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INTRCDUCTICN

This study 1s concerned with the biological con-
trol of the fall webworm, Hyphantria cunea Drury, par-
ticularly in the State of Colorado, and the relation-
ships of the webworm parasites znd predators to thelr
host and to each other. B

"hen beginning work on this problem in the fall
of 1934, the writer was told thet the webworr occur-
red in the eastern platns region of the state, fre-
quently in outbresk proportions, but that it was &l-
most always vpre-ent in goodly nurbers in the esnons
of the ecastera foothills at elevations of fror five
thousand to perhaps seven thousand five hundred feet.
In the fall of 1934 many narrow-leasved cottonwoods in
the cano rmouthe & few niles west of Fort Collins vere
cornletely strivped of follace by webworws. “ebs
vere 8l1s0 nurbrous on the wild chokecherry, and higher
up, on the alder. The writer wes informed by Dr. Zeorge
Le Llst, State Entomologist, that webs vere consplcu-
ous gouth of Fort Collins as far as Color=do Springs,
and west from that point to Buena Vista. Since the de-
follation of the trees rentioned was severe and vide-
sprecd throughout the foothill region, 1934 might be
called at least & 114 outbresk yesar.

In 1935 the infestation ~ver the sase ares was
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in the writer's judgement wrore severe. There were at
least thifty to £ifty percent more webs in the Buck-~
horn Canen than there vere in 1934. Xoreover, webs
appeared 1a the eity of vort Collins and in nearby
orchards where the previous year there had heen none.

The area fro: vhich ege wasses and larvoe were
ecollected and where field observatli:ns were postly nade
ia roughly a rectangular section of the foothills eight
riles west of Fort Collins. It is about fifteen miles
square and includes Spring, Buckhorn, Dixon, Rist, and
Poudre Canons. The grestest infest-tion was ususlly
nezy the mouths of the canons st an elevati-n of about
five thousand feet, extending westward soie twenty-live
or thirty wiles where the elevatlon right reach seven
thousand to »nossibly bseven thousand five hundred feets

It will be seen that with the field of observation
of the webworma nerrowed down to a particular srea and
to supplementary 1nsectary»experiments, the problen of
natural cohtrol factors wes necessarily locallred. Since
disesses and predatére played insignificant roles in
the study area, the hymenopterous perasites, mejor

contrci4factors, recelved the sost attentior.
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STLTEVENT OF PROBLEY AND XFTH D OF PROCEDURE

It has been repeatedly rem:rked that outb:eaks of
the fall webworr are spparently brought under control
through the activities of & varlety of insect parasites,
predstors, bird or insect, or through the raveges of
diseases During the time between outbrecks the ebwors
ponuletion 1a believed to be held in check by eany or
211 of these control factors.

The oblect of this study wos to determine, if
possible, what b»iologicz) control factors ~erc overat-
ing agsainst the inerecase of the fall webwor: in
Colorado, and whether or not thease factors vere over=
ating sucecessfullys.

At the outset 1t wos belleved necessory to ascer-
tain the exaect “axcnomie status of the webworm, since
the c¢ntomological literature of the last hundred years
refers to at least two svecies of Hyphantria. A review
07 the literature was thercefore undertoken, ithe opinions
of eninent lepnidopterists were sought, and corparisons
of the genitsila of the laeal and eastern forms of tne
moths vwere radss

& thorough knowledre of the life hiatory and be-
haviour of the host insect 12 necesgsary if parasite re-
lationghipe are to be understood. TFor th's reason the

21l vebwors was reared 1n the insectary froc adult to
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adult, and weekly observatlions of the webworrs in the
fie1d, fror  tize of erergence to ti:g of =nupsation,
vere nede. It vss belleved trhat froo the 1nsectary
studlez and fleld obvservations an adequate under-
standing of the 1ife history of Hyphantria could be
gained.,

T4eld ohservationz -ere 3130 relied u-on Yo furnish
intoromation as to the relative importance of the var-
fous bilologiecal control Tactors. In order to ~-lace the
detersination unon 2 guantitative basis 1t was thousnt
advissble to find by cetusl count, the aver: ge nurber
of eggz lald by & single ~ebworw soth, the aver: e
nurber of infertile eogga ver erg mass, the averane
nurher o webwHy larvae survlvins the seacon and
punating in the £111, and the percentace o7 ~aragitlies
af each parasite.

Tue to the vosasibility of alternate hosts for the
major vnarasites, a gene.al survey of the le-idopterous
insects and thelr paresites in the study arez woas noade.
The webvor: ovopulaoti-ng of the 1634 and 1975 seusonsg
vere roughly esticsated so that ﬁhe influence of control

factors from one year to the next night he undérstodd.



INVRSPTOATION

A, TAXCENKIC STATUS OF THE FALL WERVORE

The fall webworm, Iyphartriaza gunes Prury, 1s the

only nearetis representative of & srall genus of the
Arctlidse. He penthetris is described frox lexico, He
postelbidas from Central Africa, He atripes from the
Gold Coast, "est Afriea, and Hs gtrigulosa fron Yatal,
South Africa.

The insect was first figured and described by D.

Trury es Zorbyx cunes, in his "Illustrotions of Netural

History, etc.,” printed in London in 1770. Figure four
of nlate eipghteen in that work is & reproduction of a
spotted male colleected in +the vielnity of Xew York.
3ince the orlginal descrintiin has been cerelessly
quoted by some authors, it 1s here glven as it appears

in the original dosurent.

"Plate 18, figure 4, Deserirti-n on page 36.
Filge ive Expands an Inch and three-ei-hths.

Upper-side.--The Antennae, are pectirated and black.
-«=-The Eyes the same. There is no sappeasrcnce of any
tongues~--The Head, 1s white.---The 3ack and Abdoren, ash
colour.-~-~The Superior 'ings, sre white; with a great
nurber of spots differently shaped, of & faint black, or
rather soot oolours.---Orn the external edres, are five
epots; those nearest the tins, being shaned like
triangless~~~-The Inferior “ings, &are
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white; with a sooty spot on each near the external edge,
end o ver; faint emall mark near the upper corners

Under-sldes~--~ The Legs, are black.--- The bresst
and Abdomen, ash colours--- The sare marks are to be
gseen here as on the upper sidey

I reeeived 1t from, Hew Yorke

T have not seen it described in any suthors"

The taxonemic status of the fall vebworr has been
the subject of mueh dippute since sbout the riddle of
the last century« Drury called the roth ZombyXx cunes.
“alker placed insects he belleved to be the same species
in the genue Jpilosonas Harris in "Insects Injurious to
Vegetation", edited by ¥lint in 1862; described the
webworn as 1t occurs in New England; gilving it the
name Arctia textor and further proposing the name
Hyphentria for a possible new genus to include both his
specles and Arghie punetetissime Abbot ond Spith, the
webworm described from the Southe.

During the years 1899-1900 a series of papers
apreared in the Cansdian Entocologist all soncerned
with the Bombyx gunesa controversye. 31x entomologlsts
partielipated, and a grent deal of inforration was
brought to light. However, the question was not settled
to the satisfcoetion of all and 1s not to thls daye.

Studies of the genitallia have revealed no dis-
tinet difference between the webworis of vari-us -idely
separated portions of the United Ststes, or Dbetween the

spotted and spotless forms. The writer can find no
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differences in the genitalia of the for: studied at
Fort Collins and the heevily spotted forz occurring in
Ohlo. ir. ¥oster ". Benjamin, of the Unlted States
lati-nal rusew:n, who has rade a rather extensive study
of the genitalle of the two supnosed s~nccles, gunea
and textor, states in 2 letter to the writer -1
susnect t-at all {referring to the several snceles and
forms of the literature) are congpecific, and that at
the very nost, t=oxtor is an unstable and »noorly defined
upper sustral-Canadizn rrce of gynea.” Tther lepidop-

-

terigte -conasider the ebwsre o be oF two snecless Dre
Torbes called the Fart Collins moterial a large

phase of He jextior, althouch he admits the difficulty

in dlstinrulshing vany forms of the moths and states

A

that toxtor and gunea rmay possibly be conspecific. 4

portion of his letier deseriblag Dyer's idea of the
gpecific differences may be vorth quoti~z, since 1n
a few worda it gives a nicture of the tro rrinelnal
foruse

"e~~ on the whole, guiea is zouthern, doudle-~
brooded, marked with bLlaek, at least in the rale, and
in the limiting ease only on the shaft of the anterna,
and the larve tends to be greenlsh tinted in its pale
vhase, and rather grayish brown in the dark phase.
Textor is northerm, single-brooded, never shows hlock

parking, and the pale ‘learve is light ash —ray while the
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dark larva 1s & warr choeolate brown.”

In reading the raga of literature on Hyzchantria
the writer finds statexzenta ¢to the ef’cet that woths
fror white through all degrees of s~ottednees ave been
reared frox a sinrle ferale roth, znd that pale yellow-
ish-browvn to black-headed larvae may oceur in the saxe
eolonys Also, +the wmebwors at Omsha, Nebraska, aceord-
ing to Bruner (5%), may be doudble or single brooded
aceording to the weather conditions, and it appears
thet the sae situation is found in Conmeotlcut, vwhere
in the mouthern portion of the steote dwo broéds may
occasionsllly be found, while the rule 1is a single
brood.

Zarnes snd 'eDuvmough in their "Cheek List of the

Lenidoptera of Toreal America”, 1917, zive the

following synonory for Hyphantprlgse

"Hyvhantria Harris

958 textor Herrs
gandida " 1k.

959 gunea Dru.
punetatiseina Ae & Se
budea Hbn.
punctata Fitch
pallida Packs

ggft‘ugg Stkre



‘brunnea 3tkre
959, 1 aspera Gré."

It would, under the sircuretsnces, be absurd %o
treat the literature on the fall rebwors as referring
to several different specles, because of the irpossibil-
1ty of determining to what form the writer refers.
Since genitsalio and structurel differences nave not
been found, and warking, habite, and numbers of broods
geexr to eignify nothing taxonomieally, the fell web-
worn will here be Ereated as one specles, Hyphantria

gunea Drury.
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Be THE LITE HISTORY °F THE PAIL ~EBWORY IN
COLORADD

HEXGNN

DISTRIBUTINY AWD CYCLIC OCCURRENCE

The fall webworn is genersally distributed over the
United States and Southern Canada. It has been a con-
gspleuous pest of shade and orchard trees in the East and
South of this country for many years. Onithe grest
plains, and in the higher mountains the webworm does not
ocour or is rare because of the ahsence of suitable host
plents. It 18 present, often in damsging nunbers, on
the vest coasts of both the United Otates and Canada.

In Colorado the webworr is most abundant in the
eastern foothills of the Roeky i{ountains. The area of
infestation during the years 1934 and 1935 is roughly
indicated on kap 1+ The writer's observations are eon-
fined to but two esasons, bul according to trustworthy
report the population of webworms in the foothille has
been large and fairly steble over a considerable period
of yearcs A possible explanation for this situstion will
be brought out dJduring the discussi-n of tie parasite
relati-nships.

A+ Be Baird in a pavner entitled, "An historieal

account of the forest tent caterpillar and of the fall
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webworm in North Arerica”, (11), 1916, surmarized in an
interesting manner all that had been recorded concerning
outbrezke of the fall webworm. Stability of pepulation
has never heen a characteristic of the webworm in the
declduous Torest regiona of Horth Arerica. Serious out-
breazlks with defoliestion of nillions of valuable shade,
forest, and orchard trees are definitely periodie. In
the recorded cases, contol was effected by parasites, or

less often, by diseasnes
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HOST FPLARTS

The fall webworm is a general feeder upon decidu-
ous trees and shrubes A coxplete list of the plants up-
¢n wiich 1t has been found would have little signifi-
cance, and would be too lo-g to include heres Riley,
(%77), lists one hundred and ten plants attacked by web-
wor:s durlng the ¥as -incton epidemices Some slight pref-
erence In food plant 1z shown, the lervae being driven
to some plants obviously because of a shortage of the
favorite foods The nine plants Rlley observed cs re-
aeiving the 1nost injury are listed below in the order

of irportances

Balsar poplar Populus Dpalsgacifera
Averican aspen  Fopulus tremuloldesg

“hite &sh Fraxinug americana

Euronean ash  Fraxinus excelsior
Elder  Sacbucus csnsdensis
Cultivated pear and apnie £yrus spbs
Cherries  Prunus aviusc and gerasus
Lilaec Syringae yulgaris

Holly 1lex sp.

In the study arez west of Fort Collins, three plants
were dlestinotly the preferrcd host plante. These were

the chokecherry, the narrcw-leaved cottonwood, and the



- 15 -
alder. However, the firzt two are tihe chief trees in the
lower foothill region, 2ndi the last ie one of thne moaet
abundant deciduous trees in the upper regions., A come
plete list of the plants uvon which hantria was

found feeding follows.

American elm Ulmus amerieans

¥illow §Ssalix sp.
Chokecherry Frunus sp,

Narrow-leaved cottonwood Populus angustifolia

Broad-leaved cottonwocd Populus sargentii
Silver poplar Populus 2lba

Cultivated apnle Pyrus sp.

wild Plum Prunus sp.

Hawthorne Crataegus sp.

Lilace rings vulgaris

Box elder JHegundo sp.

Alder Alnus sp.

Buekwheat Tiniaria seandsne

Mamatis Mamotin Yimeticifalia

In captivity, larvae refused to feed on the foliage
of the cork elm and of willow, 3t leist when they had

been feedii:yx on chokecherry or apple folicsge. They resd-
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ily turned from chokecherry to apnlzs leaves, and they
were even attracted to the apnle fruite. lLarvse imported
from Texas, long after green apcle leaves had disaprear-
ad at Fort Collins, were succaegfully rewed on slices
of apple. In no case were larvae observed feeding on
conifera.

Pothili mentions ine alder as tne favorite host
plant in Canadsa. In the South, tha narsirzon is often
nfatred At Faw atéanl, Tn Tevee =and faapgia the wadh.
worm's liking for pecan folisge makes it one 57 the
moet important pecan peats.

farly defolietion, wiin production of a tardy crop
of fruit usually recultis in 2 very poor yi:=14d the
succeading ys23ar. In the Fort Collins area, successive
defoliation of cottonwosde und ghokecherry tress must beé

responsibls for the death of many plsnts.



In general, fror New York Clty southward, the
£211 ~ebvorm 1s double«broodede In Tolorado and in the
northern states znd southern Canada, only one dbrood
occurss ~ensonal variation in nurber of bronds ha#

been observed in Medbraska by Brumer (53:)
THE ADULT

The forw taken at Fort Collins, Colorado, during the
yezrs 1974 and 1935 was pure w ilte on wi-gs and body.
The fore tibdls were washed ~ith ligsvt orange. Dorssally,
the shafts of the antennae 'ere covered with white
scaless The aver-ge wins expsnse was three and onc half
centinmeters. Dr. Co Pe CGillette states that a spotted
forc has been taken at Fort Collins, and has baen recred
from eolonies from vhich the s-otleass forms were 8lso
re-reds No snotted aduts were geen during the soring

flisht of 1035,

Emergence
The firat moth from a pupa collected in the fileld

an® kept in the natural terperature house, issued June
tventy-seventh, 1935, It wre & reles Thle wos net the

first moth of the season. It w 8 rerorted at lights
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gouth of Tort Collins By June the twenty-firate From
the fifteenth of June & trap light was rm each night
near the inzectory on the college campuse The first
moth, 2 rele, wae captured the evening of June trenty-
sixthe Trherecfier until the evening of July fourteenth,
roles were taken in the trap in sTall nusbers. Hine
rere t-ken on thre fourteenth of July, the largesat nurber
tcken any ore night. 7int one fexsle wae ezvturced in the
1ight +trap, and no roth wog tezken after the fourteenth
of July. In the field, the last roths vere tzaken on
July seventeenth.

At bright £11ling strtion lirchts, just north of
Fort Collirs, end particularly five mlles scuth of

Fort C6llina, on the lenver highvey, Hyshentrisz roths

gverncd 3n oonsidersble nurbers. Alvost £17 of thenr were
rales. ™ sove evenings they were the rost cbundant of

the lLenidorteras renreszenteds The flirht seldor cornenced

mueh before nine pere, end woe usually a2t its helzht
betreen eleven peTs and one gers On the rornings follow-
ing 2 f1irht the roths were still to be seen about the
lizht, sleening in the rost prolected ~laces they could
find. In a’l, 277 thre: ferales -ere caortured at lights.
This »0214 seer to indlcate that, 2lthouch cttracted
by light, the ferazles probabhly {ly less, and denend

unon the naleg to flr £~ ther and fertilize ther.

In the 1ight traep records of the Coloradn Arprioult-
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ural Experiment Statlon there are only tvo records of
eapture of He. guneas The first s July first, 1897,
four waleay the second, June eleventh, 1598, one ferale
with egzes,

It would eeer safe to suy, then, that the ermer-

gence and flight of Hyvhentria moths in the Fort Collins

rezl-n tay begin about the middle of June and lest

throush the first three veeks of July.

THE EGG

ihe Tfiret egss observed were 1sidé in the laboratory
by & fewmele moth eavtured at a light on July second,
and seen in copulatlion with a male on July fourth. The
pair rereined in corulo fror at leest nine afene to six
p.7vs of the sare days. They had been placed together on
July third. At seven p.me July fifth, the female had
lald her egss on the under aside of an apple lez” in the
Flass cage, and was still in sbout tre layine rosition,
her wings partly covering the ege rass.

In the field ecps were first fourd Julv sixth.

The webworr egg 1is soherieal, the surface ceovered

o

with mwany svell, low, ralsed gress, rivirc i1t & seulptur-
ed annearances It hasg bheen wrongly deszeribed as being
plttes The eolor of the newl-— 1laid epr~ is nrle blue-

greene Thlg o anres to  3ull yellow »r lend -0l r ag the
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enmbryo developse. Just befare hatehing ti-e, the brown
herd cansule of the tiﬁy lerva 18 visible tnrough the
trenalucent cog shelle.

The everage Jloreter o7 trmenty eggo seiected =t
rendox fror one egg rass vas slirhtly nore than six
tenths of e millineters

The emre are probozly 211 laid at one tise in a
elozely paockad rnass, one layer thicks The fecale then
covers the raseg, oronebly while the eggs cre still
sorewvhat sticky, wilth = thin corting of her esbdorinzl
gorlese Ternles that have Iaid their ergs v1ll be
secn to hove ruach shrunken abdonens, aimost berren of
acrlegs Aceording to the writer's ovservations, after
1aying the eggre, the feswzle rests over ther, usually
protecting & considerable -—orticn of the :ss3 with her
vinsge In this —hgition it reweir s unti? deed, and a
bre-th o air loosens its h>1d on the leaf. ‘any egg
nasg § were ~ollected 1n the fleld znd only one was found
on the upper surfsce of & leaf. “urely the vreferred loe
catlion for the egge 18 on the under surface. The ness is
ploced, in &ll cssee the writer observed, on one of the
terrinsl lerves of = branch. ™n the lovw en>kecherry
trees, the masses were in the topa« On a large cotton-
wood tree, the egmrs wight be thickest in the tan, s e
forty or fiftr feet from the ground, but also scattered

ahout st varying helchts fror the lovest branches upe
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wards, always st the branch tlpss

As to the nurber of eggs 1aid in one mass, there l1a
ruch variation. The averase nuiber for five egsg magzes,
one laid in the insectsry, four collected from eanon
r~utna was thrae hundred and fifty-six. Thia figure will
e used for the avercge nurber of eges ver -ass in
raking estirates hereafter. The writer -elleves that
the webworm nests a2t the higher altitudes are smaller
beonuse of fewer egrs laid. However, eges counts were not
wade &t those points. A nurber of egr rasses vere esticat-
ed to eontaln five hundred egg, reny had at least four
hundred, and & great nucber of rasses probably varied
fror one hundred and seventy-five to two hundred ang
Tifty eggs per mass. For the refgion under consideration
the figsure three hundred and fifty-six is probsbly
absut the true averasge.

As for the nurber of eggs in the ovaries of fexale
moths, one disceection wee rade of an individual causht
at & 1ight, that, Judging froms the slze of the eontained
ezgs and a2l1) other appearances, had never laid an egge

It contained five hundred and tventy-three noture egss.
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E nfertliit

Almost every wedworr egg na ¢ eontains egge which
rerain nale green, never developing embryos. The cause
13 generally thought to be infertility. Tothill, in
New Brunawick, 1912, found ten percent infertility of
eges. T 318 138 & 1ittle rore then twice that found at
Fort Collins during the sezson of 19325« The nuaxber of
infertile eges fourd ver egs mass in tventy~four rasces
e¢ol’ected over a considerable area in the foothills is

ziven belows

(1.) 6 (13.) 39
(2.) 63 (14.) 25
(3.) 1 (15¢) O
(4-; 8 (16.) &
{5 0 {(17.) 61
(6.) 1 {18.) 18
(7.) 3 {(19.) 6
(8+) 2 (20.) 73
{(9.) 8 (21#) G
(10.) © (22.) 14
(11.) 7 {23.) 7
(12.) © {24.) 2
Totsal

An average of 14.1 infertile eggs per eggy mess.
Infertllity of webvorr eggs 1s thus seen to be al-

roat excsetly four percent.

L h af~the Lge Feriod

The length of the incubation period haes been szid
by various authors to be eight to twelve dayss In the
inseotary, two liyphantria fercles laid egrs on follere
in their ocages under observation, and the lencths of

the egz perlods were celosely deternined.
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One femsale lzid her gquota o7 eggs between four and
seven ps«mw duly Tfifth, the day after copulstion: The
eggs hatched between two psms July elghteenth and ten
avns+ July nineteentih, a space of something over thir~

teen dayas
FHE LARVA

Lerrel Development

Yany thousends of fall webworm eaterpillars have
been feareé in eéntowologieal lsbhorztories and by amateur
@ﬂlleafcrs'forrene Pe&aan-a% another, but in all the
literature theyre are only a;few references as to the
exast nurber of larvel ata&iai Bruner, (53) stotes that
the ocaterpillars undergo faﬁr or five rzoltss Dyar, (106)
who has evidently rade the &sst careful siudy of the
1arvalvgrnwth,faund geven afadiai His results are glven
nere for comparigon with those of ﬁhe writer which will
be presernted laters

Head %&&sﬁr&ﬁénﬁs in Elllimeters
’ of two Webworus

Larva Xa @%%’ éfi O g?éi 1?% 1:% ¢§I

i;%}!"?& P " - . L= 2N ) ‘»l&
Caleulated - .
widthss = OsF Ouh 0a6 0B 12 147 244

Ratio « 07
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Inodprases, (442) believes there are six larvel
stadia. He figures the first, seeond, [ifth, end sixth
instarss “hile the teechniqgue employed by Lyar in his wea-
surements is not known, 1t s certain thct in wost of
the work, larvae were kept in large nurbers in a mass
‘eages, indi-iduales being taken out and mesasured and
demerived at  regular intervals, or whenever the major-
ity was seen to have molteds Elther this procedure wasg

too erude %o cateh the truth or

phantria larvae show a
greater variation in nusber of stedla then most lepidop--
torous larvees At  any rate it will be deronstrated in

the follovwing nages that in Colorado Hyphantris norsally

{ the seanson of 1035 can probably be considered a nor-

ral year) has not less than elght larval stadiae

It is probably irpossible even to spproach dupli-
e¢ation of nedural conditions in fhe study of & gregariosus
sateroillar vhin the Insect 1s keot alone in an individs
ual‘eage- In tﬁe field, at least during daylichi houfs.
the insect is in elose contsgt with other halry larvae
under the protestisn of the commmity webs Undoubtedly
the small arounts of hest &and m@isturé and the pressures
of neishboring bodies are welcowe stimull io whieh &%
responds by reraining snugly in the groups The rass of
web allows just the asounts of suniipht and of yentiQ

lation to w&iehfiﬁhhas become acocustomed through long
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agess Any other situation for 1%, st least in all but
the last stadium, iz abncrmal;

Favertheless, to wake certain that the exmact
length of each stadium could be 4dgtermined; and the
head widih of éach instar zeasured; individual cazes
were thought to be mesessarys A shell vial elght and
sne helf by two and one fourth centipeters was filled
to a depth of two eentiveters with moist sands The
gand wes tarped down and held in place by s disk of
heavy blotting vapers The vial wes stoppered with a
srooth plug of aotton: A& fresh apple leaf was cut into
a2 rectangular strir» that would fit into the eage, 1lying
with its underside next the glssse. This wes the sort of
¢age in which twenty larvas were reared through the
first six stadias The follsys was changed every dey fop
the firct instars. The cages were kept in the shaded -
naturel temperature house. It was impossible toc lese =
rolted skin and head eapsule in this contaliner except
during the progess of removing 1t Later in the season
the almoet rature larvee were resbved to guaze-covered,
turbler ¢ages, half-filled with sand. After the first
stadiun wee over, ecach oage was exanined at leas£
gvery three d&yss If g oolt had ocourred, the head cap-
sule @nd skin were placed in a gelatin capsule with
B label on which was written the ocage nuzber and date.

The larve was then plaged under a binotular mieroscdne
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and the width of the heaﬁ_aﬁ thé widest vert determined
with the rleroneter eyeﬁieee; “hen the rearing wark was
sompleted, the head capsulés were poyded, snd all those
of an individual larve glued in vroper ¢@der 4o a mi-
eros¢ope slides They were then measured ‘with probably
| pore orecision than éaula be em@l&ged with thse 1ive"&nd
struggling,iarvaai Thage two sets of weasurements check=
ed very closely, often to the second decimal ﬁi&eae In
the tables of head neasurements whigh follow, the figures
obtainéd by examination of the moltéé capsules sre gilven
unless otherwise Iindicateds

From timeito time, larvae from the mass cages, or
frow the fleld were neasured to get values for comparison.
This practice made 1t vossible to prove beyond reasondble
doubt that the exverimental results were sound. Under
the cireumstane@s this was & worthwhile precsution, for
the caged webworms without exception oassed through a
pinimum number qf eight stadia, & larger number than
any previously recorded, and one passed through eleven
stadla before dying as a last instare

On July the eighth, 1935, ten larvae, hatched the
day before fromx & single egg mass, were reasured
gﬁﬁer the binoeular rmieroeeope and placed by means
of & camel's hair brush on & seotion of apvle leaf in
1n&1vtdualb gagess The “irst instar was lemon yellow in

¢olor exeept where the green of the Intestinal contents
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showed through the skins The rather long halrs vere
whitish or gray except for a few very long ones oa the
terminal gegrents whieh wefg e¢onspicuously blacks But for
the dark aress aﬁ the bases of the halrs t ere was no
othier eslor on  the integuments The head éagsale was
uniforely dark brown, with darker to almost black |
mandibless The head renszined brown throughnout most of
the larval peripds Puring the last two stsdla the lower
third of the head would often beeome darkér or blacks
In the fourth ins?sar;a‘-f-lighti narrow, medlan dorsal line
eould be @lscerned, end the.darker and longer halrs of
the terminal segments disappeéreds ﬁa£ unf{il the last
stadius ﬁaa there & @istingt color ehanges Then, the
haiés beczme suddenly a bright reddish browns

On July twentieth, ancther set of ten larvae; re-~
cently hatched from one egg mass; was saged like the
firsts The larvae of the first group 81l livéd through
to pupation with the exception of two that dled ss last
ingterss Fregh starte had to be made with several of the
cages in the gecond group ﬁhere &eéﬁh occurred several
tines asmong the first instarss

out of the Ywenty saged larvse, only ten were
tontent with the minimum of eight stadias The following
tzble gives the head pessurements of each instar for

these ten larvees



o 28 «
Table I«

The Head aeaaurerents of Ten Eight-Stadia Larvae
. in ¥1llimeters

Stedtwn « I e I+ INs Yo Yls YO

IO16m D36 0uh2 0466 0.96 14735 1.80 2:40 *2.76
350160 0+36 0s38 0460 0490 1420 1471 2428 2,82
356160 0456  0s51  0s60 0496 1432 1.86 2.31 #2:82
3EOL6r 0436 Oi5A 0469 0499 1+35 1486 234 #2.,70
350168 0«36 - Os45  0.60 0«90 1.35 1480 2,34 %2,76
BEO1I6t 0«36 Dil8  0.68 0499 141 1486 2.40 ¥2.76
35016u 0+3% Oul5 0:66 0s90 1e34 1480 2434 #2.70
C BE016v.  0sF5  0s48  0+60 0493 135 1eTh 2.22 *2.70
 35011a  0+36 . 048 0469 1402 1438 1483 2.28 #2458
%5011g O35 *0u42  OubB 0493 132 1477 2434 *2.94
Average D35 04T 0467 0.94 1434 1.80 2:32 2,75

Dysr's | | |
Y&lu&é* 043 Ok 06 0«8 12 1.7 2:4

The eversgs: ratio begwaan the a&erage head widtha was
| -' TTA
.The following ealculated hesd widths were worked out

using Dysrds Law:

Stadiume I. I¥s IXT¢ IVs Vs VIs VIXI. VIIX.
Head width 0«33 045 0461 082 1e¢ll 1.50 2403 2475

*Feafurerents from living individusls onlys
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The ealculations of the head widths for the several

irsters are seen to check pretty closely with Dyer's

o¥n for the firat five

insterse

The followins setsz of hesd reasurerents were taoken

fror lorvee beingz reared in large —ass cages frox

eolonies collected in the field, or from lervae Just

oollected. They are presented with the hope of proving

the ecorrectneas of the vales in Table I and demo>nstrating

thet under natural conditions the larvae pass through

at least eight stodle as indicated in thet table.

Table II1.

‘Head 'idths of Some leaervae in Fourth to Highth

Stadia
Stadium IVs Ve
0.84 1.08
0.87 1l.11
0.78 1.26
0.78 1.03
0«84 1.02
1.08
Caleulated

widthe from
Table I. 0.82 1.11

in x1l1limeters

Vie
1.44
1.53
l.44
1.50
1.50
1.56

1.50

VIi.
2.28
2.16
2019
2.22
2.22
2.16

2.03

VIII.
2.82
2.88
2.88
2,76
2.76
2.70
2.82
2.T0

2.75

It would be surprising, considering the individual
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differences Iin the specially ceges and systematically
measured larvae, 1f no internediate widths were dliseove
ered in s series of examinationa. "ne larva fromw a
mass care neasured ninety~six one hundredths of & millie
reter across the heads According to the calculated values
this might be either & fourth orxr fifth instsre However,
1t couipares very closely with the average flgure for the
fourth instar which was ninetyafour one hundredths of =
rillimeters

A1l the larvae specially eao~ed for head width de-
terczinations were supposedly reared under identicel cone
ditionss & description of the cages has already been
given. ilovever, nine individuals passed throuch nore
than eight stsdis dHe ore reaching maturity, and another
dled &8 an elghth instar apparently be ore maturitys The
‘herd reasurerents of these sberrent larvae are given in

the following tsble.
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These results may indilcate two things. First, thet
undeyr artifieial conditions, with perhaps soxe disturb-
ance of the norral Adiet, the -ebworn is capesble of pass-
ing through more <¢than the normal nurber of stadles.
Second, that a2 varizti-n i» the nurber-of stadia aetually
existas under natural co~dtione. Series of measurerents
of larvae taken in the field during the eourse of a
geagon w-ould bde necesasary to determine the truth.

The date in hand, however, surely justify one
conelusion, narely, that at leest eight stadla are re-
quired by webworm 1arvﬁe for growth to maturit& in
this region.

Table IV. gives tho lengths of the atadia for nine
eight-stadia larvae guccessfully puvating. Taeble V.
gives the gare Iinformation for three nine-gtadla larvse

elso pupating.



Table IV.
Lengths of Stadle of Nine Eight-Stadis Larvae
in Days

8tadiunm
Cage ¥o. . II. III. IVe V¥« ¥I. YII. VIiI. Prepupa
35011a 7T 4 4 4 6 11 8 19 4
35011g 9 & 6 4 8 7T 14 15 3
¥5016m T 6 é 4 6 g 11 13 5
350160 € 5 3 7 6 6 8 11 2
350161 7 4 6 6 4 6 11 10 5
350168 6 5 3 7T 4 8 8 22 5
35016¢ 6 6 5 6 4 6 8 13 5
35016u 7 5 5 6 &4 6 11 18 5
35016v 6 5 3 T 4 6 10 9 2

Average 6.7 4.8 4&9 9'3 5¢1 Tl 9'7 14.4 4.0

The total nurber of days (average) from hatehing
to puvation « 65.9 days.

Table V.
Lengthe of Stsadis of Three Nlne-Stadia Larvae
in Dayss
Stadiun
Cage Ho. I8 XX« I3I. IVe Vo VI, VIiI. VIII. IX. Prepups
35016q - 6 5 7 5 6 8 9 8 17 5
35011y 7 4 4 6 10 7 8 16 25 14
35011le 5 6 2 6 & 8 7 13 18 T
Average 6 5 443 5.6 6.6 Teb6 8 12.3 20 846
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The nine l=prvae whoge stadia lengths are given in
Table IV., conslidered as a group, hatched by July seven-
teenth &and pupated by Septewber twenty-fourths These
lervae all had eight atadias Cne aberrant lerve died as
& 1ast instar in the eleventh stadiwr on Qctober fif-
teenthe One nine-gtadia larva 414 not puprate until Oct-
ober iwentyﬁrlﬁth- Another nine~st:sdle larva dled as a
prepurpa Tctober twenty-ninth. This last larva wes the
very letest webworr geen alive in the cage raterial or
in the fleld exclusime of the pupse.

I¢ 18 much rmore difficult to follow the different
stadia in the field, Aue to the faet that larvae are
hatering over a e@nsider“ble per‘od of time, and the
~ebvorm population in any ares 1s probably never composed
of Individuals of one stadiunm at one time. However, the
study area wes visited at least once 2 week, and the
#ize of the larvee noted snd corpared with that of the
caged larvae. This led to t“e recognition of eight stcdia,.
During the 1935 season the larval perlod begen by July
gixth and ended with a few stragglers by Cotober sev-
enth, a8 space of ninety-four days. This is about
twventy-eight daeys lo-ger than the avers-e lsrval period
for the nine specizlly oaged eight-stadls larvaes. The
following chart 4s an atternt to shor grephically the dure
ation of the ®ight larvael stadia as determined by

field observationg.



(K
M

1890320

Jequeld &g

._A.w,

 uﬁP

pﬂ@m@hnfma
WMu,ho

2§ shug)

,zumwmm;
FuTIND voge |

P

ﬂz@m“dqdw

noﬁssZ;

87 TNDY

87379

Je18ul 187

JB18UT DPUG

JB18U DI

Je18UT UL ¥

J818UT UG

Je18UT UL 9

Je18UT UL

JI818UI UG

avdng




- 36 -

Larval Behaviour

The webworm larve 1s norma’ly & n-cturnal feeder.
Under the twilight conditions of the large, cloth-covered,
ress cages and poesibly under the opressure of hunger,
larvae ‘n the insectary fed to some extent during the
daylight hours. This nocturnal hsbit 1s probably a szfe-
guard sgainst parasitess ¥Yany tachinid flies will ovi-
posit only Iin warn sunny weathers The hymenopterous
parasites are probably diurnal. At night, then, the
larvae may safely lesve the protection of the web to
feed and to extend the web itself.

The larvae in the first to third stadla feed frox
the upper surface of the leaf, devouring the tissue down
to the lower epldermis, excepting the tougher vescular
vortions. Toward the ltatter vart of the third stadiu=x
they begin to eat entirely through the leaf, leaving
only the larger veins and the peticles. Before the cole
only 1s forced to mTove to a differeﬁt branch or to a
new plent, 811 green parts may be devoureds In some
cages, the newly hatched larvae were observed to consuaé
rost of the egg shells, but in general the egg shells
and infertilie eggs could be found almoat entire on a
terminal leaf of an infested branche. »

Le M. Peairs (347), observing & colony of webworns,
noted that at intervals of from three to five »inutes

each worr ralsed the anterior half of its body and
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ranidly jJerked 1t from side to side at the rate of abtout
forty tires a ninutes These periocds of rotion lzsted
from forty-five seconds to wore than a minute. Feairs
d1d not advance any reason for this behaviwur but be-
lieved 1t to be habitual.

This 1is undoudbtedly the ~henomenon which Tothill
ecalls the "varasite alarz.” Any sudden pressure on the
web o7 & Hynhantria eolony will set the larvae to vab-
Ing thelr headss It ray well be a defense pechanisn
as Tothlll belleves. The larvae are in a compact ~asc in
the center of the webs "hen they rear their heavily
chitinized hends »and weve ther rapidly over the poste
erior partc of the w-rre directly in front and to the
gide of therm they rust to some extent frishten an
attacking parasite. The taut strands of the weh are seen
to beh ve a & falrly efflcient co:muniestion syatern,
spreading the "parasite alarr” by their vibretions to
each individual of the colony. This :1ovenent does n-t
geer to be exactly periodice 4 Jarring of the wedb geers
to be the stimulus for the hezd wagging, vhich will con-
tinue for & brlef or consider ble neriod of tire depende
ing upon the intensity of the stimulus.

During the molting process, the larvae are exceeding-
ly quiet. Teeding stops, and the 1larveze rarcs together
in the center of the web. Tighth instars were geen to re-

mein quietly in the wed for severcrl days aftef molting.
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Then they would disepnear fronr the veh and travel away
In search of suiteble places for nrupnstion. Some feeding
iz probably done during the wlgretion, for eaged sighth
instars fed heavily on the fo'lzre supplied ther.

A

THE PUPA

The webwor: pupa 1s dark reddish-brown in color,
with & distinotive swelling of the body in t-e central
regione It reasures in the fersle about fifteen milli-
reters in length and five mlllimeters aecrose the ~iddle.
The =ale oupa 18 usually shorter by two to four rilli-

metera.

Pupation

web, conmences & pilgrimege of uncertain length in
search of & place for ~upations This ray be any one of
meny different situati-ns, a brush-pile, 8 rock pile,

in hurus, & hollow tree, or under the dead bark of a
tree or sturps. The larve rey be alone or with any
nurber of other larvae when the time for puration
arrives. The long body hairs are used in constructing
the 1light cocoon. Through the walls of t-is flimsy case
the vrrepups is esasily seens After the cocoon 1s pre-
pared there follows a oprepunal period of about three

days. The laat larval ekin is then shed and the pale,
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acber pups is exposeds The pupa rapldly darkens to a
deep reddish-brown and 1is ready for the long wait of

eight or nine months till time for emergences

THE SEX RATIO

The sex ratio in Hyphantris appeare to be about 1li1l.
Table VIi. lists the counts of nsle and fenzle pupae
fror five different esges in the insectarys Cut-of &
total of two hundred and forty-eight pupze, exactly Ealf

were pale, holf female.

Table VI.

Counte of iale and Fexszle
Vebworm Pupae

Cage Noe No» Pupae Eples rensles

35038 53 25 28
35071 g2 44 48
35037 3 18 13
35035 31 20 11
35042 (5} 17 24

o w———— —a—

Totals 248 124 124
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SULEARY OF HYFHAITRIA LIFE HISTORY DATA

From the preceding observations on the 1ife history
of the fall webvorm some general conclusions may be
dravn as to the situction in the field during the 1935
86A80N.

Emerzence of adulte may have begun by June [1fteenth,
with the peak of emergence from the twenty-first of June
to the first of July, approxirately. The last adults
were seen July seventeenths Egg-laging was in fall pro-
gress by the fourth of July. The 1last eggs were collected
July twenty-ninth, when no adulte were in evidences The
aversge nurber of eggs per egg mass was three hundred
and fifty-six, the average dlameter of the egg was six
tenths of & millimeters The length of the egg veriod
probably wvarles from ten days to tvo weeks. Hatching
began about the sixteenth of July and was over by the
ninth of Auguste The larvae vassed through st leazst elght
stadie, the last -f which was the longeat a-d was the
period of migrstion to winter guarters. The last larva
was feen in the field on Qetober secnnde Pupation comw
menged by Supust thirtieth In the field and was at 1its
height from the tenth to the fifteenth of Seprtermber.



Cs« THE BIOLOGICAL CONTROL OF THE FALL WEBWORE

IN¥ CYLORADO

The area in w-ieh field observations of t-e wevworms
rere rade hes been describved. It was in t is sane aree
that data on the nore obvious natural eontrol factors
vere collected.

Climatic factors, temperature, humidity, preciovi-
tation, and wind zovement must directly affect host,
parasite, and predator opopulations. It must then also
have indirect effects upon each povulation due to
conséquent lnereage or decresse or stabllity of these
grounses ‘

In order to guage intelligently the influence of
elirate unon the webworm populati-ns of 1034 and 1935
at Fort Collins, %t would be necessary to have clinmst-
ological data over a period of many yearé- This was not
available. Howvever, these things are knowni the past flve
vears in Colorado have been years of unusuclly low
precinitalon with ®11d winters. The winter of 1934 vas
exceedingly mild with long reriods of warn sunny weather.
“1th the greater ebundcnce of water in the canons of the
foothills, the {ood sup-ly of the insccts was probably
not greatly affected hr the general drouthe On the
vhole, the effects of climnte unon the vebworm populati-n

have certainly not been striking and have been alvost
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unvarying for at least five yearse.

The increase in webvorm populetion frox 1934 to
1935 hes alre-dy been rersarkeds The amount of incresse
vas not and ¢osuld not be deter. ined by counts of webss
In Canada, Tothill eatirated the scarcity and abundance
of webworms v counting the webs along a zeusured
strinoof road. In the study area st Fort Collins, where
groupda of trees were comvletely stripped of leaves,
gounting individusl rebs wouid be zlrost inossibles In
the tons of Dadly infested cottonvroods great numbers of
ers nasgses were lalde Soon after hateh'ng lervae of one
colony were forced to ringle with those of nthers. The
branches becare filled with the webs, =and colonies
could not be &istinguisheds 4 count of defoliated trees
of a certain species or gize might have given a falrly
aceurate measure of the arount o increase. By obsere
vetion of the infestation along the canon rosds in the
study area a thirty to fifty percent incresse in the

webworm population was roughly estircteds

Collesting in 1934 414 not coxmence until mid-
Septerber, when the webworms vere alre: dy nupating. “ebhsg
¢ontained only strageling eighth instors with a few

belated seventh and sixth instsrs. However, the jet-
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eorus and Hyposoter parasite cocoons vwere 8t111 hanging
in the »ebhing. Lanvy webs were therefore gsinhered and
brought to the insectary for exarinztion. The paraslite
coecoons were vicked out, snd trose without the exit
holes of tne n=sker or of hyrerparagsites were placed in
1ndividual viels with cotton stop-ers. 4 number of these
whnle vparasite ococoons were brought into a heatoed »11ld-
inz to hasten issuance of te adults. Nt rers were
left in the net ral tevperature houses "nly a very few

Hyngsoter =nd ‘etegorus adults 1ssued from the eollected

weterisls The issu’‘ng data will be consldred in the
accounts of t-e 1ndividual narasites. That are to be
presented here are t.e conclsionse that vere drawn as to

the percentage of hyvnerperasitism.

Number of Hyvosgseter » sulus cocoons collected ++863%
9¥ w-ieh 4%% i%ﬁ-z%) were parasitized.

Furbver of ieteo ronvetae eocoons col’ected +o 91
of which %ﬁ E§%.E§S wore parasitized.

Nurber of Phorocers floridensig ruvaria collecteds 3
Number of other A1r-terOuS PUPAri2 s.sssesssscsesas 2
Nurber of braconid cocoons crllected eesesssvesnas 56
of which 17 (30.3%) were parasitized.
Nurber of other ichneumonid COCOONS sevesssnsssnee B

Total number of rarasite COCOONBsssesseseeesl023
In the following peges the parasites snd hyper-
paresites rerred Trom Hyohantris during the 10385 seassn

are dlscuased individusally.
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THE PRILANY PARASITES

Egg Parasitism~ Trichogramza minuta Riley

Twelve egs masses were collected from the Redstone
and Buckhorn Canon regi-ns from July seventh to twenty-
ninth &nd Yrouzht to> the insectary where the eggs
hatehed. Ko egg parasites issued. Egg mass rersins frono
gome f4fty colonlies collected from all parts of the
study ares vere carefully exarined under the blnocular
ricr scope for traces of parasitisre. Of these only one
was parasitized. In this Ainstance the eggs frox which
the larvae had Jjust hatched vere ploced in & cotton-
stoprered vial on July seventeenthe Zxaination on
August eighth revealed thai one <ale and three ferwale
hyrenopterous egr parasites had i1ssued and dled in the
viale Two others had died while atterpting to 1ssue.
Four egss conteined the small round parassite exit holes
beeifes those fror- v ich the derd adults had ererged,
and four other eggs conta’‘ned the dead bodies of larval
or near-adult narasites.

The dead adults were rounted in balsar and sent
to the nited “gates Nntlnnal ‘useum. "r« A. . Gahan,
there, deteyrrined them as Irl ramsa ainute,stating

in part - "The porasite---fror egge of Hyphantpis

cuneyg

1s Irichogrance minutz Riley as I intervret the swecies.

it 1s one of the dark forrs ‘hich ray or tay not be a
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distinet race or varlety of the species.” The writer has
not found thle spéciles recorded as o paresite »f the fall
vebvorr in  the literzture. The percentare of ege ~arsw
sitiem 18 obwiocusly so small 28 to be negligible,
Two hyrenopterous egg parasites have previously

been recorded from Hyrnhantris t-

Tgic%oggammg etiosa Riley (Tothill, 1922)
Superferily Chaleidoidea)

-u8 bifidus Rilley (Riley, 1887)
“uyperfanily Proctotrypoidea)

Melther species haas apparently ever been respone

8ible for sny c¢onsederable percentage of egg destructione

Leteorus sgronyctae iuesebeck

Thils braconid prirary narasite is here recorded for
the first time frorm Hyphantris. It 13 the rost inportant

parasite in point of nurbers after [y-osoter rilosulus.

teteorus acronyctae luess was descrited frox Hell
Canon, New texico, in Procesdings of the United States
Natlional useum Volume sixty<«three, article two, pages

thirty-seven to forty, 1924. deronycta {(iogtuidse) and

Fuschausia (Arctiidse) are named as hosts. It will be
scen that seversl of the rrixary and secondary paresites
of Hyphantria at Fort Collins bhelong to the southwestemm
faunas

The cocoons of k. sorgnyctae are spun outside the

host. A“ter leaving the dying eaterpiliar, the parasite
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spins & thread perhzars five to eight eentimeters long
and at tme end of 1t eonstructs & hard-wslled, brown
socoons It is oylindricel, tavering at both ends, end
is erout five rillireter- longs Clusteres of these s¥ing-
ing brown cocoons ere consuicuous objects in the Hyohen-
tria wed.

Probrbly only —me individual of t-1s species nor-
rally ratures fyor a single webworm.However, two larvee
were observed lesving 2 rebhworr at one tizee Doth srun
gocoons &nd ereprged asa adulitls.

The first =zdult seen 1a 1935 lssued 2August twentleth
fror webworr materisl colleceted July twenty-second.

The webvormas were mostly in the f-urth etadliums But the
rass of Leteorus from this group of oceaterpillars lssued
arout Septerbeyr thirteenth, and one did not issue until
Cetoher geventh. The inseet that ererged on August‘
trentieth waszs frund in cocoon on August ninthe

A Heteorus lerve was observed leaving 1ts host
webrorr at three nems August twenty-ninths In forty-five
minutes the larve was cornletely enclosed in & strong,
1i-ht net of silf, and work upon the interior was well
under way. This Insect had emerged by September nine-
teent, spending about tventy«one days 1n its eocoon.

Sefore Septerber first, the aver e number of
Leteorus eocoons ver webwors colony was two and two-

tenthg « This nurber inerensed to four and two-tenthns
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after Septenber first. This nearly one hundred nercent
inereazse in nurber of coons might seer to indicate two
generations of ¢t e para~ite upon Hyphantric , but other
observatiors indieate enly one« igieorus edults, enverg-
ing in the irsectary, co:ld not be induced to ovinosit
in wehworisg. The last ieteorus enersed Cotober fours
teenth in the insectory, and dlssections of cocoons
theredfter showed that the onecupants were desd or par-
sslitized.

Jnce this was a later-gprearing insect, secondary
Hyphantria parasites rreved upon it almost frop the firast.
"sterdial coliected as early as fugust fifth had been
perasitized by Dibrachys gavuse

Nf the Tour hundred and el-hty-one jeteorus co-
coona collected durins the 1925 season, two hundred and
twenty-five, or roughly frty-seven percent, were psra=~
sltizeds, For the season, lLetegrus aversged six and four
tenths per webwornr colony, & parasitisn of one and

eicht tenths percent.

e h ae Rile
Adults of thia braconid specles were not reared
froxr collections at Fort Collins. lowever, cocoons clogew
ly resembling theose of 4« hy hantriae were collected in
the fall of 1934, Fron them a nurber of secondary par-

agites had iscued.
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On Cotober f£ifth, 1935, five colonies of webworm
larvee in the third to rifth stadia were c¢ollected fror
pecan at College Station, Texas, and sent to Fort Collins.
They vere placed in large, screen~cloth cases and resared
to maturitys Only one colony: showed parasitism, and this
was by Apznteles hyvhantrise, determined by Lrs Ltuese-
becks The percentage perasiticr was a 1ittle rcore than .

ten percents

Hypoeoter pilosulus FProva

At Fort Collins, the lehneuronid H. pilosulus 1s
the rost imvortant prirsary parasite of the fall webworu.
A series of specirens of this specles wrs detercined by
Pre Ae Be Gehanes Since a deterzination of the wedbworm
population in 1934 esould not be rade, the percentsase
o7 vparasitism due to this spegies that year could
not be estirated. THowever, the hypervaracitism of Hs
pilosulus was found to be fifty-two and cne tenth per-
cents In 1935, vith the recring of vhole colonies of
webrorms in the insectary, and the determi-ation of
ronulation of the averesge webwors colony, the nercentage
of parcaitisr eould be “ounds In each webworm eolony
of three hundred and 7ifty larvee (the figure obtained
by subtracting the percent of infertile egg from the
total nurber of eggs lald), H+ 2ilosulus was resnronseible

for the desth of elghteen and six tenths larvae on the
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averace, five and three tent-s percent of the total pop-

ulations

J A1

gaoter cocoons are eaplly found. The parasite
sping its cocoon Inside the skin of 1ts larvael heost,
whileh ray be in any stadlur frorw the fourth to the
eighth. The cocoon 1tsgelf 1s thus not viaible, but the
slting of the dead hosts, bloated anteriorl: , vhere the
narasite cocoon lies, arn® shrunken othervise, are con-
spiecuous objects henecing in the -~esh of the webhbing or
adhering t2 tie trunk or branches of infested trees.

The first adult lyposoter was observed 1In tre Field
on August eleventh. Itvwas a femzle, and it wes in the
7148t of a web of ~hantr1a, foreing its way through the
17pedin~ stronds of ailk, attevﬁting to sting the sixth
stadiur larvaes Twice 1t was seen to ~et in stinging
position and rske vielous thrusts zt a fleeins larvs,
but eae¢h tire it faied to drive 1ts ovipositor home.
Then, alarred at e forts made to capture 1it, 1t eacaped
fror the web and flew awvay.

It has been observed by various writers that ovipo-
gition in this varssite ususlly occurs in the last few
gcgments of the host caterrillars. This has usually been
attributed to a preference on the part of the parasite
for this p=rtioul r portion of the host, the caudal recion
being less aotive, and not arred =ith jJjaws or hecvily

chitinlized areszse But another explsnatlion seems more



51 -

reasonables The larve about to be attacked is ususlly
aware of the apvroaeh of its enemy and tries violently
to esecanes The waegp, bheing on fo-t, must run to cateh up
with it, and the tell of the host is the Tirst part met
withe In eaptivity the act of oviposition wess observed
hundreds of timess "“n rcany oeccasi ns, vhen a stu-id larva
blundered into a resting wasp, it was stung on one of
the  first gegmentz of the bodys Tnce the viotir even
seized the ovipesitor of tre waso in its jawa, #ndd the
prisoner relsased itself with difflcultys

Between July seventeenth and iAugust twenty-fourth,
forty entire webworm colonies were collected, brought
to the insectary and olaced in large cloth~-covered
cages with apple follieges b intervale the vebbing was
exarined for coecoons of the parasites. The first cocoons
wvere fTound fuguat twelfth, when & dogen were removed
from the webbing oFf & cage contalning tvo colonies of
vebrormss The first acult 1séued August twelfthe. This
adult waz allowed to ovi?osit in webworr lervae on the
day of emergences Its first descendent ererged Septerber
fifteenths Thus two generatisns of the prinary parasite
ere geen to be posaldble upon Hyphantirig.

A deeided Inereese in the numbers of parasite 6ocoons
In webs eollected after Sepgewber first was noteds. This
wes provarlly due to the appenrance of the secHnd gener-

ati-n -n Hyphantria. Alloving all cocoons collected before
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Septerber firaet to belong to the first generation of
wesps, the averase number rer Hyphentrlis wedb was only
one and ei;theen one hundredthsa.

Prom Saptember first to Zcetober secord, fifty-fogr
whole wehs, many of them erpty of webwornas, were collected
and »ro 7ht to the ingectzyy or were exarined 1n the
field. Hyposoter cococons averages elchteen and sixty-
8ix »me Thundredths ver web. Subtracting the aversage
nurber of eococne per ved before Senterber firat, we
obtain the filgure sixteen and five tent»s, which 1s the
inererse in pearesite nurbers per colony due to the
sec-nd generstions FEighteen and sixty-six ane hundredths
larvae, the aversge nunber of webworrs destroyed by
Hyposoter per ecolony during 1935, was five and three
tenths perce-~t of the three hundred and fifty larvae
hatehing fror the average egg resss

Rearing Sxperirents with Hyposoter

Three forales ~f this snecies issued fram webworr
material collected from July twenty-second to fugust
twentlieth, were uzed in rearing experi:ents. The wasp
lrredlately upon erergence was transferred from 1its
narrow vial cage to a_larger one aout eight and one
half by two centimeters. A drop of thick sugar syrup
was placed on the aide of the vial as oods The vial
wags gtoppered with cottons

It wes into this aort of cage that webworn larvee
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were placed one at a tire to 5e varasitized by the waspss
The larvae used were usually in the fourth or fifth
stadium, the srallest larvae asvallable. Undoubtedly
ovipogition in the fileld may take nlace when the webe
worra are in the second stadlum, as Tothill spys it does
in Cansde. Fven eilghth stadiur larvee werc attrsctive
to the wasnsg, althoush the longer halras were & hindrance
to oviroaitione Yo wreps were reared frorn w bworus
stung in the l-st stedium. The vietir alvays diled or

rupeted before the narasite larva reached raturity. They
were repecatedly reared from seventh stzdium larvae.

The waspa rendily oviposited within a very few hours
after ererginge The attention of a wasp was usuzlly ate
tracted at once by the pregsence of & webwvorr in its vial.
It would wave itz sntennase more and rore rapldly, then
run toward the vietims« As soon as its antennse brushed
the ende of the hairs of the webworm the wasrn w-uld curve
its abdoren under the thorax and thrast Turiocusly fore
ward with ita ovirositor. The stab reccived by the web-
wvorm usually cauged it to squirm and cormence t» move
away, dragring the wasp with it a2 short distasnces The
waap wruld pas=zively allow itsslf to be dragged for a
fraction of a second, then grab & secure footing and re-
lerge ite nvi-ositore The wh:le act of ovirosition re-
guired a8 bare second. Often wasps were observed to

ovinosit as reny as four or five tizes in a single larva
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before the latter could be removed from the vial,
Toth1ll (476), writes that judging from the length
of the uterus, only a fev eggs ecould be stored there,
and that probebly only a fer eggs ere loild each day

over a2 neriod of a fortnisrht by & Eyposoter fescle.

t in one of the present exveriventes & fernle ovi«
vosited in forty-four 1larvae in t e space of tvelve
honrs, forty-one e~ce being laid hetween seven-fifteen
Dene and nine-thirty-five n.v. of t-e sare days During
thia nortioular evening (the wasp was kent under a
strong electric 1lirht) tte nerasite shoved no signs of
tiring, end stung larvae as rapidly as they were nree
sented, often at the rate of one a rinute.

Thece three ferales were unnated. /g a result, all
the »roreny vere meles. Tvo females rere lost after s
few stinsinges “ne, issulng September first, lived until
Senterber eirhteenth, and atterpted to oviposit on the
second day before deothe.

"orty-nine male Eyposoter adulte were reared from
these three parentes. The avererse tire from forcstion of
eocoon to exergence of the adult, rouchly the nupal
period, was eirhteen dayss The full 1il'e cyele, the,
under insectary oconditions occupled an averare of forty-
three dayss This probad®ly somewhat longer than field
eonditicons requires The last Hyposoter adult issued

Netober seventh frorm msterial collected in the field. It
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ia thus scen that there g amole tine for two comnlete
generations of lypogoter uron the fall webworm after the
firat week of Julye. It Blso meers likely that t-ere is
84111 another earlier generstinn on an slternste host.
This host, if 1t exists, might possibly be Lalagosona
Lrecilis {(see under DIFTEFDIS  AFRACITEZ belov), but no

J¥posoter vere reared fror this insect.

cating

Two matings occurred under obsgerveatlion, but the
fertil:zed fersles refused to oviposite Cne vatr were in
copulation exaotly Tive rminutess The durction of the
other eonulestion wes not noteds The ale apnrosshes the
femnle fror the reaor, soizes its shdoren with t e first
pair 27 leg= and bends the tip -f the egbdoren dowvnward
to reet thet of the ferale's.

Zirht metings, obhserved by TAllier “Sreen and toland
Portran of tis departrment, l&cted an averave of five
rinutes ecchs A serles of exverinents vere perforred by
Cpeen, ortran, and the =riter in an atteasot to determine
the cex ratilo in progeny of fertilize@ fercles. The de-
tailed results ere ta be published elsevhere, but a pre-
lininsry survey of the date stronly indicstes a one to
“ne sex retio.

It %8 intercstin- to note thet thece lster exveri-
rents vere perforred with adults of the second =eneration

on Hyohantria, & generation that under T1eld conditionsa
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would have ~one into wibernations Foreover, the progeny
of this ebmormal third senerstion mated and readily
nvinggited in wobworms imrorted from a-~uthern Texas, and
a fourth genmerstlion wae reared in the greeniouse long

after t-e webworrns at “ort Collins had pupated.

Hiberncti-p

H+ pllosulus slmost certalnly vinters as ar adult
in such ©protected pleces a8 rock erevices, the intere
jors of rotten logs, etcs Dustan (10%), in Canada, kept
adults allve in hibernstion cages until sarch of the next
years. These insects dled before webworms vere at hand for
them to varasitizes A nunber of pupal Hyohsntris, para-
sitized in the last stadiuc, were dissecteds In soume
onges the third or last instar of the paracslite larva
was found, dead apparently of phagocytosls. Fhagoeytosis

in Hyphantrig is discussed by Tothill (476.)

One male speeimen of thls parasite issued from a
cocoon suprosed to be thet of He pllogulusg, on Zetober

Fourteenth, 1935+ It was determlned by Lres Cushmans



Elsehertus hyphantrise Crewford

Thiz little eulophid, a menmber of the sunerfamily

Chalcido'des, was desoried by Crawford in the Froeesdings

of the United States Hetional .useur Volune thirty-nine,
1911, fror speci~ens resred fror wrbworms at Cuero, Texas.
In Diion Canon, on August eleventh, 1935, six webworms
berring neked bleck hyrenonternus pupae about two milli-
reters in length vere 6ollecte”’, two fror the srre
colony, ond brought to the insectarys The host larvae
were 211 in the fifth or aixth stasdia. The pupnae of the
veraslit-a were 21l loecsted about exactly in the middle
of the bucks of thelr hostss The “osts, very slugglsh,
were placed in individuzl vials with ‘ood. 3By ..ugust
thirty- ‘irst, four adults had issued and dled in the
vials. The hogt larvae were also 8euzds ..Pe e o Gahsn
deterzined the narasites as I[lachertus hyohantriae Craw-
fora.

The Piptercus rarssites

The kn»wn dipterous parasites of lyvhontria are all

rerbers of the farily Tachinidse, =211 probably ovi- or

larvivcsiting in the esterplllarss seccording to the

work of Tothill in Canada, and the governuent glpsy
moth laboratory in this country, the tachinlids are

never responsible for & very " lgh percentage of narasit-
igne They may be fairly nuserous -ne seagon, and pr-cti-

¢ally dlsaprear the nexts They should probably be con-
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sidered anong the less important ori: sry parasites.: At
Tort Collinag, two tachinlde, -'ne not previously known

fror Hyphenirla,rere reared

Ihorocers floridensis Townsend
During the fall of 1934, five tschinid puperie vere

found 1in e=ges contéining Iyphantria larvase. ™mly one
adult lssueds The oupariur of this 1y wes found on the
soll surface in 2 cace containing webworn ~upse and dead
larvees The fly issued Cetober rifth. The host wzs not
founde Dre s Je Deinhord detercined the parasite as

Ihzrgeers “loridensis Tovnsends

On Zepterber twenty-fourth, 1934, & lyrvhantrie

lerve, enllected on the twentieth of Senterber was placed
Iin an individual cope *ith a so0il bottonm. This cace was
not exarmined until Cetober eleventh, 1934. On the nide

of the gladd was the ty»ileal hair cocoon of the rebworm.
It e-nteined e partly devoured nrepupas 7n the surface of
the 3011 in the care vas a little pile o loosgened earth.
Half an inch below this was = large, nurplish -unarium,
very ovrobatly of “horegeras The adult 4lé@ not issus.
fnother ‘horocera (%) puparium wos found hanring in the
webbing of a colony of wbbwornms collected “epterber
geventhe The vupariun was discovered on Sevterber twenty-
cichthe The alult did not issue. .

Puring the summer of 1935, & Hyohantria mupa from the
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previpus vear was onened. It contained & largée puparium,
dead, nrobably of “horpgeras

Two sraller nunarie were found on 20311 in yphantrie
cages in 1934, Judeing fror their size and apnearance
they were of a different sneciess Adult:c &1d not emerges

In 1935 ynly one tnchinid snecles waz c¢ollected. It
12 the next parasite to be deseridbed. Thus for two yerrs,
at lesst  in the study area,dipterous rarasitisr has been
of very little irpprtance in the econtrol of the fall
webvoyrms

Ps floridensis wos described as a new snecies under
the genus Funhorocera by 7. H. T+ Townsend in Entono=-
locical Yewa, Volume twenty-severn, pare tvo hundred and

scventeen, 1916+ The holotype wvwas reared fror ’‘pntigsrsia

gerretilis ibne at “ainsville, Tlorids. Aldrich and
“ebber, in Troceedings of tre inited “totes Mational
¥useur, Volure sixty-three, article seventeen, page sixty,
1922, give a longer accoutn of this specles, adding the
hastes  Ilathypene geabrg Fabr., Seperde srs, Taphygoa
Irugiperda A« & S. and extending the known range of the
speclea north to North Corolina, west to Arkensecs, and

gouth to Costa Fica.
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Zenillis blerda virilis A. & . - Seasongl

Alternetion of Yostp

"hen keginning the study of the perasites of the
fall webworm, 1t wes thought neeessary to consider poa-
sible zlternate hoste. This seered especially necessary
glnce Hyohantris larvae ould nmot be av:.ilable for
poreglitlise untl?  July, while both hyrenonternus and
di~terous wnerssits-s richt iscue long belfore. Therefore
the study =zree veos seasrched for lenidopterocus lzrvae of

hehita g24~43er to thogme of “ynhentriss Tro smecics vere

found, !glaclsora fresilis “treteh, the western tent-

caterpillar, and frechips gerssivorzna fitch , the oherry

tree tortrix, both web-splinni~g, grercrious ccotercillars.
The former was the esrlier-appecring snceiecs

zglaccgong wog not aburdsnt in the study sres during
1835, ealthough in soserparts of the stcte it was causing
serious dacase to asnen forecstse The {iret collection
a8 rade June twenty~fourth. 2t this tire the lsarvae
vere £ 1little over hslf«grovn. The thiek vebs were mostly
on trellow-groving Fhus irilobsts on the eastern slones
of the lower foothills. Teveral specics of hyrenopterous
parasites and secondory parasites ~ere renred from the
l-rvece, but none of thew apneered later on Hyphantris.

Archlps wre esgpecially oprevalent In o wide valley
neur Lkasonville, Colorcdo, where choke cherry and «i1ld

plur grew in dense thicketss In thils vellyy Lyphantris
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was sbunfants The webs of f4rehins on ehoke cherry at this

tire, July sixth to fifteenth, were fil1eéd with mature
larvee and supaes 4 nurber of the wehs were braought to
the ingeetary and placed in esgees On July twentiebh,
techinid puperia were first observed on the flaoré of the
cages end in thg rethings The {lv larvae had 1efﬁithe‘
roth  opupse and puparisted in the massce of frass 6r>e§
the grounds By Auguet fourth, the first adult teac:inids
had issueds They vere sont to Drs Heinhard, vho determined
them as z_gggg_gg Plands yirilis &« & Vs

The host, A4rchipe emerged Guring the next weelk or

tro and laid eggs for overvintering.

Zendllle was not observed again during the surmers

On Jenuery thirtieth, 1636 & box containing sonme

ria pupee,kept sinece early f£all st room terpersture, was
openeds It eonteined an 2dult tachinid; issued nerfectly,
but deads The eapty pureriur and host -upa vere Tounds

Dr+ Felnhard ldentified this specizen es %+ blanda

xiriiiss The nost pupa ves resred from 2 13rva‘eellee%ea
Septerher eleventh near Yaesonville: Under field conditions
~the tochinid  would not ha&e\issueé wrt il sorings

- Thie is probebly & case of true scesonal alternation
of nostse« Zenillisa, 17 it is regulsrly parasitic upon

Hyphantria, issues from the pupse in the spring and

parasitizes Archipns larvacs The adults of the first

generstion then vistimlize poung hyphantriensg no more
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128 Yarvee being avedlables Ko other parasites or

It :seen%g 1ikely thst & nuvber gf the paresites and
sgeondary paresites of Hzmh&nt;ia'ﬁave snother eariier-
sppesring hoste , S :
| 11i1is blands yirilis W&S”fi?st»éesépibeé-by'
, gidfieh and febber in Praeee&ings of the United Ztates

&

forty, in 1924. It has been eollected in New York and
Kensass The~knﬁgnvhbsts'&i tize of deégeription were

3 Hlibns

181l Grote and Ennous
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THE SECTNDARY PiRASITES

iteles tenell ug _Prove

This ichnewsonid is & secondary parasite of zinor

ipportanece st Fort callins"1t~w&s“re&red in about equal

nurbers from He + By October

fourteenth, 1934, ten Hegiteles had issued from
Eyposoter cocoons collested on the rifteenth end twentleth

of Septembers This wae no indication of the sbundance of

e
2ol

during the entire season.

In 1935, Hemlteles di1d mot appear until Octobers The

reriod of emergence began (Jctodver firzt and zppeared to
end Cctober twenty-sixthe During this time, trenty-six
adulte exerged in the insectary, elghteen fronx sogoons of

re After

keteorug, thirteen fror gocoons of Xy

another month had passed, it wes thought no zore Hemiteles

would issues Bub late in November the parasite eaeeans
were all removed from the natural tespereiure house o the
greenhouse, where the terpperature 4did not £all below

8lxty degrees Centigrade, and ranged upwerd during the
day to sbout eighty degrees Centigrade. On Janyary
twenty-second, 1936, a female Heulteles issued from a

. Yeteorus eocoons Dn February eighth, two more females

18 gocoonss It thus aprears thst

lasued, also from e

Hewiteles may overwinter in ¢osoons of ieteo

in the field. It geens likely that

- possibly Hyposoter
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there is an earlier alternnte hoste
The lexitelrs woterlal wos d~terr ned by Yre Re As

Cushrans

Cells utohenels Ttrigk.

Tvo wingless fera:les of $m1z interest ' ng ichneumonid
were rezred frox cocoons of . pilosulus. “ne of them
ererged Tebrusry tird, 1936 fror & cocoon collected
Tenterver eleventh, 12385. The coccon had been in the
greenhouse sore then two mo thss The Hynosoter host was
dezd@ ond partlially devoured 22 2 third st-dilum larvas
The Zells larva had spun 2 thin vhite cocoon Instde thsat
of itz hoste The other Celis adult everced adout mide-
Tovenber without havine been in the greenhouse at alls
The —esther up to tice of emergence had been very mildy
end te cocoon was in a protested place in the natural
te-percature houses Fron these d:ztz one richt conclude
that Gells tibernates inside the host cocoon in the
Hyphantria web as an adult, or during lete warm apells
ererges ond seeke other quarterss In any czce 1t is a
gec ndery nparasite of very rinor im-ortence st Fort

Collins. “ne gpeeiren wsas deternmined by Lr. Cushran.



Thig beautiful perilerpld was resred 3n1; twice

during 1935, both tines frow e pilosulus. The specimens

were determined by iirs Gahans
& collactlisn of webesrn larvae rade iugust eleventh

?ielded en He gdcoon by September twentywoighthe

Froz thrls cocoon 2 Ierilezpug adult emerged Noverber

fifthe The éecoﬁd~specimen emerred Hoverber twenty<eighth

from sn Ev pllosulug cocoon collected September fourteenths

Heth of the ;chneumoé encoone pentioned had been
kep%:in'the‘gPEGnhauBe for sbout tro weeks belfore emer-
gence of the secondary porssitese It seens likely thzt
the aﬁults nay hibernate inside the protecting coeoons
of their hostses This would account for the fact that an
adult would emerge late in Hovember after a short exposure

to greenhouse tesperaturess

zalus percursor Gire

This briliient green pteraﬁali&~was“regred'in aboud

egqual nurbers from Hs pileogulus end X« geronyctse during

the f211 and winter of 1935-19386, fourteen from the feor-

ner, Tifteen frow the lattere Cocoons of I

pilosul
- frow the 1934 seseon collected February Tifth, rilelded

Bypopteromslus adulte on June eighteenth and tventieth of

1935« Thege ¢ocoons were held in the insectary &t tenp-

erctures close to those in the Tieldes It is evident that



- Gfhe
this speties may rerwain In the Most cocoon throughout the
winter and spriugs eneirging at lesst nesr to the time

of sppesrence of Hyphentriz larvaes

Ih 1934, tvo adulte of thie speeles h&&'éﬁergaﬂ by
Septenber twentiothe In 1035, none emerged before Ootober
fourteenth, and most 6? them.dié not crerge until Jaﬁﬁr
T arr and Tebrusry even through kept some two ﬁ@ntHS‘iﬂ
the greenhouses

Very probably, then, there is but one seneration 8

1g &t TFort Collins, at lecst as & secondary

parasite of Hs+ gumesy dut zdults may esserge in the liate
f2ll or not until +the following gpringe

Hrs Gehon determined this specics and slso Hypopher

zalus spe Only & single specimen of the latter:is known

to have been refreds Hs pereursor, st present is a

segondary perasite of smell importance st Port Collinse

Pibrachys pavue Uslker

- This pteromalid was the seecondery paorasite noxt in

'imnertaﬁee~aftermgsﬁjlaeﬂaﬁ,aeaeaviriﬁi « A gerles of this

gpecies wos determined by ¥re Oahans It is apparently~&
normnal SunergarasitEs»The~avérsge-number“ef‘inﬁivi&uals
resred from twentywone Hyposoter cocoons wos slight over
- 8ixs It varied from one to fifteens

{8 was réespongible for fourteenssnd five tenihs

pergent of the secondary parasitism of E,,hanto?ag Ninetys

I
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three individuals were re red or dissected fror 'ypnosoter
cocoons and thirty Tror [eteorus cocooncs.
A wehworr lerve eollected Junpuast Tifth, vielded s
leteorus cocoon by “ente-ber peesnd. n Cctober fourth,

tro Mhr-chya ndu’ts  hed issueds Thie indicotes thot

MYr-nhys ovicosits in the vebworr lorvae, or that the
arasite lavve enters the veb orr onéd perhane lives in it
for a lonrer or shorter nericd of {1 e waiting for an
oprortunity to enter itae own host, & Letecrus or llywosgoter
lorve.

Like Eatoleccus, next Fipcussed, this specics emerg-
ed over & speee of gevercl mnonths under greenhouse con-
diti-ng. Until the fir=t week of Octorer, ncone had energ-
ed from primary paresite cocoons, rearcd or co’lected.
Tror Yoverher on, vhen the host coecoons had 211 heen
reraved to the greenhouse, adulte orerced fror tine to
time wnti1l larch. At date of wrlting (Larch 5, 1938)
there are at111 1ive Dibrachys larvae in the zreenhouses
In the fileld, virter is evidently pae-ed o8 lzrvae or

pupae inside the host cocoons, or ~erheva ag odults.

Catolacecus aseneoviridis Cire.

Thie 1ittle pterorzlid, =& series of which was de-

terrined by r« Gahan, was the nost invortant secondary
parasite of Hy-hantris at “ort Collinse It narasitized

Hs pilosulus and He geronvetses About three tines as
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maﬂy wore reared from the formér=as from the 1at£ers The
eetual nurbers renred were four Bundred and ninety-sixz
from He pilosulus and one hundred éna'six%y from B+ goro-
nyctaed Alone , '

geven pereent of the secorndary parasitisns

Gatoladous was resvonsible for seventy-

Thls inseod hibernates inside the cocoon of its

host in the Hyphentris vebs Adults eperged amlsost every

dzy ‘1ﬁ'the‘gré9ﬂhauee from October throush Lardh, Dise
sections of cocoons in Jenusry shovwed runmee and lérvae
to be in about egusl nunrbers ’.{-‘hej host dies in efther the
larval or pupsl shete. The paresite is usually found ins
slde & very thin cocoon, though often no trace of a co=
| coon ig pregents It wauid gppeer that vwinter is passed
ag either larve or pupas

Mo direcet ovidence of more than one generatisn was
found, dbut this ray have besn due tb_th@ asarcity of the
Tiret cenerction of primary nparasitess Coecoons from whish

Catolaccus were thought to have emsrged were collected on

Sertenber Tourteenthe Adults were seen flying about the

Byohontrig webs on the same dates These individuals emerge

~ing in the fall may have been ovinositing and may heve
been"éf an earlier generations Or they may have been in-
dividusls doomed o éi@ or to hibernate as sdultns

- Arcidental superpsrasitisz was not uncornons Never
more tham two Catolagcus were reared from one Hyvosoter

cocoons Superparasltism did not oceur in jetedrus, prob-

ably because of the émaller fo0d supplys



TIRTI RY PARITITIZH

Tetrastichus doteni Crawford

This ves the only tertiary parasite rearcd at Fort
Colline, cnd ie here recorded for the first tlze frorm

Hyphantrias The material was determired by iLr. Gahane

Tetrasticrus was resred fro:x cocoons of hynogoter pllosu-

lus and letecrus ccvonyctaee. It peresitized Cgtolagcus
end Dihrachysy but sc far &g 1s known did not attack

Hynmopteroreluss idults erersed fron both laerval and pupal

-

forrs of the seconcary narasiter. In one case, ¢ight
MNhrachys vupce in & 'ynosoter cceoon were all narasiti-

zed. "here t-e secordery perasite wsa Catolccecus, only

one irA1-1dual survived. 1t hae been shovn t &t oviposi-
tion in Jibrachys probebly occure in the wobworr lervas
This rust glco he true of the tertlary paresit-. During
1935, trenty-five Hyposoter and scver  eteorus cocoons

cort inins Tetrastichus were tokers There 1s evidence of

orly one genernstisn upon Hyphantria. & Hynogoter cocoon

tzken fcnte-ber fifteenth, 1034 and kent at roaor te nera-
ture yiclded an adult T. doteni four and a helf ronths
later. “nother t-ken “enterher trertieth, 1C34, ard kept
at outside terneratures t1'1 Januery first, then at thir-
ty depreer Centigrade, vielded an adult iay fifth, 1935.

A third, token in Fehruary 1074 and kent at outelde te:p-

eratures, yéélded an sdult June twenty-four, 1935. Thus
the hibernation perilod may be a prolonged one.
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SUELARY CF PARASITE DATa, SEASON OF 1935

Parasition by _I'ii E?llOBu_lus Gees st s strsebe st RE 503%
" " J"k' agrcn!etae-u................... 1.8"‘:
Total prigary parasitisheeccescesses Tel%

Cocoons of He pillosulug reared end collected... 1008
Parasitized by £8t0l80CUBcsseanaces 496

" " Dibracghys seeeeecees 93
" "  HypopteronaluBesssss 14
" " Hexiteles esescscen. 13
" " PErilaIDUS essesccns 2
" "

Gelig oL NS SSSOSRPELIESESESE _2
’ 355 (51&5%)

- e e W

Cosoone of L.+ acronvectoe resred and colleateds.. 481

Parasitized by CatolacQuSeseseesecws 160

Hemlteles sesPOEGOERGS

" " Di‘oraams esssavsess X0
? "  Hypopteromflugsssses 15
i i ]
20
225

(477)

Total number of primary pasresitec... 1489
" " " pecondary nerasites.. 845
Secondary parasitism 1s 56.7Y of the nurber of the
primsry parasites.
Total nuesber of teritary narasltes «.. 32
Tertiary parasitist 1s 3.79 of the nurber of the

secondary perasltes.
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FUNGUS DISEASES OF HYFHANTRIA LARVAL

Riley (377), renerks on the lerse nunber of Hyphant-
ris larvae killed in ’‘ashington, D¢ Ce by a ~hite, rmealy
Tungus, seeningly & varilety of, if not the sare fungus
attacking the comrercisal stlkworm. Funae in cocoons »ere
also afTected by the fungus, and éven the cocoons of the

varasite Apantéles hynhantriae were found to be disessed,

Rilley Thelieved the fungus to be a varlety of Zotrytis.

Ktkinson (5), states that Emrpusa grylii “resentus

wag reanongible for an emiderie of fungus Adlgease ahrong
He guneca larvaee in “ashington, Ds C., spparently refer-
ring to the outbreak described by Riley.

Garran (175), observes- "The rost useful natural
sgent here in Kentucky 1s one of the rarasitic fungi,
Erpusa ggxlii.fdrm aulicae which destroys nyriads of the
catervillars (ﬁQ ggggg) eesl ar inclined to believe that
not less than fifty rercent »~f the second brond in east-
ern Kentucky in the sunrer of 1860 were destroyed by
this fUHSUSeﬁv

No fungue disease arong wvebworrs elther i1r the fileld

or in the insectary was recognized at vort Collins.
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WILT DISEACE

711t diserge, sometires called nuclezr disesmge or
Polyederkankhelt, is re-orted from Hyphentria by Chapman
and Glaser (67). No larvse suspected of nhaving wilt
disease were observed in the flelds A number dled in
the mass cagcs which exhibited some'symptoms of wilt. Ko

exarinzti-n for polyhedral bodies was made.
PREDATORS

A number of different animels have been renorted as
beling oredatory uron Hyphantria. They may be divided
irto three grouns, birds, insects, £nd arachnids.

Few birdas feed regulerly upon halry larvae. The
cuckoos often destroy greet nurbers of tent-czterplllars.
It is probably that they will est webworzs. In Canada,

the red-eyed vireo, Vireosylwa oliveces L.,has been a

very efficient destroyer of vebwormes. The isportance of
thiz bird in webworw control 1s dliscussed at length by
Tothill (476). Sereech owls have been known to eat quant-
ities of webworms. It 1s likely that many birds will
devour a webworr moth on occasion.

In the study area there vere probably no birds feed-
Ing by preference upon hairy c=2terrnillars. lany of the

ore cormon snecies were seed-esteras Hirds were adt no
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tire seen to feed upon webworrs at Fort Collins.

Yany specles of splders will ert wandering webworisg.
Zor e, however, appear to be attracted by the colonlces
therselves, and will live al:zonst entirely uvon the larvee
during the course of an outbrerke. Two anecies hsve been
recorded =g shoving a seclel 1kking for webworns. These

sre farpegsa undata and Attus _tripunctstus. A few spall

spiders vwere noticed in Hyophantria webs in the study areze.

They may hsve been feeding on srall lecrver. In general
they were not numerous enourh to be control factors of
irmortance.

The rost important class of rredctors is probably

the insects. In the Carabldae of the {goleoptera, Floch-

3onus tlridus Hald.,has been recorded several tlres as an

enery of the webworme. In the Crthonters,the preying mantis
sometines t-kes nurbers of webworms. The nost effective
predators are probebly found anm-ng the Herlpters. The
following snecies are redorded ss vwebvorm destroyerss-

Podisus serieventris Uhl.

Podisus pacullventris Say

fuschistus gervus Say

Arilus eristetus L.

At %ort Collins, several ny<r-hs of an undeterrined

pentatorld were found fecding on the larvae. Their score-
ity in the study ares rould nske ther very rminor eontrol

factors.



SBULEARY AXND DIZCUSSION

It hze been found thet in the northern f-rothill reg-

ion of COlorado, Hyphantria cunea is & single-brooded

form, ererpring from the hibernsting oupae from midsJune
to mid-July. The sex ratio is probably one to one. Ovi-
position beging soon after erergence. 4 single ferale lays
an average of three hundred and fifty-six eggs in a com-
pact, single-layered sluster, usuzlly on the wundersides
of the terminel leaves of a variety of deciduous trees.
The egrs begin to hatch by mid-July, the last probably
hatching by the end of the first week in August. The vre-
garious lorvee pass through at least eight stadia. During
Teptember, larvse 1n the lset staBium leave the community
webs end wander to ~roetecting crevices in rocks, stumrps,
or brueh heovrs, there to make thelr freill cocoons and
punate.

It has already been stated that Hyphontris cunea, at

Fort Collins, showed an increase of et least thigty pers
cent in pooulation from 19%4 to 193%. This was to be ex-
pected, knoving that less than ten nercent of the larvae
vere destroyed during the 1935 season by the prirery par-
aslteg, the major control factors, and that the xmortality
due to the soue couse in 1934 ¢ould not have been ruch

higher.
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The prirary hymenopterous parasites were found to be
by far the rost irrortant control fezctors at Fort Collins.
Of trese insects, two lchneuronids, liyposoter pilosulus
Provs and Keteorus asceronyetse fues. were resronsible for
rost of the paraecitism. Diseéase and attacks by nredators
vere résponsivle for no rexsupeblé: portion of webworm
destructions

The usefulness of the primary p-rasites was very
seriously hindered by the numbers of secondery perasites,
thzt for tv0 sessons destroved about half of the forner.
It seers probablyg that the increase in nusber of webvorws
fror 1934 to 1935 was in large rmeasure due to the des-
truceti-n of the orirsry nzrsasites.

It is cert-in thet the more irnnortant secondsry
parasitex of Hyphantria hibernate within the encoons of
the prirzry -cracsites. These host cocoons are found in

the Hynohantria webs during winter =nd etrly springe The

r:ins of April cnd tay largely destroy the +ecbs, but the
tough cocoons of llyposoter and reteorug could afford
arple protectlion to tne secondery paraslten even after
bveing berten to the ground. fn intere~ting point In blo-
logical control night Dbe brousht out in this connecti-n.

“gohrnieal destruction of Hynhantria webs in late Octobdber

and Yovember would destroy the rajority of secondary per-
agites without hrrgwing the tvo most important orirsary
pfrasites, leteorus and Hgpesoter, with hibhernate clse-

vhere ~s adults.



- 76 -

The most numerous secondsry parasites were in order

of imvortance, Catolaccus aeneoviridis Gir. and Dibrachys
gavus Welks A tertiary parasite, Tetrastiohus doteni

Crawford, was frequently reared frox the two srecies of

'secondary pareslte just mentioned.



COVCLUSIONS
The dcta asserbled in this study seem to justify the
@ravwing of the following conelusions:-

ls The £211 weborr in Colorado ia one of the seversl

forrs of a single wideanread nearetic s-ecies, Hyphantrias

gunea Drurys

2+ In Colorado, the fell webworr 1s single-brooded.
Frergence begine in rid-Junes Pupation occurs throughout
the momth of Zeptember.

3+ An average of three hundred and fifty-six eggs
are 1lald by a2 fe:zale Hyphantrila roth, of which four
percent way be infertile. Egg parasitism was of negligible
importance during the years 1934 and 193%.

4. Hyphantria larvze under fileld conditions pass

through at least eight stedia before pupating, and in
each stzdlur are subjeet to attack by & variety of
hyrenonterous and dlptercus parasites.

5. In 1935, by conservative estirate, at lesst eichty
percent of the fall webworrs hatching, lived to maturity
and probebly puvated succesaullye

6« Insect parssites were the only mntrol factors
of real significance in the ort Collina aréa, and of

these, Leteorus acronyctae hFuess and Lyposocter pillosulus

Prove were by far the rost important.

T« Less than ten nercent of the deathg of webworr
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larvee during the 1935 season can be attributed to the
activities of parasites.

8+ The ineffectiveness of the prirary paresites is
due to the abundance of gecondery parazites.

9. The variety of species of secondary parasites
end thelr relative abundance, together with the not in-
frequent appearance of the tertisry psrasites may indi-
cate a falrly stable or slowly growing webvorr populstion
over a period of years.

10« 7ith & secondary parasitisy of forty-eight per-
cent in 1934, there was a noticeable incresse in the
webvor: population the next year. Therefore, with a
gsecond rv vparasitism o” sixty rmercent in 1935, a
further incresse in webworr nopulation in probadble in

19364
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APPENDIX

The Known Tachinid Papessites of Hyohantriec cunea

1. Acheetoneura aletis Riley

2. Aghagtoneurs fren-hil %ill.
3+ Agetis hyphentries Tothill
4. Borbylionyia abrupts “"1ed.

5. Corpsilura gonginnats telc.

6« Ernestia ampelus Walk.

7. Ernestis Johnsoni Tothill

8. Hypha~trophaga hyphantrise Torme.
S. Lydells hy-hantrize Tothill

10. Yasicera entfitchise Tovn.

11« Nemoraea hyphantriae Tovn.

12. Heyorsea nigriscornis Town.

13« Panzeria radicum Fabre.

14. Phorocera claripennis iacqe
*15« Fhorocera floridenslg Towne.

16. Varichoete aldrichi Towmn.

17. Lintherila ap.
18+ Zenillia blanda O.S»

10. Zenillis blanda virllis A. & %

20« Zenillia protuberans As & V.

¥ All parasite narmes preceded by an asterisk in these
llsts are those of species here recorded for the Tirst

time fron Hyphantrla cuneas
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The Known Hynenopterous ‘arasites of He cunea

Prirery
Ichneumonoideab
Braconidse

1. B__o_gg_g_lm, phantriae Cahan

2. Apanteles diacrisisze Gahan
e " hyphentrise Riley
4, " lacteicolor Vier.
5. Ferilitus cocrunis
*6s peteorus aeronvetae uess

Te " bakeri C« & Ds

8e " hyphantrise Riley

9e " versicolor “esmael
Jehneunonidae

10. LAmblyteles breeicingtor Say
11. " pullatus Cress.
12. Ephialtes gonquisitor Say
1%. Ererotylus glabratus Say
14« Labrorychus spe

15, Therion zerig Fabriclus

15, " asssacug Vier.

17. Caginaria orrviae Howe

18. Heonortonis figdgr Cress.

19. Hyposoter fagitivus Say
%#20. " " pecificus Cushe
2. " pallipes Frov.
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22, Hyvosoter pilosulus Frov.
23, Fulinneris vslids Creas.

Proctotrunoidea

Seellionidse
24. Telenonug bifidus Riley
Chealelidoldesn
Tetrzatichideae
25. Syntomosphyrum esurus Riley

Elschertidae
26+ Flachertus hyphsntrise Crawford
27. * parylondicus Gire
28. Eunlectrusg so.

Irichogramridae

*29. Irichogrerne rcinuta Riley
304 " pretiosa Kiley

Jegondary

Jehneuronoldes

Ichneusonidae

1. Heriteles tenellus Bay
Noste:- Yeteorus hyphantriase Riley
" moronyctae lues.

Hynogoter pilosulus Frove

2. and 3. Heritoles spp. (two specles not
tenellug) Riley (377).

Hostst~ Leteorug hyphentrisze Riley
Apanteles hyphantrias Riley
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#4, Cells utahensls Strick.

Hostst~ Hyposoter pilesulus Prove
Chaleidoiden
Terils: ~1dae
Ss Ferilampus hyelinus 38y
Hosts:~ Hypogoter fusitivus Say

: pilosulug Frov.

Chalcididse
6. Fanstenon Spe
Hostss~ Apanteles hyphantrisze Riley

T+ Spilochalels 8pe
Hostss:« letsorus hyrohantrise Glley

tupeinIdae
8. Zupelmus 8De
Hostss~ Apanteles hyrhantrize Riley
eteorus hyphantrise Filey
Pteromralidae

9. Dibrgchys boucheanus Ratze

Hostes- Eulinmneriz valids Cress.
Hynosgter fugitivus Say
zphieltes gongulisitor Cay
weteorus hyphoentrice Riley

*10e Dibrech gavus Yalker

Hostci- leteorus goronyotae iucss
Hypogoter pilosulus “rove
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11« Habrocytus epe
Hostes~ Rogas Sps
*#12. Hyropteroralus persursom Gir.
Hosts$¢~- Leteorus sgronyvelae Lues.
Hyposoter pilosulusgs Prove
#12s Hypopterpmelus 8pe
Hostss~- Hynosoter pllosulua Prove.

14. and 15. Pteromaslug spps (tvo unidentirfied
species.) See Riley (377).

Hostei~ Apsmteleg hyphantrise Riley
Leteorus hyphantrise Riley

Hyposoter pallipes Prove
#16+ Cetolaccus aeneoviridis Gir.

Hoates~ HKeteorus agronyctae Luese.
Byposoter pilosulus Prov.

Eulophidae
17. Cirrospilus spe
Hostst- Apanteles hyphantriae Riley
18. Elssmus gtratug How.
lostss~ Apanteles hyphantrise Biley
Hynogoter pallipeg Frove.
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Chalcidoidea
Tetrastichidae
*¥1. Tetrestichus doteni Crawford

Hostss~ Dibreeghys cavus “alker

Catolaecus senecviridisg Gire

The above being reared fror both

Hyposgsoter pilosulug Prove

‘and Leteorus acronyctoe Lues.



ABSTRACT OF THESIS

Ralph B. Swain



THE PROBLEM

The object of this study was to find what bio-
logical control factors were operating against the
increase of the population of the fall webworm,

Hyphantria cunea, Drury, in Colorado, and whether or not

these control factors were effective.

The problem had to be attacked from several differ-
ent angles. Since there seemed to be somes doubt as to
the identity of the webworm itself, an investigation of
the taxonomic status had to be made. A thorough know-
ledge of the 1life history of Hyphantria was necessary
in order to guage the effects of the control factors.
This called for field and laboratory studies of the
host species. The control factors had to be first dis-
covered by observation in the field and by rearing
experiments., The parasites had then to be determined to
species, and their effect upon the host calculated by

means of actual counts of populations.

METHOD OF OBTAINING DATA

The investigation of the taxonomic status of the
fall webworm required that the entire literature on the
species be searched. 1In addition, the opinions of
several eminent lepidopterists were asked. Webworm
material from other parts of the United States was acquir-

ed and a comparison of genitalia made.
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The knowledge of the webworm 1ife history was built
up through periodic observations in the fiesld, and through
rearings at the insectary. Captured females were allowed
to lay eggs in the laboratory. From these eggs larvae
were reared to maturity in individual cages. The head
widths of the different instars and the stadia lengths
were noted.

Field observations showed the major control factors
in the area studied to be hymenopterous parasites. Zvery
species of parasite collected was determined by a sp=c-
ialist at the United States National Museum. dstimates
of the percentage parasitism of ecach species of parasite,
primary, secondary, and tertlary were made by actual

count.

COMPILATION OF DATA

The data collected during this study were in the
form of field notes and daily observations, including
measurements taken in the insectary. Dyer's Law was

applied to the Hyphantria head width data as a check

upon the number of larval stadia. Measurements and the
data on webworm stadia lengths were tabulated. A graphic
picture of the life cycle of the webworm was obtained

by plotting population data against time.

ANALYSIS OF DATA

Special methods of analysis were not employed. The
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effect of control factors was judged by population counts.

SUMMARY
The moth of the fall webworm emerges at Fort Collins
from mid-Juns to mid-July and deposits an average of
three hundred and fifty-six eggs in one cluster, general-
ly on the undersides of the terminal leaves of choke cherry
or cottonwood. At least four percent of the eggs do not
hatch because of infertility. A negligible fraction

may be destroyed by the egg parasite Trichogramma minuta

Riley. The larvae from the second stadium to the last
are subject to the attacks of some six spescies of ichneu-
monid and two of tachinid parasites, of which, the ichneu-

mons Meteorus acronyctae and Hyposoter pilosulus ars

the most important. The parasites destroy somewhat less
than ten percent of the webworms hatching, and are them-
selves heavily preyed upon by a seriss of secondary para-
sites that are killing considerably above fifty percant
of them at the present time. <The primary parasites

are aided to a very small degree by the activities of a
tertiary parasite. Disease and predators of various kinds
appear to play no great part in control. <he large num-
ber of secondary and tertiary parasites probably in-
dicates a stable or slowly growing webworm population
over a considerable period of years. The depletion of
the primary parasites by the secoﬂdary parasites may be

responsible for the very considerable increase in web-
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wornms from 1934 to 1935. Given climatic conditions
this winter comparable to those of the previous two or
three, a further increase in webworm may reasonably

be expected.
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