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INTRODUCTION 

From 1925 to 1927, lneiusivf', a detniled life-history study wns made 
of t1w orientnl pench moth at Riverton, N. J. '1'ho species, Laspeyresia 
molesta. Busck, belongs to the family Olothreutidne (Ellcosmidae) and 
the order LepidoptenL. Particular attention ,,'ns paid to the relation
ship occUl'rin~ between tempomtul'e and tho development or the iusect. 

In this bulletin, so [ar ns possible and ndyisable, long detailed life
t history' tabif's hll\Te been omitted, Smnmary tnbles nnd gmphs have 
:;; been used in their place. Also aU geneml infol'Ination und biological 
H dlltU, whirh do not lUJ.Ye a· direct. bem'ing on the life cycle arc omitted. 
~ Most of til(' informlLtion of tlus type wluch hns been ascertained at 
~ Riverton, K, J., may be found in other publications by the writers 
~ (9,10, 11.12),1 
A EXPLANATION OF TERMS 
:z;... 

The tf'rm::; used in describing the nuious stages of the oriental peach 

:., 
...... moth for the most part nrc the same as those employed by workers of 
;'", thl' BurCfLu of .Entomology in life-history studies of the codling moth. 

1\. "gClI('l'tttion" begins with the egg and ends with the moth or 
ndult. It llIUY or mny not be completed the slLme senson the egg is 
deposited. 

A "brood" eonsists of the indiyidullls of IlUY one stage in the life 
cyei!:' , egg, lttrvlt, pUpIl., or ltd lilt; nnd it may he considered tI first 

I Italic numbers in parentheses refer to "Literature olted," p. 37. 
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brood," "second brood," f1tC., depending upon the generation to 
which it belongs. "Spring brood" refers to pupae or adults which 
c'on1(' from "wintering ifiiT.!l.e." 

""Yin ((wing" 1'ef(1l's to those indi"id uals which hibernate, ptlssi.llg 
the winter as IIllTac in eoeOOllS. Indi,-id unJs of scvel'ltl genel'lttions 
,(second to fifth 01' mOI'c) may 1)(' repl'esentcd by thc "wintering" 
mdi,-iduul:i. 

"'l'l'tlnsfol'luillg" rc['e1's to thosc indi,-idunis \\'hi('11 ('omplet,c their 
lifc eyt'ip tht' sam(' sen son till' Pggs Ill'C dcposited; thus wc have" trnns
fOl'ming cggs," "tnUlsfonning !tuTnt'," /I tmnsforming cocoons," 
,( tmnsfonning pupac" nnd "Ildults hom tl'Il11Sfol'lning stnges." 

"Blnei;: spottNI" l'efNS to thn,t stngt' in tht' dp,-clopment of the egg 
in whi('h till' dltl'i\: IWlld c{lpsule of thc Illn-n usulllly shows through 
tlw t'ggshell Iii to 48 hours before thp egg hllteht's. 

'l'Il(' timp dUI'ing whieh til(' eoeoon is being fOl'IlH'd is cnllnd the 
., ('()('oolling period," whilt' thp tinw fl'om tht' bt'giunlng of fOl'nuLtion 
of tIl(' ('()('oon until tht' ndlllt ellWl.'ges is enllcd thc "('o('oon pCl'iod." 

'I'll(' "Iif(' cyel£' " of nny gClwl'n,tion is thc time from Uw deposition 
of thl' cgg to til(' t'1ll('rgcll(,C of thc ndllit, whilp thc "complete life 
('.n-I('" ill('llldcs thc tillw from thc egg deposition of one generation 
to the ('g-g- d(~p()si t iOIl of til(' ;wxt geI1Pl·atiol1. 

'I'll(' s(,llso11nl d('y('loPIIlCllt in Ilny Y(,IU' sttll'ts with" wintering inr
'-1\('" insid!' of "Will tCl'ing ('O(,OOllS," which gi\-l' rise to "spring-brood 
P·Ht)H{,." Ilnd frol!l th!'s(' "spring-brood moths" l'tlH:'rgc. '1'11c" sprllg
brood moths" deposit tht' "first·-brood cggs," flud thcs{' in turn pro
dUN' "first-hrood 1111'\'11('," "first-brood ('o('oons," "Iil'st·-brood pupae," 
::md "first-brood moths." The "first-brood moths" deposit the 
"second-brood eggs," and thus thc story continues for scvcral genern
tiom;. 

Thc "IlYCl'llg[' tcmpcl'lltw'(' for n· day" is thc nvernge of 121'elldings 
in 24 houl's (OllC rending cvery 2 hours from midnight to midnight) 
tn,kcn from n thcl'lllogl'l1ph I'eeord. 

Th(' "tiH'ol'etielll zero of deyelopment" is the tcmpernture at, which 
dcyt'iopmt'ut begins WhCll the temperature is rising and nt which it 
('onscs when thc tempCt'lLture is flllling. 

The" degrce of Illnximul1l mte of development" is the tempernture 
at which deyelopnwnt proceeds most rnpidly. 

Tht' "day-degret''' is til(' .llnit used for mensul'ing nceumulations of 
10tcmpernturc and is cqllinlient to of tempcraLure maintained ff'r 

24 hours. 
"EB'eeti'-0 cilly-degl'c{'s" al'(' day-degrC'es above the zero of dcvelop

ment nfter Ilccessnry corrections have been made for retnrdation due 
to tcmpol'lltures n])o\ro thc maximum 1'I1tc of development. This 
correetion is made by subtracting twiee thc day-degrees above the 
degree of maximum rate from till' total of dny-d('gl'ce::i above the zero 
of development. 

METHODS AND EQUIPMENT 

During t;he dorlllnnt s(,llson of 1924-25 the senior Iluthor started 
the life-histor.'T stud." dist'ussed in this bulletin. For scveral years 
previous to 1025 Lw bnd the opportunity to obsen-e the behnvior of 
the inseet in the orchards throughout New Jersey and also conducted 
11 detailed li£e-histol'5T stlldy nt Nrw Brunswick, N .•T. The informa
tion derived f!'Om thcse ('xpel'ipnces which has n1t'elldy been published 
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(2,3,4-,0,0, '(', 8, 13, 16), proved to be vcry yaluable because it helpod 
to obvin.te mistakes Imd to improve the equipment for a cnroful study, 
One of the most; s6riouS mistakes eliminnted was in conjunction with 
the spring-brood emergence of moths, In the life-history studies at 
New Bnmswick the sonioL' writer stru'ted with moths which emerged 
from mnterinl thnt hnd boen kept nil winter and spring in nn open 
screenod insectnry, or in covored wooden boxes with screon bottoms. 
Artol' the study was startod it wns lonrned thiLt the moths had omerged 
Itbollt two weoks liLter than the first moths in the orehnrd; conse
qlllllltly tho lifo-history study got It In,te Stlll't. This experience and 
('ollsidernble illYestigation since (11) hns shown that greILt care must 
be tl'l.lWIl with wintedng ml1torinl. It should be placed in a sitUILtioll 
when' tho spring-hrood omergen('E' would be 11pproximatoly the sa.r.~e 
liS that in til(' o1'('hlll'(1. Any decided devil1tioll from the normal emer
genCl~ in Uw Ot:ehllrd will illf1110nce ('onsidernbly tIll' development for 
tIll' sen son . 'rhe nUlt,ter of Ilonl11l1 spring-brood emerg(:'lIce is most 
illlportnnt. if ont' expeets to mnkl' n, ('omparison between insectary 
developllllln t and ol'ehnrd conditiOIl". 

N UIIW.I'OUS wintl'l'ing ('o('00n8 containing larn1(' ,vere collected from 
pOiteh and quinel' I:rl'l'8 during tlw dormant 8ell80n of 1024-25. These 
W(\I'(\ brought to the In,bol'lltol'Y nnd placed in screened enges out of 
doors, Ilnd SOllle weI'(' plfl('('(1 in yillis plugged with cotton in a screened 
illsl'etlllT The spring-hrood moths used in the life-history study 
('anw from the mlltl'rilll kept 011.t, of doors. 'Vhen additionul udults 
wore needed some of the inseetn,ry materinl \,'IlS used, provided the 
emergence was still taking plll('e in till' O\"chllrd nnd in the outdoQl' 
('nges. 

'In this illYestigntion 11 serious attempt wns ll1ilde to determine the 
extreme limits of time required and the average period of develop
mont for all of the incli "iduuls of elleh stage in each gencrn.tion for the 
growing seasons of 1925 and 192G. No I1ttcmpt wus made to make the 
clcvelopmell t of the inseet. in the inseetlll',\T a duplicate of that in the 
orchard on a q ullntitativ(' hllsis. 'rhe writers nrc of the opinion that 
this is Itlmost impos»ible and !llso impmeticl1l, especialty if one takes 
in to eonsidel'l1tion tilw tremendous nnc! \'l1ril1ble influence thl1t pal'll
sit('s nnd othel' factors hn.\'(' on the »eYeritv of the infestation in the 
o1'chl1rd. . 

One thousl1nd indiyid ual» pN gcnel'lltion renred to IUn,turity WI1S 
sct ns 11 standllrd for this ilwestigation. This glwe IL suflicient number 
of indi viduIIls to use as n basis for any rcnsonnble calculntions. The 
mortality in rOlu'ing to Inn,turity runs from fiO to 70 per cent. To 1'0111' 

1,000 or more indiyidunls of ench genemtioll to ml1turity it is neees
SlllT to stal't 100 eggs CllCh dl1Y from eaeh gcnemtion when possibh'. 
At, the beginning (mel towllrd the end of the period for each brood 
of eggs Iwd somntimes during cool wcather nn insufIieient number 
wel'e deposited to make use of 100 pN' day. One. advantnge in start
ing with n fixeel numher of indiyidunls is thnt it furnishes IL constant 
fnetor whi(,It is ynlunble in figuring mOl'tnlity, dnily ILycrnges of de
Yelopment, anel IIllllly reilltionships between tempcrntme find other 
environmentnl factors. I 

The insectllry used in Lhes{' »t-udies measul'lld 10 by 12 by no fcet, was. 
scrpened on all side" (l'xcept n ('l'lltl'lll dosed portion), and wns covered 
with a hip roof, (Fig, 1.) It wus lotaled· at the edge of a small 
pench o1'('hurd at Riwrton, K. J, 

http:obvin.te
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The cllges used for till' wintering larvne kept out of doors were 
similnr to those described in n previous publication (11) in which 
the n.uthol's discuss the best methods for determining the normal 
spring-brood emergelH'e of oriental peach moths nnd codling moths. 
'l'hese cilges wer(' coverod with screen nnd the cocoons were constantly 
oxposed to the wcnth('r. Thl' cnges were fnstened to poles, four ncar 
the ground and [our nbout 5 feet nl>ovo, with onc of each set of four 
fllcing north, ellst, south, Itnd west. 

As the moths emerged in the spring of the year under outdoor con
ditions, 10 femllit's and 10 IUnles were sel~'.:,ted each day nnd placed in 
It 6 by 8 ineh glnss jnr eontninin~ 2 inches of moist sand, n wet sponge 
ill It wn,teh gillS!>, nnd 11 sprig of fruit folinge (usually penr) in n small 
bottle. (.Fig. 2.) The jar WIlS ('overed with a good gl'adt' of white 
gauzl' held in plll('l' b~" two rubber hllnds. EIH'h jnl' wns pillced on 

r'((1Ulm l.-Oriental peach·moth insectary, !tiverton, X, J, 

till' \\'pst side of tIl(' insectnry 5 [('et Ilb(we the grollnd find in slIch a 
11 locntion tho,t tIw In.t(' Itrternoon sun would strike it. 

En.rly in tlw morning while il WIlS cool the jill'S were eXllmilh-d for 
egg deposition and Ildult mort/tlity. All the eggs werc counted. If 
cggs wore locatod on the glnss thl'Y were 11lllrkccl or destroyed. If eggs 
werc found on tl1l' lean's or stcms tlw twig WitS rcmoycd and 11 new 
onn \VIIS put in it~ pll1('('.

~loths wen' 1l1so plltt'ed in scrl'!1n enges of ynrious sizes Ilnd co',"cred 
with gauzt'. Round ('ltgl'S, the Stunt' size ns the jnrs, find oblong cages 
mcnsurillg lJ hy 8 by 12 inehcs wen' ust'd. '1'11(\ cnges were kopt in nn 
insoetllry which hlld n screen roof IU1d sercen side wnlis so sunlight 
eould strike them most o[ tho day. The screen cllges, pllrtieularly 
the oblong type (fig. 3), proved to be the most sn.tisfnctory from the 
stlluclpoint of egg pl'ocllletion; yet the Ildults lived no longer in these 
{'Itgcs Hum in tht' glils~ jnrs. 
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'L'h(' ehier 1'('1180n 
why. 
mol'£' 

moths pl'oduce. 
(1ggs III sCJ'cen 

eng('s than in glnss 
j ttl'S seems to be tilt' 
gl'otttOL' ei]'('ulnt:ioll o[ 
ILil' nncl tilt' possibility 
of keeping them in 
sunlight without in
jUl'in~ till' moths. 
Sunlight, s('ems to IH1 
essentiltl [01' mttxl
mum ('gg produc.tion.
It WI1S also [ound thlLt 
codling moths pro
duc('d a gren,tol' llUIIl

hl'l' of t'ggs in S('!'N\ll 

cnges which WOl'l' ex
posed to sunlight than 
ill glnss j ttl'S. 

All twigs benring 
eggs wore pl!teed in 
the entirely screened 
pOl'tion of the insec
ta!'y whore the suu
ligllt, Itlld rain could 
strike them. 'rhoy 
wel'o kept in thIS : • ~ . f '." -r' • ~ ~ ,.'.. ~ 
loclLtion until they 
we I'e hInck-spotted. l'J(1UIt~: 2.-0rionhll pench-moth egg jur 

vVhen the eggs wort' ready to hatch, 10 were placed on a green peallh 
(~r peaches, depending upon tho size) in an 8-olllice jelly glass and 
covered with surgicn,l gauze. All rearing in the life-history study 
in the insectary was cttrried on in peaches, except early in the 

FlllUlt~: :l.~Oriclltnl Peach'moth egg cnges 



() 'l'EC'HNICAL rrCLLETIN lR3, U. S. DEPT. OF AGRICULTURE 

sea::\Oll, when the fruit was not. Ilvailtlble or was too small and inte in 
the senson (September 20 or Inter), when peaches wPore no longer 
ltyltilable. 'rho first larvae of the first brood wore j'eared on new, 
sueculollt peach twigs. Rearing lnrvne on twigs in the insectary is 
not very slltisflwtory, for the mortnlity is very high and a great denl 
of time is nceded for rearing n few individuals. The last larvne of 
t,hc io,te broods worc rcnred in apples. 

Ellch jelly glllSS Wl1S examined do,ily until the eggs hatched. When 
htl.tehing oeeurred a record WIlS mllde on Cllch gluss of the deposition, 
"blnck-spotted.," and hlltching dl1tcs. At this time each glnss re
('(lived 11 piece of corrugated strl1wboard (one-llllU by 3 inches long, 
with four corrugations to the inch), and wns eo,'orNl with n picce of 
strong, finely woven gn,uzo which wns held in pln.co by two ono-eighth 

by 2 inch mbber 
bnnds. (Fig. 4.) 

The glnsses were 
placed in trnys, nnd 
th(' trays were plneed 
in racks in the center 
of tho screened in
sectary. When full
gl'o~nl !tll'vlle Illude 
thOll' appeamnce the 
glasses were exam
ined daily. The ma
jority of the larvae 
entered the corru
gated paper strips 
I1nd spun cocoons. 
These cocoons were 
removed once a day. 

At the time the co
coons were removed 
from the glasses a 
record wns made Olt 
5 by 8 inch cards of 

FI(WltI( ·1. Jelly glass u;e!I for n'arill~ ol'it!lItul peach·moth lan'ne all • the infornlntion 
[j('rtltinillg to eneh indi"idlll1l. All the life-hi!'ltory records and all 
8ortr:; of notes wcr(' kept on 5 by 8 inch cl1rds. (Fig. 5.) 

Eneh {'oeOOll wns giYl\ll a numbcr which wn.s written on the smooth 
pnrt, of the eOI'l'llgnted bon.rd 01' on IL sepn.l'I1te piece of paper. The 
iudi vicillnJ (~oeoons wer!.' plll('cd in 3-clmm homeopn.thic vilLls plugged 
with doth-coyored eotton plugs. These vials were placed in Slllll11 

meks (fig. G), which in tUI'll were pilwed in trays and kept in the 
oenter of the screened portion of the inscctn.ry. The cocoons in the 
"inls were exit mined cIn.ily for Ildult emergence. 'When n.n n.dult 
('merged its Humber Ilnd sex W('l'P recorded. K 0 pupn.tion records 
wor(' lllud(' from tilt' ('o('oons pllleNi in homeopl1thie yinls. 

Fol' pllpl1tion l'O(,OI'(\S 5 to 10 full-grown IILlTlle were plilced cach 
dt~y indi\"idlll111)' in 2-dmlll shell vials (Hg. 7) .stoppered wit!l cloth
eo\'crl'd l'ot.lon plll;';~. Thcs(' liUTU!.' spun thcu' cocoons agamst tll(' 
glllss, usun.liy ndjllC'ent to the plug, (,Ol1scqucntly it was an ensy 
mutt!'l' to 1I0t!' t.iw l'hlU1gcs ill cach In,rYIl through the glllss. 

http:inscctn.ry
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HI tory -:B. DOd. ~.- 1'126. • Q)!Jt/ f 
"Ff'f!cll;£S Coco Cocoon. A.clvlt ~J.l~r- ~'t~ ,¥.c/e /lfllC.No. ~~~~ r~:::":Ji11\ da,t I,I:1e .p~r 0 date period. ..f:ltnce. date e"; cl htlr~s 

(I' 

7'"2109 7/9 "1" iJlI2 'i.. .. *r ¥'3 or ~ d' ~9 <I' 

2//0 I I{ I I 12 I I~ '1r Ill' 

1 7/9 I{ 7112 7/1.1 /1 /.1 ~ ;U 

A 7/10 r 7ft'/ ~.r 'I /.1 Jl6 n 
.J 7/7 I{ 7/,. 7/11 II{ 7/.2, Ill. 1'6 30 

'/ I{ /'I 1.1 Jf7 31 -
.J I{ 1'1 I,) '17 31 

b '/ /I{ 12 .n .]0 

7 ¥ If I~ 1/, .10 

I 7/r '/ Z// 7/12 1.1 1.1 1f7 30 

'1 '/ 1.1 IJ 1/7 .)0 

~ dead 
1 ~ 'J 

IJ ~~ 1~1l 5~ livpl'cate 

2 '/ -1, '<'1I.] 12 

J 71'1 'I ~~ '1/IJ 1:2. /J 177 2'1 


Y 'I I I 12. IJ '17 2'1 

.r I '/ 12 IJ 1/7 Z9
, I 'I I n IJ 1/1 2.'1 

1'll1UIU! 5.--Sample record of oriental pench·moth Iifc history 

A. thcnllogl'l1ph and maximum and lllinimmn thermometers were 
kept ndjo.eent to the feeding larvne and cocoons within t.he insectary. 
N orIllal air circulation was nTlLilnble about the temperature-recording 
instruments, and no direct rays of sunlight came in contnct with the 

I-'II'l'II'; O.-Hnck of homeopathic vinls containing oriental peneh.moth cocoons used COl' obtnining
records oflHlult emergence in tbe insectar;' 

bulbs. The thermometers and thermograph were read daily from 
:Mny 1,1925, to August 1,1927. The temperature records were also 
checked against those obtained at the Japanese beetle laboratory and 
the nenl'-by \"~cathcr Bureau stations. 

I'trWI": 7.~-()r!ental [I,·nrlHnnth ('OOOOIlS' in shell \'jals IL~ed fo; Ill1()ation records 
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INSECTARY AND ORCHARD COMPARED 

In conducting fL lifo-histor.\T EJtudy of n.n insect in an inseetn,r~- one 
can not expect t.o dupliel1,t,(' the life history of the insect in the field 
in n.ll dotn,ils. All one cn,n hope to do is to proyide closely n.pproxi
mltte conditions IUlll then eH,I'dull \' eheek the results with thosp fouud 
in the nn,t,lIl'lll OlwLJ'olll1len t. . 

In this lil'p-itistol'Y stud~' all the st\"ges were cheeked with those 
lmdel' oJ'ehn,rd ('ollciit,ions I1S t'fLJ'('l'ull)' ns possible. In ehoeking the 
ins('C'tn·J'Y resuits with t.lll' dC've]opllwut in the oJ'chfLrd SeYel'fLllllethoels 
W(',I'(' used, Imel vi11'ious ObS(,I'YfLtioll8 were miLd('. Th(' spring-brood 
el1l('J'gen('l'. was ehoekl'C\ b~r noting the dfLte of fLppefLl'fLnCt' of UlC first 
moths ill 01(' 0l'elu1rd. This WfiS det,N'lllined by th(' presence of moths 
or of l'rt'sh em pty pupn.l skins on th(' SOil th side of fruit trees. For 
t,hree yen.rs t.lle' first. OHH'rgenCt' in tIll.' orehn.rd hfLs occulTed on the same 
cln.y or ",it.hin ~4 hOllrs of the' time the first nchLlts n.ppel1red in t,he 
outdoor S(Tt'Oll engt'H flwing sou th I1djneont to the ground. 

BfLit pnns W(\I'(, llsed to determine the penk of fLbundlluce of the 
spring-brood lIlot,hs in the orchard, whieh n.greecl closely with the 
pl't1.k of em~rgence in (}H' snrecned outdoor cfLges. BfLit-pan catches 
11.]'e also useful in determining the' l'lllcrgence of the fLrst-broodmoths 
in the orchal·d. Aft('l' the midclie of July bait-pl1.n records fLre ex
tremely irregular; cousequently they cau 'uot be used ns fL cheek on 
the ckvelopment of the iuseet within the insoetfLry. 

The incubation period in the insectar~T throughout the senson was 
checked ngaIDst. orchn.rd conditions by placing 50 or more eggs daily 
in a pench orchard tbo morning n.ftee they were deposited. The 
smn.ll bottles contn.ining the peach or penr fulinge which hnd eggs on 
them were plnced on wooden stfLnels in the center of 7 to 8 year olel 
peach trees. Almost every dny the incubation period of the eggs 
plnced out of doors wns exnctly the same ns thnt of those eggs kept 
in the open screened insectnry. In fL few instl1t1ces in cool wenther 
or during decided changes in the weatheI' there wns n. difference of 
12 to 24 hours one way or the other. However, this difference is no 
greater thfLn thl1.t whieh occurs in the orchfLrd itself, because eggs· 
exposed to direct sunlight sometimes hatch 12 to 24 hours sooner thnll 
those which n.rc shnded. 

The senior fLuthor in 1924 reared n goodly number of Inrv8.e in the 
orchard in twigs and fruit and at the SI1.me time reared IfLrvae in picked 
green penches in the insectnry. In most every test the period of 
development of the outdoor ll1lTo.e wus the SfLme ns that of those 
ren.red in the insectary. In n few of the tests the larvae ren.red out 
of doors in growing green tissue required one or two dnys longer for 
development. Under insectnl'Y conditions throughout the senson 
there is I. dist.inct difference in the period of development. of larvne in 
green penches Iwd in green n.pples. They develop more slowly in 
apples thl1ll in penches. If n given lot of IfLrvt1C require 12 days to 
d.evelop in pellches, n. similnr lot lIlny require 15 dfLYS in apples. 

Sincl' conditions would llOt permit the carrying on of n lnrge-scale 
life-history study under strictly orchard conditions, it was necessary 
to rear the IfLrvae in picked fruit in the iasectnry. Dm'ing both 
sensons peaches were used ns long ns they were availfLble (from late 
in May to lnte in September). 

http:orchn.rd
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The dl\\'o[opmont of the [n,I'Ylte .in twigs in young orehn,rds WitS 

ehorked with the de\'olopllll'llt of Im'vae in the insectar~T, and fo), the 
most pn.I'l Lbey agreed ('lose[..,', .By collocting hLl'VaC from several 
young (3 to 4 yeltr old) pencil or('hl1rds regularly onele It week for n 
given llumlH'I' of minutes t.he pell.k of Inrntl ablludl1uee wus Ilseet'
tll,inet\, Imc! Lhe siZt' of the liL1TIl.0 gltVe fi good check 011 the develop
ment of ttl(' elLdy genemtions in thl' orchltl'd, This WfiS pnrticulnrJy 
tnl{' or LIll' fil'st I1nd seC(mel generations, 

TIll' ('oeOOl1 pl'l'iod undel' inseetn.ry eoncii tions WitS checked Ilgainst 
thn,t unde\\' the outdoor eonditJions by plaeillg in the orchard daily, so 
1'111' ns possibll', Stnu.U sel'Ol'1l enges contlLining 5 to 10 newly formed 
eoeoom.; in ('.on'ugn.ted pn.pf.'I:, 1'hese snulU engos (wire strainers 
mOllnted on pieees of bOHnl) wel'e placed Oll nIl parts of pench trees 
or on Lhe gl'outl<l bolow the troes, The coooon. ptwiod of the trans
forming ('oeoons plnced out; of doors cheeked dosely with similar lots 
of indi\'idun.ls kept, in vin.ls iu the insecbu'y, 'nus, howeyer, was not 
I.I'lIl' or winto/'ing IUnLm'in.1 k('pt ill the insectary, ns mentioned before 
iLnd full,\' diR('uRsed U1 an ('adier publication (11), 

LiFE HISTORY OF THE ORIENTAL, PEACH MOTH 

GI~NEUAI. DISCUSSION 

In PI'OSl'1l ting llll' dl'tn.ilod infol'lllation on the life history the writers 
do lwt inl(lllc\ to follow tll(' UHult1 method whieh many authors haye 
used in pl'('senting' lifo-histOl',v dl1ta Oil tlw orion tal jleach moth or 
simil.t1r iuseets, SUell IlS the (~o(lLillg moth. Much of the detailed 
tabull1l' infOI'Il1I1.tion will lw omitted; howC\-er, the more important 
infonnu.t.ion l)(,ttaining' to dllt(·S foJ' CI1CLl st!1ge !lnd sex in each genel'lL
tio/1 and th(' pol'iod of time I'CC[ uil't~d for the development of each 
stng(' I1nd s('x ill oneil genemtion wiLL be fotmcl ill the summat'y tables, 
Tht' nve/'n,~t' period fot, "n.1l broods" ill ench cnse wns obtlLined by 
didding till' lobll numbel' of dn.ys b.." LLle total nnmbe[' of individuals, 
~ome of tlw in[onnn.tioll in these tables will not be considered in the 
discussion, The SLLtnllllllT t.11blcs will SetTC as a good reference for 
auyonp inU'l'osted in a lifo-histol',,' study of the ol'iontlLl poach moth, 
()sppcillll," ill 1111 lL!'etl, \\'IlO/'e the elimltte is similar' to that in southern 
N p\\" ,}o/'s(',\', The SlltllmiLlT tables on the li[e histol'Y include only 
those iudi\'idullls whiel1 completed nU stnges of theil' development; 
cOnS('C!lwntJ,\' [01' nllY" gonomt,ion the number of individuals for all the 
stnges is the SlllllO, The numbel' of indh'iduals renred in each genera
I.ion is shown in Table 1. This table nlso shows the !lumber and per
centage o[ Ll'allSfol'luing and winter'ing inclividunls in eneh brood for 
the two ven.rs. 

Tll(' 1i'l't'-history clisC'ussioll will consider' the more important bio
iogielll filets 1'01' efleh stnge in the lire of the insect find the relationship 
t,o tel.ll.[)(,nttw'P. Thl' in£luencc of elrectiYe dny-degrees for each stage 
is discussed undl'r a sepllrate hell ding, 

The eiu1i'tS and tables giving information on the relntiollship of 
deY(~lopm?nt to etfeetiYe day-degrees include datIL on all of the 
individuals which completed Illl..,· gi\"en stltgc u:nder consideration, 

102934-30--2 
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TAlILE J.-NlI'lIIbc)· of indit'icltwls 1)C/' brood !tsed in ihe life-history studies of the 
oriental '!)e,/I/;!t. moth in .1925 and 1926 ai Riuer(on, N. J., and the percenlage of 
ira.nsfonninu and winlcr-inu individuals in each brood 

THE EGG 

Till' egg (fig. 8) is senlelike in form, round or oyal, flattened toward 
the edge, the uppeT surface mjuut('ly rugose; the color is grayish 

white, somewhat iridescBnt; and 
the Ilyprnge menSlU'elllent across is 
l.bout 0./ millimeter. 

In penrh orrhards most of the 
eggs ar'e fOlmd on the tmcler sut"face 
of two-thirds to full-grown leayes, 
near' the terminal ends of growing 
twigs. This is particularl}T true in 
the case of young trees. In quince 
nnd llpple orchards the eggs are 
placed on the smooth upper sur
face of the leayes, ,,-hile in pear 
orchnrds eggs mny be deposited on 
the upper and lower leaf surfaces. 
Eggs are also deposjtec1 on newly 

FIG1;RE S.-E~g 01 oricntnll1ellch moth. X 50 fOl'1necl smooth twigs, sneh os those 
of pench and penT. The texture 

of the surface on which eggs are deposited seelllS to be important. 
~mo()th smfllccs are preferred to rough or pubesceut ouel:>. '~7he.n 
adults [!J'e plurcd inside of smooth glnss jars (6 by 8 inches) contaiuing 
folinge o[ peach, pear, or apple, most of the eggs will he deposited. on 
tht, smooth glnss l'Ilther than on the leayes. ,Yhen adults are placed 
ill snu.U screeu cnges made entirely of screen lmel cloth and containing 
twigs from fruit tre('s, the eggs are clepositN\ mainly on the twigs and 
not on the cages. If smooth wooden supports an' ltsrcl in the ('011

stl'uction of the ('ngl's, many eggs wiUl1P deposited on the wood. This 
mny be pren'nted by frequently coatin?: the wooden supports with 
('oll('entrn.trd lime-sulphur. 
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A few hOlil'S previous to hatching, the newl,Y formed InlTn can bl.' 
seell inside the eggshell. .Its dnrk Iwnd is the first, yisible portion and 
shows as It clark spot 1l('IU,' t,he cent(,I' of the egg. An egg ill this stage 
is called" black-spotted." "\V11('11 Slll)1I11el' temperfltlll'CS prevn,il, 1.I1C 

black spot appeal's 15 to 48 houl's berol'e the egg hfitehes, In case the 
iu('ubnt,ion per'ioel is three and on('-hnJf dllYs, the blllck spot fl,ppeltl's 
15 to 18 houl's bd'ol'l' th(' lal'\'tt cmel'gl's, 
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Fwt IU; iI.' ""A \'cl'np:t' il1l'uhalton Pl'I'iod:-: uf c~g...; of Ill(' orlt'llwl 1H.'lwh moth ('OIlIpnl'cd \"t~ith the 11\'('1'
ogc tC'IIlJ)(,l'ntllrt.· ... fur tht, n""JlCrtiYC' im'llhullCltl Jll·riu(f ..... nt Hi\~l·l·ton, X. J., season of W2.' 

vVIl('1l tIll' tal'n) hI)'; {'OlllpktNl it~ d('nlopnH'nt within tIl(' rgg:-;hell, 
it bit(,H its wfly out nnd (,1lll'l'gpg thl'ough tilt' ~litlikp oprning. The 
m()l·tdit~, ill llol'Jllnl r('rtilizl'd ('gg-~ which 111'(' not pnl'llsitized is YPl'y 
low, being about::! t() 5 P(,l' ('('Ill. 

Tht' in('ubntion pl'riocl of tll(' egg i:-; IHI'gd.,' cleprllcl('ut. upon tl'lH
perlltul'e. Fig-un's \1 nnd ] 0 and Tnhl('s :2 nnd 3 show tht' cleeidcd 
"ltriatiolls in this IWl'io(\. In t 11(' ~um Illr!'. wlwlJ Wal'111 wentlw!' is 
lllO ..(' 0 .. It'sS cOlltinuOlls, tIll' ('~~s hnf('h in tht' ins('ctltl'Y nud out, of 
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doors in 3}~ to 6 days, whereas early in the spLiug the first eggs 
deposited by the adults of the spring brood Tequire 7 to 14 or mOTe 
ch'tys to hatrh. Late in the fall (October arld November), when 
cool weather is nlmost continuous, the incubation period may be 20 
days or longer. Under constant temperature eonclitions in the labora
t,o]"y, averaging 86° to 88° F., nIl eggs hutch in three days or less. The 
minimum time for the inC'ubation periocllmclE'l' C'onstant and ('ontrolled 
te.:n pemtm(' has been GO to 65 hOl11·s . 

.The ineubation-periocl elll"Ye for the seasons shown corresponds 
flLlrly well (inversely, of course) with the ups ancl clowns in the tem
pt'1"ature curve. It is probable that. !l closer agreement between the 
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ALL 8ROOOS-6G?,,437 EGGS 

FIGURE 1O.-Avernge incubation periods of eggs of the oriental peach moth compared
with the average temperatures for the respective incubation perio(ls, at Riverton, 
N. J., senson of 102'; 

details of these curves woulcl have Tesulted if the obseTvations on the 
incubation periocl of the eggs had been made of teneT than once a 
clay. Each point in the incubation pU've indic~tes the aveTage peTi.od 
of time Tequuecl fOT all eggs deposIted on a gIven day. Each pomt 
on the temperatme curve opposite a deposition clate is the aveTage 
temperatuTe during .t~e average incubation period (days an~ fracti,:m) 
following the deposltIOn clate. For example, the average mcubatlOn 
period of eggs deposited OIl Jlme 30, 1925, was five days, and the 
temperature Tecorcled OIl the temperature curve is 71°F., which is 
tlieiive.rnge -oriilltemperntures recorU:ed--1'Ol'--rrve-lhlYS rroIlrJun-e-3t)-
to .July 4, ine1usi\Te. 
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J.,IFE HISTOHY Ol!' THE ORIENTAL PEACH MOTH 13 
TAIlLI~ 2.~-Incl/.buli{Jn pl'l'iod,~ and deposilion dates of oriental. 1lcach-moth eggs at 


Riverton, N. J., 1925 

'I'HANSIWRi\UNG INDI\'IDeALS 

Incuhnlion Iwrio<ls Ill,posil ion <lutes 

Hrood ~.[tlxilllum ! l\:iiuillllllIl First Lnst 

!(\IIII" Milk' Femnloll;~~'il'; 1Mh Mnll' i ,~~~il' !~:~h'-II~;;~~O! -
I !I 

DaV.' , Days i Days Day.v ~ Day., 1)u118 i Duy., : 
f.'lrst. '-' 5. fill 5.'10, 

I 

5.54 O· 0 ;; I a: 
~ 

Apr. 2:1 , Apr. 25 Juno 24 : June 24 
Second.. • .- ·1.49 I ,US i 4.,18 (\ 0 3 a I Junn 10 .Tulle 10 Aug. II t Aug. n 
'l'hirtL..... ". ,.i 4.01 .1. 85 I 'I. ~H (\ 0 I " 4 I July J2 : Jul,' 12 Aug. 31 : Aug. :ll 
Fourt.h, , .......1. 02 '1.IlO: 4. iO n U, 4 I 4! Aug. 14 ' Au~. 1:1 Aug, 20 : Aug. 28 

___A_II_llroO<l8" '-'~.8~)~~.~87·1~0T__9,~,_O_:=~~'1 a_I~~~2~1~~2sr\;;~: Aug. :; 

WIN'l'EHIN(11NDIVIDUAl,S 

SllCOJHi 
- I ;i.OO 1___ . I' fi.Ot) i; 1•• __ ! Aug. _______ ... ..! Aug. 2 ;~__:-___-~~ 'I'hird, ..•••. '''.8U'·1.01:·I.~O (j·1 4 1 Jul,'31 Aug.IISept.Ja,Sept.Hl?llnrLh .... .", 

Fifth .... __ •• ..: 5.12 5.lfi, 5.1-1 ,111 4 ·1 lAng. 1:1 Aug. 14 I Sept..18 : Sept. 26 
5.00 Ii. il II. OS S I Ii : 5 Repl.. I:, Sept:. 1:1 I Sept. 20' Sept. 29 

All hroods, -r,:-oo' f,:O:~' ,5:01----;- -'17 ----4' --.-,,~Alii!.II~.Siii1t.29 

Blnll 'I'HANH!'OIDIIXO ,\NI) \\'[X'I',"IllNG rXDIVIDUALS 

a l :I ; Apr. 23 Apr. 25 ,June 24 June 24 
'j :, I j JUliO 10 JUliO 10 ; Aug. 6; Aug. 6 
n >1 • ; .July- J2 July 12; Sept. 1a I Sept.. 14 

II 4 I Aug. 13 Aug. 1:1 ' Sept. 18 i Sept. 26 
Ii : .5 I; I Sept. 13 Sept. 1:1 ! Sept. 20 I Sept. 29 
-j-- ~-I------ --.---1---
Ii! a a i Apr. 23 Apr.;'; Sept. 20 I Sop!. 29 

I I illdh'idunl. 

TABLl-J 3.--Incubalion periods and deposition dates of oriental 1Jcach-1Iloth eg(J8 at 

Riverton, N. J., 1926 


'l'H..... ;..;SFORMTXG INDIVIDUALS 

[neuhnl iOIl l1l'riods Deposition dutes 

Ill'oOII ~Indmum 1\<1 inimurn }i'irst Last 

!,~.~ 50<> jM". ,;';~,; :"oO" ;;}'" M,', : ,-"",,,,, MoO, JF'~"~ 
/-----II Days Da11,' Duys: Day" Days 1Day" ' Days ! 

First. ' ........ ' ...10. U5 O. i!l 0.88 I 11-1 1l! 4, .5 May J3 May 13 JUlie 26: June 26 

S,ec!'"d .... ·•• .... • i .I.~:l • 4.;,,:! 4.~~· U 6 1 3: 3 June 26 June 2U Aug. 8; Aug. II 
'lllJrd ........• ....1 4.23 . 4. _0 4. _0 0 7: 3' 3 July 20 July 211 Aug. .Ii I Aug. ]9 


All broOdS.. ·r5.3S-5~:17'5:"3~~ ].I --II--'-~' May 13- "'fny J3 Aug. Ji 1~\ug:Jij 

Wli\'TERIi\'G !i\'TJIVTDlTALS 

Third ............. 1 5.05 . 0.14 i n.04 S 8 a 3 ! Aug. 3 I Aug. i ISept. 25 !Sept. 24 

Fourth ............ : 6. i8 i 0.83 : O. SO II 0 .1 -1 : AUI!. 2i : Aug. 27 Sept. 24 Sopt. 23 

All broods""'ii:2il:Ii35!T27 --0- --0-'--3- -a:~;~Si!iit:25i Sept. 24-- .. ~- - ... 

Fi~~t.. .....~.... __Io. n5/0. iO 0.88 I 14' 11 i -I i ., 5 Mn;--;-3 T~[~,: J3 ':;:~~;; 20 IJ~6 
Second ............ 4.:l3 4.43 .1. 3R : Os0, i 3 3 Juno 20 IJune 20 : Aug. 8/ Aug. 11 

Third ............. 5.52 ii. flO 5. all I 8 a! 3 July 26 July 26 , Seph.25 ._SOPL.24..... .. 

Fourth ............ Ii. 7S o.sa, 6.80 0 ,JL .5.1~"I- Aug. 27-p-u!(;-:!;';gopt. 241 Sept. 23 

,- Alr'broiJ(fs --I 's'·71T5.77 5:7:'1- --1,-1 .-J-I --a- --3- ~1MiiYi:li8eiit.25!8eiit:24 
-.---~--*.- -. -~-~ .._-

Iii Ildh·jdunl. 
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THE LARVA 

Ol"ientnl peach-moth lnrvac range in length from 1.5 to approxi
mlLtely t2 millimeters. (Fig. 11.) In aU larval instal's the larvne 
POHS(,SS biting mouth pin·ts, three pnirs of true jointed legs, located on 
tIll' thol'llcLc segments, Imd five pnirs oJ fleshy fnIse legs (prolegs), 
loen~ed on the ventrnl nspects of the third, fourth, fifth, sixth, nud 
last Ilbdomiunl segments. The larva in its development cnsts its 
skin four or five times; consequently there nrc four or five larval 
instlu·s. The Humber of instal's is dependent upon the rate of growth 
of the Inrvn. With slow growth there IUC five instal's, nnd with rnpid 
growth, four instnrs. The rnpidity of growth is dependent upon nt 
~ellst two fnctors-tempcrature and type of food. More detl1.1led 
mforlllation on the numbm of larvnl instal's is given in an earlier 
publication (12). Larvne in all larval instal's except the last are 
white, with a black head and dark-colored thoracic and anal shields' 
in the last instnl' the 111.1,\,11. is Itt first a d.irty white or gray, but as it 

increases in size It gradually 
hecomes pink or almost red. 
It has been noted that 
mature larvae which have«rq__r~ ~~reolil~~i;c~o ~:s:ed (~~ 
pink) than larvae which 
have fed on apples or 
quinces. The head and the 

,FlOuln: ll.-Oriental peach.moth larva, lateral viuw. X 3 thoracic and ana] shields in 
the lnst instal' are brown 

(mottled). A small, brown, chitinized anal fork is present on the 
ventral aspect of the last abdominal segment caudad of the anal 
opening, and is most prominent in the last larval instal'. 

A newly htttched larva immediately seeks food. Even though small, 
it is active and can crawl a considerable distance in a short time. It 
proceeds to enter the first desirable plant tissue found. When snitable 
plant food is located, the larva spins It loose silken covering about 
itself, which probably gives it some support while gouging out pieces 
of the plnnt tissue. The first mouthfuls of tissue are set to one side 
unconsumed. The larva begins to feed when its head is deeply em
bedded in the plant tissue. 

Larvae tmnsforming during the summer require 6 to 24 days to 
complete their growth, the average time being approximately 12 
dnys. Lnte in the SCllson, when cool weather is n,lmost continuous, 
larvll.e (winteriu€:) m!ty require ns many n') 50 to 115 dnys. In New 
.Jersey nil wintermg larvae pnss the winter in cocoons so far as known. 
'rhe l'Iltl' of lnrvnl development and its relationship to temperature 
is illustl'lltNl in Figures 12 and 13. Ench point on the feeding-period 
curve is the average time required for nillarvne lUltching on that date 
to complete their development irrespective of the generation they 
may represent, while enco. point on the tempel'llture curve is the aver
age of alt tempel'lltures the lnrvae of a given date were subjected to 
dUl'ing their avel'llge feediug period. For example, 11 days wns the 
nvcrage feeding period for nll larvae hntching on .June 4, 1925, and 
the nvel'llgc temperature recorded for that, day was 79° F. This 
tempertlture was obtnined by avel'llging all of the temperatures for 
t 1 dnys, beginning ",'ith Imd following the hatching date. 



15 LIl?E HISTORY OF THE OIUESTAL PEACH MOTH 

'Wintoring lln'vlle mlly sometimes be found in the second gencration 
tlud lU'e pI'csent in Il.ll sllcceeding generatious at Riverton, N, J, 
In 1925 all of the first-brood larvae completed theil' development 
during the CUlTent senson, one indivldulll of the second brood was 

,,4fS-; s£.:c ~& e.~...-C'L' - ,<.lY.l, 

reOJ;r- r,r,·/RO BROOD 

4 
......""_ s.«c&\"~ - J.61S" rRAN""'/'VRI'f'/N~ ('7;)
L,....;'RV....-.r"...!", 967' .I~·AtT£R/..v6 rn:;;; 4ARVA£. 

1!'((i\'Ilt: 12,-Averngo feetlinll periods of trnnsforming anti wintering InrYllC of the oriental peneh 
moth compnreci with tho nVI.\rllge tcmpl'rnturt:'s for tho respectivo fceding periods, at Rivertou, 
N. J., sotLson of 1925 

11 wintering larva, and the succeeding generations (third, fourth, and 
fifth) produced successively greater percentages of wintering larvae, 
(Table 4,) In 1926 nll of the first and second brood larvae trans
formed, while 75 per cent of the third and all of the fourth generation 
were wintering larvnt'. (TobIt' 5.) 
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ori"lItul 1"'lIl'h moth {'ompun'd with lh~ tlwru~e tCIIlIlCmtllrt'S fur th" r~SIl<!cti\'C 
rt'(I\linH" Itt'rinds. at Uh·t'rton. X. J.,:..senson of 1926 

TAIH.~: .1.-P('u/i"(1 }If dod" (lilt! ha/chill(J dales oJ oriental peach-IIIo/h larvae at 

WI'cr/oll, i\'. J,. U);!5 


TlL\~"FOH'\Ll",(J l~DI\·lI)[·.\J.H 

Fl't'rlmg- pt.>nods Ilnt{'hinl( "utes 

;ll"xillllltn.\tinimlllll ~'irst I.nstBrood 

I'r- Fe· I "e.:.rul,' mnl(\ Hoth .\ In I,' mnl~ ,\1111,'; mnle :'1010 ,1fernnlc .\llIlc ; Fcmnlo 

Day.! ])(W! Day., Days Day.! Dav., , Day.• 

Firs~ 10.01 II. IT, 1O.Ml IS l!H 6' • .IIar ;! .\IIlY 5. Jllllr. 2S .lUll{' 28 

Second I2.0i 12.U2 12.·19 10 !H S, S JIIIIP' Iii June Vi AlJ~. 10 Allg. lO
Thinl 12.11 l2. Ta )2. ~I:! :t2 ~'O S· h; July IfI Jllly Hi SeIJt. r. BePt. [,
FOllrth ·I Ia.:!! la.S5 I:J. f}l f(j 21 ~. IO .•\111(. I~ ,\lIg. I. . Sept. I Sept. :1 .. 
 _ •• __ • __~.~ __ ._ a_~___ 


,llIoruods I II ••0 12.3,~ 12.0;; ~2 ~H 6: .\r.W :'Inr 5 Sept. 5 Sept. li 
-. ---- -~-.--" 

WI~'I'I';luxn 11\ J) I\'lI) t '.u.s 
:-;c('()J1tt II. f~) 11.00 II II .\ug. ~\ug. 7!
'['bird J.Im l-I.'7~ H.:lS !!I Z{ : Ii Ii .IUI(. i) .\Ul(. 6 Sept. IS ~i'iit:' ~iI
FOllrth 10. III Ib, ~tj W.()'l (II 1;., 0 () Auf,!. 17 , •\II~. IS St'pt.. 25 Oct. ..
r'lfth .. ·11.011 ,11. J.I ·11. 11 115 b2 1:1 10 til.,'(1l. IS ~l~Pt. IS' H"'J)t. ~ Oct. 16 

,\11 broods. 10.01 10.00 to (ft II:' S;'i S b '\II~. o • Sept. 2S Oct. 16 

110'1'11 'l'H.\~:4FOH;\lI:-:G ,,:-:D WI:-:'l'EIUXO 1:-: l) I \,1 0 ('AT,,, 

~'Irst 10. til II l~ W.SIJ 1~ 2·1 fl . .\llIY :I .\Iny Jj JUIH.' 2S June 2S
:-:('volld 12.07 12.02 12.~(I IU 21 I Ii S JUJl~ 15 Jurw 15 ,\tt!;. 10 ,\tt~. 10
ThircL 120:t J:t4-1 Ja.l~ 2'.! Ttl S h July tn Jttly W S('pt. Iii Rept.20

J,·I~ [jaFourth. Ui.H7 Irl.6U til ~s b \I .\tt~, 17 Aug. 17 Sept. 2.1 Oct. 7
Filth. ·11.tX) .JI. l~ ·11 11 II" S!! l!l 10 I:;cpt. I~ St'PI. 18 ~ept. 2,~ Oct. ~,(p1 

III hroocJS 12.7.) 13 10 12.0" 11:' S;; 6 .\Iny a ;llay 5 Sept. 28 Oct. 16 

I I individual. 



17 LU'E 1l1S'.rOHY OF 'I'HE OlUENTAL PEACH MOTH 

'['A\lL~: 5.-Feeding pcriod.~ mul lwlchill!1 da/(~s of oriental peach-moth larvae at 
!liver/on, N. ,J., lOBO 

'1'IlANSk'OH~lINO INDIVIDUALS 

Untohing !llltes 

Avcrngo Maximulll ' .\linituum First LnstBrood 

'CO"~ I":" ""', ",",~f.:,:: .:~ -~::,_ .-.rn"" M,', I"m~. 
j fJIlV.! ! DIlV., Dllv.1 Duvs I Duv.' Duvs Davs I 

~'lrsC . 14. ~I i (.I. i2 H.·I5, 2'i 21 10 III ~I"y ~'O iIIny 20 . July I July I 
~t'eOIHI 11.:'>-1 I 1'2.4·1 I1.UOI 21 Hl S S July 1: July 1 Aug. 12 Aug. H 
'I'hirll .• 1!"II~i !..:J.6n. _~~ ~_~lL':l___~ _~.~~y_~~i July 31 : Aug. Zll Aug. 2tl 

All broods 12. iO 13.57" 13.14 21i]' 24 Ii Ii ~IIIY 20 i l>lay 20 J Aug. 23 Aug. 2(; 
" 

-
I 

.~--. -------- -.-.--......~-

WIN'I'FiRING INDl\'lDlJAI,S 

'l'hIrd" • IS. 87 f lU. 11 I IS.lh)' 62 6:1 I 11, 11 IAult. 71 Aug. 121 Oct. 2"1 Oct~"'-2 
I"ourth 2'2. '>11 I 21.80 2'2. 1\1 61 liS 14 L4 S~Pt. 1 Sept. I Oct. 2 Sept. 30 

__.\.~~~IS ":_~~~~Ll!~ '~~i"""iiJ.U~I~62 1i3!-I-1:-1-1 Aug~ 71 Aug. 12 ~c.t. 2 J o.ct. 2 

00'1'11 'I'HANSI'lIIDUNG AND WIN'l'E1UNO INDIVIDUALS 
'.-.-....-~...-.-----.--~ -~ ~ "--.--~-~-~- " 

I'irst. -. . • .' H.21 (.I. n H.·1fo 2.';. 2,1 10, 10; l>IIIY ~'Il IMIlY 20 IJuly I July I 
~"l'OIllL . _ •.. i .IUd I:!. +I : 1l.!II1 21.: lU S , $: July I July I Aug. 12 Aug. 14 
'I'hlrd. '" , •• ' 17.:!7 17.7:1 i li."1!) 62' 6:1 1i: 10 July:1I July:ll Oct. 2 Oct. 2 
F(lUrLh •• ··."I~ ~1.~1) :~_6_I', 5.~ '_\'_1i_l'_'It>~pL. \ 8ept. I OCl. 2 Sept. 30 

_,~1~~~00(1~.15:0~.~~! I"~UOL~~ .~3 I._~ I ~ sI ~[!lY ~J!~'y 20J Oct..~ Oct. 2 

Winteriu~ larvne have 11 slightly longer feeding period than trans
forming lalYlle. ~L'hiR is illustrnted in J!'igmes 12 nnd 13, where the 
curves showing the Ulunber of dltys required for the development of 
llu'\'ito whieh sbuted their development 11t the same time overlap. 
1'ho CUlTe fOJ' wintering larnto in nil Cllses is nbovc that for the trans
forming lluTtle. If one. tllke8 into considerlltion the number of Inrvl1e 
existing in the period when both tl'llllsforl1ling and wintering larvae 
tU'e developing, it will be noted thn.t the feeding pcriod of wintering 
ltUTIlC is n.P(lI'OXiuultely one or more dn,ys longer thn.n thll.t of trans
forllling lal'vtle, 

THt: COCOON 

The cocoon (fig. ].4) is It silken conn'ing SPUll by 0. full-grown larva 
fot' its proteelion'during hibernation Ilud while it changes to and exists 
tiS II, PUpil. Aflel' tl[tuTtI. completes its development in a twig or fruit 
it usually (,Itts its wily out, drops to the ground by lllellns of n, silken 
tht'('[td, 01' Cl'llwls down the trec, Ilnd seeks a pltlCe suitable for spinning 
It ('ocoon. LtUTtH' which drop to the ground, or come out of fllllen 
fruit, spin tlll'it' co('oons on, under, or within some object 011 the 
gl'Ound, Wlll'l'l'flS !tuTue whieh t'l'n.wL down the tree may spin their 
('o('()ons on SOIllO ptll't of the tree. The eocoon avemges one-hnJf' inch 
in It'ngth ilnd tLu'(w-sixtcenths inch in width nnc! is made of silken 
thretlds und particlo::; of the objects on which it rests; these pt1rticios 
Illny be bnrk, pOtit'1l pul)('s('ellce., sllnd, LN1VCS, or ol het' muterinl. 
l'sulllly u cocoon is ('onstt'ucled in ~·l to 4H hour::;. 

In the SUI1WH'l' til(' ('Moons IU'C more frngilt' tlliLn UI'(' those of the 
wintrl'ing forms. The SlIllln1l'I' coeoons nHty be found Oil fmit, ill 
n.xils of twigs, und('I' pit,(,(,s of' bt\l'k, Ilnd in otlwl' sitllatiOllH. The 

lo:.wal-30--3 

http:t'l'n.wL


18 TECHNICAL BULLETIN 183, U. S, DEPT. OF AGlUCULTURE 

more subsLnntial wintering CO(~OOllS nrc found ill rough pinces on the 
tree, pIU'tieuluriy in the crotehes Imel under rough bark 011 the lirunk, 
If late varieties of peaches have been heayily infested, cocoons may 
occur in considerable numbers on the trunks of the trees ncar the 
ground. Old quince trecs with shaggy bark afford excellent hiberna
tion quttrters; frequently n dozen or more cocoons of the orientnl 
pcnch moth mlty be bunched together under one pieec of quince bark. 
Cocoons may I1Jso be fOtUld under flakes of apple-tree bark, when nil 
infestntion hils oeeurred in the Ilpples. 

Coeoons iU'{' also found in plltet's other thltIl on the host plant. 
Trnsh of Itll kinds undel'llllttth inf{'sted trees serns tlS hibernntion 

J;'IOURE 14.-0rientol peach-moth cocoon& nnd hibernntion quarters: A, summer cocoons on 
peacues; 11, wintering cocoons under quince bnrk; C, D, elllPty pupal skins protruding from 
typical hibernation quarters. 'l'wo-thinls naturnl size 

quarters. Cocoons huye lwen found on old dried peuches und quinces. 
After heuyy infestution of quine{' trees some of the lllrvtle spin co
coons inside of thl' fruit, neur till.' skin. Old dried quinces in the 
spring sOllletim{'s hl1YI' s1.-';: or 11101'1' protruding empty pupal shells 
11£tC!' all the ndults of the sprin!! bl'ood have emerged.

1.'he eoeoon period (1.'ubles (i and 7) for transforming individuals 
WI1S 8 to 3:3 dllYS, or an awrngl' of UPPl'Oximately 14 days for the two 
SI'I1S0IHi. Tll{' willtering-eoeoon period l'Ilnged from 131 to 307 days 
for thc two wiuttl!, pNiocls, TIl(' rclntionship between the tempera
tures I'xisting during till' Slllllllll'l' p{'riod und the length of the cocoon 
period is illustl'iLted in FigUl't's 1 ii uncl 10. The high points of the 
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tempel'atul'£' ClUTe ('Ol'l'£'spond for the most pnrt with the low points 
of the tilllo curve, The location of a given point on the cocoon
period curve indicates the avel'llge time required for all of the insects 
within the (\OC0011S formed on a given date to complete their develop
ment, The tempemture indicilted .for any day is the avel'llge of all 
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TOT.AL-06IS COCOONS' 

Fltlt'l,,; l;',~.\ vcm~c oo('oon periods of trn[Jsforllling individuals of the oriental pench moth COOl

IlUn'tl with tho average teIllllernturos for Lito r~spe,·tive Cocoon periods, nt Hiverton, N. J., season

of 11125 

tempemtul'es the cocoons formed on a given date were subjected to 
during their fiverugc COeOOIl pel'iod, For example, the fi.verage 
cocoon period for all coeoons formed on July 15, 1925, was 14 days, 
find the fi.veruge temperature recorded for that day is 73,3° F, This 
temperatul'c is tho fivcmgc tcmpemture for 14 dn,ys following and 
ineluding .Tuly 15, 
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F'wl'In: Ill. ·.\Wra~C "OCOOII periotls or tmnsrornling imlividulIlsor the orientlll pench moth 
eOlllparccl with tim U\'crngo tomperulures ror the respective cocoon periotis, nt Hivcrtol1, 
N ..1., s,'uson or 1!l~1i 

TAIl(;1-l G.-- ·Cocoon 'Periods (lnd cocoonin!l dales oj oriental peach-moth cocoons at 
Uil'I'I'lon, N .•r., 1.'12;; 

'l'RANtiFOlt:'r1NO IN[)I\'lI)IIAI~S 

Brood 

Cocnon periotis (prcpuplII IInti puplIl) Coeooning dlltes 

A vern~t'____\ .:'"xi:num I:'[jnitl1U~;! }'irst Lnst 

:0-[111" I ['el\1l1le 1I0th ;o,rllic' T~~~ie I "laic n~~~ic I :\!nlc Female Mille Femllie 

FlrsL 
Rc<,ontl. 
'Phlnl 
J.'ourth. 

! 

/JuV,' . 
13. .17' 
11.05 
II II 
la: ~I i 

I)ay" 
12. U:I 
la.02 
J.I. Oil 
1-1.:12 

lJllys~;a-u~ nuy.:l I)OY; 1;aU8j" .. 
I:I.IH 20 IH 10 U I:\[IIY 2·1 
1:1.77 lU 2-1 S U June 20 
H.22 :1:1 20 IO! In July 27 
1:1. UO 17 211 JO III I Aug.:11 

:.rRr 22 ' Jul>' 1I 
June 211 ;\ll~. 2:l 
July 27 ' Sell[. 10 
Aug. 2U nept. 12 

July 10 
Aug. 21 
Hept. 15 
Sept. 15 

Sept. 15 
_'_\I_I..~h_r_OO_{_IS_',~..I:,I_...~SI. __ ~I.__ ~~~._-=~_.2~_~~-1--0l~I;;Y-2.lIM.;;:i2.~ 

Sccond,. _ 2S7.011 287.00 
'I'hlnl. _. 2H2. (l.l 202.:12 
I'ourth .... - !It)..''\.t}.'l ~58, iO 
}'lIth •. ~iO. 1.1 2OS.~O 

AlllJrootls 258. an 2.,\1. ·W 
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TAlI(,g 7.-('0('(101/ 1u?rio(/s and cocooning dutes 0/ orientlll peach-molh cocoons lIt 

Ril'erton, K. J., 19;J6 


'I'RAXSFOH.\lINO INDIVIDUALS 

Cocoon periods (IlrepuplII and puplII) Cocooning dlltes 

, 
Brood Average ~rll.'{imum :\[iuimulIl : l'irst Lnst 

i 

:'lIllIe ! Fcmnlo Both 
 Fe· Fe·:'Irnle 1II11le :\llIle Male 

t mille: 

IIrlY' DrlV.' IIrlY., J)rlV.! ,Davs Vrlya Day.,. 'I" 
Vlrsl.. '. H.II-I I H.5:1, H.75 25 25 II (I I June -1 JUlie 11) .luly 15 Julr 20 
~~"'nntl " 1:1. oil, la. ,,2' 13.50 26 :11 II \) 1 .July 11 July.l3 Aug. ~>o i "\UI(. 31 
'I'hinl, . ((i.05 I Ill. ·17' W. 72 :13 26 0' 11 I Aug. 10 "\ug. 11 Sept. 6 I Sept. 13 

All bro()ds,:llo;1rlMll:i:&1!i:i-~3·I'-9---9i~ June In sept-:tll Sept. 13 , , 

\\'IN'l'l'HI;-.;'O I;-.;'Dl\'lDGALS 

I 
'I'hird. :J()'I :107 liS I 176 At;1!w 25 ! ..\ Ilg'. ,20 ! ~O\·. 27 No\~. 30Fourth. :!",,~ LIS 17S "elit. 11\ Sept. 171 No\·. 27 No\'. 212~\ 

-~--- -.-.- ... ~ 


All hronds~ 250.01 :155.00 2ij2.40 304 307 loS IiO 
 ,\ug. 25-:\;1;:20 P'o:'.:~ :.:o\'. ao 

THE I'UI'A 

Aftol' the Cocoon is completed, the 111lTn becomes quiescent, and 
gl'llClulLlly its bod" shortens and becollles thicker. The duration of 
this prcpupal stnge lL\'ernges 
thL't'c 01' rour dnys durin!! HlP 
SlImmel' (Tn,blt' 8), nftl'!' \~'hich 
thl' 111l'\rn sheds its skin, nnd 
a ,Yellowish pupn (fig. 17), 
about one-fourth of all inch 
in length, cn](lI'ges. If nlarnl, 
after ('onstnlcting 11 cocoon 
In,to in Augllst Illlel during 
fioptomlwl', does not ci1lll1ge 
to a PUpil within five to scn'Em 
da\'s, mon' than likely it 
wiil Ih-e 0\'1.'1' the win tel: Ull

ehnnged. Almost without ex A B c 
cepti'on nIl pupne fOl'med Int(' 
in the s('llson emerge liS ad til ts 

F!(\t'RE li.-Orientnl pench·moth 1111111\: A, laternl \'iew; 13,during the CUITent senson. ventral \~iew; <', do(sul vicw. X" 
So flU' ns known no orientltl 
peneh moth sUtTins the wintl'!' ill the pupal stage. idtor 11 pupa is 
formed, it g['fiduall~' turns r('ddish and becomes darker. From 24 
to 48 or more hoUl's before the ndult emerges the wing cnses of the 
pUpIL turn black, and IL few houl's pI'ior to emergence the entire pupa 
becomes dn.rk in color. At length the pupn pushes its way through the 
loosely spun end of the cocoon and the adult breaks the pupal shell 
near the ccphn,lic end along the meson, 

'I'he length of th!.' puplll stag!.' is shown for 1926 in Table 8. For 
transforming indiYicitlllls the minimum period is 7 days, the nm:ximum 
13 clays, and the I1YCrnge for the scnson is 9.81 days. For wintering 
indiyitiu!tl", which clllUlge to pupae carly in the spring the averllge 
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pupal stltge is 27.35 days, and the minimum il,ud ll1aximtun periods 
I),re 17 and 51 days, respecti\T(~ly. In the material reared for observa
tion of the pupal stlLge it will be noted, from the dl1tes shown for the 
vlLI·ious pel'iods, that there is not the distinct overllLpping of broods 
thn,t OCCllrs in the lit'e-history study of the OthOl: stages. This is due 
to the (nct thlLt only IL small pm portion of the life-history 1l1ILteriILl 
was allowed to spin up in shell vi ILls for observlLtion of the puplLl 
tm[lst'ormn,tions, and owing to the sClLrcity of cocooning individw1ls 
11t the beginning and end ot' each brood none was tl1ken for this pur
pose I1t thl1t time. The records for the pupal stage in 1925 l11'e in
complete, consequently they 111'0 omitted, yet the pILl'til11 records 
obtl1inedl1gI'ee ctosely with those for 1926. 

TAnLE 8.-Pre1JUpal Illtci1mpu/1lCriolis anci cocoonillll and pupation dales of orienta I 
1JCoch moths which formed cocoons in 1926 ,,/ Riverton, N . .r. 

Prupup,,1 perioll (from cocooui~g to "PUPIII11Criod (Irom Ilupation to emer"encc)
pupation} ~! -- ,--

Hrooll II Amllgo 1i\[11Xill~lln , ~~lli~,'_,.A,vefl~~__~:~::~l._l~~ 
! i !.. if! l 

I , Fc-: -. I i ~!' 1, t r'c- I ~I 1 ' Fc- 'M 1 ; Fe-' I' I I Fe- I' Fc-I1\11\ C male llot 1, ~ fl t.' IIlnl~:' n C male ~ .. 11 c: IlIl11c .Bot 1 urn e, mule I:\In C mulo 

~):,: n::: nay" ' [)av'!.' Days: Day. Duy. Day.' Davs DaV3 Duy. DClV.I';;'V.:!-/Jav.• 
First .. 
Second I 0).... .. __, '. oJ_ {,.;;J. • ._.. v.... . . ......, . ., '!:!. ~I:~ ;. :!.~i :11, .!!l! ~! ~. II t r,' ~~ ~. ~!',\ ;1), ~~I t~l' t·\: ~: ~ 
'l'hir(ll .. ,....'t.:I5 _'~~ ~:__O__O:_':__I~...:~.!!! 1l-00i~:~~__~ 

~'\~~,\ ~~l~i ;' i . '\ I \ 
third' a.77 3,;.1 3.75' nUl I 9.82 9.7U lUll la, 1:1 71 7 

'l'll,'rll '~I·ll~I;'·;-I~I~O=0"'5·.· ~,I" ~,,~;- 1_:;-0-- 1", "8 '10 ~p. 2-;:, ~- 'l~'; "II 511 ~2, 17 
' ":- ", -_... --. : - v _uu ,- uU - " .u., .,." I ". ' ,_.:",.1_ 

('CI~nonln!: tlates Pupntion dntes 

11roOll First [,nst l"jr:;t Lust 

~lnlc '}'cmnle lIInlcFclllnle Mulo - I F~~n'~~' 
---1 

First '•. JUliO I~ I June \0 July Ir. : .luh' 15 June 22 June 2·1 July 20 ' Jnly 20 
!illl'ond J July 15 July 15 Aug. IU : Aug_ 20 Jul)' 10 July 10 Aug. 24 Aug, 24 
'I'hlnll. Aug. IU Aug. 10 Sept. a . Sept. 13 Aug. 2\ i "\ ug. 21 Sept, 0, Sept. 15 

First, sN'ond, nutl I 
i 

third '. June IS Juno 19 S')l1t. a Sept. 13 JUIll' 22 ' June 2·\ Sept. 0 : Sept. 15 

1027 1 1027 1027 I \927 
Aug. 31 Aug. 31 Oct. 12 Oct. 12 I\lnr. IS I' Mllr. to 7o.10y 20 June'rhinl '. ________~____________'~____ 

I 'rrnnsCllrming: indh·idunls. , Wlnlering individuals; moths emerging ill spring Q111)27. 

THE ADULT 

The adult, the last stage in the life cycle of the insed, is a small 
O"rtlyish-brown ([useolls) moth (fig. 18) with IL wing splLn of I1pproxi
~ll1tely one-hal[ inch. The following description by A. Bnsek (14) 
agrees with the writers' obsel'Yatio.ns, 

Laspeyresia moiesta, n. sp. 
Head dark, smoky fuscous; face It shade darker, nearly black; labinI palpi a 

shade lighter fuscous; antennae simple, rather stout, half as long us the forewings, 
dark fuscous with thin, indistinct, whitish Itnnulations, Thoru,x blackish ,flls
cous; patagia fuintly irrol'llted with white, ench scale being slightly white-tipped. 
Forewings norlllul ill form; termen with slight sinuution below apex; dark fUSCO\IS, 
obscurely irrortLte(\ by white-tipped scales; costal edge blackish, strigulated 
with obscure, geminate, white ciltshes, four yery faint pairs on basal half and three 
more distinct 011 outer half hesides two single white dashes before apex; from 
the black cosLal intervals run \'ery obscl\I'e, way)', dark lines across the wing, 
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nl! with It stronf{ outw/trdly directed Wfive on the middle of the wing; on the middle 
of the dorsal edge the spnces between three of these lines nrc more strongly 
irrorated with white than is the rest of the wing, so ns to constitute two fnint nnd 
pool'ly defined, white dorsnl strcaks. All these mnrkings nrc only discernible in 
PNfect specimens nnd t(nder !l lens; ocellus strongly irromted with white, edged 

A 


j"I!ll"ltf: lS.--Atllllts of thc oricntJlI peach moth, dorsal \'i~w: A, With wings spread; D, naturnl 
position when at rest. X 7 

In' two broad, perpendicular, faint bluish metullic lines and containing severn! 
srnnll, (\('ep blnck, jrr('gular dashes, of which the fourth from tornus is the longest 
nnd pJac('d farthl'r outward. so us to brenk the outer metallic edge of ocellus; 
thl' line of blnek dnshl'S ns well as till' adjoining bluish metullic lines arc continued 
faintly nbo\'(\ the (J('('llus in a, eurn' to the laRt geminat.e costal spots; there is an 
indistillC't, billel> apical Ilpot nnd two or ~11l't,(' s1I11111 black dots below it; n thin 
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but distinct, deeJl black, terminal lin\' before the cililt; eiliu. dllrk bl'onzy fuscoua, 
Hind wings dark browl! with cosial edgc brondly white; cilia whit;ish; underside 
of wings lighter fuscous with strong iridesceut sheen; abdomen dark fuscous with 
ailvcry white underside; lo~s dark f\lscous with inner sides silvery; tnrsi blnckish 
with nnrrow, yollO\l'ish wlllte Ilnnnlations, 

Alnr oxpallse: j 0 to 15 1Il111. 


United StlLtps National lVlu8CUlII type 20(i64. 


M:111(~s (Lnd f('.tHales I'csemb\c oaeh otlHw (llosely. The 'female is 
usually 11 t,J'ille IlLl'gel'; this difTenmee is esp(wiali,,; notieeltble in the 
Itbdomon or the [elUfl.le when liHed with eggs, The (Lbclot'nen of a 
femltle is somewitlLt swollen, ILnd n, Cll'Cu[ltr depression 01' Iu'en. sur
rounded by It I'lUg of se,l1los OCUlU'S ILt tho postel'iol' end of t:he vontI-1t1 
side. rrho nbdomen or It male is nnITOW, poiutied n,t the end, nlld ben.rs 
n. s[iWlm IIlILl'k nt the postel'iot, end on the YtUltirn.[ Ilspect.. 

Adults nl'e most itetive nbout sundown. They lIllve un hToglllnr, 
up Imel dOWll, or ?i~?It~, Hight. In!ilw oreillLl'd they mil)' be seen 
darting ltbout the tel'minlds, Ot' new gl'owth, of awil' host p[nllLs. 
Adults ILl'e ommsionnlly VOl',)' Iwti\re in tho mjddle of the dllY; this 
seems to be pll.l'ticulllxly twe of the spl'ing brood. 'Whon continod m 
(j by 8 inch glnss JILl'S with moist Slwet nnd wltfim, moths were found to 
livo 3 to 37 dlLYs. (Tltble n.) The IWOl'It~O [en~th of lifo of Ildults is 
14 01' 15 days dlll'ing the summol', but in the spring ILnd [1111 they mny
li \Te lllueh lon~{'/'. 

TAIII,I~ !).,,-LI'I/{II/l o/li/,' /1/ adlilis 0/ lite orienlal perICh 'II/.()th (1/ fUllerton, N . .f., 
1[)25 l!lIrl19:JU 

Lellgth of lifo 

i\lotils 

Y"car [lrwt! , i\f,,,iIllUIIl ! MinilllulII 

i 

.\1111,\ PI)
1lI,,1~ : Both '\Inlu I FIl' 

, mull! 
I 

But II 
i ' i

~lnlt.l 1III"lelo
P ! ..,rulo

) 
1"0'

lllllie 

\ lVO. 
ill.'irst . ~~~ 

11)211 

•. ~~l'Olld 
'1'lIlr(/

! I~'nl,lrth 
, Fifth

'..114 
1'1'1111:FirSI 

e .'-i('{'lwd 
. Thinl 

FHth 

.I,)~, 

!!,m 
'.!s 

8SU' 
:121 
25!1 ' 
:1211 ' 

UI 
Oil; 

HPl'lll~ :121 
Vlrs!

!HI.'.!.) HJuJ lU21J ~1,'.('nWJ 
t'ol1lbil1(~d. 'l'lHI't! 

I"ourth 
, Flrtll 

51)0 
I'~I 
:1\7 

!!H 
I.S50 

Eg~ c\e\losi Lion IUiUltlly lH'gins 2 to 5 dnys u.t'tet' the femitlcs emol'ge 
I1nd oont,iUllOS for 7 to 10 dn,ys, 01' onm [ougel'. Unless the fetnltlo js 
1't1l'tili?od, [(,W 0\' no eggs will he deposited. The Illnximlllll llumbt'r of 
('gogs.ltre depositod when tho [r.(11.n.1('8 ILI'O ('xposed to sunlight It goodly 
portLO£l of the dn,y nnd 11Iwo Morss to plnin or sweotened wn.tm'. 

FOlnn.les deposit lOO to 200 01' mOl'e eggs. In ol1e soril'S of kinls 
10 [clUaks WOI'O plael'<1 in (\Mh of to di(I'Ncnt glnss jn.l's, G by S inches 
jn sixe, with 5 to 10 lludes in ('neh jar. The eg~ PI'Odlwtion per fClIlIl,le 
rnllgcd ftom HG to 227, und fLVNUgcd '148 for the en tire lot. :Possibly 
uudel' nn,tuml conditions more rggs per femalo l.night hnve becn 
(h~positod by tht'sC sllnte moths. • 

http:elUfl.le
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.\:(ost eggs lu'e· deposited late in the llJternoon, and deposi tion con
tinues un til an hOlll' after Slmset, On warm dondy days the eggs may 
be deposited eILl'lil'l' in the clay. Also some eggs mny be deposited 
just before sllt1l'il:l(', if the temperatLU'e is near 70 0 F. or higher. Prac
tioally no eggs 11I'P deposited ,dlel1 the temperttture dlll'ing the normal 
egg-cleposi tion pel'iod i" below 60 0 The most fn vorable temperatlU'es• 

seem to be between 70 0 and 900 , 

Temp(wa.tul'e has considerabk influence on the tim(' of day adults 
emol'gl'. 

0 
Enl'h' in the season or' elUl'ing periods WhCll the nights are 

eool (50 Ii'. 01: bdow) and when the mOl'l1ing hours al'e cool t,he peak 
of dail,Y emel'geue(' OCClU'S at noon 01' shortl,Y thereafter', whl'l'Pus on 
dl\ys wheu the night. and ell!'!." morning tempemtures nre [Ilidy high 
the Ildults eo me out eadieI', and the pellk of emergence oeeurs about 
n 11. m. A suddl'll eo!d spl'll of bn) 01' thl'ee cltlys during the period of 
I'lI,pid rll1m'genGl' will ('I1l'Gk the dllily enH'l'gen('e \'NT deeidedly for a 
day or two. 

;l'lH' loeation I. ~he eoeOOIl, pnrticul!lrly th!:' wintel'ing cocoon, 
inHucn(:('s the tim!' ,,," cmergenet' of the ndnlt. If the Cocoon is ex
posed to dire~t ~ur\light for a numher of houl's pel' dny the chances are 
that the ad nlt will ~'mel'ge much sooner than if t.h(' cocoon is located in 
II. com pletely shttded situation. J~igh t ra,\'S mn)' ha \'e some influence 
OIl til(' tir,\lfl ()j' 01llet'g(,llce. It is known t.httt the dil'ect rays of the sun 
make It \ .~rellt difft'I'Otlce in the temp!:'ra tu I'e of t,he en \'ironment 
wherp a Cocoon is located. This is parti('ulal'ly true of wintering 
conoons and is illustl'lltecl !lnd dis('usspd by the writers in a previous 
publication (11). Th!:' first spring-hrood moths emerge in th~ orchard 
about the time the fil'st pene.h hlossoms appear ~nd the leaves are 
bep:inning to form. 

'1'HE LU'E CYCI.E 

ThC'Iife (',nit' (Tables 10 and III of transforming iuclividurus for the 
two sensons l'Ilngps from 23 to 59 days, with sensonalaverages of 30 
and 33 days for the two sensons. Genernlly speaking, itn individual 
moth complt'tes its de\'elopm!:'llt in one. month during most of the 
growing senson. Tiw life ('yelp for wintering individuals ranged from 
232 to 331 dllYs, with Iwerages of 278 and 279 clnys for the two ,,-inters. 

l"ul\.~J lO.~ ·Life-('l/('lt' periods ILnd dail'8 of aduli ('lIleruence of orienial p('uch moths 
jrOIl' ('Uus dl'posileci ill J.g!!) at Hil'erion, X . .I, 

'rHA~SFOIDrIXO ISDI\·[()[·.\LS 

I L>UlPS of moth C'lIwrgl'n((,l 

Brood ~ft1'illlllm i ~Iinimll/ll First Lost 
IC~. F,', i ~ i F'~.~hll!' mnl(' Both ;\Ialc i 111111(' , • Il1ll': 111111(' ~In".' F('male .\Inll' Femul" 

if' 

lillY., DIlg.. ])IIY.. Davs I Dng.: DaV8 ' /)ays 192.} 1925 192;' 102,)

Jo"irst .. _~~~ ..... ~ :')n.as !.>O.56 ~O~·li 47 j ·10 i 2;{, 24 June:; June 5 July 25 .July 25 

Seeond_ •. _.. ao.w 31.0:1 aO.70 ·10: ~2 i 25 25 July 1; July S Sept. 7 Sept. 7 

'PhirtL .. ~~_,_ al.·1fi aL5i ~U.52 5U! ·12 I 2.) ( :.?Ii Aug. 10 .Aug. 0 Oct. 16 Oct. 5 

Fourtll. •• -. al.15 :1:1.07 32.33 a5 i ·1Ii! 211 27 "ept. II Sept. II ilellC 28 ON. 12 

All broods ·;ro.:1.i,~ -·3Q61-5iJr·:itir-23:---:T.I,~ "JW;;;-:;; 0Ci:!ii' 0ct:'IZ 

WfN'l'ERIXll 1:-;[)I\'l[)LU,8 

-
l(12tl JU2fj I 1926 . 1921)Seeond :lOa 00 aoa.oo 303 ..... _ a03 June I ...... _.. _, June I !.._...... 

'I'hird. •. 2.~I. OJ ",f' 17 2SI.53 :117 :12.<, 217 2.;2' :'Ioy Iii May 16 I June 211 'Jul~' P 
.Fourth. • . 270. is!] iii::w 271!.S7 325 :l1S 2H 2·11 .\IIlY!O ~IIlY 20 July 5 I July Ii 
Fifth ....... 25fl.!lO 2i>1./H 25n.IJO 271 20., 2·14 216' .\In), 22. ;\Ioy Ill. June 11 . June 12 

All broolls -!!7!l:-;j~':i~;;-' 27!1. VJ ""3:?l:i2:.,-:iii-iii~!~ .JUly [':J'i'iiYU 
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TAlll.~: ll.-Life-cycle periods and dates of adult emergcnc(; of oricntal1)each moths 
from cggs deposiled in 1926 at ll·iverton, N. J. 

'I'RANSFORMLNG INDl\'mrA LS 

Life·cycle periods Dates or moth omorgonce 

Avcruge l\(axilDum I 'Minimum First LastUro",1 
--I'~-i ' ,------;,---1 

'[ I Fe· D I 'f 1'1' Fe- I '[ I ' Fe- I '[ I F I '[ I F I ., a 0 malo ot 1 "a e, malo: " n e I' malo! "' a 0 olDa 0 " a 0 ema e 
) I l ... -- .. ····-~1-;~~8- DaV8 i DaU8 Da;;';1 DaV8 ;a;I-1~~;;-- -~~;- -~;-

First. __ . ___ • 36.12 36.05 I 36.08 50. 51 I 29 29 June 23 June 28 Aug. 1 IAug. 3 
Seconu. _____ ~'1).4-1 :lO.40 i 29.89 t 44, 48 24 25 July 24 July 25 Sept.17 Sept. IS 
'l'hird. ______ 33.02 34.41; 3·1.00, 5a 47 26 28 Aug. 23 Aug. 24 Oct. 61 Sept. 26 

All broous.I--:I2.8o -M,:33.05"53" 5lL_~r 251 JU,:,~~1J~~ne 28 Oct. __~ Sept. 26 

WINTERING INDIVIDUALS 

, I ) I : . 1927 1927 I 1927I 1927I' 

'I'hird. _____ J 279.57 284.42! 281.87! 3241 331 i. 232 243 May 11 May 11 July 17 July 21 
Fourth ______ " 268.41 !~L=~~I~~,~ May 13 May 23 July 3 July 11 

_~~~~OdS-: 276.20 1281.30 i 278.65J 324, 331 I 232, 2421 May 11 May 11 July 17 July 21 

TABLE 12.-First and last dates of spring-brood emergence of oriental peach moths 
in 1925, 1926, and 1927, at Riverton, N. J. 

II 1___ Dates or mot~ emergence 

'l'ype or inclosure Year ' First 1 Last 
I , 

____: _______._____________ , Male Female ~l FemaleIScreened insectary anu outdoor Cages-------------------i 1925 i Apr. 13 Apr. 13 June 19 June 14
Screened lllsectary ______________________________________ ; 1926 ! May 15 May 16 July 51 July 9 
Outdoor SCreen cnges ___________________________________1 1926 ! May 4 May 4 I June 13 June 22 
Screened insectnry ______________________________________1 19~ May 11 May 11 IJuly 17 July 21 
OutdoQr screen cages ___ --oo.---------------------------i 192, Apr. 7 Apr. 11 June 11 ,July 2 

--,_.- ---~~--.~-----'--__....:.__----"__-

The relationship betweeu prevailing temperatures and the length 
of the life cycle of transforming individuals is illustrated in Figures 
19 and 20. The location of a given point on the time curve indicates 
the average time required for the individuals from eggs deposited on 
the given day to complete their life cycle. The temperature indicated 
for any day is the averuge of all temperatures the individuals starting 
on that day were subjected to for the period of their average life 
cyele. For example, the average life cycle for all the individuals from 
eggs deposited on June 24, 1925, was 30 days, and the temperature 
recorded for that day was 75.4. This temperature is the average of 
all temperatures for 30 successive days starting with June 24. 

GENERATIONS PER SEASON 

At Riverton, N. J., in 1925 there were five complete or partial 
generations and iu 1926 four complete or partial generations, as shown 
in Ifigure 21. This chart also shows the beginning dates and the 25, 
-50, 75, and 100 per eent completion da.tes of moth emergence, egg 
deposition, hatehing, and eo('oon formation for each generation in 
1925 and 1926. 

http:broous.I--:I2.8o


LIFE HISTORY OF THE ORIENTAL PEACH MOTH 27 

TEMPERATURE AND EFFECTIVE DAY·DEGREES 

The chief l'NISOn wlw t.here was such a decided clifference in the 
number of generations and the dates when the various stages in the 
se \'I~ I'lIl generations oce ul'red in 1925 and 1926 was the marked 
ditrol'ence ill temperature dtu'ing the two seasons. Table 13 and 
_Figure 22 show the decided contrast. In Table 13 it will be noted 
that June, July, and September were warmer in 1925 than in 1926. 
This was p/trtieularly true of June and September. From May 1 
to September 30 the monthly mean temperatures for 1926 averaged 
3.3° lower than COl' 1925, the total of the effecti.ve day-degrees (50 to 

78
( \ 77 

,f (' 76
'v \i-r' i'.--7',.... 7.5" 

~--~ - - """ 74 
"'\I-V- r--' 7.1111

_. - - I- "- 72 !!JIfI- '\ Ir- .......

l-I- f--- 7/ ~ 

yrl- '\ 

"" I 

70 ~ 
11\I--t( 69 ~ 

01- 1-1- - - t--- c---- - f--
I 68~ 

I--- r-f- - r--- 67 ~ 
'8'--~c\ - - 66~ 
7 -~ /\ 6.5".'-- " 

~L'6~1f-
I 

tU-I 

:5- I- -r--
I 

I 63 
- t-- I----. 62 

I I ..11 \, ~ I_I
:z ¥\ 


.3I 
,V\ 

'-'~,- -IV id I "r1 "-
Ij 
I 


\- .. - 1\.30 ~~ I, \ I f)J-, 
:-~Jl~ _L 

'V 

Z 9 \ f- V i--' 
Z :81-f- r.\: ,J 

--T.c:NP.c:RATVR.c:
---I-' t--r-- -.2 71-- t-- '-r-- --j'--f/'i'.c:rr;-CLfl-r-

ze ~ JP. ~ 10 1,;,cO ,c,; .3{, ~ 10 1';,cO,c,;.19, ~ 10 I'; ZO Z';.11(, ,; 10 1,;,cO Z,; Sf 
A. le. NAY o./v/v£ July At/G. 

• F/RSTBROOO-1.2~0 t FOVfT#BRoof-67 

S.c:COAl,o 8/2000 -/,49$ ... 

, T#/RO 8ROOO-80'!] 

TOTAL. -06/$ /N..:>£CT8 

FIGURE IO.-A\'erngo life cycle, egg to adult, of transforming individuals of the oriental pench moth 
compnred with the lweruge temperatures for tho respective life-cycle periods, at Rivertou, N. J., 
senson of 1025 

86° F.) for this period in 1926 was 333.3 less than in 1925, and the 
monthly average was 66.6 effective day-degrees less than in 1925. 
In 1925 there were 66 days between May 1 and September 30 when the 
tempel'atme exceeded 86°, while in 1926 there were only 19 days when 
the temperature exceeded 86°. The monthly mean temperatures were 
taken fro111 the \Vcather Bureau records and from temperatures 
recorded by investigators 'at the Japanese beetle laboratory. The 
accumulated effective day-degrees (50° to 86°) in the insectary were 
figUl'ed from 12 readings taken from thermograph records for each 
24-hour period. In Figure 22 each point on the curves indicates the 
average number of clay-degrees above 50° for seven days. These are 

http:1';,cO,c,;.19
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uscertuined by udding tho day-degrees fo)' the three previous days und 
the three following dn,ys to those of the i;,.iven date and dividing by 
seven. 

FIGUIlE 2Il.-Anrngc life cycle, cgg to adult, of transforming individuals of the oriental 
)euch lIloth cOlllpar~d with the u\'crnge temperatures for the respective life-cycle periods, 
at !tiverton, ~, J" Seuson of IU26 tt, 

TABLtl 13.-Comparisons of temperature for" 1920. and 1926, at Riverton, N. J. 

Menn telIlperatures ElYective day-degrees 
-------·---------7---I-~- ..~·--------,-----· -.~ 

I II 
.Month 1More(+) , l.More(+) 

19°,5 1926 \ 0" l~ 1925 \1926 I or l~s- 1 (-) III , (-) III 

---'--._____I~ __._.---'~ 
o P. 0 b'. 0 F. 

Mn~'___________________________ .. ____ .. ___ 5Rl 59.7 +0.6 358.4 346.7: -11.7 
June______________ : _______________ •• ______ ' 76.4 65.2 -ll.2 722.1 473.9 f -248.2 
Jul~'------------ .. -------------------.---- 73.6 72.6 -1.0: 720.'\ 692.4, -28.0
AUb'lISL.________ . _________________ .______ 72.1 73.0 +0.9 [' 653.8 696.8 I +43.0 
September. _____________ •_________________' 70.4 64.6 -5.8 538.3 449.9 -88.4 • 

T~taL--- __ .. -..--- ...-------.-----' 321.6 ~1----=-W:Si 2,~93.0 2,659.7 '/' -333.3 
_ A\ erage_____________________________ : ,0.3 _ 6,. 0 __ .~_3. ~L ~~8.~__ ~3~:~.l_=~ 

In the detuilNl life-history study of the orientul peuch moth no 
serious attempt wus made to control temperature and other factors. 
However, careful observations were made on the development of the 
insect under insectary conditions (see WMethods. and equipment," 
p. 2), nnd continuous records were kept of the duily temperatures 
hy thermogruphs unci muximum and minimum thermometers. Most 
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'01' the information presented bearing on temperature is based on these 
observations. 

In 1922 Glenll (1) pllblished a pnper on the relationship existing 
between efreetive day-degrees and the dl'\~elopment of the codling 
moth. Gleun's papOl.· has been subjeeted to considerablp criticism, 
yet it showed the decided importt-mce of temperature ns a factor in 
the development of the codling moth. It also showed for the first 
timo that in general the efl'ectiv(' dpgl'e('s for the development of the 
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FmUIn: 21.-Summnrizcd Iifc-hi!;tory chart of the oriental peach moth for 1925 and 1926, at River
ton, N, J, 'L'hc triangular llgures shol\" tbe beginning dates and the 25, 50,,75, and 100 per cen t 
completion dates of adult emergence, egg deposition, larval hatching, and cocoon formation for 
the several generations in ench season 

('odling moth were between 50° and 86° F.; the 50° being the theo
retical zero of development and the 86° being the degree of maximum 
rate of development, and every additional degree above 86° retarded 
development at the same rate as every advancing degree below 86° 
accelerated development. In other words, to ascertain the number of 
effective day-degrees needed for the development of any stage of an 
iudividunl only those degrees between. 50° and 86° are favorable, and 
corrections should 1)(' mnde for all temp(lrnt,ures above 86°, 
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In these studi{'s ('xtensi \'0 ~nd intensive use has been llIade of 
Glenn's idt'uS and theories, and the results han' proved to Ill' most 
interesting. Table 14 summarizes the results obtnined when the 
idea of cffectiv!' duy-<\(>grees WIIS appliNl to Inrge numbers of indi
yidulIls of euch stllgl' for two seasons. 'When it is considered that the 
two sensons of 19.25 lind 1926 were ('xtremely different from the stand
point of tempcrntun" it is rllther significnnt thllt the average totlll of 
effpetin' dlly-degree's for the two sonsons should so closely approximnte 
puch other for nil stngt's. This fnet niOlH' indien-tes strongly tlmt the 
50° to 8(1° rnngp is npproxillllltply {'olTert foJ' the orientnlJHlIldl moth 
and further emphnsizl's tlH' dose rcilltionship existing between the 
('odling moth nnd the orientnl pPl1eh moth. 

J7·· .-~- '--rr-T-rr i 'I I ! 1 1 
.35· ~-~. '. --r- 0- -+- + .,+ ... ~.>o -+ ."--t ...~+~--~~-l 
J,3 .~ t : ~ ~ ~ ~ + "+ 
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.i,.cs:7£'N~"" 

/.92.5-
:9~6~--,,--: 

Ftoa'HE 22.--Cornpllrison oC ;·<in~·lIver!lges or the(lnY'llcgrces nllo"1) 50· F., Crom ;\1,,;, 1 to October 
15, for l!J25 and 1U:.>a, in tbe tnsectary at Riverton, K. J. 

TAUl,': 1·.1.--.1 I'el'ugc Humb,'r oj effectil·e dlly-degrees (50 0 1086° P.) needed to com
p/elc lite deve/o[ll/lmt oj Ihe scveral stages of the oriel//(Il [leach 1Il0th -in l!JfJti (Il1d 

1lJ2fi ill CIII OIJen screcn if/sectary at /liver/all, "y.•r. 

;);lImher or ;:..'lIrnher oC etTective dll~'-
individuals degrt~S 

Item Period ~[ore (+) 
19211 1926 or less 

(-)ill 
1920 

.\ l'nob~er\'C,1 hnlr day oC incubntion 40,210 23,507 10.4 8.7 -1.7 
period.

E.~. { 11 Ohscr\·,'!1 part oC incuhnlion perioll '_' 40,210 23, [,0-;- [l<J.6 102.1 +2.5 
(' Enlir(' inClIbntion period"" ' ••• " .... 40,210 ~{,507 110.0 110.8 +O.S 
n n'C<iing period or t.rnnsCorming Inrmc. 3,270 2.:100 278.3 27;~ fj -.7

Lnrm ........ { 
 E r~e('din~ periotl of wintering Inrvne~ .. ~ ... 92\) 1,5.12 2"l1.O 2$2.4 +1.4 
CoCOon (lnrm Coeooll period oC transCo!1ning indio 3,-I:n 2,270 304.6 :\00. i +2.1 

nnd pupal. \'itlllnis. 
LiCo cycle } 0.' LiCe (·yelo oC transCorming imlividllnls. 3.270 2.267 1l~4.0 694.4 +0.4 

I('!! g to II J.Ir~, cycle oC lrnnsCortning IlIdh'idllllls (I) <'I toll2.9 1695.1 +2.2 
adult). (C, I), nnd Fl.l 

- -.,----"""'--,--~.-.~ 

'This item (lI) includes the records oC trnnsCormiul; imll..i(hmls which rQJllpl~t(',1 nnl' stnges. wherellS 
lhe pre('l'<iilll: item «(1) I,; based on the records oC those tr:l!IsCormillg illdlViduul, which completed nil stnges 
or lh,- lire cycle. 
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YllriOlls rllll~('S of telllpem.tlll'p, 50<> to 84° F" 50° to SHo, 50° to 88°, 
and 50" to 90°', nncl itlso oth(,I' rnng('s with 45° to 55° ns tIl(' minimulIl, 
W(I['C uspd to detel'lllinc the cfl'petiv(' <lILy-dcgrees fo1' the scy{u'1l1 stages, 
In gOlleml, tho 50° to 8Go gnvc rcsults most nearly alikc fol' the two 
St'/lsons; eOnSNlul'ntly till' writers luLV(' IlsSUIll('d thltL this runge (,OIlles 
nenrest to being eOITP(,t. For the suke of bl'e\'ity the l'CSUitS of this 
l'Ilnge nre the only on('s IH'psenipci, (TitbIt' 14, 'j Tubles 15, Hi, 17, 
alld 19 show t1w pxl('nt of \"IlI'illLion in the number of en'I.'('tin~ dl13'
degrees 1ll'('(It'd to ('oIllpl('l<~ til(' d('V('lopnwnt of the 1'espectiw' stnges 
by tlw Yilrious illdi\'iduills Oll til(' bnsis of IL 50° to SGo range, 

The tWl1I:ng(' jneubllti.on periods of the ('ggs (Tllbles 14 nnd 15) few 
the two sCHsons, ('XPI'('sscd in efl'('etive dny-degrees, were noo il.l1d 
110.8°, r('sp('di\'l,ly. Thus thl' difl'ercnee in the Itvernge totnls of 
l'fl't'etiw' dll,V-dl'gl'p(ls for til(' illcubation period in 1925 lind in 192() 
wus 0,8°, or 11 difl'PI'ltlll'l' of less thnn 1 1)('1' ('cnt. 

Tn 'J'nbl('s 14 Ilnd 1.5 the entire in('ubntioll I)('riod is subdivici('d into
two parts; thl' II II 0 bSl'lTed . half ti,LY lind the ohservcd period, This 
is dlle to till' method lISNL in biking 1'('('0I'd8. All deposition und. 
hntehing rl'('ol'(ls \\'('1'(' mnde enl'ly in th(' morning of each dn,y, and 
('XpCriNl('(' hus shown th/lt nenrly 1111 ('~gs IIl'e deposited nbollt sunset. 
To obtuin thl' I'omplet(l r('('ol'd of efl'l'eti\'(' dny-dt'grees for IIny Jot 
of ('g~s, it WIIS 1l('('(,SSI1l'~' to tnk(' illto ('onsiciemtion the time nnd 
('fr('ell \'P dlly-c!t'gn'(ls o('('llrrillg betw('ell Lhe d('position 1111(1 the first 
obst'n'ntiOIl. ~ill(,(' it WtlS impl'lH'tieHI to mnkl' observntlOBS on tIw 
('xnet. tinl(' ('Heh t'gg \\'IIS deposited., it WHS ('stilJllltNL tllllt nn 1\,vcmge 
of ] 2 hours ('lnpSNI for nil t'ggs hetweNl the time of deposition nnd th(' 
fil'si ObSl"Tlltion. This period hns b('('ll l'11IIl'd til(' llnobsl'lTNI hnlf 
dny. ('onseqlJ('ntly, to obtnin tilt' l'ntil'(' in(,llb'Ltioll period, it is 
ll(l('('ssnIT to Ildd till' 1I110bS('I'\TNI hull' dny to til(' ObSl'ITNI lH'riod. 
Th(' lI11obsl'J'\'l'd IlIllf-dny pPl'iod is nlso ('ollsid('red in dptl'l'mining th('
lifl' ('yele, nlld it i-:: ill('ludt'cL in th(' fig-uJ'('s :-;howl1 in Tnbl('s 14 nnd 19. 

'J'AB[,g 15.-·XIl/l/lm 0/1'(1(/., oj {Ire oriell/u/ ["'(I('1t moth !chich cOlI/pleted Iheir illCll
IJlllion period "l/'ililiu gil'f'/! !'(lIl!lCS oj ('jJCCUI'I cI(I!I-d('!lrcr,~ (llId (It I' (//'crar/C Ilu/IIber 
oj ejJectil'!' cI(l!l-tll'(/n'f,~ required (It [{il'crioll, .Y. .r., M(lSOnS oj [fUfj (lnd lfI.!1i 

Eggs Eggs.'1)- S4.0. 
7'1) 00,,'i- ~U.!I 


tlO- IH.U • 
 S21 O:j()'
.i,S:I:I <)253tiS-- fl9.!L_

IOIHUI.U .. J2,1113 6: 526 
ll, ~S4 5,601 


11(Hll.!l 

IOf,..lIl1l.11. 

O,tl42 .l, i5S 
1,fi6;, 1,825-Jl;... 1l9.U .. 


1~'O-1:!.5 .. 
 111 i25 
35t] 192 

Total. . 
2:J,50T 

VI/v,degrees DI/v·degrwr..:\ verngo llumh(.'r 1)( ('Ir,,"~tlnl .Lty... ll'g:rees for obServ('d period. _ __ . ___ ~ ~. ~ .. M" nu. n 102. 1 
.A vcrlige numher of ojrllC'ti\"t.~ tla~~II{'grees (or 1J1lohscrv('d hair-day IJenod ~ _.. ____ . _ 10." 8.7 
Avern~e Illllllb~r or elfc('llw Ihly~legrces ror entire period.... ,_. ., ._. UO.O 110. S 

'1'11(' f('eclill~ Pl'I'illd of' trllllsf'ol'lning ilUTllt' ITllblcs 14 nnd 16) nve]'
ng('d 27~,8 and 2ii,li ('fr('eth"l' dn,\'-dpgl'('cR in 1925 nnd 1!)2G, whercas 
thl' r('('(lin~ lH'dod of wintering' IILI'VlI(' n vl'l'ngNL It littl(' hi~dlCr, 2S1 
Illld 282.4 rfl'('('ti \'I' dn.,'-d('gt'ees, Again til(' l'l'slILts for the two sell
sons I'Nielllhl(' I'll I'!1 nth('1' ('los('ly, th(' nll'intion })('ill~ I('ss thon on(' 

http:IOf,..lIl1l.11
http:jneubllti.on
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bilH of 1 p(\l' ('('nt for b()th tl"llllsfonning aud wintering larvltC. The 
difrcrene(' in th(' efTeetiw dny-degl"Ce requirement of willtming aud 
tmnsrorming lalTilo suhstltntilttN., the results shown in FiglU'es 12 
uncI 1:3, wh0 1"(' it is ('yidNlt thnt wintmincy lalTfle f('ecl 10n"er than , . ~ ~ 

trnnslol"llllng IluTil('. 

'l"\IIJ,~; UL·····.\'ulll/Jl't of tr(ll/sforming (llld winierillgiart'(le oj til(! oriclltal pellch '/I!oth 
which compifled their fel'r/il/(I prriod,. lI'ithin (live!! ranges of rjJl'clit'l' day-degrees, 
(lmllhe (/L'e)'a!/I' numbe)' of rjJl'£'lil'r tiwI-lil'g)'ecs required, a/ /fica/on, K . .J., 8ea,~OI/S 
of l!JJ:i III/d UU'" 

'rransrorming Inn'ne i Wintering Inn'fie 

. I 
U}!!5 I02G 1020 

...Vumber t ;"~umberol Nllmber Number 
U~I~'O'J!l Ii 0 0 
~1()···2LU.O s· 0: 20 0 

105~ I 17 0
i~~-~~~:n 2U" 71 : 70 0 
21(~-2I!Ht SO' 53 67l')f) : 

2.oo-·~U,\) 131 : 183 0 120 
2tj(}·!!t)U.O 376 ' ·120 121 2~8 

'" 27()"'!!7U,n 0-11 5:iO 20\1 :11. 
2S0-2SfUl 400 205 2f>S 251 ,
"''1li)-'..~l!HI 1;39 373 [~, Z15 
300:IIl'J.U 3·1(\ 213 Ul lSI 
:1I0-:l1!1.!l ltD 169 5 70 
3:)Hl'..'\).9 8·1 0 3 31 
3:10,1100 20, r. I.; Ij 

'I'tllal :1.270 , 2.30U 92'J 1,5321

DlIv.Jegrees iDlIv·degrees .DlIg.Jtyrees DlIg·degrees 
'. , .... ~ 278.3 , 277, (j 231.0 282.4-
I! I 

TIll' cocoon period (1111,\,11, pl'OpUpn, fmd pUpIL) of t1'll.lls[orming indi
yidunls (Tables 14 n.nd 17) ftYerug('(l :304.u Ilnd 30u.7 efl'ective day
degrees for 10~~) and 19~(1. This stage showed the greatest variation 
of nil till' stnges 1'01' the two ycal'S, yet the difference WliS less than 
1 1)('1' cent. p, A. Glenn hil3 shown that the pupal stnge of the codling 
moth hns an efrectin' dn.y-degree !'!Luge of 52 to SU. It is probable 
thnt if a similttl' COl'L'('ction could luwe been mn.de the results for the 
two YCflrs rnight have been rlos('r. Unfortunately continuous records 
on the pupill stt\ge [or 1925 were not lllnde; consequently a separate 
zero of devplopnlent COL' pupnc could not be ascertnined. 

T.\III,E; 17.~o<Nul/lbl'r of oril'lI/a[ /ll!uch moths which COln7)ide(1 lhd·, cocoon l)criods 
wi/hin given f(wgcl! of ejJecti!'£' day-degrees, (lrld the average number of ejJective 
day-degrl!es, IUl'l!r/on, K. J., seasons of ,1.9f25 mull .926 

Rnng~ or elfective tlt1y·tl~gl\'es 192;) 1921j 

Cocoa liS Cocoa liS 

25S-259.0 • .... . • .. ....... " .............................._.. 7 0 

200-260.0_ ........... " .............._................ lIO 9 

27!l-27U.9.. __ • ........... .. .. _.. .. ................_........................ 16t 40 

~2S9.9 ............... _................ _.... __ ............_................ ~_lltl i ~ 

_mr2W.9 .......... _........................................................ . 

300-a()tJ.04 ... ~._ ......... _..... ~ •• ~~" ..... ~ .. _.~~._. ___ ~ ........ "' __ ._~ ...___ ~ __ ..... ~ •• _.. i721 773 

31()-:.I19.U .. ~ .• __ ... R~~~ ..... ~ .... _.......... _.. ..,_ ....... _... ~_ ...... R._... 1,595 555 

32(h1~'\l.9 " .• "....................................... ... ISO 174 

33!l-a:11.9 ..............................................1___-1_°,____10 


3,-131Tottll ••.. 

Dag.Jegrus· Dau.Jegrf.t8 
A ""rul(II nllmber or etT('ctiw ,It\y·d~grccs ... _.__..........._.................... :104.6 I :100.7 
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The influence of etrective day-degrees on wintering In.rvae and 
pupae in cocoons is different from that on transforming individuals 
in cocoons, for it requires many more effective day-degrees to com
plete the deyelopment of the stllges within and produce adults. At 
one tiJll(, it WflH till' opinion of till' writers that the avel'llge of accu
nmlated e(r('(·tin~ duy-degrees in thl' spring of the yen,l', starting with 
,TIUllll\ry I, would be the same for wintering mllterilLl in any senson. 
Appn,rclltiy thif; i" not til(' case, for after trying zeros of development 
from 45° to 55° F. and figming the Ilccumulated degrees aboy(' the 
Z('I'O points fllr c\\ch individual and iwemging thl'lll for the two sensons 
undel' considerMion (Table 18), it wns leitrned that the avemge 
efr(w,tive do,y-degree requirement for the spring of 1927 was more than 
1.2 pl'r ('('Ilt higher than 1'01' the spring of H126. In calculating it was 
ICILrned thiLt chn.nges in til(' maximum d('gn>(' of devclopment for the 
spring of the year had little or no efrec~, 1'01' there WC1'(, but two or 
tiu'('(' dll.ys when the temperaturc WllS hIgher thu,n 86°. 

TAIH,g 18.·--·t!l'(·rll!/(' number (If ejJl'clil'(' day-dcf/ru:s f!lsillg l'ariolls ranges) 10 which 
Ihe tt'i.II/('rillg ('t)(:OOIlS th/lt produced molhs u'('re ('X posed duringlhe dormallt sea,~olls 
of !O;!ii 26 (l1I1i 1[):!(!J-;' in the insectary at Nit'erlon, N . ./. 

I 
EtT~ctivc Dormant ~~"In.."oui

(illY, Ihunj :lllJr~ iT) or I,'ss (-)dern,>(1 in lU2H-27 rungo \ Tinu:.~ 192,5-26 lU2t}'27 

Effectivt EJJ(CtiVf i Efftttive 
oP., I ' . riov-degree" l!flV·r1tgru8 , t/fly·r/furra I Per cellt'f.\ .. '\ Sprmg_ .••.• - - "'''-o..-- 802.2 \1:16.;' +131.3 +16.7
45-80 \IJ .. ],'IIIL................ _...... . 
 5S3.1 5(H.O -79.1 -13.5 

1.:lS5.3 1,440.5 +.15. 2 +3.0 
545.0 (;:13.:1 : +88.:1 +Ul2~80 ;{g~::l ~&I~~:··:~::·::::::::::::::: 380.5 3:32. !! -4S.3 ' -12.6 

o.. ~: ... \ l}otJI••. __ .......... _____ •••••• \)25.5 965.5 +40.0, +4.3 
'{("'" Sprmg ..... __ . __ .• __ ..... __ ..... 459.0 529. t) +70. fi i +15.3 

325.5 27:1.4 -52.1 -16.0
52-86 ! r:::ili~t'li:::: .. :.::::::::::::::::::::::: 784.5 80a.0 +18.,; , +2.3

ilL..!' ~pring .•. _......................... , 349.4 :19·1. 7 +45. 3 ' +12.9
55-S611K... FIIIL.... _.... _....................... ' Z325 HS.S' -8:1. 7 -36.0 

, L ••• , Doth••... _._ ................ _•••••••• 581.9 ' 
 543• .5 , -38. 4 -0.5: . __.• J ' 

Sinc(' therc s('clllcd to be IL more or less consistent variation in the 
accull1tlliLted effpc:ti,'(' dt'ty-degre('s for til(' spring of the year for the 
two sensons, it WitS thought tlwt the. accumttlated effcctive day-degrees 
in th(' filII of the yellr might h:we hud some influence on the develop
ment of the wintering IlllTae; consequently these were ascertained. 
The effective day-degrees froll1 the time the cocoon was constructed 
in the ltLte summer or fnll until Jnnuary 1 WllS figured for each indi
vidual and the nvernge determined for nIL The averages for each 
zero of development .tn'e recorded in Table IS. The average of 
ncculI1ulated efrective dn.y-degrees for the fl1Jl of the year of 1926 is 
consistently Jess (by 12 per cent or more) for 1111 zeros of development 
tbnn in 1.925. This is just the re,~erse of the situation in the spring 
of the yenr. Tlus reyersl.l indicates strongly that the accumulated 
effectiv(' <ilLy-degrees in the fall of th(' year must be taken into con
sideration in determining the spring-brood emergence of moths. 

When the accumulated (\fi'ectiv(' day-degrees for the fall and spring 
of the year IU'e ndded together they give (for each range of effective 
day-degrees) nil the liccumulated effective day-degrees the cocoons 
ar(' subjected to between the time of their formlltion and the emergence 
of the adult. It will be noted in Table 18 that the addition of the fall 
t(,llIporntul'es to th(' spring tempemtures for euch season reduces the 
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totnl dill'erenee ill the two sensons r .aterifLlly. The 52° to 86° range 
shows the smallest difference, whic11 s 18.5°. This difference approxi
mates 2 por cent for the two sensons when the entire cocoon period is 
considered. Since the 52° to 86° runge shows the leilst difference in 
the tLVerage of accumullLted effective day-degrees for the two seasons, 
it is nssumed tlutt 52° ]i'. is probn.bly the zoro of deyolopment for the 
stnges within the overwintering cocoon. This is the zero of develop
ment tilnt Glenn established for the codling-moth pUpil.. 

The foregoing facts on wintering cocoons of the orientlLi peach 
moth indicll.te strongly thnt in determining the spring-brood emer
gon('c titl' llCCUIlIulutod ef1"ective dtty-degrees in tIl{' fltII of the year 
must be considered IlS well IlS tnose in the spring in determining or in 
[ol"ecu.sting the tim!.' of emergence of the spring brood. 

One ObSOl'\'!l.tion remnins, however, which mn.y or lllll.y not hILve an 
importllllt hearing on the Yll.lidity of the nbove statements. It has 
been lOILi'nod thILt individunh; whieh spin cocoons ellrIy in the fnIl do 
not nec!.'ssarily enllu'ge £irst in the spring, nor do individuals which 
spin cocoons lnte in the fnll emerge correspondingly lute in the 
spring. In fnet then' is some indiell.tion thltt In.rvne which spin their 
cocoon::; lntc in the filII Il.l'!.' likely to produce the cn.riiest spring-brood 
ndults. 'rIl('se filets tue difIieult to explnin in yiew of the informntion 
pr('sonted in regard to th!.' influenc!.' of fnll tempemtures on the spring
brood emOl·genee. It is probable that importn,nt fIlctors other than 
temp('mtuI'e might explain the seeming inconsisteney. 

The' entire life-cycle period (egg to ndult) of transforming indi
vidunls (Tfl.bles 14 and 19) n.yemged G94 and G94.4 effective day
degrpes [or 1925 nnd H)26. 'rhp yariation wns 0.4° or less thn.n 0.1 
1)('1' cent. If t11(' nYCl'llge' effec.ti\'0 day-degrees cn.lculttted for each 
stt\gl', eggs (C), t1'll.l1sforming ltwyae CD), nnd transforming cocoons 
(F) in Table 14 ILl'O combined, tlw totltls nre (j92.9 and G95.1 effective 
dl\y-degrN~s for tIlt' two sonsons, or It vurintion of 2.2°, which is less 
tlllut 0.4 pl'l" cent. 
TAIII.E HI. -Xll/llber of oriellt(ll pench '//Iolhs Il'itich cOlI!p/elfd their life cycles 

within yit'('nrfll!!le,~ oj I'Jjeclive cln!l-cll'!lrees, IIl1d till' (werCl!lc nlt1llber oj eiJective 
clay-degrl'es required, lit !liN'rlo/!, j\'. .I., ,~I~(lSOIlS of ].IJ2ii ortIZ 1926 

/III/irifiuai.• [ndirifilla/. 
() 24 

5S5-·.')..";U.U. o o
51M)-.5!l11.11 . . ......... . 
 12 5 
tiOO-W.J.9 ••.•. 14 5 
1ll0·61O.0••.•.•.••.• 4·1 17 
ii20-6211.0 •••••" .. '" . 2'2121
030-0:19.11 ..... 1;0 61 
IH(HHll.ll ••..•• 331 198 
050-659.0 .•.•• 320 278 
6tiO·f~j\l.U •••.... 1m :IfiU
o;o-Oill.U ..•••..•. 211 278
6SQ-f,SU.U • • • • • • . • . . ·102 446
69!HiUlI.U •...•••.•••....• ·150 li;
iOO-iO'J.Il.. ••••.. 4.,2 113
il(}-il9,\J •..•••. :\.;.1 17i 
i20-72'J.0 •..•• 2:13 o
no-n9.0 ••...•... o S8
7010-740.\1 ... ,. o 9 
750"75~Ul •.. ~---I----

a,2;0 2,267
TO!.ll 

/)av .. /egreea Dav.ffegree. 
A \-~r;lgt' lltllubcr of clTeetive lhlr-<lcgn'cs for obscn-cll pCriOII.... ......•.•.. •. . 683.6 685. i 
,\ vcmgu !lumber of etTeelin, dny·degrces for unobserved hlllf·t1nr penod. •.•.. 10.4 8.7 
Aycmgc IlIl1uher of l'tTcclh-ll. day·degrecs [or enUre period........... •.••••.•••.. (iIH.O 694.4 
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The fOl'egoing discussioll shoUls that the 50 0 to 86 0 F, range of 
effective day-degroes is ILpproxin' ~.tely correct if Ill! the individlll1ls of 
IL given stage for Illl entire growing sellSOIlUI'C taken into consideration; 
however, if the etl'ectivc doy-degrees 111'1:' llscertuined for a given stage 
in the severnl genemtions there is a slight difference in the genemtions, 
The indications nrc thnt endy or hl.te ill the season nn effective dny
degree produces It greuter de,'elopment than during midsellsoll, when 
high tempel'nt.lIl'(,s predominlLte, In otlwr words, it requires a S0111e
whnt smltlLer totul of effecti ye dlLy-degrees within the 50 0 to 86 0 

l'Ilnge for the completion of the feeding period or cocoon period (r.ot 
so Cl'UC of the inCllbution period) en.l'ly or ltl.te in the yell!', when the 
night tomperntlll'es fnll below 50 0 

, Hllm dlll'ing midsummer, when all 
tempomtm'es are mueh Il.bove 50 0 

, 

It is possible thut the ;"01'0 of dc\'elopment for the oriental peach 
moth mny be SOlllcwhat below 500 F. for SOUle of the Stll.gCS, particu
lurly the feoding period nnd possibly the cocoon period of tmnsforming 
individuuls. Shelford in his invcstigations (15) shows thnt tem
'pemtlll'l'S liS low Its 45 0 m'(' to sOll1e extent effecti ,re in the development 
of t:1.'rtnill stllg('s of th(' codling moth, If this is also true of the 
oriental peHch moth, it may help to explnin tho apparent difference 
in the ell'ectivo d!L,Y-d('lrl'c('s requil'ed (within the 50 0 to 86 0 range) for 
d("r('lopmcnt of indi,'idullis ('xisting in tempemtures which lLYOl'll.ge
high or low, 


SUMMARY 


Eggfl of th(' OI'iontnl peach moth arc deposited on smooth surfaces, 
In til!' inseetar.,· eggs IIllly be found on the smooth surface of glass, 
wood, or foliltgC' (penl', 11pple, peneh, quince, otc,), Under orchard 
conditions t'ggs an' found 011 the lowl'r surfllce of peach foliage, usually 
on tlw upper surfll('C of apple nnd quiuco folinge, on either the upper or 
10\\,('1' Stll-fIlCl'. of P('IU' foliag(', nnd Illso on Imy smooth portion of newly
forllled twigs of pench ILud pelU', 

From 15 to 48 hours before tIll' newly formed larva hn.tches, its 
hend (,fLn b(' 8('('n insid(' th(' t'ggshell. 'rhis is called the "hlack-spot"
stage, 

The in(,llbn.tioll j)('riod of tbe ('gg l'Iluges from 3H to 20 or more days, 
depending upon tlll' tempcl'Ilt,ure, being shortest during the summer 
lllld longer in thl' flpring nnd fall, 

LIlITH(, trnnsforllling during th(' summer require 6 to 24 (or an aver
ng(' of 12) dllYfl to ('omploLe theil' gl'Owth, while wintering larvae have 
11 slightl,Y 10ngl'l' [peding pPl'iod nnd may require us many IlS 50 to 115 
dnys, Then' 111'(' foul' 01' fiy(' Iun'ul instill'S, depending upon the rate 
of growth of the I,UTU, 

'I'h(' ('ocoon .i;; usullil \' cOllstruetcd in 24 to 48 hours, Summer 
eocoons IU'(' mol'(' fl'llgih' than the wintering forms, The cocoon period 
for tl'llllsforming indiYidunls is 8 to aa dllYs or an IlVeruge of about 14 
dn'y~, ",hil(' tlw willtering C()('OOD lll'riod Yllries bctw('cn 131 and 307 
dlw-,. 
. ;1'ho prcpu PI,t! fltnge, dUI'ing th(' summer uYcl'llges a or 4 days. 
LllITn(' ('O(,OOlllllg laU' 1Il August ullcI during Sept.ember nre usuully 
o\"(\I'wintOl'ing if t1l('y do 1I0t pupate within 5 to 7 days. 

Th(' 1(,lllrth of til(' puplli Htngl' 1'01' tl'anHforllling indh'idullIs is 7 to 
13 dlt,"s 01' ItIl IlY('J'ngl' of 1l(,ltl'ly 10 (}nys, and for wintering individual::; 
which pupn.t<' ill tllt' ;;pl'ing it is ('onsidl:'l'Ubly LongN', 17 to 51 duys or 
1111 I1nwllg(' of ai>out '27 dllYs. 
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TIll' Ildult, iH lL slllall grflyish-browl1 moth wit.h II wing sprelld of 
(LPPl'oxillllLtely one-hill!' inch. :Mtlles nIle! felllnJes l'l'sNuhlc ench other 
closely. The Ilvemge length o[ lifn when they 11I'e confined in gins!". 
jars is 14 Ol' 15 dnys oJ'longer. ICgg deposition begins 2 to 5 dllYs after 
elllCl'geIlC't' nnd eontinu~'s for 'i to 10 dnys or longeI'. FCll1llles deposit 
100 tn 20() 01' lUOl'l\ eggs. 

TnllllwJ'tttul'(\ [LIld sunlighl lutvl' ('onsi<lt'l'Ilblc inflilenet' upon ftdult 
N1l0 l'gl'O('(' . 

TlI(' !.ife ('ye\(' of t.mnsfonning indi\'iduILls tl\'erngnd ~~() to :3~~ duys 1'0], 
th(' I wo st:'lIsons, n,ud the [l\'Cmg(' for wintering indi"idullh; WIlS 278 Ilnd 
.27n dlt \'5 for tilt' two winters. 

In 1{):~[i t hel'(' wt'!'(' Ii v(' eomplctc Ol' ptutial <rennl'l1t,ions at Ri,'erton 
K .•1., twd in 1020 thcm werc foul' complete ;1' pn,l'tinl gcnern.tions. 

'1'hl' mtu'ked difTCl'cnc(' in the temperature during tIle two SetH,Ons 
(H125 lWei 1020) wns ehielly responsible for tlll' decided differCI1C(' in 
the nlltnhOl' of genorni.iolls and the daLos whell tho val'iolls stnges in 
the se\'oml ~onel'[ltiollS occlll'red. 'l'he SOllson of 192(j WfiS consider
n.bly cooler than the pl'ocedill~ senson nud from lvlny 1 to Septomber 
30, 1026, titere were aa3.3 etfecti,'o day-degreos less thfin for the same 
period in H125. 

'.l'ho work or P. A. Glenll indieates that in geneml the effective 
tempom(,lIres for the development of the codlin~ moth exist botween 
50° and 86° F. Although tho two sonsons of 1925 and 1926 were so 
extrcmely difrerent from the stnndpoint of temperl1,tul'e, the applicft
tion of Glenn's ideus o,nd theories to the oriental pench moth indicate 
that the 50° to 86° m,nge is f\,pproximatoly COl'l'ect for this insect. 
This further emphnsizes the dose l'eln.tionship existing between the 
codLing moth Imd the oriontnl pench moth. 'I'he variation in the 
number of efl'ectiye dny-degrees required to complete the development. 
of eilch stngo (egg, Ilu'\'IL, and cocoou, including pupa) ill the life cycle 
of the oricntnl PllflCh moth did not exceed 1 pOI' cent for the two 
sensons. 

'l'he ILYOmge IteeulllulnLed efl'ective day-degree requirement for the 
fn11 of 1926 \\'ns fOllnd to be consistently Jess (12 per cent or more) for 
all zeros of deyelopmeilt tlum that for the (nil of 1925. Conversely, 
the nvel'llge ell'eetive dny-degree requirement for the spring of 1927 
wns more thltIl 12 per cent higher than that for the spring of 1926. 
'l'hllS, ill the CRse of wintering larvne the effective dny-degrees in the 
fnll of the yelLr lLS welt us those occurring in the spring must be taken 
into ('onsidcl'Iltion in detOl'mining the spring-brood emergence of 
moths. A tompern,tul'e of 52° F. is probably the zero of development, 
for the stngcs in the overwintering COCOOll. Although the 50° to 86° 
l'ILuge of efl'ective day-degrees is approximately correct if all the il1(li
vidunls of n given stage for an entire growing sellson n,re taken into 
cOl1sidemtion, there is 11 slight difference in the generations when the 
efl'cctiyc dlly-degrees are Ilscertained for a given stage in the seYcl'lll 
generations. It is possible thlLt the zero of deyelopment for the 
orientnl pench moth may be somewhat below 50° for some stnges, 
pnrti('.ularly the fceding period and possibly the cocoon period of 
tl'llIlsforming incli yid unls. 
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