to 27.9 percent. Collections made throughout the
year indicate that parasitization of the prepupae in the spring by
Gelis and Agrothereutes constitutes the most important parasitic check
on the sawfly in Maine.

INVESTIGATIONS IN EUROPE
AREAS OF INFESTATION

In 1980 Ripper (20) located an infestation of Phyllotoma nemorala
in the Waldviertel area of Ostmark {Upper and Lower Austria).
about 50 km. northeast of Linz in the vicinity of Freistadt. He had
no reports of the insect’s occurrence there, but visited the area becauze
he helieved it might occur in that ecological zone, His belief was
justified, and most of the parasite material obtained duving the next
4 vears was coliected in this area. Seouting in 1931 and 1932 showed a
general infestation covering about 1.000 sq. km. Birches infested
with . nemoraie were found commonly hetween Freistadt (Upper
Austria) in the south, Langschlag (Lower Ausfria) in the east, Kap-
litz (southern Bohemia) in the north. and Untermoldan {southern
Bohemia) in the west. This part of Ostmark and Bohemia (Czecho-
slovakia} is very hiflv, with many large aveas of swampy tervain at
an elevation of §30 to 1,000 m.  These ewamps support a flora charae-
teristic of a considerably more northern latitude, and many species
of birch are present. although the tree growth is mostly spruce and
pine. Many stands of bireh are mixed with spruce on the swamps
and swampy meadows, and infestations often oveur in mixed growth.
Althongh the inseet was distributed throughout the entire district.
heavy infestations were searce. and usually occnrred in isolated stands,
As w rule an Infestation was restricted to 3 or 4 of the older trees in
a stand. the remaining birches In the group and the underbrush
heing wninfested.  Befnla alba L. was the most commonly infested
hirch, hut B. rerrucose Bhrh, was also attacked.  Collections were
made at +3 points, 40 i Ostmark and 5 in southern Bohemia,

Small collections were also made in a cecond locality about 160 km.
directly south of Vienna. near Monichkirchen. Ostmark. in 1931 and
1932. "This s a very hilly conntry, having many wet meadows and
a grent deal of birch growth. in both mixed and pure stands.  Befuln
rerricosa 1s the only species of birch represented.  About 300 =q. kn.
were scouted. and Phylloioma was found over the entive avea. hut
the infestations were nowhere sovere. Elevations scouted ranged
from about 600 to 1200 m., but 7. newmorata was not Tound below
850 m. Collections were made at three points in the vicinity of the
village. i

Bergold noted the presence of Phyllofeme at Aich-Assach, about
40 km. sonth of Isehl, in 1032, The infestation was light. oceurring
at an elevation of 720 m. )
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In 1933 Phyilotoma was found in another Ostmark arvea 5 km.
south of Linz, near the villages of Poltersluke and Hinterstoder.
There was an appreciable infestation at bath dlaces, but it was not
extensive and no collections were made. The pflysiography is typiecal
of the area around Monichkirchen.

In the spring of 1930 R. C. Brown, of the Budapest substation,
visited Denmark and Sweden in an effort to locate Phyllotoma in
that part of Burope. Specimens of adult . nemorate taken from
all parts of Sweden were present in the museum collections, but there
were no known areas where extensive collections could be made.
During the summer Q. Lundblad, of the Experimentalfaltet, a few
miles from Stockholm, inspected the birch forests in the vicinity of
Stockholm, and he and Ivan Traghard, of the sume institution, sent
out circular letters to the forest offices of Sweden requesting informa-
tion. N. A. Kemner, of the University of Lund (Sweden), and M.
Thomsen, of the University of Copenhagen (Denmark), also made
special efforts to obtain information and locate infestations, but
without success.

NatunaL CONTROL AT THE COLLECTING PoINTS

The Plyilotome investigations constituted only one phase of the
program of the Budapest substation. It was therefore impossible to
make compleie observations throughout the year on the natural
control factors affecting this insect. The work was confined to ob.
taining parasites, and general observations were limited to the period

of parasite collections, that is, during August, September, and
October.

During the course of this work no Phlyllotoma infestations were ob-
served in which the insect was seriously damaging the trees. From
18 to 20 infested leaves per tree was considered a fair collection, while
oceasional trees had 100 to 200 mined leaves. At one point in 1931,
2,000 mines were collected on three trees about 30 feet tall, and in
1934 one large tree was found with 3,500 and another with 6,000
infested Jeaves, Generally, though, even the most heavily infested
trees did not have more than 25 percent of the leaves affected. The
fluctuations in infestations that were observed could not be attributed
definitely to any particular factors, but it seems almost certain that
parasites of the small larvae had an important effect on the host
population,

Detailed observations were not made on climatic factors affecting:
Phyllotoma, but when the infested leaves were collected and classified
it was found that a considerable number of the mines (8 to 40 per-
cent) were empty or contained small dried-out larvae. The dead
larvae in many of them may have been killed by desiceation or frost,
for frosts occur at the collecting points early in July and again Iate
in August, and brief experiments conducted by Dr. Ripper indicated
that second- and third-stage larvae may be killed by short exposures
to a temnperature of 25° F.

Birds were important predaceous enemies of Phyllotoma larvae and
prepupae at both collection nrens in Ostmark, and as the season ad-
vanced their work was more and more in evidence. The titmouse
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Parus major L. was the most important predator, but considerable
feeding was also noted by several other species of titmouse and by
buntings, finches, and goldhammers. In 193¢ the larvae or prepupae
in at least 30.000 mined Jeaves that the collectors had planned on
obtaining were destroyed by birds. The infested leaves on 2 trees
were removed and classified. One had 184 infested leaves and the
other 287, and 69 and 67 percent of thesc leaves. respectively, had been
opened by birds. Throughout 4 seasons counts of infested lenves
that had been torn open indicuted that from 20 to 50 percent of the
late-collected Phyllotoma larvae were destroyed by birds.

Ants were important predators of Phyllotoms larvae where in-
fosted trees ocourred in the vieinity of anthills. Often all the mines
on trees visited by ants were empty.

Fungi apparently were unimportant in the control of Phylletoma,
for less than 1 percent of the mined leaves collected contained in-
fected larvae. Whether the fungi on these specimens were primary
or secondary was not determined.

Parasites were important enemies of small Phyllotoma larvae, kill-
ing large numbers that had mined only a small portion of the leaf.
Puarasites of large larvae and prepupae were very scarce. Although
complete records of infested leaves were kept for each collection
point, it is extremely difficult to evaluate the degree of parasitization,
for o number of reasons. In the first place, the collectors frequently
attempted to obtain parasitized matertal, and the eollections repre-
sent partinily selected material. In the second place, smme of the
parasites attacking small larvae have more than 1 generation a year.
and many mines were brought in from which the parasite had already
issued. Trinally, since many of the parasites overwinter as Inrvae.
there was some winter mortality, and the number of adult parasites
obtained did not represent the actwal number of larvae collected.
Novertheless. some striking instances of parusitization of the small
larvae wers encountered, and almost everywhere considerable num-
bers of parasitized small larvae could be collected. At Monichkirehen
in 1982 an attempt was made to collect all the Phyllofoma mines on
a small group of 10 to 12 birches 2 m. high. ‘These birches were in
a particularly sumny exposure on the side of a hill.  Altheugh it is
reasonably certain that all the large mines were collected, some of
the small ones may have been overlooked. Of the 397 mines cot-
lected, 279 had either chalecidoids or their emergence holes. This
represents a parasitization of 70.3 percent, and it is believed that the
parasitization of the small larvae explains why large lavvae were s0
hard to collect in that avea Jater in the season. In the Waldviertel area
it was estimated that roughly 30 percent of the small larvae were
parasitized n 1932.

COLLECTIONS FOR THE REGOYERY OF PARASITES

Collections for each vear have been summarized in table 1. Tn
1931 it was found that o number of chalcidoid parvasites attacked the
small Phyllotoma larvae: thereforve, from 1932 through 1934 special
collections of small Phyllofoma mines were made in August. Col-
lections of large Phyllotoms mines to obtain late-lssuing parasites.
full-grown host Iarvae. and hibernacula were made in September and
early in October. Most of the late material was collected when the
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larvae were almost full grown and the leaves were still on the trees.
Under natural conditions infested leaves drop when larval feeding
1s practically completed, and hibernaculn are rarely formed while
the leaves are still on the tree. Barly frosts and storms cause the
weakened and infested leaves to fall earlier than healthy ones, but
larval feeding is successfully completed as the leaves lie on the
ground. It is very difficult, however, to find and collect infested
leaves after they have fallen, and after the lhealthy leaves have fallen
infested ones are even harder to see. Collections were made, thera-
fore, just before the infested leaves would have dropped. Local
labor was hired to collect the infested leaves, which were sorted and
counted daily. The discrepancy between the number of laree host
mines and hibernacula collected and the number of hibernacula sent
to America, shown in table 1, is due to mortality of larvae after
collection.

Tante 1.—8uwmmary of Phylictomae nemorate collections in Furope, 1936-34

Materinl colleeted | Material shipped to the United States

oi | Chalst | Beaconia Tebao- | pryjto-
H caconhs | moni 3
host mines pupae {Phano- | cocoons . t::rﬁ:e%i!a

mines | and hi- and K 1
tereaculal larvee merie) |{Epiuris)

Place of collection and yenr Small

Number | Number | Number | Number | Number

, 000 132 162
- 4] 174
17, 38 3, 237 G, 176 1, 363
16, 653 10, 513 a5
21,378 l 13, 853

i
432

T Approximate,

Although the early collections of small larvae were made perticu-
larly to obtain chalcidoid parasites. large numbers of these parasites
were also obtained in the late collections. In 1982, 4,347 were ob-
tained from the small mines and 4,823 from the large mines, in 1933
there were 8,123 from the small mines and 2,390 fron the Inrge mines,
and in 1934 the small mines produced 2557 and the large mines
11,306.

In 1988 somie of the late-collected material was transferred to
Mariabrunn, a suburb of Vienna, the home of Dr. Ri pper. The move
was made In the interests of economy but proved rather unsuccessful,
for there was a heavy lnrval mortality,

PARASITES REARED FROM EUROPEAN MATERIAL

All the parasites reaved from Phyllotoma nemorata lavvae and
hibernacula collected in Europe were sent to the Melrose Highlands
laboratory for adult emergence. Some of the chalcidoid parasites
of the small Intvae issued in the fall, but the bulk of the material
hibernated and issued the following spring. Surprisingly few para-
sites were reared from the large numbers of hibernaculs collecte s but
a considerable number of chalcidoid parasites, representing several
species, were obtained from the larval collections, and the braconid
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and ichneumonid cocoons gave a good adult emergence, Some of the
chalcidoids proved to be primary parasites, some secondary parasites,
and many of them acted in both capacities. Table 2 gives the num-
ber of parasites recovered during the course of the work. The habits
of each species will be treated under the discussion of the individual
species.

TABLE 2 —DParasite emergence from Phyllotoma nemorata material received from
Burope, 1930-3%

Parasites emerging during—

1932-33 15933-34 1931-15
Parasite species emerglng rom—

Spring
Spring

Large Phyllofoma larvae:
Phanomeriy phyllotomee . ...
Epiurys folice
Epiurwsspnt .
Agrotherentez pygoleur
Trancsema pedelia__ .

Mesoteing phyliotomee_
Flemiplarsenus anemenlus. .
Chrysochariaspo..__...___...

Bmall FPhyltotoma larvac:
Chrpsocharis laricinelloe.. ... ...,
Sympiesis sp
Prigalio crucisina

e

Cirrogpiles plotus_
Cirrospilus pitfotus. .
Closteracerus Tseaquifpsciofus.
UndetermIned chalcidolds

1 From the malerial recaived in 1830 and 1931 sll the parasites emerged the following srring.
1 Phanomeris forms & distinet eocgon i the host mipe and Epivris forms a distinet cell.
3 Ephirus brevicornis (Grav.} and 7 E. buofianae (Hartig); these species could not be separated salisiactorily.

A comparison of the adult parasite emergence (table 2) with the
yearly shipments (table 1) shows that, although several species were
represented, parasitization of full-grown larvae or prepupae was neg-
ligible. The only species recovered in any appreciable numbers was
Phanomeris phyllotomae, a parasite that forms a distinet cocoon,
making it easily separated from the bulk of the material. Peirson
and Brower (i7) found that in Maive there was a much higher
parasitization in prepupae (hibernacuia) overwintering in the field
and not collected until late in the spring than in prepupae collected
in the fall. This might well prove to be true in Ostmark also. If
importations were resumed, it might be worth attempting, except that
the infested area is so swampy that it probably would not be practical.

There was a good emergence of chalcidoid adults each year except
from material eollected in 1933. That year the local laborers did not
distinguish parasitized material well, and a large percentage of the
mines shipped to Amerien did not contain parasites. On Aprvil 1,
1934, before spring emergence started, a vandom sample of 400 wines
was examined. Of these 225 had dead host larvae, 69 had parasite-
emergence holes, 78 had dead parasite larvae, and 28 had living
parasites. This condition was remedied the next year. In a random
sample of 700 mines examined on April 1, 1935, 48 had dead host
larvae, 75 contained dead parasite larvae or had parasite-emergence
holes, and all the rest contained living parasites.
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In 1932, 682 chaleidoid pupac formed in the mines of an allied
tenthredinid birch leaf miner, Scolioncure beiwlae (Zadd.), were
sent to America. Imergence from this material was as follows:
499 Sympiesis sp. (same as from Phyllotoma), 34 Chrysocharis
laricinellae, 15 Prigaelio eruciatus, 3 Glosterocerus sp., 1 Cirrospilus .
pictus, 1 . vittatus, 1 Tetrastichus manthops, and 1 undetermined ™
enlophid. Since it was not considered advisable to liberate Sympiesis
sp. in America because of the probability of its acting as a hyper-
parasite, collections from Seelionewra were not repeated.

PARASITES LIBERATED IN THE UNITED STATES

Only five species of parasites reaved from Phyllotoma nemoratn
collected in Europe have been liberated in the United States—
Chirysocharis laricinellae, Chrysocharis sp., Phanomeris phyllotomae,
E piurus foliae, and Tranoseme pedelle.  One other species, Hesoletus
phyllotomae, is undoubtedly a strictly primary parasite, but only a
few individuals were obtained, and fhey all died within a few days
after emerging. All the other species recovered have more or less
uncertain habits. DMost of them are external feeders and may act as
gither primary or secondary parasites, and it was therefore consid-
ered inadvisable to liberate them, A record of liberations is given
in table 8.

Tansk 8.—Liberafions of parasiles of Phyllotoma nemorate in the United Slates

Spoectes Year Loznlity Living parasites Hherated

1934 | Strong, Meing | 15 males and 48 females,
1032 | Twer Bachor, Matue. ..., | 603 males prd 742 (emnales.
1032 | Bethel, Maloe... ... . . _..| 600 males and 750 fernales,
Chrysocharly loricinellae 1934 | Bottan, VE._.._. .. ... ___.] 300 males and 150 icmales.
14935 | Eustls, binine. ..ooe.. ... | #0080 males and 1,440 lemaies.
1035 | Stork, M. .o .e..} 500 mnies amd 1,200 femsales.
1515 };or!:j!} Ati‘zdm:s{, Mass !gﬁ m?ics nz:ida.;tgt:_ fcm?lcs,

P Ar tigrhpr, Maine 70 males an fomusles.,
Chrysacharis 5p Bustls, Maipa... . a5 males ond 100 femnples,
North Conway, -| 0 niales and 28 females.

. ‘Elssmatgd ll‘:;_mniels‘

n i : wermnmeo-) 273 mated {emales.
Phanomeris phylotoinac Bethel, Malne ...1 200 mated femnins,

Keeng, N.Y___ —..) 116G mules and 100 females,
-.| 488 males and 428 femnales.
Epiurus folige ..o oeeeeee o MG 11— 50 mated females.
Tranesefa pedela. . ..o.._... .| 1932 I North Conway, N, H.o___...{| 12 mated feraales.

PARASITES RECOVERED IN THE UNITED STATES

Two of the five species of parasites liberated against Phyllotome in
the United States have been recovered, and these two species, GAryso-
charis lavicinellae and Phanomeris phyliolomae, vepresent a high per-
centage of the total number of parasites rearved from European ma-
terial. Througheut the §-year period that parasites were reared a
total of 18,523 parnsites emerged and 9, 398 of them were Chrysocharis
while 3,885 were Phanomeris. Two other species, (irrospilus pictus
and Tefrastichus vanthops, which were not liberated but are present in
the United States, made up 1,351 of the total number of European
parasites reared.

Chrysocharis laricinellae has been recovered from Phyllotoma in
small numbers at three liberation points—Eustie and Bethel, Maine,

95BTH—il——2



http:Oil'r'o8p.il

10 TECHNICAL BULLETIN 757, U. $. DEPT. OF AGRIOULTURE

and Stark, N. H. It was also introduced from Euro e 4s 1 parasite
of Coleophora luricelle Hbn., and has been 1'ecm'ere{{ from tllis host
species at several points—namely, Sidney, Maine, Berlin, N. H,,
Sharvon. ¥t., and Saranac, N. Y. '

Phanemeris phyllotomae was first recovered in this country by A.
. Brower at the Bar Tharbor liberntion point.  In 1937 about 2.000
infested leaves were collected at liberation points in Bar Harbor,
Betliel, and Eustis, Maine. In the spring of 1988, 9 Phanomeris
adults were reared from the Bar Harhor collection and 42 from the
Eustis collection.

Experimentation has indicaied that it is probably impractical to
rear either Ohrysocharis ov Phanomeris on Phyllotoma nemoruta for
further colonization. However, field collections for recovery and
recolonization may be feasible if these pavasites inerease somewhat
in abundance.

PARASITES OF FENUSA ULMI SUND. IN THE
UNITED STATES

During the course of these investigntions lnrvae of the elm leaf
miner Fenusa whms Sund. were colleeted in Wakefield, Woburn, and
Enston, Mass.. and in Salisbury and Bellows Falls, Vi, F. alm? is a
European species introduced into the TUnmited States. Needham,
Frost, and Tothill (24. p. 219) vecord it ns plentiful in the vicinity of
Albany, N, Y., as early as 1895. and note that in America it particu-
larly atlacks its chief European host plants, the English and Scotch
elms.  No detailed study of the parasites of F. wim/ was made. but 9
species reaved from Phyliotoma in Europe were reaved from F. wlmi
n this country.  (Reysocharis laricinellae was reaved from each of
the B collecting points, and Tetrastickus wanthops was reared from the
3 collection points in Massachusetts. Tt seems quite probable that
these species may have been introduced into this country with F. ufmi.
and may have been here for a number of vears. Whether they ever
would have spread naturally from infestations of F. w/ms to infestn-
tions of Phylletoma is problematical.

DISCUSSION OF INDIVIDUAL SPECIES OF PARASITES

From the Phyliotoma material eollected in Burope about 20
spectes of parasites were reared. When this material was first ob-
tained, very little was known ahont any of the species, and so it was
necessary to test them in the lnboratory to determine their suitability
for liberation in the Uhnited States. As perhans conld be exnected
in a Teaf-mining host. the majority of the pavasites were found tn be
ectoparasitie: 1. c. they fed externally upon the host larva or pre-
pupa within the mine or hibernaculum. These species had to be
classed as possiblv hyperparasitie, for in meneral external feeders are
polyphagous. They sometimes develop on primary parasites en-
countered in a mine instead of on the host larva. Only 4 species are
internal parasites, and all of these excent Chrysocharis Tavieinellae
werce obtained in very small numbers. As the various species were
tried ont in the Inbaratory, considerable information was abtained
regarding their biclogies. Some species could be studied vather
thoroughly. Others were obtained for only 1 year or in such small
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numbers that only fragmentary notes could be made. Where pos-
sible, data on life history, habits, and morphology were obtained,
and this information is noted under each species. It was found that
larvae of many of the species are so closely related morphologically
that considerable repetition could be avoided by referring from one
to the other. The following list will indicate the relationship of the
12 species studied, and each species will be disenssed as it appears in
the list. This arrangement is followed simply for convenience in
description, and does not indicate the importance of the various
species.

A LasT oF PRYLLOTOMA NEMORATA PARASITES SHowINe THER RFLATIONSHIP

[Tle braees indicntie o close morphologicnl relationship between immnature gtuges,]

Ichnenmoneiden
Braconidne: Externnl parasite
Phanmmerizs phyltotomae Mues,
Ichneumonidae
Ichneumoninne: External parasite
Epinrus foline Cnsh.
Cryptinne: Exfernal parasite
Agrothercutes pygolenens [Grav.y
Ophicninae: Internal parasite
Tranogenio pedelie {Himper.)
Chalecidogiden
Eulophidae: External parasites
Sympiesis sp.
Puigalio cruciaing (Ratz)
Tetrastichus canthops (Ratz.)
Hemiptargenug ancmentus (Walk.)
Cirrospilus pictng (Nees.)
CQirrospiing vittatus {Walk.)
Eunlophidae: Internal parasites
Chrpsocharis laricinellue { Rntz,)}
Chrysvchnris sp.

PHANOMERIS PHYLLOTOMAE Mues.

Phanomeris phyllotomae (fig. 3} iz a braconid parasite of the sub-
family Exothecinae. Tt was originally deseribed by Muesebeck (12)
in 1932 from specimens reared from Phyllotoma nemorata collected
in Qstmark. The genus Phanomeris is a small one. The species
with known habits are parasites of leaf-mining sawflies, but almost
nothing has been written regarding the biology of any of them.

A total of 5,540 Phanomeris phyllotomae cocoons were collected in
Burepe during the 5 years that work on Phylletema was conducted
there. Planomeris was second in importance to Chrysochariz lari-
rinellae as a strictly primary parasite of Phaylleroma. but when the
large amount of host material collected is taken into account. Pha-
nomeris must be considered relatively unimportant as a control fac-
tor over the whole area. It attained its greatest importance at Pass-
berg (Waldviertel area) in 1932 and 1933, where 884 out of 4,137 and
166 out of 913 large mines collected produced this species. These
figures represent parasitizations of 21 and 18 percent. respectively.
At a few other points parasitization reached 5 or 6 percent, but at
most places it was negligible. Tt seems, therefore, as if the species
becomes important only under certain conditions. Several good
colonies of Phanomeris were liberated in New England, and it has
been recovered at Bar Harbor and Eustis, Maine.
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Phanomeris phyllotomae completes only 1 generation a year, The
winter is spent as a. full-grown larva within a tough, cigar-shaped
gocoon spun in the host larval mine. Pupation takes place in the
S'_Ering, and the adults emerge by cutting a roughly circular hole
through the cocoon and leaf surface. They are delicate insects,
rather inactive under labhoratory conditions. The majority of males
issue before the females. The sex ratio for 3,660 adults was ap-
proximately 8 males to 2 femnles. Emergence extends from about

Ficure 3.—Phanomeris phyllotomae. Aldult femnale, » 11,

May 20 to July 10 under laboratory conditions, but it may be later
in the field, for Phyllotoma larvae ave not large enough to be sue-
cessfully attaclted until considerably later in the season. The fe-
males, however, are very long-lived. In 1933 a few specimens lived
through the summer and oviposited readily late in September. In
1932, 20 females lived an average of 48 days, with a minimum of 32
and a maximum of 61. Mating takes place readily in the laboratory.
Coitus averaged 19 seconds. Iegps are deposited in the host larva’s
mine. Most of them were found near the inner margin of the mine
and a few in the immediate vicinity of the host larva. Although
eggs were obtained, no very satisfactory observations were made on
oviposition. The females were watched for hours, as they slug-
gishly prodded at the mines with their short ovipositors, Oceasion-
ally a host larva was hit, but actual oviposition was not observed,
The Phyllotoma “arvae in cells containing eggs almost invaviably
had the appearauce of being partially paralyzed. Their alimentary
tracts were empty, and they lay motionless, making no attempt to
feed. If touched, though, they moved actively. The egg hatches in
from 36 to 48 hours, and the young parasite larva crawls to its host,
where it feeds externally, During the last half of July, 8 to 10 days
were spent completing development from egg to cocoon. The cocoon
s spun as soon as the larva 1s full-fed.

It is believed that the tendency to deposit the egas at some distance
from the host larva may result in considerable parasite mortality,
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The young larvue can crawl around readily, but apparently many
of them die before finding their food supply.  Tn at least 50 percent,
of the mines observed to contuin egos the parasite larva failed to
reach s vietim,

Phanomeris material arriving fram Furope was almost free from
secondary parasites, but the species probably has a number of natural
enemies, for it spends a lavge part of cach year in an exposed cocoon.
A few adulls of Cirrospilus wittatus and Symplesis sp. have been
definitely reared from the cocoons, und small numbers of Prigealio
crieciatus, Tetrastichus wanthops, and Cirrospilus picfus have been so
closel” associnted with them as to make it seem almost certain that
they act as secondaries,

The egg (fig. 4. A) averages 0.66 mm. in length and 6.17 mm. in
width. The chorion is smooth and hiyaline,

Ficure 4. —Phanomeris phytiotomee: A, Egp, X 100. B, First instar; sp, spiracle,
X 124, @, Head of firsl inskar, veniral view | 4, antennn, X 400, 1, Mandible
of first instar, X 780,
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There are 5 larval instars. The first instar (fig. 4, B) ranges
from 0.67 mm. long and 0.17 mm. wide to 0.83 mm. Jong and 0.21 mm.
wide. It has a well-defined head and 18 body segments about equal
in length. Each segment bears several transverse rows of long,
heavy spines, although on the thirteenth segment the spines are con-
sicerably shorter than the others. A narrow area on the venter of
each segment is bare. No sepsory setae were distinguished on the
body segments. There are 9 pairs of minute, open spiracles, 1
near the posterior border of the first thoracic segment and 1
near the anterior border of each of the first 8 abdominal segments.
The prothorucic spiracle measures only 0.0025 mm. in diam-
eter. The head (fig. 4, ¢') presents well-defined characters as in-
dicated. The antennae are very long. The hypostoma® is particu-
larly heavy. The mandibles (fig. 4, D)) are sharply pointed and well
sclerotized at their tips. They ave 0.023 mm. long.

The second instar resembles the first instar, but the cuticular arma-
ture is very much reduced. The spines are short and inconspicuous.
Tive or six rows are present on the dorsum of each segment, but toward
the venter the number diminishes rapidly and the Jower half of the
larva is bare. The posterior segments bear fewer dorsal spines than
the anterior segments. Sensory spines are present in this instar in
apparently the same number and arrangement as in the full-grown
larva, but they are exceedingly difficult to distinguish. The pro-
thoracic spiracles are 0.01 mm. in diameter. The head structures nre
less heavily sclerotized than in the first instar, but they are clearly
defined. The antennse are short. The mandibles closely resemble
those of the full-grown larva, although measuring only 0.03 mm. in
length. A number of conspicuous urate cells may be distinguished
through the body integument.

The third and fourfh instars differ little except in size from the
second instar.

Fifth instars, or full-grown larvae, (fig. 5, A) range in size from
about 8.6 mm, long and 1.0 mm. wide te 5.3 mm. long and 2.0 mm.
wide. The shape of the body is similar to that of the preceding
instars. The most conspicuons change takes place in the color, which
becomes bright bluish green as the Iarva completes feeding.
Younger larvae are the usual yellowish white, The bluish-green
pigment is apparently contained in the cells of the fat body. These
cells are well developed and rather evenly distribnted just beneath
the body wall. Scattered through the fat body, particularly in the
abdominal segments, are many very large, Irregularly shaped,
yellowish-white urate cells that present a striking color contrast.
The cnticle of the body segments is almost covered with short, closely
set spines, and a few rows are also present on the posterior ventral

ortion of the head. A narrow area at the intersegmental sutures
is bare, and the thirteenth segment is almost bare. The first 6
abdominal segments have narrow anterior folds or humps on the
dorsum, and the sutures setting these areas off are also bare. Kach
segment bears numerous sensory hairs, but they are so similar to the
cutienlar spines that they have not been indicated on the drawing
except on the thirteenth segment. The prothoracic and first 8
abdominal segments bear € pairs; the mesothoracic, metathoracic,

+The terminelogy of the head structures Is that of Vance nnd Smith (23},
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and last segment 7 pairs; and the twelfth segment 5 pairs of
these sensory hairs. On each segment except the last the hairs are
ghout equidistant from one another in a transverse row around the
middle of the segment. On the thirteenth segment there are 4 pairg
on the dorsal and 3 pairs on the ventral aspect. '

FIGURE 5—Phauomeris phyllotomue: A, Full-grown larva, ¥ 206, B, Full-grown
larva, internal anatomy: stkeld, silk gland; ming, mwidintestine; mel, Mal-
piphian tube; ¢ne, veatral nerve cord; hinf, hind-intestine, X 28, ¢, Head
of full-grown Inrva, frout view: r, antennn; ep. epistoma ; pl, pleurostoma;
sdo, orifice of silk duet; IUs, ligular selerome; fy, hypostoma; sts, stipital
selerome; mas, maxillary scleroine; fos, labial sclerome; X id4. D, Mao-
dlble of full-grown larva, X 460,




_16 __TECHNICAL BULLETIN 757, U. & DEPT. 0F AGRICULTCRE

The head (fig. 5, €) presents well<lefined external characters
which are compurable o those of typieal parnsitic Hymenoptera as
figured by Vance and Smith (25). The mandibles {fig. 5. ) meas-
ure 0.05 mm. in length. The respiratory system presents no differ-
ences from the usual braconid 1ype as figured by De Leon (7) for
Coeloides dendroctoni Cush.  The prothoracic spiracle measures 0.02
mn. in diameter. The digestive and nervons systems are indicated
n figrure 5, B.

The cocoon is readily seen when a mined leaf is held toward the
light. It varies from 4 te 6 mm. in Jength und from 1.25 to 2 mm.
m width, and is noticeably Jonger than the larva. which can be seen
inside. The pupa is enclosed in a thin, elosely fitting, transpavent
skin, through which the adult characters can be plainly secen. The
thorax and abdomen ave filled with the bright bluish-green body
contents of the last lurval jostar.  As the adult characters hecome
plainer, this color is restricted {o the sbdomen, but even after the
adult emerges the abdomen appears bluish green {for a number of
dlays,

Erterrs rouiar Cuash.

Epiuras foliae (fig. 6) 15 an ichnenmonid Lelonging to the subfamily
Tehnenmeninae (Pinplinge). 11 was origioally deseribed Ly Cush-

F1GURE G—Fpinrud foline.  Addult female, X 8,
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man {(4) in 1938 from specimens reared from Phyllofoma nemorata
collected in Ostmark. The writer has not seen very complete notes
on the biology of any species of Epiurus, but many closely related
ichneumonines have been thoroughly treated. Salt {21, p. 519) has
given an excellent anccount of Pimpla detrita Hlmgr. The species of
the genus £piurus whose habits are known attack a wide variety of
hosts, most of which are enclosed in leaves, stems, or other protective
covering,

A total of 691 & piurus cocoons, almost 411 of which were /. foliae,
were obtained from Plyllotoma material collected in Burope. Of
these 597 were obtained in 1934, but owing to the large amount of
material handled that year the species was of minor importance. It
vas present af almest all the collecting points, but the highest para-
sitization obtained at any ene point was anly 2 percent.

Epturus foliae hibernates as a prepupa, but considerable difficulty
wag experienced in overwintering the larvae veceived in the United
States. Many Jarvae pupated and adults issued late in the fall. So
few emerged normally in the spring that only 1 coleny of 50 mated
females was libernted. These were colonized at Eustis, Maine, in
June 1935, but the species has not been recovered.

Lpturus foliae probably has more than 1 generation a year under
field conditions, for alternate host species may be attacked. Tn the
Inboratory 1 summer generation was reaved on retarded Phyllotoma
prepupae within their hibernacula. Sometimes, though, femazle
£ iurus may emerge early in the summer and live long enongh to at-
tack Phyllotome in hibernacula formed in the fall. OFf 9 females
mated on May 23 and held in a cool, darkened place in the lahoratory,
all but 1 had died by the end of July, but this female lived unti] No.
vember 20, or 181 days. The winter is spent as a prepupa within a
thin cocoon or cell. Pupation takes place carly in the summer. and
adults issue 4 or 5 days later.  Material that hibernated at the labera-
tory produced adults between May 17 and June 7. Total issuance
from material collected in 1934 was 264 males and 94 females, or about
2.8 males to 1 female, but 18 reared larvae produced 7 males and 11 fe-
males. The species mates readily in glass-covered wooden boxes at
room temperature. An average of 1 minute and 10 seconds is spent
incoitu.  Epiurus females oviposit readily in P. nemorate hibernacula,
The host larva is first paralyzed. The ovipositor is then removed. and
the ege is Inid on or near the vietim. The operation requires from
1 to 3% minutes, with an average of 214. Very often the parasite
feeds upon the host larva either before or after oviposition. com-
pletely consuming it. The parasite bites through the Phyllotoma
hibernaculum. and feeds directly upon the soft larva, Perhaps
wnder natural conditions the female flies away after oviposition, and
there is lesy tendency to feed. but in confinement every one of the
host larvae left In a cage will be consumed if not removed in a short
time. When a host larva has been fed upon, even stightly, & para-
site is unable to develop on it, for the food supply quickly dries up.
Of course this results in the loss of many eggs. Oviposition notes
were kept on only 1 female. She Jaid 167 egos that were counted,
but she also laid a number destroyed by feeding. Hatching takes
place in from 36 to 48 hours. The young larva himedintely com-

253T48— 41— 3
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mences feeding, and development is complefed as an external feeder.
Growth is rapid. The pavasite beeomes full fed in about 5 days,
and the cocoon is spun about 2 days Iater. Parasites reared durin
June pupated soon after spinning their cocoons, and adults issueﬁ
5 or 6 days later. About 2 wecks, therefore, was vequired from
oviposition to ndult emergence. When the parasites were reared
Iate in September or in Oectober, pupation did not take place until
the following spring.

Most of the Epiurus material collected in Euvope had developed
on Phyllotoma larvae attacked in the mine before the hibernaculum

D

TIcUrs T.~-Fjinrus foline: A, Fivst instar: a, anteniin 8p. spivacle: X T0. M,
Flead of fivsi instar, venteal view, X 200, €, B, X 260 1), Mandible of fivst
ingtar, ¥ 3.

had been spun. The species probably attacks a vaviety of enclosed
larvae. In the laboratory an undetermined leat-rolier larva was
readily attacked, althongh, unless it was fastened in, the larva often
escaped before it was pavalyzed. Interest was also shown in larvae
of Rhyacionia buoliona Sehift., but none were actually pa nsitized.

A few specimens of Sympiesis sp. issued from the leaves that con-
tained fFpiwrus cocoons. Whether they were acting as secondary
parasites or not was not determined.

The egg (fig. 7, ¢) is about L4 mm. long and 0.2 mm. wide. It is
slightly curved, tapering at ench end,

There are & instars. ‘The fivst instar (fig. 7, A4} is 1.4 mm. long and
0.25 mm. wide when first hatehed. Tt has a well-defined head and
13 body segments of about equal length. Each segment bears sev-
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eral rows of tiny, dome-shaped, enticular protuberances across the
dorsum.  Some of them may be drawn out to a point at the apex,
On the first segment they extend down to about the median lateral
line, and on ench succeeding segment they extend a little farther,
until on the last segment only a narrew ventral urves is bave, At the
middie of each segment there are zlso a number of sensory setae ar-
ranged in a single transverse vow.  Six pairs wore distinguished on
segments 1 and 2, 5 pairs on segments 3 to 11, 3 pairs on segment 12,
and 2 puirs on the last sepment. There are § pairs of minute spira-
cles. 1 pair near the posterior border of the first thoracic segment and
1 puair near the anterior border of the first § abdominal segments,
The head presents well-defined characlers, as indicated in ficure 7, B.
Practically all the sclerotized facial thickenings and sensory hairs
that are distinguished on the full-grown larva may be seen on the
head of the first instar.  The epistoma forms a complete arch. The
mandibles {fig. 7, D) ave simple. sharply curved hooks measuring
0.065 mm. in length. The digestive and nervous systems are simi-
lar to those fignred for the Inst instar.

Second instars differ very little from those of the first instur,
They are about 2,00 mm. long. The mandibles in this and the fol.
lowing instars have a vow of very fine teeth on both the dorsal and
veniral sides of the poinfed tip.

Third instars are about 8.00 mm. long. The tiny cuticular pro-
cesses are thinly scattered on each segment, Many of them are drawn
out to a point, thus forming a short, triangular-shaped spine, and on
Lhe posterior segments they frequentiy have a minutely serrated apex.
There are several more sensory setae in the transverse row around
each segment in this instar, and there are also 8 pairs of tiny
sensory sefae on the anterior border of each segment. These §
setae are about equidistant. apart. The sclerotized areas on the head
are more clearly defined than in the carlier instors. The top of the
head is light gray, and this area and the sides of the head bear
simple domelike protuberances similar to those on the body segments.

Fourth instars are about 4.00 mm. long. They exhibit almost no
differences from third instars except in size and a elearer differentia-
tion of head characters,

Fifth instars, or full-grown larvae (fig. 8. A4). are 6 to 7.5 mu. long
and 1.5 to 2.0 mm. wide. Their shape differs Tittle from that of the
preceding instars. Segmenis 2 to 11 have strong lateral folds. The
enticle is evenly covered with the Hny domelike protuberances fonnd
in earlier instars.  The {ransverse row of sensory setae on the middle
of each segment is congpicuons. There seem to be 22 of these setne
on each of the first 2 segments, from 14 to 18 on each of the next 10,
and 22 on the last segment where, instead of being aranged in a To,
5 pairs are distribuled over the dorsal half and 6 paivs over the
ventral half. Besides these seiac there are 3 pairs of smaller sefae
en the anterior border of each segment except, the last. "There are 9
pairs of open spiracles situaled asx in the first instar. The pro-
thoracic spiracle megsures 0.03 nun, in diameter. The head presents
well-detined external characters, which are indicated in figure 8, B.
The mandibles, of course. are internal, and the mouth opening has
not been shown. The mandibles (fig. 8, ) measure 0.11 mm. in
length.  The digestive and nervous systems are shown in figure 8, A.
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A number of conspicuocus white wrate cells are present in the first 9
abdominal segments.

The cocoon is usually spun in the host Jarva’s mine. It s similar
to the Phyllotoma hibernaculum, but is much lighter in texture, some-
what smaller, and irregular in shape. It was not noted whether a
cocoon was spun when an Epiurus larva completed development inside
a Phyliotome hibernaculum,

Keuse 8—FEpiuras foliee: A, Fullgrown larva, showing internal anatomy:
iint, hind-intesting; mint, midintestine; stkyld, silk gland; vac, ventral nerve
cord ; wmal, Malpighian tube; X 12, B, Hend of full-grown larvi, frout view:
@, antenna; ep, epistomn; pl pleurostoma; hy, hypostoma; mas, maxillary
sclerome; cla, elypeal arch; sts, stipital sclerome; Tus, labiil sclerome; X 100,
¢, Mandible of full-grown larve, lateral view, X 227

AGROTHEREUTES pycoLprcts (Grav.)

Agrothereutes pygoleucus is an ichneumonid parasite belonging to
the subfamily Cryptinae. It was originally described in the genus
Cryptus by Gravenhorst (9, p. 702) in 1829. The following Thosts
ave listed by Dalla Torve (5, p. 606): Eupoecilia ambiguana
(Fletcher), Gastropacha neustrie, Harpyia bifida, Psyche sp., and
Lophyrus pini (L.}. Cushman (2) states that the genus Agrothe-
reutes is probably not generically distinet from Spilocryptus, of which
it is sometimes treated as a subgenus, He uses it in its original re-
stricted sense as including subapterous forms of the tribe Cryptini
related to Spiloeryptus. No detailed notes on the biology of a spe-
cies of Agrothereutes have been seen by the writer, but references to
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species of Spilocryphus are rather numerous.  Morris, Cameron, and
Jepaon {71} have given an account of Spilocryptus abbreviator (F.)
In a paper on p(n‘.mtoq of the European spruce sawfly (Diprion poly-
tomun (Htg)}. in which several species of Cryptini ave treated.

Onl) a few lf/mz‘?mrme!m adults were lemed from Pizﬂ?o{ama mna-
terial collected in Europe. Fourteen issued in the spring of 1831
from hibernacula collected in 1930, and 53 issned in 1935 from hi-
bernaenla colleeted in 1932, The species was not enconntered in
other vears.

It was goon determined that _greiherentes pygoleneus might act as
a primary or as a secondary parasite ot Phyllotoma. and “therefore
was not suitable for liberation in this conntry. Notes were mado
regarding its life history, but only very brief observations were made
on its inmature stages.

Agrotheriutes femules show striking characteristics: they have
only vestigial wings. and they are negatively phototropie.  The win-
ter is spent a= a foll-grown larva w ithin a thin cocoon spun inside the
Phyliotoma  Thiber naculum.  Uhder insectary  conditions  adults
emerge Trom April 27 to June 2. At least a partial second genera-
tion ix probabiy completed each yvear in the field. During the first
week 1 June a number of Phyllofoma hitbernacula were attacked in
the lnboratory. Tweniy-eight Agrothercutes completed development
and issued as adults while three larvae hibernated. Some females
Issuing in the spring may live long encugh to attack Phyllotoma hi-
bernaculn formed the next fall. Two females lived from May until
October in the insectary, but by the end of that time were apparently
too weal to oviposit freely, for only one egg was laid. althongh the
Jast female did not die lmhi Qctober 20. \Ll(m T OCCUNE VOLY 1mdllv
under caged conditions. Coilns lasts on an average 40 seconds.
Ovipoﬁition also takes place readily, The host larva within the hi-
bernaculum js first paralyzed, and the ege is then laid on or near if.
The process of p.nd]umfr a host lavva is frequently rather lengthy.
The female inserts her ovipositor, prods it avound in all directions,
withdraws it, and then harriedly applies her mouth parts to the open-
ing. She may repeat this process many times. but the parasite was
never seen tearing open the hibernaculum to feed directly upon the
host. Possibly the egg is laid before feeding is begun. liggs re-
moved and placed on Phyllotoma larvae in depressed slides hatched in
36 to 48 howrs. The Iarva feeds externally. completing growth in
about 5 days.  Anothev day is spent spinning a thin cocooun, and dur-
ing June adults issue in from 10 to 12 days. The complete Jife cyele
is from 18 days to 3 weeks during the summer months.

It seems probable that }.g:’o{}wn wtbes femules will attaclk a variety
of hosts that form cocoons similav o those of Phylleiomae. In the
laboratory they readily oviposited in cocoons of Spilocryptus extre-
meet?s (Cress.). a primary parasite of Telea polyphemus (Cram.).

Agrothereutes pygoleucus is similar to the native species . slog-
songe, which Petrson and Brower {7} list as the commonest ichneu-
monid reared from Fhyllotoma lavvae in this country. Males of ..
pygoleucus mated v eadily with females of . slossonae, but no obser-
vations were made regarding the fertility of this cross.

The egy i <r11=;(emn<r white with 2 smooth chorion. Tt is about 1.28
mm, lon,r_r and 0.32 mm. wide. ‘The anterior end is bluntly vounded,
and the posterior-end tapers shghtly.
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There arve 5 instars, but beeause of the sinall amount of malertal
available vnly the fivst instar was studied, The fiest instar is about
134 mm. long and 0.34 mm, wide, It is similar to the first nstar
of Kpiurns folive (fig. 7, .13, Instead of tiny, domelike, culicular
protuberances sparsely arvanged on the dorsume of cach sepgment;
dgrothercutes larvae have tiny. broad-based pinules set close to-
gether.  The arrangement of the censory setae seems (o be the sume,
and the head elimraelers nre very similar in hoth species.  lgrothe-
#edes hast novather wide, selerotized area al the hase of the Iabio-
stipital selerome, not present in Epdwrus, and in general all the
selerotized facial thickenings are more prominent in A grothercides.
The mandililes of both species are similae in size and shape. The
digestive system of A gratherentes was not studied, hut it was noted
that the salivary glainds are like those of £'p/nees, witl o priv of long,
sinuous tubes on eueh side of the body.

The cocoon is white, elliptical, wnd very thin in textare,

TraxosEzsa prnttry (1Hmgr.)

Tranosema pedefla (fix, 9) i an ielnenmantd parasite of the sub-
family Campopleginae. 1t wax originally desertbed s Limneria

D /

e
-

Fisere 3—"Pranoscivg pedetle, Adull female, #0132

pedelia by Holmgren (/0. p. 70) in 1858, Dalla Torve (3, p. 107)
lists two hosts, Fennsa pusille (Lep.) (prnile Klug) aud Crypio-
campus sp. Cushman (4) stales (hatspecinens reaved from Phyllolome
nemorefe m Ostmark ave not typical pedelle but agree very closely
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with Holimgren’s var. 1. Only a few species arve deseribed 1n the
genus Franosemsa, and no references (o their biology have been scen
by the writer, Many closely allied campoplegines, however, are
well-known parasites of important ingect pests.  The species Fulim-
aeria ceassifemar {(Thoms.) bas been thoroughly studied by Thomyp-
con and Parker (23).

Pranosema pedelle 33 n primary Internal parasite of Phyllotome
siemoratq. From the large number of Phylietome hibernacula col-
Iected in Furope from 1931 through 1934, 245 adulls were reaved.
One colony, consisting of 12 mated females, was liberated in the
Tnited States, The species has not been recovered.  Attempts to
rear Lranogema under laboratory conditions were unsuceessful.
Some notes were made on the lifo history and habits of the specics,
and on the first instar, but the Tater instars were not studied.

'ranoseme completes only 1 generation a year. The winter is spent
ag w firsk instmr within the hibernating prepupa.  Development
is completed in the spring, and papation takes place inside the host
hiberngeulum.  Adnlis issued in the ingectary from May 26 to June
30, The sex ratio is aboui 1:1. The adults are very active and do
not hve well in confinement.  No records were kept on the longevity
of individuals, but Temales used in veproduction work died caly and
none were alive alter July 8 Mating was difficult to obtain under
laboratory conditions, the best results being obtained in the morning
when capes were held ont of doors. Coitus lasts about 2 minules,
Both mated and unmated Z'ranasemse females oviposit readily in small
Phytiotoma larvae, but they have considerable diflicnlty in attacking
Jarger larvae in more extensive mines.  Host larvae from 1.5 to 2.00
m, long in mines about 6.00 hy 8.00 min. seem to be about the hest
size for successtul attack. Before ovipositing ihe female parasite
g over a leaf, tapping it with her antennac.  As soon as she locates
a Phyllotoma mine she jubs her oviposttor into it. twisting around in
all directions,  She may insert {he ovipositor several times hefore
striking the host Inrva. but the parasite usnally s(ays at the smne wine
until this is accomplished.  The egr is laid at almest the moment the
host Ineva ig hit.  As she removes the ovipositor, the parasite sharply
turns her hody abont halfway around., The Phylletoma larva is not
paralyzed and almost immediately after altack it resumes feeding,
Travosente eggs do not hateh until 2 or 8 wecks alter oviposition,
The yommg parasite develops very little during the summer, and
spends the winfer as a frest instar. Further development takes place
Jate in the spring. One first instar was dissected out as late as
April 7. The species was nat successfully rearved hevond this point.

Althongh Pranosema attacks Phyllocoma larvae readily, two fac-
torz noted during this work indicate that iis effectiveness as a Phyi-
{otoma parasile is probably Hmited. TIn the firet place, more than
Lalt of all the Phyllofoma larvae attacked by Pranozema died without
developing much further.  The larvae were very small; possibly they
were injured by the act of oviposition.  In the second place, nearly all
the parasite farvae dissected out were found enclosed by phagocytes,
OF 17 T'ranosema eggs or first insiars disseeted out in 1933, none of
the eges and only 2 of the larvac were elean and apparently healthy.
Six lavvace still moved feebly in spite of a heavy laver of phagocytes
surrounding mos{ of {heir bodies except the tail. The remaining
specimens were heavily encapsulated and dearl.
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The egg (fig. 10, €) is about 0.31 vun. long and 0.09 mm. wide when
first deposite(f It is slightly curved, and the ends are rounded. The
chorion is clear and hyaline except for a slightly roughened area nt
the anterior end.

The first instar (fig. 10, A) is a typical campoplegine. It is com-
posed of a well-defined head and 13 body segments. The first 12 seg-
ments ave about equal in length, and the last segment is prolonged
inte a pointed tail about half as long as the rest of the body, The
cuticte bears no spines or tubercles, and no sensorial organs were dis-

D

Fioure 10, —Tronosema pedelie: o1, First instar, X 130. B, First-instar head,
ventral view, X 2856, €, Bor, X 130 0, Pirst-instar mandible, X 370,

tinguished. The head capsule is lightly sclerotized and yellowish.
On each side of the headl, dorsally, there is a narrow, very Iightly
sclerotized groove extending from the posterior margin forwavd for
about thres-fourths the length of the head. Ventrally therve are 2
pairs of raised protuberances. Trom the ventral aspect of the head
the mouth parts may be distingnished, as shown in figure 10, B. The
mandibles (fig. 10, D) are stmple, well-sclerotized hooks 0.035 mn.
long. A pair of tiny sensory hairs may be distinguished on ench of
the ventral protuberances, and a number of tiny sensory hairs are
present on the sides of the head. The latier, however, are so tiny
that their exact number could not be determined with the small
amount of material available,

The tracheal system is similar to that described for Fulimneria
crasgifemur by Thompson and Pavker (23). There are the usual main
lateral trunks, giving off branches in cach segment, and 2 secondary




PARASTIES OF TIIE BIRCH LEAF-MINING SAWFLY 25

thoracic trunk. In Tranosema pedelle the commissure uniting the
main trunks posteriorly js found in the tail, and a number of small
tracheal branches are also present n the {ail. There are no open
spiracles.

The digestive system was not studied.

SYAMPIESIS SP.

Sympiesis sp. (fig. 11} and all the remaining Phylletoma purasites
discussed in this paper are chaleidoid parasites belonging to the fam-

Fraver 11.—Sympiesis sp.: 4, Adult female, % 14; 8, female antenun; €, male
antennn,

ily Eulophidae. The genus Sympiesis is a large one, and the species

ave typically parasitic on inscets that mine in lIeaves. " Leaf miners of

several orders are attacked, and there are occasional records of Sym-

piests spp. attacking other insects that live nunder similar conditions.
2537 40—t 1——4
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Muesebeck and Dohanian (13) record Sympiesis massasoit Crawford
as a garasite of Apanteles melanoscelus (Ratz.), and Cushman (7)
records rearing Sympiesis sp. as an external parasite of the egas of
Cimben americana Leach. During the course of this work Sympiesis
sp. was commonly reared from the leaf-mining sawfly larvae Phyllo-
toma nemorata, and Scolioneur: betulee. It was also occasionally
reared as a hyperparasite of Phanomeris phyllotomae, and for this
Teason was not liberated in the United States. Graf (&) has given a
good short account ot Sympiesis stigmatipennis Gir., parasite of the
potato tuber moth.

A total of 687 Sympiesis sp. 1ssued from the Phyllotoma moaterial
collected in Europe, and all but 10 of them issued from collections
made in 1932 and 1934. In 1932 a collection of 682 Scolioneura betulae
cells that contained chaleidoid parssites was also sent to the United
States, and 304 Sympiesis sp. adults issued from them. Probably
Stympresis sp. usually acts as a primary parasite.  TTnder laboratory
conditions it was reared as a primary parasite of Fenwse w’mi, but it
also oviposited in Phanomeris cocoons.

Sympiesis sp. overwinters as a naked pupa within the lLwst Jarva’s
mine. Adult emergence took place in the insectary from May 1 to
27, with the majority issuing during the first 2 weeks of May. The
sex ratio was about even (140 males and 165 females) for adults
issning from Scolionewre material. The adults are active insects
that Irve well in confinement. Fiffy adults that issued May 18 lived
on an average 42 days, and 2 adults that issued May 20 lived 72 days.
Probably there is ne more than a partinl second generation cach
vear. A few adults issued from pupne formed in June and July,
bnt the majority of the pupae did not produce adults until the next
spring. Out of 687 adults obtained from Furope only 23 issued
during the fall. One instance of mating was observed. During
copulation the female’s abdomen was raised to almost a vight angle
with her thorax. Coitus lasted 37 seconds. Oviposition was veadily
obtained in mines containing Fenuwse wimi larvae. Often the host
Javva is paralyzed, but paralysis is not necessary for the parasite’s
development. When the female is ovipositing, the ovipositor is
slowly inserted its full length into the mine and held there about
minute nntil the egg is laid.  When the female is attempting to
puralyze a larva, she inserts the ovipositor quickly and jabs it around
nntil she strikes the lorva, Eggs are sometimes laid in mines wheve
larvae have been paralyzed, but usually paralyzed larvac ave fed
npm.  The ege is apparently lid anywhere in the mine. but often
it adheres to a host larva that happens ta tonch it when moving
about, The young larva makes its way to the host and feeds exter-
nally. Deveiopment. is rather variable, but is usually vapid. During
Jime and July many Sympicsis larvae hecome full-fed ¢ ov 7 days
after the eggs ave laid.  Another day is spent as a prepupa. As o
rule all the larvae have pupated 10 days after egg deposition, In
{he few instances where adults issued the same season, from 7 to 8
days was spent as a pupa, or from 15 to 17 days was required for
the complete life cycle.

The egg (fig. 12. B) averages 0.52 mm. in length and 0.18 mm. in
width., It is a Litle wider at the anterior than at the posterior end,
and both' ends ave bluntly rounded. The chorion is covered with
minute spines.
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There are at least 4 and probably 5 instars. Mandibular measure-
ments indicate the presence of 5, but all the molt skins were not isolated
for any 1 larva.

D

Fraure 12—Sympiesiz sp.; 4, First instar, X 175. B, Egg, X 100. ¢, Pirst-
instar mandible, X 650. P, Mandible of full-grown Iarva, X 850.

FIRST INSTAR

The first instar (fig. 12, 4) is of the usual ectoparasitic chalcidoid
type. It averages 0.60 mm. in length and 0.16 mm. in width. There
is & well-defined head and there are 13 body segments of about equal
length tapering slightly pesteriorly. There is no cuticular arma-
tuve, but a few tiny sensory setae are present. It is believed that
they are arranged as in the last instar, but they are su minute that
their number and arrangement were not determined. The head is
gimilar to that of the full-grown larva. It bears a pair of tiny
colorless antennae, each of which has 2 minute circular sensoria.
The facial thickenings (hypostoma, pleurcstomsa, and epistoma)} are
well defined, and the tentorium is well developed. The inferior
pleurostomal rami unite to form a single cross bar. Below the labial
and maxillary regions and between the hypostomae there is a distinet
concave fold in the cuticle. Practically all the minufe circular sen-
soria and sensory setae shown in the figure of the full-grown larval
head {fig. 13, B) may be distinguished In the first instar. The man-
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dibles {fig. 12, ¢') are simple, sickle-shaped hooks 0.02 mm. in fength.

The tracheal system consists of a pair of lateral trunks untted
anterorly in the first thoracic and posteriorly in the ninth abdomi-
nal segment. There are 4 pairs of open spirvacies, a pair on the sec-
ond thoracic and on each of the first 8 abdominal segments. These
are joined to the main lateral trunks by short spiracular branches.
The mesothoracic spiracles measure 0.008 mm. :n diameter. Rudi-
mentary spiracular branches ave present in the third thoracic and the
fourth to cighth abdominal segments, nlthough there are no open
snirac’e s on these segments. Three or four doreal and the same nuniber
of ventral tracheae arise from the main laferal trunk in each segment,
In the first segment these branches ave centinued into the head, and
the ninth and tenth abdominal segments receive {racheae from the
lateral trunks of the eighth segment. Occasionally a dorsal trachon
arises from the spirvacular branch,

The digestive and nervous systems were not studied in this instar.

SECOND INSTAR

Second instars are about 0.90 mm. long s 0.80 mm. wide. They
are similar to the fivst instars except that the mandibles huve a
broader base and tiny teeth on the inside of {he tip, as in the last
mstar,  The mandibles measure 0.025 mm. in length. The meso-
thoracic spiracle measures 0.01 num, iy diameter,

THIRD INSTAR

Third instars are about 1.10 mm. long and 0.35 nun. wide. They

are easily distinguished from the first™2 instars, for they have 9
pairs of open spiracles, a pair cach on the mesothoracie and meta-
thoracic segments and on each of the first 7 sbdeminal segments.
The mesothoracic spiracle measures 0.013 mm. in diameter. The
mandibles ave like those of the second instar, but ave 0.033 mm, long.

FOURTTIL INSTAR

Fourth instars are about 1.55 mm. Jong and 0.60 mw, wide. They
are practically idemtical with the third instars. The mandibles
measure 0.042 mm. in length, and the mesothoracic spiracle measures
0.015 mm. in diameter.

LAST INSTAR

The full-grown larvue vary considersbly in size. Ten large indi-
viduals averaged 3.0 mm. in length and 0.82 mm. in width when full
grown. The outline of the full-grown larva is shown in figure 13, 4.
It has approximately the same shape as the frst instar, but is char-
actertzed by a row of well-developed intersegmental protuberances,
Tunctioning as pseudopodia, on the dovsum and a shorter similar row
on the venter, Dorsally the intersegmental protuberances oceur
from segments 1 and 2 to segments 10 and 11; ventrally they occur
irom segments 4 and 5 to segments 8 and 9. The pseudopodia un-
doubtedly aid the larva in moving about inside the mine, and are
similar to those described by Taylor (22) on larvae of Elasmaw
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hispidarum Ferr., Dimmockia javana Ferr., and Achrysocharella
orientalis Terr. These 3 species are parasites of the leaf-mining
hispid Promecotiieca veichei Baly, and the pseudopodia ave a distinet
aid in the locomotion of these species. The cuticle is unarmed, al-
though tiny sensory setae are present. They ave similar in arrange-
ment to those shown in figure 20, 4, for (Yrrospilus pictus. There
ave 4 pairs on each of the thoracic segments. Kach of the first 9
abdominal segments has a pair near the median dorsal line. Each
of abdominal segments 2. 4. 6. 8. and ¢ has an additional pair near

aly

::Q-- ————e—gr

Ficune 18—8ympiesis sp.: ., Fuli-grown larvit, sbowing internal anatomy; pin,
posterior ilene gland; wig, anterioy ileac gland; disp, dorsal intersegmental
pseadnpodia ; Rinf, hind-intestine; weint, wmidintestine; Iy, labial gland; e,
ventrai nerve cord; hbgm. histoblasts of male genitulin; X 83, B, Fullgrown
Iarval head, front view; @, antenna ; ep, epistoma: pf, plenrostom:; hy. hypos.
toma ; r¢, round sensorium. X 165

the median lateral line. Abdominal segment 9 has a thied pair
near the median ventral line, and the last segment has 2 pairs on
its dorsal and 1 pair on its veutrul aspect.

The head, seen from the front, is shown in figure 13, 8. The facial
thickenings, although almost colorless, are well defined. The lateral
epicranial angles are heavy, and the transverse tentorial bar is well
developed. The mandibles (fig. 12, D) ave sharply pointed processes
with well-sclerotized yellow tips. They are 0.043 mm. long. Inside
the tips there is a row of 10 or 12 extremely minute spines. The an-
tennae are conical, sclerotized yellow protuberances. They bear 2
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minute circular sensoria. A number of sensory setae and circular
sensoria are present, and their position is indicated in the figure.
The circular sensorinm found about halfway between the untenna
and the lateral epicranial angle on each side of the head is consid-
erably larger and more prominent than any of the others.

The respiratory system is practically the same as in the first instar,
except that the trachene are larger and have many more branches,
'There are, of course. 9 open pairs of spiracles as in the third instar.
'The mesothoracic spiracle measures 0.02 mm. in dinmeter,

The main features of the digestive and nervous systems are indi-
cated in figure 18, 4. As the larva becomes full-fed, the white and
semiopaque histoblasts of the legs, wings, and genitalin are easily
distinguished, for they lie just beneath the skin. The fat body also
becomes prominent as the larva finishes feeding. ¢ consists of large
cells forming an almost complefe layer just below the body wall,
although narrow areas along the middorsal, midventral, and mid-
lateral lines are bare. Below the midlateral line the cells are ar-
ranged in diagonal rows several cells wide that follow the lurge
oblique mnscles, while above this line they huve no definite
arrangenet.

No cocoon is spun.  Pupafion takes place in the host larva’s mine,
and the pupa changes rapidly from white to glistening, shiny black.

Pxicario cuvciarcs (Ratz)

Purigalio eruciatus is closely related to Sympiesie sp. It was origi-
nally described as Peromalus eruciaius by Ratzeburg (19, p, 205) 1n
1848, His specimens were reared from “Curculio fagi”® There are
few references to Pnigalio in the literature. Oldhum (16) reaved
P. cruciafus with several ather species of parasites from the leaf-
mining coleopteron Riynchacnus (Orchestes) alni L. in England, but
the status of Prigalic was not determined.

Small numbers of Paigalio adults were recovered from Phyllotome
shipments made in 1932, 1933, and 1934 The largest number, 127,
issued from the 1934 shipments. At times the species definitely acts
as o primary parasite, hut since it also issued from the collections of
Phanomeris cocoons, it may act as a hyperparasite,

Prigatio cruciatus is multibrooded. The winter is spent as a pupa
in the host Iarva’s mine. At Melrose Highlands, Mass., adults issued
in the spring between May 2 and 12. This is considerably earvlier
than the time Phiyllotoma larvae are available, but the parasite was
reared at the laboratory on larvae of Fenwse wimi. The adults are
active insects, living well in confinement. The proportion of the sexes
is apparently about equal, although too few adults have been recov-
ered to provide definite information on this point. Mating was not
obscrved. Oviposition was readily obtained on Iarvae of F, wlmi.
The female parasite walke over a mined leaf, lightly tapping it with
her antennae. Upon locating a host larva, she thrusts at it with
her ovipositor. If the attack is successful, the ovipositor remains
inserted for # brief period. and the victim becomes temporarily para-
lyzed. The egg is then laid externally either on or close to the para-
Iyzed larva. If the parasite fails to strike its host after several
attempts, it frequently lays an egg somewhere in the mine without
paying any further attention to the host larva. The egg is evidently
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covered with a rather sticky fluid, for it will adhere to a larva that
touches it. Some eggs were artificially placed in mines of unex-
posed larvae to see if preliminary paralysis was necessary for suc-
cessful attack, In almost every case a parasite hatched and completed
development normally.

Prigalio eggs hatch in 42 to 60 hours. The tiny parasite larva
attaches itsel%to its host and feeds
externally. Larval development
})roceeds very rapidly, full-grown

arvae appearing in 7 to 12 days

after the egg is laid. One day is

spent as a prepupa and 7 to 12

days as a pupa before the aduit

emerges. geventeen male adults

were reared in the laboratory.

Their development required on an

average 18 days, 2 days as an egg,

6 days as a larva, 1 day as a(]))re-
pupa, and 9 days as a pupa. Ovi-
positing females were apparently
unmated, as no females were
Teared.

The egz (fig. 14, A) averages
0.40 mm. in length and (.14 mm. in
width, It tapers slightly from the
anterior to the posterior end, both
ends being bluntly rounded. The
chorion is smooth and hyaline, but
1t seems to be covered with a sticky
fluid, as previously noted.

'The larvae are so stinilar in all
Tespects to those of Sympiesis sp.
that the description for that spe-
cies applies almost equally well to o .
Pnigalio, and ouly minor differ- F'GURe xl“éa‘l’ rigalio cruciatus: 4,
ences are noted. Three larvalin. 8% 5 %0, 5 > 'i{.‘gs(t’_finf;’tg;gfg:nrf
stars were distinguished, and sev- dible, X 800, I, Mandible of full-
eral factors indicate that there are grown larva, X 545,
at Jeast four, although ouly a
Iimited supply of material was available for study. The fist, pennl-
timate, and last instars were isolated.

4 D

FIRST INSTAR

First instars range from 0.50 mm. long and 0.13 mm. wide to 0.57
mm. long and 0.15 mm. wide. There are 4 pairs of open spiracles,
and those on the mesothorax measure about 0.003 mm. in diameter.
The mandibles (fig. 14, C) are tiny, sharply curved hooks that are
only 0.01 mm, long.

PENULTIMATE INSTAR

The penuitimate instars are about 1.18 mm, long and 0.3¢ mm.
wide. They differ only slightly from the full-grown larvae, The
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distinguizhing characters. particularly the lateral epicranial angles
of the head and the sensory haivs of the body segments, however,
are much less clearly defined.  The mandibles measure G026 mm.
long and the mesothoracic spivacle 0.013 mm. in diznmeter,

LAST INSTAR

The full-grown larvae range from 1.76 mu Jong and 044 mm.
wide to 2.62 mm. long and .73 . wide.  In body form they ditfer
slghtly from Sympiesis sp. The interregmental protuberances are
present, but they ave not so well developed In Prigelio as in Nym-
piesie, and the last 8 abdominal segments taper more sharply;
20 the last segment protrudes as in a short, fingerlike projection.
The head is shown from the venter in figoe T4 £ and 1t ceems
almost, identical to that of Sympiesis. The mandibles (fig. 14, D)
measure 0.086 mm. n length. On the inner side of their tips there
1 u row of 10 or 12 extremely minule spines. The mesothoracic
spiracles measure (LOIT mm. in dinmeter,

No cocoon iz spun,  Pupation takes place in the host Iarvids mine.
At first the pupa g eream colored. but as development procecds
pigmeniation takes place rapidly and it becomes shiny black.

Trerrasticires xaxtoors (Ralz)

Tetrastichus wanthops (lig. 13} was orviginally deseribed as Fu/o-
plus wanthops by Ratzeburg (78, p, 170 in 184 Thlla Torre

Fiousg 15.—4'ctrastichus canthops,  Adult Temale, X 31,

(6, P 27) noted rearing records from “Cecidonyic fagi,” “Orehestes
fm;rr and “Lithocolletes sp.” The genus Pefrastichus includes a
Jarge number of species showing great (11\‘("[‘5]?) of habit. Many are
true parasites, whereas many others are hyperparasites. A number of
species are of considernble economic importance, and the biology of
several has been carefully worked out. No references to the blolog}
of T. agnthops have been noted in the iterature.
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A total of 412 Tefrastichus manthops adults issued from Phyllo-
temae material collected in Europe in 1982, 1933, and 1934¢. Two or
three adults may develop from a single host larva.  During this study
it "was reared as a primary parasite of Fenusa nlmi larvae and as o
hyperparasite on Phanomeris phyllotomee and Chrysockaris sp.
T. zanthops is already present in the United States. 1t was reaved
from mines of ¥. ulmi collected at Woburn, Wakefield, and Easton,
Mass.

Tetrastichus wanthops is multibrooded. Tt overwinters as a full-
grown larva in the host larva’s mine, pupating in the spring. Adults
1ssued in May at Melrose Highlands, Mass. Phyllotema larvac were
not available until mueh later in the season, but Tefrastichus was
successfully reared in the laboratory on larvae of Fenusa ubmi,
Mating was not observed, but oviposition proceeded readily. Tefra-
stichus females walk over the mined lenf, tapping it with their
antennae, but apparently pay no attention to the host larva, for they
usunally seleet o spot at the extremity of the mine and slowly insert
the ovipositor at a sharp angle. The cggr is laid free in the nmine, the
entire process of oviposition ocecupying 1 or 2 minutes. Frequently
an ege is laid in a mine from which the host Iarva has been removed.
The egg hatches in about 48 hours. The young Jarva crawls to its
host. undoubtedly aided considerably by well-developed pseudopodia
protruding between the segments along the median dovsal line.  The
larvae travel rapidly, and when disturbed they move forward or
backward equally well. Upon finding a host larva, the young para-
site feeds externally, completing its larval development in about 10
days. One day is spent as a prepupa and about 7 days as a pupa.
Development from egg to aduit tukes about 20 days in midsummer.

The ege (fig. 16, B) is of the type commonly laid by externally
ovipositing chalcidoids. The chorion is smooth and hyaline, It is
about 0.35 mm, long and 0.08 mm. wide.

A very himited amount of larval material was available, and only
the first and last instars were studied.

The first instar (fg. 18, A) is abont 0.38 mm. long and 0.10 mm.
wide when first hatehed. It has a well-defined head and 13 body seg-
ments of about equal length. Between the body segments along the
middorsal line are well-developed intersegmentaT protuberances,
which function as pseudopodia. These protuberances are similar to
those described for the lust instar of Sympiesis sp. and those described
by Taylor (22) for several parasites of Promecothece reichei Baly.
They are rather short and narrow, but are easily discernible with a
binocular microscope as a living larva moves about, and apparently
they are a considerable aid in locomotion, for the larvae move rapidly
in_contrast to the slow movement of many externally feeding chal-
cidotds. There are no ventral pseudopodia; so the larva crawls
about on its buck. The cuticle is covered with tiny spines except in
the mtersegmental areas. In addition it bears a number of Jonger
sensory spines or hairs, some of which are very long; their relat’.~
length and position have been indicated in the figure of the Jarva.
There are 3 pairs of these spines on each of the thoracic segments; 2
pairs each on abdominal seginents 2, 4, and 6; 1 pair ench on abdomi-
nal segments 1, 3, 5, 8, 9, and 10; and apparently none on abdominal
segment 7. There is n well-defined tracheal system similar to that




84  TECHNICAL BULLETIN 707, U, 5 DEPT. OF AGRICULTURE

described for Sympiesis sp., although the posterior commissure is
found in the eighth instend of the ninth abdominal segment. There
are 4 pairs of open spiracles, I pair on the mesothoracie segment and
1 pair on each of the first 8 abdominal segments. The mesothoracic
spiracle measures 0.003 mn:. in dianmeter.

The head (fig. 16, €'} is pale yellow and lightly sclerotized. 'The
mouth opening is circular in outline with a prominent margin, Bx-
tending across the head just posterior to the mouth opening is a stout
sclerotized cross bar upen which the mandibles articulate. but other-
wise there seem to he no selerotized bars or cuticular thickenings,
Two pairs of round sensoria are present on the labrum, and one pair
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Irwecius W—2'elrastichus ranthops: 4, Pivst instar: sp. spiracie; disp, dorsal
inlersegmoental psoudopodin ; X 200, Bgg, X 136, €, Head of Srst instar,
venteal view, X 550.

of sensory spines was distinguished on the lablum. Four maore pairs
ol well-developed sensory spives are present, as indieated in figure
16, €. On the venlral gide of the head is a narrow unsclerotized area,
which runs from the mouth opening to the base of the head. The an-
tennae are tiny raised tubercles each bearing ¢ round sensorin, The
mandibles are simple sickle-shaped hooks measuring only 0.0L mnw.
in length,

Full-grown larvae are about 2.0 mm. long and 0.05 mn. wide, The’
general form of the body is simiar to that of the first instur. The
pserdopodin are still prominent, but they appear relatively shorter,
for the body of the larva is much thicker, When the larva completes
feeding, it appears light green, apparently from the pigmentation
contained in the fat body, but the contents of the midgut remain dark
brown and may be seen through the skin. The cuticle is unarmed
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except for short hut prominent sensory setne.  These are arranged
ax are the sensory setae figured in the first instar. but with. in addi-
tion. 1 pair just above the line of spiracies on the first 3 cegments,
1 paie pear the median laieral line of segnients 11 and 12, and 2 paivs
on_segment: 13,

The head does not differ greatly from thal of the first instar.  The
epistoma is weakly defined. the superior plenrostomal vami are prom-
iment. and fhe cross bar extending between the inferior pleurostomal
rami is well developed, hut otherwise no selerotized skeletal bars or
thickenings were distinguished.  The sensory selac are arranged os
in the first instar, but they are relatively shorter. Two pairs of
ronnd sensorin are present on both labrum and labinm. The an-
(ennae are prominent. sclerotized, cylindrical structures shout twice
ax long as wide,  They are truncate and hear a tiny nipplelike process
at the apex.  The mandibles are shuple, shply poinfed hooks 0.04
mn Jong, They ave shaped like those of Sunmpicsis sp.. bt they do
not hear a row of minuie {eeth on their inner margins.

The tracheal system is well developed. "There are 8 pairs of open
spacaeles, 1 pair on the second and thivd thoracic segments and 1 each
on abdominal regments 2 to 7. The mesothoracic spiracles measure
0.016 mmn 0 dinmeter. The digestive and nervons systems are similnr
to those shown for Sympiesis sp.. although in the spechnens studied
the vential norve cord ferminated af about the AFh alixdominal rog-
ment. where 3 pairs of very long nerve fibers were given off that ex-
tended {o almost ihe Tast segment. The Lisiohlasts of the legs, wings,
and genitalin are very conspicnons in full-fed larvae.

No cocoon is spun. Pupation takes place in the host larva's mine.

HesmerapseNes aNsvexTes (Walk.)

Hemiplarsenus anementns (fig. 17) was originally deseribed as
Kulopls ancmentus by Walker (27, p. 191 in 1839, No references
regarding the hiology of u species of emiptarsenns have been seen
by the wriler,

Hemiplarsenis anementus is o gregavious parasite of Phyllotome
hibernacula. Tt was recovered in only 1 vear from the Turopean
colleetions of Phyllotoma materinl. A total of 194 adulis, 107 males
and 17 females, issued in the enrly suimmer of 1935 from hihernacyla
that had heen eolleeted the previous fall.  These 1T females, however,
mnst have laid a Jarge number of eggs befare they were removed from
the rearing cages, for in Augnet o0 nomber of adnlts were also ob-
tained from the same material. Sinee the gpecies is an external para-
site, it was planned to oxperimont considerably with it before deeiding
whether it was snitable Tor Hheration in the Tnited States, but it was
nol suceessfully cavried threngh the next winter. nnd all the stoel
-0 hand died.” Tnder Tuboratory conditions Zfemiptarsenus appears
to e well adapted for development and increage upon DPhylivtoma
hihernacnla, but in view of the large number of hihernacula colleetad
in Inrope, the species was, of course, insignificant as a control factor
during the 5 yenrs that colleelions were made,

Hemiptarsenus ancmenfus probably passes the winter as a full-
grown larvi or pupa within the Phyllotema hibernaeutum,  Tn labora-
tory reaving, however, hiberration was not induced,  Several hundred
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adult parasites isswed from 80 hihernacula altacked between Septem-
ber 19 and October 4 and held continuously in an outside insectary.
The adults issied until the last part of December. They were sup-
plied with food, but all of them died before spring.  Emergence trom
imported material took place between June 24 and 27. The last of
these adults died about 46 days later, on Augnst 12, There are prob-
ably 2 or more generations each year. Se(-onﬁ‘—genemtinn adults issned
from Angust 7 until September 5. and the fivst of the third-genera-
tion adults issued on Angust 27, No entirely satisfactory datw were
obtained on the proportion of sexes, hecause of the great excess of

(L

Fisuse 17.—Hemiptarsenng aiementus, Adult female (X 23) and male antenn.,

males among the first adults to iscwe. Possibly many of the first
adults were progeny of unmated females that issned in the shipping
containers. In the rearing work females exceeded males by about
3 to 1. Aating takes place readily. Coitus lasted from 12 to 16
seconds. Qviposition is easily obtained. The female parasite ruus
over a leaf, lightly touching it with the tips of her antennae until a
hibernaculum 1s encounterel. She then exserts her ovipositor and
after some difficulty pushes it through the surface of the hiber-
naculum. This action is often rvepeated many tines before the larva
inside is struck, but when this is accomplished the ovipositmr is
tenaciously held in place and the larva scon becomes paralyzed. The
ovipositor is then insertecd its full length into the cell, and egg
deposition takes about a minute. One egg is laid at a time, but
several eggs are usually Jaid in one hibernaculum. As many as 33
Hemiptarsenus adulls were veared from o single Phyllotoma that
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was exposed to a number of femules, but the parasifes were ab-
normally small. Probably from 2 to 10 is the usual number that
develop on 1 host larva. No records were kept of reproductive
capacity, but 1 female Iaid 20 eggs in 4 days, with a maximum of
8 during 1 of the days. The cggs hatch n about 48 hows, and
the parasite larvae feed externally upon the host. Larvae become
full-fed rapidly, and pupse are formed about 10 days after egg
deposition.  Adults begin to emerge sbout a week Jater. Develop-
ment from egg to adult requires from 17 to 20 days late in the
sunimer,

The egg is 0.47 mm, Jong and 0.16 mm, wide. Xis shape is similar
to that of Sympiesis sp. (fig. 12, B), and the chorion is also eovered
with niinute spines.

There are 5 instars. This fucet could he definitely checked. for
the skins of previons molts were found adhering to full-grown Jarvae.

The larvae resemble those of Sympiesis sp. and Cirvospilus pictus
so closely that special deseriptions or drawings are unnecessary. The
descriptions of the immature larvae of Sympiesis apply equally well
to Hemiptarsenus, although Iarvae of the latter are a little smaller,
and mandibular measurements ave also just a little smaller. The
full-grown lavva differs from Sympéesis in one important respect—
there are no infersegmentul protuberances. It is nearly ldenfical in
shape to . pictus (Rg. 20, A). A minor difference that seems to be
constant is that the fuil-grown larval antennae of emiplarsenus
Jack the yellow color noted in Sympiesis and they also scem more
dome-shaped. In all other respects—respiratory, digestive, and
nervous svstems. development of Tat body and histoblasts, and number

and arrangement of sensory setae—the larvae of Hemiptarsenus and
Sym piesis ave nearly identical,

CirrospPILUS ricres (Nees)

Cirrospitus picius (fig. 18) was oviginally described nnder Fulo-
phus by Nees von Esenbeck (/f3, p. I6) mm 1831, Dulla Toire
(6, p. 83) lists the following hosts: Nemabus salicis (1.); Au-
lee  rhoeadis Gir., and Coleophore sp. Thorpe (24) reared
it in small numbers from Coleaphora laricella TThm. collected in Eng-
land and France. It was commonly reared from the same host
species eollected in Ostmark by workers from the Bureau of Ente-
mology and Plant Quarantine. and sent to the United States from
1932-85. About 3,300 adult . pictus, representing approximately
20 percent of the parasites recovered, issued from several hundred
thousand C'oleophore cases.

Cirrospilus is & large genus, and many species are known as para-
sites of Jeaf-mining and case-beaving msects. Muesebeck and Do-
hanian {23) list seversl species of Cirrpspilus as occasional parasites
of Apanteles melanoscelus (Ratz.}. Brief accounts of the life his-
tories of a number of species of Cirrospilus have been recorded.

During the 5-year period in which Phyllofoma parasites were im-
ported, a total of 989 Cirrospilus pictus adults were reaved from the
small mines. This is far less than the ahmost 10,000 Cheysocharis
laricinellae adults reaved from the same material, but it 1s an ap-
preciable number. (. pictus is alveady present in North Aumerics.
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It was reaved by L. Duviault from Fenuse pusille {(Lep.) at Berthiers-
ville, Quebee, In 1930 and by the writer from Phyllotoma nemorata
collected at Ifustis and Bar Harbor, Maine, in 1937, ¢, piefus acts
gither as & primary or as a secondary parasite, and because of this
was not lberated m this country. In the laboratory it wus reared
as a primavy parasite of F. wfmi. and it oviposited readily on an
vndetermined sawfly Luva in anemone. It was also reared as a
secondary parwsite on Apantefes euchaetis Ashm,  Apparently it
usually develops as a primary parasite of Phyllotoma and Coleophora
in the field, hut it was reaved from a cocoon of Rogas unicolor

N

Figuke 18.—Cirrospilug pietns.  Adult [vmale, X 24,

(Wesm.), primary pwrasite of Stilpnotic salicis (L.). collected at
Budapest, Hungary, in 1934,

Cirrospilus pictus passes the winter as a full-grown larva near
the remains of the dead host. Pupation takes place in the spring,
and adulis issued in the insectary from May 1 to June 7. The
adults are active insects, living well in confinement, Fifteen females
that issued in Qetober, and were used in reproduction work, lived
on an average 33 days, with a minimum of 9 and a2 maximum of 33.
Probably at Jeast 2 generations develop cach year, A large per-
centage of the €. picfus adults that issued from Phyllofomae material
emerged in the fall. Mating was not observed. Oviposition on
Fenuse wlmi took place after the host larva had been paralyzed.
The eggs were then Iaid on or near the larva. Usually the parasite
inserted her ovipositor into the mine & number of times before the
Jarva was hit and paralyzed. TIn ovipositing upon Apanteles euchae-
tis about 2 minutes was required to bore throngh the cocoon. The
Apanteles larva was then vigorvously prodded for several seconds, the
ovipositor was removed, and sometimes another hole was bored and
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the prodding repeated. TIn each case observed the parasite returned
to the first entrance hole to oviposit. The egg hatches mm from
24 to 36 hours, and the young larva feeds externally upon its host.
During June, 15 days were required from oviposition te adult emer-
gence, The egg and larval stages are completed in about 8 days. and
about 7 days are spent as o pupa.  Three . pictus larvae completed
development on one F. wlmi larva. The sex ratio in 148 observed
individuals showed about 2 males to 3 femuales.

The egg (fig. 19, €} is 0.35 mm. long and 0.13 mm. wide. It is a
little wider at the anterior than at the posterior end. Both ends are

<

Fieure I0—Clrrospilug pictus: A, First instar: gp. spiracle; X 200, B, Head of
first instar, ventral view, % 400, €, Egz, X 100

hluntly rounded, and the chorion is completsly covered with minute
papillae.  The embryo appears yellowish gray.

Careful observations based on mandibular measirements and ob-
served molt skins have convinced the writer that there arve only 4
instars.  Ifwll-grown larvae were repeatedly found with 3 old molt
skins adhering to their skin.

The first instar {fig. 19, A} is of the usual ectoparasitic chaleidoeid
{ype. Itis 0.44 mm. long and 0.13 mm. wide. Tt has a weil-defined
Iread and 13 body segments of about equal width that taper slightly
posteriorly. Euach segment has a broken transverse row of minute
cuticnlar papillae across the dorsum.  The area near the median dor-
sal line is bare.  The papillae extend downward on each side ta nbout
the median lateral line. On the thoracic segments 3 pairs of promi-
nent sensory setae may be distingnished. These 6 setae are about
equidistant from one another. The pair on the median lateral line is
the longest and most conspicuous. One small sensory seta was ob-
scrved on each side of the larva near the median Jateral line of ab-
dominal segments 2, 4, 6, and 8, and a small seta was also observed on
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each side of the larva just below the median dorsal line on the last
6 abdominal segments. These setac are so minute, however, that their
number and arrangement could 1ot be positively determined. Four
pairs of spiracles are present, 1 pair on the mesothoracic and 1 pair
on each of the first 3 abdominal segments. 'The mesothoracic spivacle
measures only 0.003 mm. in diameter. The head, viewed from the
venter, s shown in figure 19, B. The mouth opening is not indicated,
and the mandibles (fig. 20, €'} are flattened out by the cover glass, but

22
:/

Fioure 20—Cirrospilus pictus: A, Full-grown larvn: sp, spirnclo; $s, sensory
seta; X 49. B, Full-grown larval ead, front view; ¢, antenna ; rs, round sen-
sorium; gef, semicireninr cutieninr fold; ep, epistoma; pi, pleurcstoma; fed,
lateral epicranial angle; X 250. ¢, Mandible of flrst instar, X 538 B,
MandilMe of full-grown larva, X 611,

most of the essential characters are shown. The antennae, which
are on the dorsal side of the head, are not shown. They are tiny raised
areas in the center of which are 2 minute papillae. ~ The mandibles
are simple curved hooks measuring 0.013 mm. in length,

The second instar has the same shape as the first instar. The man-
dibles and antennae are more clearly defined. The mandibles meas-
ure 0.02 mm. Jong. They have a broad base and tiny teeth along the
inner margin of the tip similar to these of the last instar, The meso-
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thoracic spiracle measures .01 mm. in diameter. The cuticular pa-
pillae are absent, and the thoracic sensory setae ave not pronounced
as in the first instar,

The third instar differs from the second in having spiracles on the
fast £ thoracic and the first 7 abdominal segments. The mesothoracic
spiracle measures 0.012 mm. in diameter, and the mandibles measure
0.026 mm., in length,

The fourth, or last, instar (fig. 20, 4) is 2.1 mm, long and 0.65 mm.,
wide. It has the same general shape as the first instar, aithough the
head is proportionately smalier. The cuticle is unarmed except for
the tiny sensory setie shown in figure 20, 4. In arrangement they ave
similar to those distinguished in the first instar, but 1 or 2 additional
pairs were found on aimost all the segments. The head seen from
the front is shown in figure 20, B. The facial thickenings indicated
are almost colorless bands. The lateral epicranial angles are well-
defined. The hypostoma seems to be lacking, but there is a well-
defined semicirculnr fold or band beneath the oral eavity., The man-
dibles (fig. 20, D) are pointed processes measuring 0.086 mm. in
length. Along the inner edge of their tips there is a row of 10 or 12
extremely minute spines. The antennal organs are cireular, trun-
cated swellings,

The tracheal system is well developed. Spiracles are present on
the last 2 thoracic and the first 7 ahdominal segments, although
the pair on the first abdominal sepment is only ahout one-half as wide
as the others. The mesothoracic spiracles measure 0.02 mm. in
diameter.

The digestive and nervous systems are essentially the same as those

shown in figure 13, 4. for Sympiesis sp., but the hind-gut occupies
& position in the dorsal part of abdominal segments 8, 9. and 10, and
no posterior ileac gland was distinguished, A comparatively small
amount of material was available for dissection, and possibly the
posterior ilenc gland is actnally present.

No covoon 1s spun, and pupation takes place in the host Inrva’s
mine.

CirrospiLus vrrraTt's {(Walk.)

Cirrospilus vittatus (fig. 91) was originally described by Walker
(20, p. 208} 1 1838, Dalla Torre (6, p. 84) lists two rearing records,
from “Rhamphus favicornis” and Orelestes fagi L. Both these hosts
are coleopterous leaf miners. It was reared m small numbers from
Coleophora luricelle material sent to this country from Ostmark and
England from 1932 through 1936. During the course of this study it
was reaved from Phyllctoma nemorete and Scolioncura betulae, and
il}lso as o secondary pavasite on Phanomeris phyllotomae collected in
surope.

About 1,100 Cirrospilus vittatus adults issued from the Phyllotoma
material collected in Europe and sent to the United States, and more
than 900 of them were from collections made in 1934. (. wiffatus acts
either as & primary or as a secondary parasite, and therefore was not
liberated in this country. It was reared from ficld-collected Phana-
meris phyllotomeae cocoons, and alse from the same species in the
laboratory. On the other hand, it was reared under Iaboratory condi-
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tions as & primary parasite of Henuse wlmi, and attacked an unde-
termined sawfly larva mining in anemene.

Cirrospilus vittatus spends the winter as a full-grown larva near its
host’s remains, Pupatlon takes place in the spring, and adults issued
in the insectary from May 3 to June 12. The adults live well in con-
finement. Out of 100 adults issuing October 30, 11 were still alive 50
days later, and 2 that issued in June 1985 lived until August 14. Prob-
ably at least 2 generations develop each season. About thvee-fourths
of the adults obfained emerged during the fall {August to November}.
Mating was not observed. Oviposition was closely observed only on
Phanomeris. O, vittatus females had considerable difficulty in boring
through Phanomeris cocoons. Often 30 minutes was necessary before
entrance was effected, and during this time the parasite wandeved
around, boring at different places, and then returning to the original

Mavhs 21 —Cirroapilng vitltatys,  Adult fomale, X 27.

location. The egg is laid externally upon the host. Sometimes ovi-
position takes place immediately, and the host larva is not punctured.
More often it is paralyzed, and frequently a feeding rube is constructed
to the outside of the cocoon, at which the adult parasite feeds. Paral-
vsis of u Phanomerds Iarva is unnecessary for the parasite’s develop-
ment.  In the limited nnmber of cases observed when oviposition took
place on sawfly larvae, the host was paralyzed. The egg huatches in
from 36 to 48 hours, and the parasite larva feeds externully. TFeeding
is completed in about 7 days. The pupa is formed about 2 days later,
and the adult issues about T days atter pupation. The entire life cycle
requires about 18 days, but it may be shorter in warm summer tempera-
tures. As many as 3 ¢ »i#tatus Jarvae completed development on a
single Phanomeris larva. The number of (' vittafus females greatly
exceedled the number of males which issued each year. Complete
records on sex ratio were kept only 1 year, when 81 adults issued, and
then 1 male emerged to 6 females.

The egg is 0.29 mm. long and 0.085 mm. wide. There is considerable
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variation in the shape. Some eggs are noticeably curved, and others
have a2lmost straight sides, Both ends are bluntly rounded. The
chorion is smooth except for a slightly roughened area at the
micropyle.

There are 4 instars. Several full-grown larvae have heen found
with 8 molt skins adhering to them. Al the instars resemble those of
Cirrospilus pictus so closely that special drawings and descriptions
have been considered unnecessary.

The first instar is about 0.30 mm. long and 0.085 mm. wide when
first hatched. 1t is similar to the first instar of €. pictus, but lacks
the cuticular papillae, and also the larfre sensory setae of the thoracic
segments. The only spines distingnished on the body of C. wittatus
were 3 pairs of extremely minute sensory setae on each of the first 3
segments. The head is also similar to that of (. pictus, but the hypo-
stoma can be faintly seen. The mandibles are simple, sickle-shaped
hooks that measure 0.01 mm. in length. The mesothoracic spiracle is
0.003 mam. in diameter.

Second instars show only slight changes from the first instar.
The mandibles are similar to
those of the full-grown lar-
vae, although they are only
0.0183 mm. long. The meso-
thoracic spiracle measures
0.007 mm. across.

Third instars differ prin-
cipally from the preceding
instars in that they have
spiracles en the last 2 tho-
racic and first 7 abdominal
segments. T he mandibles
measure 0.017 mm. in length
and the mesothoracic spi-
racles 0.01 mm. in dinmeter.

The fOllI‘th' instar, or fuli- IMcure 22 —Cirrospilus  vitlafus: Head of
grown larva, is 1.96 mm. long * fungrown larva, front view: e, antenna;
and 0.51 mm. wide. The ep, epistoma; pl, plenvostoma; hy, hypos-
gshape is the same as in the fomu; rs, round sensorium; X 283,
preceding instars, being sim-
ilar to that of the full-grown larva of Cirrospilus pictus (fig. 20,
A). The cuticle 1s unarmed except for the minute sensory setae, which
apparently are present in the same number and arrangement as in the
full-grown larva of €. pictus, although all of them could not be dis-
tinguished on the abdominal segments. The last 2 thovacic and first
7 abdominal segments each bear a pair of spiracles, although the pair
on the first abdominal segment is much reduced. The mesothoracic
spiracle measuves 0.013 mm, in diameter. The head is shown in figure
22. The lower edge of the labrum is not indicated. The lhead of C.
wittatus differs from that of €. pictus principally in possessing a
weakly defined hypostoma and in the absence of a weli-defined semi-
cireular facial band beneath the mouth opening. The mandibles ave
sharply pointed processes that measure 0.023 mm. in length. Along
the inner edge of their tips there is a row of 10 or 12 extvemely minute
sPines similar to those observed in €. pictus. The internal anatomy
shows no readily distinguished differences from that of €. pictus. The
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posterior ileac gland was also not distingunished in €. vittatus, although
a limited amount of material was available for study.

No cocoon is spun. Pupation takes place in the host larva’s mine
or case. The pupa is 1.66 mm. long and 0.60 mm. wide. A number of
examined specimens appeared shiny black, and the yellow markings
of the adult were not visible through the pupal skin.

CHRVSOCHARIS LARICINELLAE (Raiz)

Chrysocharis laricinellae (fig. 23) was originally described by
Ratzburg (19, p. 160) in 1848 us Entedon laricinellae. His speci-

Frovw: Be—Chrysocharis foricinellae.  Adult fomale, X 27,

mens were reared from Coleophora lavicella Hon,  Chrysocharis is a
large genus represented by many species in all parts of the world.
They all seem to be purasites of leaf miuners or casebearers. and
larvae of Coleoptera, Diptera, Lepidoptera, and Hymenoptera that
mine in leaves or form cases are parasitized. Many species of Chry-
socharis are polyphagous. and same species attack leaf miners of
more than one order. Pests of considerable economic importance
are aiso frequently attacked. €. {iride Ashm. is one of the most im-
portant parasites of the coffee leat miner (Lewcoptera coffeells
Guer.) in Puerto Rico and Venezuela, (. gemme (Walk.) has Leen
mported into British Columbia as a parasite of the holly leaf miner
(Phytomyza idlicis Curt.), and . laricinellae has been imported
into both Canada and the United States for control of the larch
casebeaver ({‘oleophorg laricella). Thorpe (24) has given a goad
account of . laricinellae ns a parasite of Coleophora.  When speci-
mens of Chrysochariz were first venved from PAyllotoma nemorata,
they were veferred to as “Chryscocharis sp.” for specimens from
Coleophora showed no apparvent interest in Phyllotoma lavvae.
Since then A. B. Gahan, of the Division of Inseet Ldentification,
Bureau of Entomology and Plant Quarantine. has definitely deter-
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mined them as (', lgricinellue. In the following notes the species is
treated almost exclusively as a parasite of Phyllotoma. )

C'hrysocharis laricinellae was easily the most important species of
parasite reared from Phyllofoma during the 5-yvear period that col-
lecting work was conducted in Europe. A total of about 10.000
adnlts issued from material sent to the United States, and more than
5,000 of these were sent in 1 year. 'The species has the distinct eco-
nomic value of killing small Lost larvae when comparatively little of
the leaf has been mined, and laboratory rearing indicated that
Chrysocharis females probably kill, by feeding. a large number of
host Jarvae that they do not parasitize. It is difficult. however, to
evaluate properly the importance of Chrysocharis from data ob-
tamned during this worlk, for the European collectors frequently at-
tempted to obtain parasitized host material. Furthermore, a rather
complex series of adult chaleidoids issved. Tt is probably sufficient
to think of Chrysocharis as by far the predominant species of chalei-
doid recovered. A number of very good colonies were liberated in
New Eungland. The species was recovered from Phyilotome nemo-
ratg at Stark, N, H,, and Eustis and Bethel, Maine. Of course, it
probably was present in this country as a parasite of Fenusa 1wdmi
before these liberations were made, and liberations of the species had
also been made against Coleophora laricells. It is questionable,
though, whether it spread from infestations of these hosts or became
established from the new liberations. The latter seems prabable.
During the conrse of this study it was also reared in the laboratory
from F. pusilla. and oviposition was obtained in an undetermined
sawfly Jarva mining in anemone.

Chrysocharis lavicinellge completes 1 and at least part of a sec-
ond meneration each year. Some laboratory-reared material produced
adults the sane summer, and a fairly large proportion of the early
material collected in the field in Europe produnced adults that season.
The winter is spent as a full-grown larva in the host larva’s mine.
Pupation takes place in the spring, and the adults emerge by cutting
a roughly circular hole in the epidermis of the leaf. The adults are
active. sturdy insects. The males emerge somewhat earlier than the
females. The sex ratio for about 8,000 adults that issued in the spring
was approximately 3 males to 5 females. and for 757 adults issuing
in the fall the ratio was 3 males to 1 female. Undoer laboratary con-
ditions spring emergence extends from about May 5 until June 23.
1t is probably somewhat later in the field, for Phyllotoma nemorata
Iarvae are too small to be attacked at this time.” Field collections
indicate, though, that Chrysecharis can develop in very tiny larvae.
Adnlts live well for about a month in the kaboratory, but mating was
only occasionally observed. Coitus lasts about 30 seconds.

The egg is deposited in the body of the host larva, Very poor
success was cbtained with oviposition, possibly because the oviposition
habit is so closely connected with the feeding habit that it was very
difficult to separate one from the other. Upon coming in contact
with a mined leaf, the female Chrysocharis places her antennae close
together with the tips lightly touching the leaf and walks slowly over
the mine, swaying her body from side to side with a characteristic
searching movement. When a host larva is located, the ovipositor is
inserted into the mine with a downward thrust. Often the host larva
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is able to move out of danger in spite of the fact that the parasite
moves her abdomen around extending the ovipositor as far as possible
in all directions. The parasite usually continues searching, however,
until she suceeeds in striking a larva. The host larva becomes
slightly paralyzed after being nhuc]\. and it may be attacked again
with less difficulty. One insertion of the 0\11)0=:1t01 is hcqucn[])
sufficient, and the parasite walks aw ay paying no further attention
to its victim. The host larva remains semipuralyzed for several
hours before resuming fecding, and becomes permanently inactive the
gecond day after oviposition, probably when the parasite egg hatches,
In many instances, however, the parvasite inserts the ovipositor re-
peatedly in the same lavva, proddmg it around in all directions by
a sort of seesaw motion of the abdemen, and then withdrawing it to
feed at the puncture hole. This procedure is often repeated as many
as 50 times. Sometimes an egg is Inid in the larva and sometimes

Ficure 2 —Chrysocharie foricinelae: A, IPirst instar, X 150, B8, First-instar
head, ventral view, X 340 €, Epy, X 100, D, Second-instar mandible, X 46,
E, Third-instar mandible, X 575,

not, but apparently reproduction is much more certain in host larvae
that are not extensively prodded.

Larval development proceeds rapidly. The egg hatches in about
48 howrs. About 2 days are spent in the first Tarval instar. 1 day
ench in the second and third, and 2 in the last instar. By the time
the parasite has veached the last instar, it can be plainly seen through
the skin of the host. When feeding i is completed, the parasite Jurva
pushes itself through the host larv: al skin and makes its w ay fo the
extremity of the mine, where it may rest for 1 or 2 days or hibernate.
In the Jaboratory reaving work (in June) larvae frequently voided
their meconium in about 24 hours and transformed to pupae. TFrom
8 to 10 days were spent as a pupa before the adult emerged. Records
indicate that » total of 17 to 23 days were required for development
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from egg to adult, with the highest emergence on the eighteenth day
after oviposition,

The hibernation habit of Chsysocharis is undoubtedly a factor in
the limitation of its increase. Probably hibernating Iarvae ave preyed
on by numerous predators, and very lkely they are also attacked by
secondary parasites. No secondaries have been definitely reaved from
it in the course of this study, but its close association with Zefra-
stichws wanthops and Closterocerus ¥ sesquifasciatus (Ratz.) makes
it seem also certain that they act as hyperparasites. Under nat-
ural conditions Chirysocharis overwinters on the ground, where it is
protected by snow, leaves. ete., but there is probably some mortality
due to low temperatures. During the winter of 1938-34, when the
temperature went ns low as —18° F. at Meirose Highlands, Mass.,
larvae exposed in an outdoor insectary suffered a mortality of 50 to
70 percent, and the following winter with a minimum temperature
of —11° F. there was a mortality of 25 percent,

The ege (fig. 24, ) is 0.27 mm. long and 0.09 mm. wide. The
chorion 1s smooth and hyaline.

There are 4 insturs. The first instar (fig. 24, 4) ranges from 0.30
mm. long and 0.10 mm. wide to 041 mm. Jong and 0.12 mm. wide.
The head is well defined. and there are 13 body segments. Each of
the abdominal segments bears a row of very minute spines on its
anterior border. Anteriorly these spines are found only on the dor-
sal half of the abdominal segments, but posteriorly the rows become
somewhat longer, and the last segment is completely encircled. No
sensory setue were distinguished on the body segments, and theve is
no tracheal system. The head (fig. 24, B) is very lightly selerotized.
1t bears a pair of sharp, strongly curved mandibles that are 0.08 mm.
long. There is 1 well-sclerotized cross bar extending across the head,
but the usial sclerotized folds are ahsent or very feeblv indicated.
A pair of minnte antennal organs are situnted dorsally near the apex
of the head, and a few circular sensorix are present as indicated.

The second instar is similar to the first. The mandibles (fig. 24. D)
are tiny, blunt, colorless processes very difficult to distinguish, 0.013
mm. in length. There are no open spiracles, but a delicate tracheal
system can be distinguished with spiracular branches in the second
and fifth to tenth segments, inclusive.

The third instar exhibits almost no changes except in size. The
mandibles (fig. 24, £) are more clearly defined, are 0.02 mn. long,
and the epistoma is faintly indicated.

The fourth instar, or full-grown larva (fiz. 25, 4), ranges from
1.63 mm. long and 0.45 mm. wide to 2.5 mm, long and 1.00 mm. wide.
When feeding is completed. the larva spends considerable time
squeezed into the narrow space between the upper and lower surfaces
of the lenf at the extremity of the host larva’s mine. This gives it a
very flattened shape dersoventrally. There are no cuticular spines,
but the following sensory hairs were noted: 3 pairs on the BGrst
thoracic segment and 4 pairs on the second and third thoracic sep-
ments, 1 pair on the first 7 abdominal segments. 2 pairs on the eighth
and ninth abdominal seaments, and 3 pairs on the last segment. The
head, seen from the front (fig. 25, ('), presents well-defined characters.
The maxillary and labial palpi are represented by heavy and eon-
spicnous round sensoria. The epistoma and pleurostoma are strong
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and clearly defined, although rather lightly sclerotized. The hypo-
stoma, however, fades out so that it is very difficult to distinguish. The
inferior pleurostomal rami are prolonged into a streng, well-sclero-

Froune 26.—Chrysocharis laricinellac: 4, Full-grown larva; ép, spiracle; X 36.
B, Head of full-grown larva, ventral view, X 2§4. €, Head of full-grown larva,
front view : e, anfenna; gpr, superior plearostomal ramus; ipr, inferior pleuro-
stomal ramus; ky, hypostoma; ep, epistoma; pl, pleurostoms; 8, sensorium;
X 275. D, Mandible of full-grown Iarva, X 600

tized eross bar that meets in the middle. Since this cross bar passes
under the mandibles, it cannot be seen when the head is viewed from
the front. Seen from the venter (fig. 25, B), though, it is one of

]
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the most prominent head processes. The mandibles {fig. 25, D} are
simple hooks, heavily sclerotized at their tips. They measure 0.04
mm. in length. The respiratory system is of the usual type.

There are T pairs of open spiracles, 1 on the mesothoracic seg-
ment and 1 one each on the second to seventh abdominal segments,
inclusive. The mesothoracic spiracle measures 0.013 mm. in di-
ameter, The digestive and nervous systems are £o similar to that
shown in figure 13, 4, for Sympiesis sp. that no special description
is necessary, although the anterier ileac glands are relatively wider
and extend forw:n'(% to the first thoracic segment. The fat body
Iying just beneath the body wall is well developed and dense in the
full-grown larva. It is distributed evenly over the body.

Pupation takes place in the host larvas mine shortly after the
dark-brown, shapeless meconium is cast. At first the pupa is grayish
brown and the adult appendages can ba clearly seen through the
light, transparent skin. It rapidly darkens., however, until it is
entirely jet black. Pupae are about 150G nmmi. long and 0.53 wm.
wide.

CHRYSOCHARIS SP.

Tn 1932 the collectors in Europe found several Phyllofoma mines
containing large host larvae parasitized internally by a number of
small chaleidoids. The contents of the host larvae had been almost
completely consumed. and the parasite larvae could be plainly seen
inside the host’s transparent skin. In the spring the larvae completed
their metamorphosis, and the adults issuing proved to be an undeter-
mined species of Chrysocharis.

Fifteen adults of this species had issued from material collected in
1931, but they were not associated with the large host larvae. The
material collected in 1932 produced 599 adults. Thirty-three issued
in the fall, and the rest the next spring. None were received iu 1933.
but 197 adults were recovered from material shipped in 1934. and
only 6 of them issued that fall. Altogether 811 Chrysocharis sp. adults
were obtained. This is a very small number. when the amount of host
material collected is considered, but it is third among the strictly
primary parasites recovered. Tvwo fairly good colonies were liberated
at different points in Maine. It has not yet heen recovered.

Very little was learned regarding the biology and habits of this
species. Adults issued the last part of May, before Phyllotoma larvae
were present in the field. Adults held a considerable time in the
Jaboratory refused to attack small Phyllotoma larvae, and they all
died before large host Iavvae were available. All the Chrysocharis
that were recovered issued from large host larvae, and possibly under
field conditions emergence is considerably delayed and large Phyi-
lotoma lavvae are attacked. Mating is similar to that described for
Chrysocharis laricinellge. On an average 9 parasites were found
in each parasitized Phyliotoma larva, They were not tightly packed
together as in certain polyembryonic species, but were rather loosely
distributed inside the skin. The contents of the host larva had been
completely consumied with the exception of the digestive tract, which
had been left intact and had turned black, adhering to the transparent
skin. Just before pupation maest of the larvae cut their way out, and
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pupated a short distance away. Out of 334 adults issuing in the
spring, there were 72 males and 262 females, u ratio of almost 1: 4.
Only the overwintering larva was studied. 1t is similar to the over-
wintering larva of Chrysocharis laricinellae (fig. 25, 4), measuring
2.41 mm. in length and 0.74 mm. in width. The body form, the num-
ber and arrangement of the sensory hairs, and the number and posi-
tion of spiracles are apparently identical in both species. The meso-
thoracic spiracle is somewhat smaller, measuring only 0.008 mm. in
diameter. The head (figs. 26. 2| and B) is also similar to that of
Chrysocharis lavieinellge, but there is sufficient difference to separate

FIGURE 28.—Chrysgocharis sp, : A, Head of full-grown larvi, venteal view, X 220,
B, Head of full-grown lnrva, front view; g, entenng; spry superior pleu-
rostonuil ramus; ipr, inferior plenrostoma! ramus; ep, epistoma; pi, pleuro-
stoma; &, seasorinm; X 267. €, Mandible of fuil-grown larva, X 822,

the 2 species. The mest conspicuous difference is the irregular
sclerotized ares surrounding each antennal rudiment in the larva of
Chrysocharis sp. This avea is absent in €. laricinellge. The maxil-
lary and labial palpi are represented by prominent sensorin, but they
are considerably smaller than in €. lericinellae. Chrysocharis sp.
has u heavy, weil-defined pleurostoma, but the hypostoma is either
lacking or so weakly sclerotized that it could not be distinguished.
The mandibles of the 2 species are very much alike. Those of
Chrysocharis sp. (fig. 26, C) measure 0.037 mm. in length.

MISCELLANEOUS SPECIES

A few species of parasites issued from the Phyllotoma material in
such small numbers that practically no observations could be mads
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regarding their biology. They are recorded, however. and u few
notes are given regarding their abundance and what 1s known about
their habits.

MESOLEIUS PHYLLOTOMAE Cush.

Twenty-six Mesoleivs phyllotomae adults issued from Phyllotoma
material collected in 1030, six from material collected in 1931, and
two from material callected in 1933. The adults all issued in the
spring. but they were very feeble. Neither mating nor oviposition
was observed.

EPIURUS SPP.

A small percentage of the Zpiurus adults obtained were . brevi-
cornis (Grav.) and ? £. Duolianae (Htg.). but owing to the difficulty
of separating these spectes from F. folize the exact n umber that issued
cannot be given.

CLOSTEROCERUS ? sEspuerasciaTus (Ratz,)

Although a total of 101 Closterocerus ? sesquifasciatus adults were
obtained during the 5 years that Phyllofoma material was rveared,
only a small number issued each year, and no observations were made
regarding the biology and habits of this species. A few Closterocerus
adults were obtained from Phanomeris material, and at times the
species is probably a secondary parasite through Phanomeris. The
majority of (losterocerus adults issued from Phyllotome mines con-
taining chaleidoid pupae or larvae, and its status m this material was
not determined.

UNDETERMINED CHALCIDOIDS

Torty-five adult parasites were reared and classified as undeter-
mined chalcidoids. . Many of these were very tiny or peculiarly
marked adults belonging to one of the determined species. A few
specimens were determined as Sympiesis sp., Prigalio sp., and
Tetrastichus sp.

METHODS OF LABORATORY REARING

The reaving of parasites of Phyllotoma nemorata larvae presents
some rather difficult problems. Phyllofomat is a leaf miner, and
larvae cannot be successfully transferred from one leaf to another.
They must therefore he parasitized in growing leaves or, if the
Jeaves are removed from the trees, they must be kept in good condi-
tion long enough for the pavasite to complete development.

Two species. Tranosema pedelle and Phanomeris phyllotomae,
were successfully reared on host larvae left in growing leaves. For
this purpose n number of heavily infested potted birches were used.
Parasitization by Tranosema was obtained by placing a female para-
site in a saitable glass vial and then inserting an infested leaf. still
attached to its twig, into the same vial. Actual attack by the para-
site could thus be observed and each leaf labeled properly. ¥or
rearing Phanomeris a potted bireh tree was enclosed n a cellophane
bag having a gauze top and bottom to provide ventilation. Several
Phanomeris females were placed in the bag at a time. These para-
sites are large enough to be seen and removed when desired. The
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use of small trees was found fnpractieal for minute chaleidoids,
These parasites are too small to be observed or removed readily.
After considerable experimentation it was found that infested leaves
would keep fresh in tin boxes if a thin film of vaseline was put around
the edge of the cover. In rearing the various species of chaleidoids.
infested leaves were removed from the trees, their stems were placed
in very small vials filled with water, and the vials were plugged with
absorbent cotton. These leaves were then placed in large glass vials
containing female parasites. After ovi position wus observed. the
leaves were removed from the small vials and pinced in the tin
boxes,

The rearing of parasites of Phyllotoma hibernaculn presented nao
diifficulty, for the host larvae or prepupae had completed their feed-
ing. Tt was possible with these species to transfer egas and host
material te depressed slides for clase observation when desired. Many
Phanomeris larvae were also reared in depresced slides, but fhis
species had to be confined within narrow limits to prevent the para-
site Tarvae from wandering.

The above methods worked well, hut a further complication arose
due to the very slow development of Phyllotomea larvae., Most of
the parasites had issued by the middle of June. but Phyllatonue adults
did not begin ovipesiting until about this time. Sevoral weeks
elapsed before host larvae were Iarge enough to be parasitized. and
under laboratory conditions only a few parasites survived the long
period between emergence and oviposition. TFortunately another
teaf miner, Fenusa wlmi, was obtained during June, and most ot the
chaleidoids were reared on this species. The parasites that attack
hibernacula were reared on retarded material.

SUMMARY

The birch leaf-mining sawfly (Phyllotome nemorata (Fall.}y bLe-
came abundant in Maine in 1926, and is still plentiful in a number
of aress. It has one gencration a year. The winter is spent as u
prepupa within a lens-shaped hibernueunlum spun inside the larval
mine. Several native species of parasites attack Phyllotoma in
Maine, and at times birds act as important predators.

Although Phyllotoma is present in many Barepean countries. no
severe infestation has ever been reported. From 1030 throwgh 1934
worlters in the Bureau of Entomology collected Phuilotoma material
m Ostmark and southern Bohemia to obtain beneficial parasites for
liberation in this country. Parasitization was generally low in 2
general areas at about 48 collecting points. At some localities small
Phyllotome Tarvae were heavily parasitized, but very few parasites
were reared from the hibernacula. Birds were the most important
control factor at the collection points. About 20 species of parasites
were reared, but many of them nct as both primary and secondary
parasites; consequently only 5 were liberated in the United States,
Two species, Chrisocharis lavicinellae {Ratz.) and Phanomenrts phylio-
tomae Mues., have become estublished, and small numbers have been
recovered at several liberation points in Muine., These 2 species were
the most important parasites vesred in Europe. Together they
represented about 72 percent of the purasites reaved,
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The biology and immature stages of 12 species of Phyllotoma
parasites were studied in detail.

Phanomeris phyllotomae s a braconid that develops as an external
parasite of Phyllotomea larvae. T¢ has one generation a year. This
species has been tecovered at Bar Harbor and Eustis, Maine.
Epiwrus foline (Cush.) is an ichneumonid parasite of Phyllotoma
hibernacnla. Tts larvae feed externally upon host prepupae.

Agrothereutes pygolewcws (Grav.) is a cryptine. The females are
subapterous. They attack Phyllofoma hibernacula, laying eggs on ov
near the hibernating prepupae. Since cocoons of primary parasiies
are sometimes attacked by Agrothereutes, the species was not liberated.

Tranosema pedelle (Fmgr.) is a camnpoplegine parasite that de-
velops as an internal parasite of Phyllofoma larvae.  Eggs ave laid in
very small host larvae, but the parasite spends the winter as o first
instar, and adults do not issue until the following spring. 'The species
seems poorly adapted to Phyliotoma, for many eggs and larvae die
without completing development, The remuaining 8 species of para-
sires are chaleidoids of the family Bulophidae.

Chrysocharis lavicinelloe was the most important parasite of
Plhyllotome in Europe, Tt is a solitury internal pavasite of small
Phyllotome larvae. Lt has been recovered from Phyllotome at three
liberation points—Stark, N. H., and Bethel and Eustis, Maine. €,
Taricinellue has also been successfully introduced as a parasite of
Coleophora lavicella Hbn, _

Chrysocharis sp. is a gregarious, internal parasite that completes
its development in large Phyllotoma farvae.

Hemiptarsenus anementus {Walk.) is a gregarious external parasite
of Phyliotoma prepupae that have spun their hibernacula.  Sym piesis
sp.. Pnigalio cruciatus {Ratz.}, Cirvospilus pictus (Nees), (. vittatus
(Walk.), and Tefrastichus 2anthops {Ratz.) are all external purasites
of partly grown Phyllotoma havvae.  Tach of them at times develops
ng a hyperparasite. and for that reason none of them were liberated.
€. picfus and 7. wanthops. however, are already present in this country.

Lahoratory rearing of Phyllotoma parasifes was diffieult, because
the host is a leaf miner which develops very slowly. Vurioug
methods of rearing were used, and many of the chalcidoid parasites
were reared on another Jeaf miner. Fenuse wlmi Sund.. an intraduced
pest of elms. Two Phyllotoma parasites, Chrysocharis laricinellae
and Tetrastichus wanthops, weve reared from F., wlmi collected in the
United States.
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