
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




--
1.1 

-
'"" 1.8IIIII! .25 11111,·4 11111 

1.6 

MICROCOPY RESOLUTION TEST CHART 
N~.1IONAl BUR[AU OF STANOARO$-1963·A 

~ 11!12.B W1I2.5 
W 11M HII~11l.0 :IiiiW 
a;:~ 

~~ 11 2."'. ~1.1 ...... 
0 

, 1.8 

111111.25 111111.4 111111.6 

MICROCOPY RESOLUTION TEST CHART 
NAlIr.NAl BUREAU .OF STANOAROS-1963-A 

http:111111.25


!Rf:ftRf:NCE 
00 'NOT LOAN 

",: 

'EFFECT of TEMPERATURE and HUMIDIJY 
onDEVELOPMENr andPOJENTIAL 

" :

DISTRIBUTION of ,the MEXICAN 
FRUITFLYin the UNITED STATES 

Technical Bulletin No. '1330 

, t;, 
~ - .C'J 

C /f] jAg1icuituraiResearch Service 
.- .!?J . 

(;; UNIT&t) STATES DEPARTMENT OF AGRICULTURE ...... ~ . 

'-' ~:::: . t' 'th.Q.. CD ~ In coopera Ion WI 

~ ~ si(:alifornia Agricultural Experiment Station 
~£::::J 
~ 



Pac" 
Distribution and biology of the Me.xican fruitfiy_____________ ~'"---------
:Materia\s and methods_____________________________________ ________ _~~ 

Results__________• ___________________________________________________ _ 
Tempe,j\riz______________________________________________________ 
Chula VistlL, ClLlif________________________________________________ _ 
Compton, ClLliL__________________________________________________ _ 
EI Centro, ClLliL _______________________________ .. _________________ _ 
Riverside, Cnlif ___________________________________________________ 
San ,Jose, CnliL ______________________________________________ ,___ _ 
SeblLstopol, Cnlif _____________________________________________-'____ 
Orlando, Flll__________________ . __________________________________ _ 
Athens, On ______ •__________________________________- ____________ _ 
Fort Vllll<,y, Gn •• ___ "________________________________• ____________ 
'Houmn, Ln________________________ • _____________________________ _ 
Greenwood, :.(iRS ___________________________ .______________________ 
:''1alden, 1\(0. _______________ • _____________ • ___ ,'" __ • ______________ 

'i\lesillll Pnrk, N. :'lex______________ • ___ • __________ • ________________ 
Chllrleston, S.C______ • _." 0 ___ .. ____________________ " ____________ _ 

:'lempilis, Tenn __ . ..""_ ...."',. _. __ . _. ___ ___ __ _____ _ __ ___________ 
Brownsvill(', ~(\~x ___ _"''' ~ .. ______ ~_ •• ____________________________ 

Disl'lIssio[L. _... • _______ .. _______________________________ _ 

Efft,(,[ of ('Ihnlltt' 011 fruit fly developmcllL ____________________________ 
Effc(,t of ('I;mllte Oil potential distribution ___________________________ _ 
.Effect of other flll'tors on distribution ________________________________ 

Summitry______ • ___ • _. _. ____ .... _ . _. _____ • _________ • _________________ _ 
Literature eited ____ .,. ____ ••••• _. ___ •• __ • _____________________________ 

2 

5 

9 


10 

11 

12 

13 '" 

14 

15 

16 

17 

18 

19 

20 


, 22 

23 

25 

26 

27 

28 

,29 

29 

33 

34 

35 

36 


Washington, D.C. IS8uedJune 1965 


For .ale by ,the Superintendent of Dor.umenbl, U.S. Government ,Printing Office 

Washington, D.C., 20402 - Price !!O cent. 




Effect of Temperature C!nd Humidity on Development 


and Potential Distribution of the Mexican 

Fruit Fly in the United States 


By ::\ , E. Fl.rrn:/t'.;, En/olll%{/y R(~scarch Dil'iRion, :lyric-altural Rel!earch Service, llnd 
r. R. :\1I::-;,;r';:->IlBH, (!ulifomiCl A(Jricuitllml EXperiment Station 

TIr!' HI'cd for ('ntll1atill~ in thl' lahomtory till' !'fTc,C'ts of t!'mperatul'e, 
!mmiclity. ami li~ht in t[H·il' ac'tual diurnal flll('tun;ting pattrrl1s was 
['('('o~lliz('(l ('uriy ill til!' ('('ologic'al in \·(';-;ti~ati()!l of tpphritid fruit flies 
fJ('('nrrill~ in I fawaii, Equipm('IlL ('allc,d iJio(,\imati(' c-abinets, (fig. 1) 
wa,.; :-:[){'('ific'ully c1(',.;i~lI('d to f:u'ilitntC' tlIP";(' and RubseqlH'llt studies 
,Flittr-!'" and :\(p:,:,png!'r i, Flittpl':-i pt al. .t}l.l 

FIt,t'lu: 1. -Bio(dinmtir ('ILhirwt sho\\'in~ ant.C'I'OOll1 ami transmitting and recording 
ill~t I·UnlPrlls. 

!Ialit. llllmb(,I'~ in p:u'Pl1tllPsc's I'prt'I' to I.i«'l'Illlll't' Cited, p. 3G. I 
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!i 
Ecologica;I studies Orl the MexicanIruitfiy (AnaSlrepha l'udens (Loew)) 

were undertaken in these cabinets upon conclusion of similar investiga
tions on fruitllies in Hawaii. These studies were stimulated by the dis
covery in early 1954 of several specimens of the Mexican fruit fiyat 
scattered points in IlorthwestC'rJ1 :!VIexico in the vicinity of Tijuana, 
\"ithin a half mile of thE' international boundary, and later in the year 
by the disco\°C'1"Y of an adult in one of a Se1"1('S of insect snrveytraps at 
San Ysidro in south\\°C'stE'rtl San Diego COllllty. (,alif. This insect had 
been known to occ-m· in the -enited Statc':; only as a wintl'r migrant in 
SQuthC'l"ll Texas. Cons('((upntly, the dis(~o\'C'r.Y of a speeimpn as far 
north as south(,rtl California ('rpatpd all urgcnt )H'('ci for rC'liable informa
tion on thc' pot('ntial establisluu('nt and pc>rp('tuatioll of tlus l'collomic 
pC'st in the' important eitrus ane! fruit-producing areas in California, 
Texas. Florida, a.nd ot}wr impoJta.nt, agrieultuml :11"P11S in the southern 
ti('!" of Stat('s. 

Th(' r('sC'arch on the 2.'.:I0xiC'an fruit fly at :\1('xico City, conducted by 
th(' U.S. DepartmPllt or Agrleu1t1l/"(" was C'xpanclC'd. and the California 
Agricultural Expc'rim('nt ::-itu.tion entf'l"{'d i1\to [b ('oopel'a.Cive research 
program that inclut/('t/ bioclimatir illn~stigt1ti()ns C'olldllctC'C1 nt, BrowllS
vi1l(', Tex. TIl(' resliltH of t.his fC';,;eu,t'eh are dis('usspd in this bulletin. 
Preliminary J"P'{JOlts of this work w('t"P publishpd by FliUpl's and 
:iVIessE'ng(,t" (8) and2.'.[('sst'ngf'r and Flitters urjJ. 

DiSTRIBUTION AND BIOLOGY OF THE MEXICAN FRUIT FLY 

Tlus ins('C't if:; (HIC' of st'\,(·ntl fruit. fIi(·:; of ('('ollomle importallee in sub
tropieal ,:\1('xi ('0 and ('('utral A mc'rjea rfig. :2). J)<'(aiic'd stud~' of the 

Ii'lGURE 2.-DistdbutiOll of (hI' 1\'lexictln fruit fly. DiagOrJItl Jines indicatl' permunent 
infestations, 

http:impoJta.nt
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3 EFJi'ECT OF 'l'EMPER..'l..T{;""RE AND HUMIDITY ON .l\IE~lCA.:."" FRUIT FLY 

specific localities in lVIE'xico where it has been found indicates that it is 
able to tolt-rate se'fE'ral widely difl'ering kinds of basic climates, 

BasE'd on tht' topographical and climatological maps of Tamayo (20) 
and tilt' dimatic and yt'getational deseriptions of Leopold (18),the 
lVlexiean fruit fly \yould appear to OCCllr at elt','atioTls from sea leye1 to 
:ibont 5,000 Jt'('t iu til(' southC'rll ('entraJ plateau and .from the hot, arid 
(iC'serts oi' Sonora to the humid tropi(;al fOl'Psts of southc·mmost Chiapas 
aud YpJ"[lr·ruz. TIll' iip('C'if's is l'estrieted in tIl(' northl'1'n half of }Vlexico 
to til(' i4tatc's of 80nol'a, Sinaloa, Tamaulipas, and N u(""o Lt'6nand to 
the' lwaward slopl's and f'oastal plttins of the two Iatel'U.I eordiliC'ras, which 
bound till' high ('('ntnLI plate'au of :\'Ie'xieo, the' Sierra ~lildl'(, Occidental 
ancI til(' 8iprra ~]adre' Oripntal. I'll(' P(·st also OCellI'S in till' States of 
Colima, Jnli"C'(), ~'Ii(·hoae{ln, Oaxaca, and Y('raeruz on both tIl(' JlOrthern 
t1lld ..;olltlw.rll slopc's of tIl(' tran:;\"prs(' Cordillera ~('o-Yoletiniea, which 
run:, ('~tst and \\"C';.:1: at ahout til(' Intitlldl' of ~'I('xico City. 

To til(' south t\tp distrihutiollnl r(,(,Ol'ds sllo\\- tha.t thp spceies OCCllrs 
alollg til(' midelp,"ation slopp;.; of tlIP Sic'rm :'Vladrc' elC' Chiapas and in 
thl' (,(,Htral ('hiapas ltighlallds. Alollg t,ll(' c>ast toast the Mexican fruit 
(\y is kllown [I'OI11I1('a(' spa 1('\'(·1 in titp \'ieinity of Tampieo, Tuxpan, and 
Y('mc'l'uz ILnd at t,lw 4,000-foot 1('\'(·1 11N1r Jalapa and C6rdoba west of 
thc' ('it\T of VC'raC'l'llz. 

Th(:('lil11ai<' and flonl of tll('S(' yarious arC'as cliffcr widely. In addi
tion, lo('al agrindturn.i alld il'rig~ttion pmdiN'S ha,Tc altereel the climatic 
conditions in mallY of thp:-;p r('('ordt'd sitC's. For C'x~tmple, the species is 
found ill ('itrlls nt Ife'rnlosil\o, SOllora, in C'ssentially the middle of a hot, 
dry, subtwpkal dC'sC'rt, dUlmC'tNizl'd regiollally as a cactus desert inter
;.;p<'l's('d \\Tith a TIwsquitt·-grasslalld Y('gC'tation. But at Hermosillo, local 
irrigatioll pmetie('s ht1YC' ('oll\"l'rt('cl tIl(' sitr (war tIl(' Sonora River into a 
sort of tropiC'[Li oasis. A similar situatioll ocellI'S at Culiacan, Sinaloa, 
farth{'(' south along til(' w('st. ('onst, ,dwre the gross vegetation isa 
('iUtrflet('l'is1:iC' sC'miarid thorn forel:;t. 

The' rC'gion Oil til(' ('ast ('oast in thC' StatC's of Tamaulipasalld Nuevo 
LC'l)l1 is ('1a:;s('(i ttl:; a s('miaricI skppr, again with a predominantly 
IIp:;quit('-gra:-;:;Iand '"C'gl'tation. 11p],(, thC' fruit fly appears in such areas 
as ::\IoniPlTl'Y, :.\1011tl'mor('\os, Linal'c's, and Llrra, where local irrigation 
praC't.iC'('s ha\"(' modifiC'd till' dimatie eonditions ancI host fruit situation. 
Fal'tlH'r south on tIw gulf coast, \\"\)prp thp speeic's occnrs in the State of 
Y (,l'aeruz, tonditiollS arC' mu('h morr moist, ancl tIl(' region is classed 
hrotLdly ttl{ a hot, humid tropieal sa'.'[tnna, 'with considerable rainfall, 
mostly ill thl' summC'l" and fall. ThC' l'Pgional Yegptatioll in this State 
vtLri('s in th(l ('xtrrm(' lIorth from a drier thorn forest type to a tropical 
t'n'rgn'Pll fo['c'st in til(' ('('lltral part. 

In thC' soutil-('('ntral plateau l"Pgion at d(','ations from 4,000 to 6,000 
f('C't alld iucluding valleys in the ,-ieinity of Tt'quila, Guadalajara, and 
Ayo ('I ('hico, Statl' of "Jalis('o, til(' (·Iimate is tC'mperate, with winter 
frosts and warm, ,,"pt HummC'l'S. This climatic ZOlle, to a varying de
grc'C', though without til(' Jrostf>, include'S th(' northern slopes of the Rio 
dE' lall Balsas basin in southern Mexieo and arcas in the vicinity of 
CU{'manl('a, ::\1orel08, ancI of JungapC'o and Uruapan, Michoacan. 

In tIl(' far south in C'hiapas Stat.e the ~'f('xican fruit fly is known mostly 
at tIl(' highC'[' plC'ytLtiollS, though it. has beC'n found at Tapachula on the 
westC'n1 slope';; just north of thr Guatemalan border at all elevation as 
low as 1.000 f('c·t. 
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.Although ('onsWerable numbers of 1vild and cultivated hosts occur in 
the true tropical rain forest environment of ::.'I'lexieo, this species does not 
appear tb('re ill large numbrl"s, :1pparently brcu;use of the' climate. In 
the tropical rain forrstfl of southern Veracruz and in 'rabaseu, one of the 
clominn.llt plaut spl'cirs is the' fruit fly wild host .!lchms zaz)ota, L. The 
distributional r('('ol'ds of the ::.'I'I('xican l~ruit Fly Investigations labora
tory or the U.S. D('partment of AgriCllltuTl' v.t ::.'I'[pxico City more or less 
substantiate thc~ claim of Stone (19\ th,at this inspct appears J>c'strictNl 
south of lVIexil;'() to tltp luglwl" elpmti,ms. 1'11(' fact that it Itas not 
spr('ad into tropiea.l areas adjaet'nt to its ('uncut limits of dis
triblltitlll ill C'Nrtrn.l Amrri(,[l, 1'or C'xn.mple iltto Ptmttma, also supports 
this contC'lltioll, 

Bak('r pt [d. (1) l:dIOW('d that adults of the ).1('xiean fruit fly t1.t"(' (~blt· 
to toleratl' f'('p('atc\d (,XPO;-;Ul'C'S to :-;uhfl'C'C'lIillg t('mp('mtUl.'c'S and, most 
important, nrC' abl(' to do so without lwc'oming !wI'mallc'ntly imptl-irod 
['('produ('(;in'ly. It is, tlH'l'cofon" lIltC'l'('Ming to ('ompfU'(' Hll' limits. of 
distribution <If til(' s()('C'ic's with tlw limit" of' di;-;tribufiOIl of frost-frpo 
habitats ill ;\'iC'xieo, Lpopolcl (!.~t), in hiii discussioll of the' phYi:iiogmphic 
J'0giooi:i of :\'rpxico, provideH It map or :\r ('xic'o dt'Jimiting areas i:iubject t.o 
,dnler frost ("tempPl'[t[;(' rl'gioI1H") from tho,,!' known to br Tn).,;!; 1'1'('0, 
("tropic'a! n'gious"), In the gl'p:Lt<'r part oj' thl' rnngl' of habit,a!":; within 
\\'hic'!I thlH inH!,,,t: is knowl) to (H'C'lIl', particuJal'iy in til(' southern half of 
th(' (,OUIl!"I',\', it is S(,{'11 OIl tll'('giOlHlJ hasis to oc'cupy I'rosl"--I'I'('(' nrc'as, 
HOW!'\-PI', in til(' !lorth ill till' :";(al t's of Sonora. Oil th!' wpst coast, and in 
Tmnllld::pa."1 und X lI('\'O 1.c'on in t II(' past, t Ill' fruit 11,\e (JC'!,\l piC's Itabi tats 
thaI Ita \.C' mllt('I' "lIol't P(,l'illds or wint!'r' fro;;!, This would indien,t,e 
that l'ilH'h a dima! iC' imkx ll,.; til!' PI'(,";PIH'!' of fm"t during LlH' wint.er is 
inl'lllHkic'nt t"O dc'limit pO{C'lItiai di,.;triblltion of' til(' 1)(';;1. 

Crnwf()t'(j L~.l alld IloidalC' (I}) 1'1'1>01'('(1 tllal; this SIW('it';'; o(,(:Ul't'('d ill 
Pmlamn, and llortlH'1'I\ ;-:'onth ;\nwrien, hut tlwir' fim.lings kw(' not b('('n 
Yl"ritkd ill l'C'('l'lI t pest SUITI')'S. 

Adult nk:; (wrlm]ieally l'xLPnd t11l'il' J101'D1ltl j'allg(' by dispel'Ral from 
110ltll('aRt :\[('xi('o into (be lo\\"('t'H.io GmlHk Vn.llC'y of Texns. The first 
1'('0orcl of loHleh an ('x(C'lI;;iOIl ill mllgC' \I"~ts mad" aR carl,\' aR IH03 (Sanckl'
sOn 181. Tbl' nr"l; knowll iufp:-;I;:.ttioll by tlIi;.; p('s\; or citrus in t;ho Rio 
Grande YaJ10,\r was ('allee!. tiC) the' aUC'ntioll of' ('ntofUologi;:;ts ill tlt(· F.8. 
Dt>partmcnt; of .'l.gricultul'(' ill til(' spring of ]g~7,2 Tire' Jrllit fly haR 
gl'l.ulun.lly ('xtpnded its \\'ay norilllntrd alung the' \\'(';;t ('O[L!;t of ::\:fexieo, 
Jl[LYing rNtciIed Culiac'(w itl 1():3:j rBfLkC'l' et at. 1) n.nd Hermosillo, which 
is l:Lpproximat(,ly 2Uo N. latitudC', in about 195:3 CHarpet' 10). BC'yoncI 
HNmosillo to the llorth tlH'l'l' app{'al'S to bn a (ll'arth of pntl'nti::U host 
mai:e'rlal. .A largp P[Ll't of the' art'a is d('sl'rt, w'hich is unfavorn.ble for 
normal disp('!'sal of tIl(' fly 1l0l'tlllmrd. 

The Mexican fruit fly, fL mth!'r hardy l:>tlbtl'opical spC'ciC's, produces 
several gE'nl'rn:(;ion;:; it y('ar, bllt, likf' th(' Hawaiian !:lpc'ciC's, has no eold
l't'sistallt OY('r\\-inte'l'ing l;tng(' j;!ia,t lIUd!'i'goes cliapallse or hibernation, 
l<:ggs :1re dc'po;:;it('d by til{' [('male' \\'ithin splectC'd fruits. Aft.('l' the eggs 
hat.eh, tllr larnw blllTOI,V ,dUrin the fruit, and so remain un(;iJ fully de
v(,lopC'd (third instal'). Tlw matul'C' larnw [Pave tll(' fruit and enter t.he 
soil t)o pupa.te, Adulf:g, upon c'mc'l'g('ncn from tlw pupn.ria., fO"fce tlwir 
way upward through tlte Hoil to fn'eclom. 

- .. 

~ Blml{Y, 
~-

"X, O. HI,;'!'Olty (lli' TIfl': ~II~XICAN fo'UtcrT I'LT I'I{OmCT, 1!!27-1I)·1~. 66 
pp. U,::-1, J)l'Pt. ;\~t" Bul', Ell\. llml l'bllt (iUlll'. 1\)43, [Ullpuhli~hcd,1 
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In the insectary at BrownsvillE', Tex." maintained at i5° to 80° F., 
eggs hatch after 3! 2 to 4? 2 days. TJl(' larval stage lasts from 10 to 12 
days in an optimal cli<.·tary substratE'. and dl(' pupal period extends from 
16 to 19 clays. The adult })rE'ovipositional ppriocl ranges from 12 to 16 
clay;:; for me's f('(1 protC'in hydrolysat(" Sll('roI.SC', and orange juice concen
trat(', it near-optimal adult fiy dit't. TIl(' u,'erage adult longevity under 
ill>i('etary rOIHlitiOlIS is from 65 to \)5 days. Clld{>L' varying conditions of 
climt1t(' aile! with yuriou.:; o\'ipo:-jtional suh::;tmt('s, the incubation of eggs 
has ht'PIl ('xtend('d as 7l111rh as :30 days, th(' lan'al and pupal periods be
yoml 100 days, and tlw ad til t pn'o"i po:-;itiollal ppriocl well O'ler 1 month.3 

The maximum IOllgt'\-ity rl'port!'Cl waR 11 months for fpmulesand 16 
month;:; COl' malt's !Bakel' pt al. 1, Dnrby and I\app ,), ::VfcPhail and Bliss 
l.n. 

Thl' host nwgp of til!' :\Il'xic'an fruit fly illeiuc\t's citrus, otll('r thul1 
h'mo!) alld SOlll' lim!', mall," (.iP!'icluous fruits sueh as pea('h, pear, app1e, 
and npri('ot, and mallY tropic'itl fruits slI('h as mango, gWt\-a, pomegran
ate" whitc' Sllpotp, and till' :\1C':dc'un or yeLl 0 I\' C'impotC', which is COJl
sidpl'Pcl to bl' til(' primp ,,-iJd host. :\1 [LilY fruits an' lleitl1!'r prefel'rC'd nor 
V('IT important insofar as the ins('('t's ~lblllldan('p is ("onct'l'IlPcl, and the 
(jpgn'p to which t1 fruil Iw('otnp:i infpst('(l is not uti'll(' ('rit,erion by which 
to m('usul'P its impol'tatw('. X lIml'rous Jruits. li~lrtly infested and widely 
st'pamtl'd, can eOl1tribu tp mol'(' tn tite population buildup of an insect 
sr){'c'i('s than a f('\\'lwm-ily infl'stl'd fruits I'('stri('(;('d in dL'ltribution. 

Thl' :-;tudi('s eorHltwtpd wit h thl' fruit fly at 131'o\\'118\'ill(' hu\'c pertained 
;.;o]ply to Till' pi1'('e( of eIimat<' Ull it1' dpnlopment and I)('rlwtllation. Re
sults iudicating ,'Ul'i[)U1' dpgrf#,'s of fruit fly aeti\-ity or reproductive 
('upaeity p()ssihlp ill ('('rUlin simulatpd un'u.s in til(' rnjt,ed States do not 
tukt' i Ilto llC'('<lllll( oth('r (,(,ologieal fa('jors sueh as host fruit availability, 
u!,('pptabilit.\" nhuu<lnll('L" ami SUC'('('S;;iOIl, nor tl1(' biotic factors such us 
parasitl''';, pl'p<iatol's, :llIel di;;('asp, nil of whieh nt'(' ()fdtal importance to 
til(' p:-;tabli,.;hmPlrt and IJOj1ulntiol1 dynamiC's of the insC'ct. 

MATERIALS AND METHODS 

)\il1(, him'limali!' C'ailill('t;; \\'('1'(' used. Each eabille1" constructed 
:-;imilarly to a walk-ill I'C'fl'ip;l'rat.or, is proddpd \\'ith two .insu1at~'d doors, 
:-;pparal!'t\ by a w,.;tihul!' nWlls(ll'ing -+ hy 4 by I f('pi; high (fig. 1). These 
door:; [)I'O\'idp I'll try ill to a sf'ainlpss-st!'C'1 workillg Hpaep mC'aHuring 6 by 6 
by I f(,pl hi~h. BlIilt il1to tilt' \mll oppositp til!' door is n, \\Tindo\\' <.'011

"trllf't!'d of (111'('1' pail'S of gins,.; pan('s, NlCh pair \\·itb a dehydrated air 
SP,l,('P ill l)('t\\'('('11 (0 hold IH'at in1.llsfer to a minimum and to proyide a 
c:l('ar "iI'\\' of till' ('ahillc,t illt(,l'iol'. .Htaehed to the ('xtc>rior walls of the 
('uhinpt aI'(' ntl'iOllS air-conditionillg ('ontroh·; alld instruments that per
mit tlIP air eil'('ltlatiug \\-ithin th(' (',lbin('t;; to h(' ('oolt'ci or heated, dried 
or humidifi('cl. 

.\ major adnUl(ug(' of tIl(' ('{[llipll1E'ut is it::: C'llPn.bility of controlling 
i('mrlPnttlll'c'':; ami humiditips in smoothly nllyillg pnttC'J'IlH such as occur 
naturally. Tpmrwrattll'PS may be eontroU('d to within +.1° F. over the 
rangc' _;,)0 to +]25°. lIllmiditi('~ wilhin this Rame tt'mperature range 
ma~'I)(' t'ollil'OllC'dlo within ±:1-p('.I'('Plrt ('datin' humidity oyprthe range 

-
a Fr.l'rT"fh, :\. E. 1J~;\"I~I.oI'~1 ":-I'J':\L TlIlm";IIOLIl ",'(lIt I'lml~,AG!:;AL IJEVI~LOPMEN:r 

m' ~I'm: ~mxr('.\" Fm'\T n,Y. .s pp. L".";, l)rpL :\gr., EIlt.Rcii. Div. 1959. [Un
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20 to 98 p0feent. Humiditv can be controllrd to lpn-Is as low as 10 
pereent when the temperatllt'e is abo\'e fr(>(>zing. All rabinets huye 
suffieient eapuC'ity to raise' 01" lower the trmperaturc' _!Go and to 10w(,1" 
rclatiw humidity 60 prrrent in 60 minutc's. .:\ lamp t\('signrd to gi\'r a 
wic\(' speet.ral band of dsihlp light prO\"id('s daylight illumination r('
ql1in'nl('uts \I'ithin the eabilJ('{H '1'hps(' lights an' [Lutoml1tieally tlll"ll('d 
011 and otT by ml'al1;; or {imp do('h, til(' s<'ttings of whieh ar(' perioclieally 
Yari('d to simulat(' uatural nll"iatiolls. 

For stlltlying tIl(' ~t('xi('all fruit, fly within til(' hioclimatic eabin<'ts. 
globular S('(,(,('II ('ng!';:;. mpuHlIring 12 ill('h{'s in dianwtPI' II'Pf'(' ('ollstrll('ted, 
C'onsistiflg of fram(,ll"orks or light HI1('pt mptnl ('o\'('rpc! witll 1~-. uwsh \\'ir(' 
sere('1t (fig. a). To faeilitaip til!' intTo(\u(,tioll nllll r('montl or ilost fruit:;. 
food, 1\"alPr. :1nd fli('s. all .';-il1('h IwtnT ,:ipp('r \I'll;; attaelwd to a plastiC' 
s('r('('1\ ('o\"pr. wilic'h WitH ('Iamp<,d o\'('r a I'ir('ular oIwning in til(' IO\\"f'r 
f1'll:nlC' of til<' (Ifl!!;<' and ;;('1"\'(1(\ a;; if;; bmw. .\ hook attneil('d to tl1C' top 
pprmittt'd til(' eng(' to h(' Hll:iPPlld('d within till' ('abin{'t work f;paC('. 

Th(':;(, glohular (':l!!;t':; \\"('rp :il1:ippnc\pd rrom a bieye\(> \\'h(,pl aHs('mbly, 
whose shaft ill turn pussp(\ fill'Ough tlIP ('piling or till' cabinet: \\'ork spacf'. 
I'll(' \\'Iw('], Il1('.tLSllring 20 illl'lH's in dianwtC'l', lwrmittpd fOllr globular 
cUge's to bl' suspPlld(·(\ from its J)('riplH'ry. und, h~' using sllsppnsioll 
hooks of \'ur.\'ing \(>ngths U1(' II"h('('1 eoul(i ('any 1:2 eagps in all. 

To minimize' positional ynriation of til(' rages \I~thin til(' eabinpt, the 
ass{'m1>ly was slowly rotntpd at a sp('pd of onl' r('\'olutioll [WI' minute by 
11 :;mall {'It'etri!' motor motllltl'd 1)11 top of the bio('limati(' cabin('t.. The 
motor ,ntS ('Ollll('ct·('d to tire iJie.n'l" ",11(>('1 Hhart by nwans or a gear-r('
c\u('t1011 box, puIlpys, and \)l'lts. .\ slip C'iutc'h and IWf).ring, mounted 
on t11(' shaft or til!' wIH'{'I. "'('1'(' lIHt·d to stop till' ('ag<'s for o\)sl'n'ation or 
manipulatioll of t 1)(' fly samplp;.l without .stopping the' gt'ar tmin or the 
motor. 

To fmtltPl' n'du('(' po;;itional ('f[('('is. til(' indi\"iduul globular cngl's were 
alga rotatC'd inU'rmittpntly on tll<'ir own axe's. Four trip rous on 1ihe 
su.sP(,llSiOll hook;; or <'ncil eag(' C'ngngpd t \\'0 stn.tiol1:1ry trip rods attachc'd 
to th(' enbillPt roof. "\:-; tilt' main wilP('1 a$$('mbly rofakd through one 
turn, ('[Iell eug!' l'ofnt{'d through two i:HI ('('pssi w' olH'-(luartcr turns. 
Th{'sl' n('tion.s H('1'\'('(1 to expose' t 11<' flips wit hin a eagp t.o all directions 
while' at tlH' snIl1P tinw til(' ett,!;p WII::; slmdy rof.atp(\ about within the 
\York spa(·('. 

To mC'flSUr(' oyipo::;itioJ1 [Ind to permit r('productioll of tilp fruit. fiie's, 
grap<>fru:it: \\"(']'e C'xpos('d to thp adults within thl' globular eagps. After 
f'xpo.surp, til(' grap('fruit \I'('rp pla('pel .singly in ('ombinntioll holding box 
and eHg<' units. TIl(' box nwnsurl'cl 4 ill('lw:'l wid(', .'; il1eh('s long, and 2 
i/)('hes d('<,p, and a .s('r('('11 ('ag<' 6 in('I1('8 high fitt(ld 0\'('1' the' top of tlw 
holding box. \yithin 1.h(' holding box the grn.pdruii;weI'P placed on a 
!ay(·r of moiHt. soli ('ompOH('d of peat mo::;s, Illlmns, and sand, which 
prodded a pinC'l' for 11)(, fully grown rruit: fly Inn'a(' to PUP!ttC'. 

All fruit flips us<'d in the ea.hinE't. ('xpl'rimcnts \\'('rp C'ultul'C'c/ unclC'r 
stanc\arciiz('d rearing trchniqu('s d('wlop('d by the F8. J)ppartmp llt. of 
Agriculture from ins('rt rf'tlring studi('s. ('ult-ural procedure'S, inelud
ing ill(' usc of earrot medium ror Jan·al ("('ttring (FinnC'y 6), and otbcr 
manipulation ti'ehniqups wpr(' dC'Y('lope'cl by tiwCalifornia Agricultural 
Expf'rimpnt Statioll. Tl1(' fruit fJy cultur(' Ims eonduet('(1 ill a sp('eial 
inspc·tary USN] (lxelusiyC'ly for this work. TI1(' lahoratory tpehniqu{'s 
c/CY(']OIwd for til(' ma:;s I·paring of fruit flil's in Hawaii In'l'(' sncG(\ssful1y 

~ 

, 
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cheesecloth and paraffin (McPhail and Guiza 15), were exposed in the 
raily morning to gravid flies ('ontainrd in standanl rmring cages. After 
4 hours thr shrlIs \\'PI"(' rrmoyrei and thr eggs wrrt' waslwei from them 
with a light stream of distilled wah'r. The eggs Wt'l"r collc'cted in a 
beuker, and Humplrs wrre transfrrreei to a ralibratrd glasfl funnC'1 and 
mettsLJred \'olunlC'trieally into groups of 2,000 rggs. Each group of 
eggs was plae-rd on a moist disk of organdy clot.h, approximat('ly IJ ~ 
illches in dianwter, whic'h wus llwll plac('d in a pC'hi dish. The rgg 
dishes ,\"('r<:' stolwl in an incubation etlbil1C't hdd at a constant 80° F. 
tind SO-prl"('pn t {"pIa tiw humidi ty. 

Eggs U1Hkr th('s(' eonditions took approximatdy ± days to hatch. At 
that time tilP pad, eontailling both ('ggs and l1c'wly hateh('d larvae, was 
tnlllsfc'rr('(1 to a prc'pm'('d /an'nl mrdium ('ollsistil1g of finely ground ear
rots, drip(/ 1>n'\\"('r's ypast, buto/)rl1, sodium bpJ\zoate,and sufiirient 
hydroehlorie af'id to bring tlH' aeidity to a pH of :3.5. Trays, lIolding the 
larntl nwdium, w('n' pla('('d ill til(' ineubatiol1 eubint't. The larval d('
vrlopmel1t took 11 to 12 days in this medium, nftt'l' which th(' ImTne 
"'Pl'(' wushpd f1'(,(' of the nwdium and ('ount('ll volllll1('trieully. One 
hllndr('(] lan"n(' ('oll('eted at random \I'('rp I\'('ighed and the :wt'rage 
wpight waH </Ptprll1in('d for ('nell n'arillg hnteh, 

L:llTUP, ill groUpH of approximatPly -lOO, w('re trunsf('rred to small tin 
('UIIH eontninillg Illoi:;t ;;undy Hoil. 1'11(' emls WPI'(' then placed ill the 
r('tU'ing ('agl'S and Il('ld in tht' ins('etary frt approximn.tdy 75° F. After 
lwudmtillg Ill<' soil ill(' lan'a(' plipatt'd, and lInde'r that tl1('rmal condi
tioll in {lip laboratory dt'\'plnpnwnt waH ('0III pI C't(·d and adultH pmPlW'c/ in 
approximat('ly 1,"{ da~\"H. 

Fli('s to IH' lIs('d in til(' bio(,\imati(' eahinds W('I'(' fTansf('IT('(1 to a 
Serp('lwel aJll'stlH'tizing ('iIamlH'r. wht'n' thpy 11'('1'(, immobilizl'd with a 
comhinatioll of ('arbon dioxid(' and pt/H'r, ('ountl'd ilY S(,X('H. and trans
f('ned to til(' Hp('C'ial glohular 8(,],('('11 ('ng!'H. ~\notll('r 'l11('thod of transfer 
was aC'('omplishC't/ hy aspirating til!' [lips into a glaHs tul)(', 

Exp('rinwllts in tll(' euhilwisll'pJ'(' dpsiglH'd to show the PlT(,et of dif
f('J'('nt combinations of t{'mpl'ratUl'l' ant! humidit.y on tIl(' \'al'ious stag('s 
and 011 tIl(' lif" CFI!' as a whole' of til(' t('st inspct. DC'tail('<.\ obsf'ITations 
and m('asur('mPllts W('rl' madp OJ) t.he preO\"ipositioll, s('xual dl'\"l'lop
m('nt, mating, TPprodlIetion, and IOllg('\-ity of fruit fly adults, dp\'('lop
m('nt and r('('O\"('l'Y or tl\(' immalurp stng<'s. and thr mt<> and ('xt<>llt of 
build up of progl'.lly g('IIl'ratiollS_ 

As a basis for ('omparillg fruit fly aclh'ity and j)('rfornULl]('('. a prod
sional lif(' eyele was d<'tPrminpd, basP(] lIpon j'('aring J'l'sldts ill thl' in
s('(:tary. rne/l'r th(' (,Ol1stant ('onditiollS of t.l'mp('rature and rE'Ia1i\'e 
humidit.y in th(' ins('('tary, thl' lif(' c:yelp took abollt 50 dn,ys, II-hieh may 
be di\'ickd approximate'ly into thl' following inil'n-:t1s: Egg stagE' 4- days. 
lary:il stagE' 12 days, pupal stagC' IS days, and adult pl'('(n'ipositionnl 
p('riod 15 days. 1'11(' normal adult long('vity in tIl(' ins('etnry was about 
90 days, and adult rl'prOdlldion \I'as consic/('rNl optimal wlwl1 ~,OOO to 
3,000 C'ggs \\'('r(' laid by each f('malp. 

Tll(' suitability of sprrifie simulated e1imatps for supportillg fruit fly 
populations was ('stimatpc/ hy ('omparing tlw prrl\"isionallife eycle with 
fruit fly p<'rformallC'(, and aC'ti\'ity ill til(' eabinet. 

In ('a('h eahillPt 011(' globular ('ugP II"as maintainNI with matmr adult 
fruit flie's from the ins('('tary. Th('s(' ilies w('re provielC'd with a diet of 
E'llzymatieally hydrolyz('d yeast and soybean, powdered orange juice 
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con(,(,l1trate, sucros<" and water. The hydrolyzed yeast and soybean 
pro\'ided the protein requirements for adult devplopm(,lIt to sexual 
maturity and for optimum adult fertility, productivity, and longevity, 
Food aud water WN(, replpnishpd ",11('11 l1eces~ary, 

To this ragc' of matm(' fruit flips, grapdruit wen' exposed for 24-hour 
ppriotls thrp(' tim('s wPl'kly, 1'lwl1 (,(teh fruit \\"as plac('(] in a combina
tion holding box and rug(" whi('it was InhelC'd with tlw globular cage 
number. tIll' dat(' of C'xpOSllrp, amI til(' study sih', TIl(' fruit fiy eggs 
hatC'hpd within til!' fruit, aud til(> rpslliting larvar fpd until fully grow'n, 
wll('r('oll tlH'Y eraw[('d out of tllP fruit rpmains and into the soil beneath, 
Pup[~tion o('('urr('d within tilE' wil. and the ('Y('ntual (,ll1C'rgrnce of the 
prog(>IlY adults rOll1i)l('tNj the immaturp dt'Y(']op11lC'nt, 

:.'I.l0l1ality of til(' adult fruit flips in thl' parent ragc' was dptermined 
w('('kly. and til(' sampJp was rpplpnishcd with id(,lltieal l1umbe'rs at that 
tinH', 

.A s(>('(JIld !!;I()i>nlur ('age' ('ol1taining adult fruit flips that were' OIlI}' 1 to2 
(hy:; old 011 introductioll was mnilltnilH'd in ('a('11 <'!lbilwt, Thcsc flies, 
fpd thl' snm(' did as d<'srrih('d for the· matun' flies. \\"('1"(' held for study 
of till' prp()\'ipositioll )wriod. Aft('r this eagc of fli('swas in the cabinet 
Ior S days. (n'iposi tioll sheils I\"('r(' exposed for 2-1- hours cvery dny until 
<,ggs \\'('1'(' found, 'flit's!' ('ggs \\'NP pln(·(·(\ 011 hlarkc'II('l1 filt('r paper 
soak('(1 ill l1 2-peI'('(,1l t llC'm:oi(' a('id solu tioll or other comparable mold 
inhibitor tllllllwid ill tilp ill::ll'etary rot, hatehillg, Yisual obs(,l'vution for 
copulatioll was l1JtHk ('Ilch ('\'Plling, (h"ipositioll indiel1ted female 
mat1ll'ity, nnd <'gg hate-it inciimt.pd sur('('ssful mnting, Tlw cage of 
immaturp lIi('s WHS I'('stoek('d ollly ",hpl! pach maturation study was 
('omplC'i<'(\. 

~\. third ('ng£' of 1- to 2-dlly-old fruit flips, fpd tIl(' snmp dirt, \\'usmaiu
tniuNI in each ('aiJind to pro\'idc' information on adult longevity, The 
mortIllit.', of th('f;(' lIi('s was nwasuJ'pd wr('kJy, and Jongp\'ity was deter
minpcl by th(· ag(' of til(' last fin' sun"i\"()rs rtltiler than by thp sole in
dividual sm\'i\'or, Thi::; ('agl' was I'('pl('nished only at the complrtion of 
('lwh IOIlp;('yity study, 

Each glohular ('agt' of adult flips was stoehd initially with 500 in
di\'idualg, two-thinls of \\'11i(,h \\'('1'(' f('malt's, 

Ea('h day prog('Il.l' of stock fl'uit flips \\'1.'1'(' ('o[I<,(,tpd as tlwy ('merged, 
('!HInted hy ;;('XPS, pltH'pel in a fourth glubular cag<' in C'aeh eabinet, 
[uHI pro\'id('d with til(' usual adult did, Tht' rat!' and ('xtellt of popula
tion huildllp \\'('1'(' 110t('<I, Eight days artpr a Pl'og('IlY g('IlPrution bC'gan 
to ('IlWl'g(', gmlwfl'llit \\'('1'(' expos(·d ill til<' sa111<' 11UlIlIlPr as for thc parpnt 
sl(J('b;, and t IH' cultnl'ing of [1. 8('('01](1 gt'II('I'atio)) WlIS ('ornmPllc('(l. BVl'H
tually s('\' ('rn I eagps ('ol1taillillg Sll('('('ssin' gPJlpmtions of the fruit fly 
"'('1'1' maintaillPd within ('Hell eahillPt, 

[I} ndditiOll, lLuxiliary studies \\'PI'(, ('OIHluc-t('(1 r()l~ ('aeh of the simulated 
e[imatp:->, I mmatul't' ~tagt's of t 11(' InsPC't, 1'('pI'Ps('ntNI by ('ggs, illf('sted 
f mit. nnd I>0P[\('. W('1'(' l'('mo\'('(l from th(' ('ultul'(' room and introduced 
intn tIl(' (·(thill('!s OIH'f' \\"('('kly. TIl(' e'riosion qf Pggs, larnd devplop
nWlJt in tIl(' gnlIwf'ruit. and pupal duration \H'I'e' all (lPt\'rminrd, and the 
diIl'('r!'Il(,('" il) growth l'utl' \\'('1'(' (,OIT('lat('d with the fa<'tors of climat(', 

RESULTS 
'1'11<' biorlimatit' rahilH't inwstigatiolls of the' ~l('xi('an Il'IIit fly lusted 

jusi (Jvpr ..J. Y('[lrs. 'flip study iJlC'lud(·d simulation of 17 climatological 
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sites, \~$ shown in table L Progressivp seasonal climatological 
changeI' and their effect on fruit fly development and perpetuation 
are summarized for each site simulated. 

TABLE I.-Climatological sites siml,latecl i,1t bioclimatic studies 

IApproximate 
Site ; lHtitude Altitude 

-----------------, --1'---------
"x. Feet

Tempe, Ariz _____ • ___ • __ , "" _____ • _____ ••• ______ . ~l3.5 1,159('built Vista, Clllif., ______ , ______ 0 _______ •• __ • ___ _ 32.5 9
('ampton, CaliL _.. _., ... _•• ____ , ___ , .. ___ • _. __ • ___ • 34.0 651':1 ('('nIro, ('tllif._". ___ •___________• ___ , ________ _ 32.5 30
Riversid(', C'nIiL __ ., ____ ..... _. _________ '._. _____ _ 34.0 1,045R(ln ,/os(', ('(lliL ____________ .___ . __ • _____ ••.• ____ _ 3i.O 70 
~eb:tstopol. Cnlif. .. , • _________ ._. __ • ________ • ___ _ 38.0 145Orlnn(IQ, FlrL .... , ____________ •• ______________ •. 28.5 106
Athens. On........ _.. _. __ • ____ .. ___ • __ • _______ • ____ ' 
 34.0 798
Fort Valley, Un __ • ___ • ______ . ___ •___ • __ .... __ ._ 32.5 526 
Houma, La,.," ._ .• ____ ........ ____ •_____ ._ •••• _, 2!).5 13Greenwood.. ~li!ii;_____ • __ .. _. _. _________ .. _____ •. 14033.5 
~f.lldell. ~Jo_. ___ .. __ .,. __ • ___ ._. ____ . _______ •• _ 36.5 290 
~lp,.;;ilII1 Pnrk,~. ~lex. __ ._"' _____ .• __ . _______ ... _ ;l2.5 3,865Chlll'leqio/l, S.C•. _______ .. ___ • ____ . _____ .. ______ _ ;):3.0 9?llemphis, T('lIn ..________ .. ______ • __ • __ • ____ • ____ _ 35.0 263
Brownsville. Tex ,_,_,_______ .. _____________ ' ____ _ 26.0 16 

Tempe, Ariz. 

A tcst simulating weatll('r for Tempe. Ariz., in 1937 from October 5 
tlJrough December ;31 and January 1 through September 28 (run in that 
scqu('nce) was enrried out hl ID.56 and 1957. During this period 146 
fruits w('r(' ('xpospd to a parent. stock of Mexican fl"llit flies. Tempera
tures amI relatiw humiditic's for this study site arc shown in figure 4. 

Climatic conditions \\'('r(' favorable for the flies to successfully infest 
fruits from OctobC'r through January, but no adults 1I'('I'e recovered from 
thl' 362 pUpal' collected. The first infestation to result in the establish
ment of an 1<'-1 gC'fl{'ratioll oecum~d OJl February 21. Complete pre
imnginal dC'\-C'!opment rangC'd from 82 to 90 days. A total of 38 pupae 
rC'sultC'd from infC'stations during the month. 

From )'.[areh through :\fay, when tempeJ"atll1"es increased, both fruit 
infC'stations and pJ"{·imnginal drvelopmen tal rates increased. Nineteen 
(ruits infl'stt'u during this period yielded 2,238 pUp:lP, from which 1,047 
progrllY flies emNged. Developmental rates ranged from 100 days for 
the' (arliest infrstatioll to 4;~ days for the later Olles. 

JUIlC', July, and August h:ld successive daily tpmpemture peaks over 
100° F. ac('ompallic'd by partieuhtrly 10\\' rC'lativ(' humidities. Desic
cation was very rapid, and the heat was lethal to most adult flies con
fiued in the cubilWt. ThC'se tempNature and rplativ(' humidity extremes 
wer(~ also detrimcntal to host fruits, which quiekly lost thdr moisture 
cont('nt and readily beeamc light and mummifi('c1, :1 eonditioll that 
definitely inhibited thC' prC'imaginal development of the fruit Jlies. 

Although in Septembl'r the elimate was suitable for fruit Jly activity, 
oviposit~on, and d(~\'elopment, s\lct(\eding months were too cold for 
survival. 
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FHilcIU; 4.-TernJlf'ratures llnd I'elative humidities simulateci rOl' Tempe, Ariz., stuciy, 
based on weat 11('1' dUl'ing 1937. Shaded bands indicate daily range of values through
out aUllllnl climatic crcl(', [I.::' measul'ed by weeklv meau mitxinm and mininm. Cen
tCI' ('lIrve l'eprc;;entH' weekl.v means. Points a))ove and below each band indicate 
absolute maxima and minimlt for each week. 

81l1llIlWTJj.--The torrid summer temperatures at this site (mean 84°, 
me£l.n maximum 9!-;0) prevented fruit fly development and were lethal to 
adults. Climatic' conditions during the early spring only were favorable 
for complete preimaginal de,-elopment and fruit fly perpetuation. 
1'he1'(,l'o1'(', it can b(' concluded that this site could support an infesta
tion of the :\1exican fruit fiy only from late February through June and 
possibly for n, short period in the fall. 

Chula Vista, Calif. 

"\ tpst simulating climatic conditions for Chula Vista, Calif., from 
~\I arch I\). 11)53, through February 23, 1954, was carried out in 1954 and 
H)55. during which tim(' 126 grapefruit were exposed to progeny flies. 
Tt'mpC'mtures and l'Pln.tive humidities for this study site are shown in 
figure 5. 

Thi' Chula Vista annual tempC'rature was rather mild. 'Yeekly mean 
temp('ratut'('s mrply droppt'ci bC'low 60° F. or rose much above 80°. The 
proximity of this sitt' to the ocC'all resulted in lIarrow diurnal fluctuations 
in tpm()('ratlm' and rdativC' humidity throughout the year. 

:\fC'xiean fruit fly repl'Odu('tion and clC'velopment were comparatively 
hpfn"y and ('on tillUOLlS throughout thC' spring, summer, and fall. During 
tl1(' wint<'r, j'('prodtletion was rC'strieted, but preimaginal development, 
although rC'tal'(lpd, eontinu('d uninterruptedly. An F-l generation of 
JJ'1Iit flips was pstablish('c1 by early SLImmer. This new generation be
gnu rep rot! uC'illg shortly thpl'('aftl'r, remaining activC' throughout the re
maiml('r of til(' SUIllIll('l' and fall. An F-2 gt'l1Nation of fruit flies began 
and ('ontinu('(l to ('mNge intNmittently throughout the winter. It was 
cld('l'min('(I that o'v"('rwintpl'ing infC'stations exposed to a mean of 55.5° 
had a d('\'('lopnwlltal cyel(' of 122 days. 
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FIGtJ.RE 5.-TcmpCI·atures and relative humidities simulated for CIUlla Vista, 
CaIiL, study, bnscd on wcather betwecn '.\[urch 1953 and February 1954. For 
cxplanation, sec lcgend for figure 4. 

Total recovery of pupae from the 1"-1 generation amounted to 2,400, 
from which 1,695 flies E'merged; 717 pupae from the F-2 population 
yielded 164 flies. Preimaginal de\'elopmcnt ranged from 43 to 122 days. 

Swnmary.--Progeny flies wen' recovered every month of the year ex
cept January. The greatest emergence took placE' in September. 
Thus, insofar as climatic far' tors are concerned, the Mexican fruit fly 
would have little difficulty iu becoming establislwd in this site should an 
incipient infestation occur in auy month of the year. 

Compton, Calif. 

The climatE' for Compton, CaliL, from March 18, 1953, through 
Marcb28, 1954, was simulated in a bioclimatic cabinet ill UJ55 and 1956, 
dltring which timp 143 grapefruit WE're exposed to a parent stock of Mexi
can fruit flips. Fifty fruits \wn' exposed to the progeny of these 
flies, and 23 fruits \\'('1'(' ('xpospd to the resultant F-2 generation. 
Temperatures and relative humidities for this study site are shown in 
figure 6. 

March and April were suitable for fruit fly activity, but no infesta
tion of fruit occurred. Successive infestations followed in chronological 
order throughout the rest of the year. 

Although the temperatures were amenable to fruit fly reproduction, 
they were sufficiently depressed to slow down preimaginal development. 
The minimuIn developmental period was 50 days (June-July) and the 
maximum 117 clays (November-January). 

In .June, August, and September, infestations were heaviest. Despite 
a strong population of F-1 and F-2flies, no third generation was real
ized. The recovpry of adults from pupae resulting hom the fruit in
festations was rather high. Total flies representing the F-l generation 
were 3,667, from which a second generation of 914 flies was established 
during the period of climate simulation. 

http:FIGtJ.RE
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Fwnn; 6,- Temperatures nnd relativc humidi Lies simui:ttcd for Complon, Oulif., 
study, bUliCc! ()Il wealher iJctWC('ll :'\lllrch 1\)53 nnd April 1954, For explanution, 
see l('gelld ror fi!;urc 4, 

Summm·.lJ.-l'h(, high I('n-l of fruit infestation and the successive order 
in which Huecpssful o\'ipositioll took pl·-.("{' from ~h.Y through September 
indicated that til(' ':\lexiean Emit fly could build up to strong populations 
duritlg most of til(' Yl'ar in elimatic ('ol1c1itiollS comparable to those 
simltlatt'd ill thc Comptoll study. 

EI Centro, Calif. 

Climatie ("onclitions for EI Ccntro, Calif., from October 25, H)51 , 
through .ltdy .26, 1952, were simulated in 1H54 and 19.55. Tempera
tlLrps and n·lath'c humicliti('s for this study site are ShO\\'ll in figure 7. 

Xo fmits introcIuC'pd to the stock flips behn'en October 25 and Jau
uary 16 bt'eame illfC'stpcl. Pupap wpre eollc,C'tecl from January through 
April, and thC' first p"ogt'ny flies were" l"{'eoverecl in April from fruits in
festp(\ in Jallu[U·y. P],l'imaginal dC'vC'lopmC'nt C'xtended from 86 to 104 
daYR. Thps(' infestations, ",hieh oc-cllrl"pd under clepressed thermal 
('ouclitions, illustratpcl the t'xtpnsible prdmaginal developmental period 
that cn.n be completed sllcC'cssfully by this partiC'uiar fruit fiy. 

From :\lay through .July. cluy temperature's or 0\'('1." 100° Ji'., accom
paui('d by vpry low rdative humiditi('s, l"C'&i:rictc-d fly activity and 
rpsultc-d in lWtl\'v adult mortalitv. 

In studies at 'othpr site'S, templ'mtur('s 0\'('1" 100° \\'hl'll aecompaniecl 
by high TPlatiY(' humiditips were soon I('thal to adult fruit flies. How
ever, in the El Ce'ntro stud\' somp adults SUITiwd thl' maximum of 112° 
and slIC'('umbecl only aHpr "exposure' to thn'p COllsP('uti\'(, daily peaks of 
lLl"Ollncl 110°, Dtu"ing tll('se p('aks rplatiY(' humidity rangp(\ from 20 to 
30 pprel'nt. Adult flips ("ongn'gat('d on the saturatC'd ('otton, which 
proddC'(\ tIl(' wat('r supply \\ithitl ('aeh cagC', 

KoJl(' of tile' fruits introdu('('cl to stoc'k fli~'s during ;JUllE' alld July be
CtLll1(' inf~-st('cl, nor \\"C'r(' t.hen' any pTOg('IlY l'peo\'E'red from previolls in
festation;.;. Progeny rC'('(l\'prpd for the simulatpd period totaled .206; 
tll('sP ('mprgpd from 559 pupa(', 
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FIOI'ltf; 7, ~T('lUp('r:l(,UI'(';'; aud l'plativ(' hlllllitiitic:" !iilt1ulalrri for 1-:1 C'Plltro, ('ali f. , 
Sllldy, haH't! 011 wPufhrr h('tW('('1l Oelobpr 1!J51 and ,Jul~· I!l5:.!, For pxplan:ttion, 
see l<'~('lHl f(Jr fi~llrp 4, 

S1l1ll1lW1'!I,- Thl' :\1P;"i('tLll f!'uit fly would htl \'(' di Hi('lt! t.v surd \'ing the 
high tl'mllC'ratul'(':; du!'ing !l1u('h of tIl(' yrtlr in EI C('ntro, It could 
probably sLUTi\"(' and !'t'pro(/U('(' ill thl' mo!'e' fm'orablr tht'rmal condi
tions dUl'lllg tlIP ",jlli('r alld ('tlrly spring, proddC'd aC'('('piabl(' host fruits 
\\'('1'(' 11"nibble" 

Riverside, Calif, 

A tpst simulating {di1l1atic' condition:; of H,in'!'sidl', CaliL, from April 4, 
J9-;19, t.hJ'Ough ,\jJ!'iI25. Hli)O, wtts ('ollduC't('d in thp bioelimati(' eabillt,ts 
in ] U54 und l!155, Tc'mlH'mtul'(,s und !'('Iatin· humiditit,s for this study
site ar!' showll ill £igu!'p S, 

From April through JUJlt' 1040 (.('mpc'ntllll'ps \I'('/'(' ('olldu('iv(' to fJ'uit, 
fly I<'P/'Odlwtioll, l'pakte'm[Wratlu'ps oft('tJ ('x{'p('d('d JOO° F, and the 
minimum was ral'('ly l)(,jcJ\\' 40°, Wid(' a.mplitucle's of IC'lati\'('
humiditic's pn'yu.il('d (,,"pry mOllt h, 

First {'n)('rgc'Il('C' of progl'IlY fli('s OC'('Ul'!'C'c! in ,11111(' fl'Om April infpsta
tions, Xfll1!' of til!' 11 rruits inll'Odw'('d to F 1 flips lwt.\\'('('11 Julv 20 
and ~\ ugus!' :W. J !I4!l, 1Jl'('am!' il1f('s{('(I. amI tllP il1('1'(,[[s(' in daily th('~'mal 
ppaks from mid-J LIly to Jat!' SC'pt C'mlH'r prowd Idhal to mally stoc'k flies 
and 1H'\\"ly PIn(,l'ged pt'OgPlly, 

OetoI>PJ', X(l\'('mlwJ', twd J)('('pmi)('l' W('I'(' pl'Ogl'(·ssln'I." ('old PI', Fruit 
I1y netivilO" was !'I'stl'idt'd and pn'imugillfLl dp\'('lopm('nt slo\\'. ThpJ'c 
"'('1'(' lligllts with frost, [Lud (hI' lo\\'ps( t('m()('rtttul'(', 20"', o('('uITpd ill 

J)('('C'mlwr,HO\I'('\'!'I', p!'og!'Il.\' f1il's m'l'(' j'{'C'()\'PI'('d !'ae h month, 
JfLlluan', F('hl'lItllT, fLlld )'Ial'(,h J \};')O \\'C-I'P {'ool. Fro:;t {J('C'uITPcI on 

c('rtaiu nights ill .laillutl,.'" ami FC'h!'ual'Y. Thp minimllm t('mpc'.ratuJ'{' 
was U,;o, Xo progC'IlY lIips \\"PI'C' I'('('o\"('/'{'d during this 1)('I'iod, but. [mit
beeaInU i11[(,l't('(1. 
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FI!;rm; .... ·Trlll!lPr:Lt\lrr:( and relative humiditiE':' RilUui:t(rd for Riverside, CaliL, 
;;tudy, ba~{'d 011 welLlher !JNweeu April Hl4fl and ApJ'il 11)50. For eXplalllltion, see 
\rl!;('m[ for fil-(urr 4. 

Till' fP('{)\'pry of fiyp pt'Og<'lly flips ill April indieatpd that preimaginal 
d('\'plopmput ('an pxtPllti o\'('r 5 mouths for a Rin'rsidc' winter, and 1101'

mul-upp!'aring adults ('an sU('('pssfuUy eompl('te their clen.'lopment, 
Tlil' gmpt'rruit from \\'bidl tilps(' fiy<, progC"rly fIi('s \\'e1'<' rPGo\'crecl be
eaml' illfpst('(1 from ~()\'('mb('r 7 through lR, and up to 125 clays later 
lurnL!' Wf'I'P oils('r\'pd still a(,tiy(' ill till' fruit, Pupation be'gull on :Marcb 
12 !Llltl ('Ill!'rgPII('(' Oil "\pril 20, TIl<' pupal pl'riocl wus about 39 days, 
Tblll', til(' total prt'imagillnl dp\'plopmPlrtal p('riod for th(' first of the 
titr('(' iufestations was 1G4 (liws. 

During this study 1.14G p'upap \\'(,I'P rp('oYN('d, and thpse yiC'lded an 
F-l gl'tlPration totalillg (i51 flips. 

SIlIllIllCl7·!I.~ TIll' ~1 l'xi('an fruit fly ran sU('('('ssfuJly o\'pndnt('l' with 
llll'an.s ax 10'" as 5:30 in till' ,simulat<'d t'iimak of Hh'prside. It would 
appC'ilr that thl' lllPtailoli(' Ltrti\'ity of til!' 1ar\'[1(' , altilough undoubtedly 
of a \'pry low ordC'1' during d('pr('ssl't/ tpmI)('ratlu'C's, T('c:pin'cl the 
TlN'P,s'-;Ul'.I- .stimulus for dp\'P)0plllPnt from thp dlLily tllPl'mul ppaks, 
~ 

San Jose, Calif. 
..

Climati(' ('onditiom; pr(,yuiling at San JOf;(', ('aliI'., from August 29/ 
HI;)], through ,July Hi, l\J5~, \\'('l'(' simulatpd in ]95-1 anti. 1955 in the bio
dimati(' {'ubillt'tS. TNnIWnltUl'('S and 1'C'latin' humiditiC'f; Jor this study 
sitp arC' .showll ill figul'(' n. 

Tlw f('II' days of dimat(' .simuintNL for .\ugust and the' ('ntil'(' month of 
~('pt('mb('r \\'('1'1' (·OlHlu(·in· to both fruit fly Il('ti\-jty and dt'Yrlopmrut. 
Ho\l'('Yt'l', tIl(' dppn'sHPd t(·ml)('ratU.l'('s throughout til(' winte'r inldbited 
ovipositioll and prpimnginal de\'C'lopmrnt. .April and ~1uy were amen
ablp to fruit fly rppl'oduetion, but tilt' following months were not 
('OIJ(hwin' to imwet d('\'('lopment. 

During tIn' l'lltirt'.st lIdy ouly 2-1 on pl'r('('nt j of 12!l hm;tfruits became 
infphi!'d. ami from titt' l'('strlting BO-1 J)Up:H' uo adults ('mergC'd, Only in 
~('ptpml)('r, :'IJarc·h.•\pril. and ::\lay \\'Pl'P fruits infC'st('d. 

http:l'lltirt'.st
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FlGntli: n. ··Tt'mpc·raturrs anti rl'lntivt:' Iiumitiitir$ simulal('d for :-iau .Jos(', Calif., 
study, btl-I'd Oll w(,tlllit:'l' hPTWPl'll :-iPjJl('rni>pr 1951 alld .July 1052. For cxpl:UllttiOIl, 
sep I(,~(,!ld for figur(' 4. 

Smnllw,/,1I.·_··T1H' rlimatp at this silt' was not i;uitable Jor tht, pC'rpE'tua
tion of the :'II pxicaJl f1'ui1'fly. TIl(' 10\\- t('mprratul'rs. whieh pw\-ailPd 
during m(J:{t of tIl(' climntologi!·I.Ll :,.;imulation. inhihit(\d eomplcte prE'
imagillal dc'wlopmC'llt. Egg hateh. lan-al d('nlopmpnt, and pupation 
o('ctlrrrd in tlw fall and spring. but no Pl'OgPIlY flies rmrrgC'd. 

Sebastopol, Calif. 

Th{' cUmat(' for Fi('bfli-i,opol. Calif.. ('ommC'llcing in August 1953 was 
simulat('d for 1:3 ('onsP('uti,-(' mOllths in tIl<' bioclimatie eabiu('tsin 1956 
and 1957. DUlillg tlli" limp HiO fruits 11'('1'(' 0XPOi';('c! to a pan'lIt stock of 
~1pxi('an huH flit's and 11 fruits W('J'(' ('xpospd to thpir progt'ny. T('m
ppratul'{':"; .alld r('latiw humiditiC':{ for this study site are shown in figure 
10. 

F.rom "\ ugn;;t t hro\lgh 0('[01>('1' 195:3 t Iw ,ypathel' was ('ond uei \'P to \1])

il1tt'l'ruptNl fruit fly dC'\-plopmPIl t. Fruit inf('staJion took plaec each 
month, and (h" initial F ] g'<'upnltioll was C'fitablisht'cl ill latE' Oetober 
aft('r RO day,; of pl·pimagiutd dC'wlopnH'nt. 

T('mp<' rat u r(';.; 1'('11 progr('i-si,'pfy from XO\-pmbel' through January 
(1954), l'C'stri(·ting adult fly adi\-ity and C'xtenciing prC'imaginal de,-plop
ment. J>rog<'JlY flips rmC'rgpdin K'o,'pmh('/' and J)pepmlwl', but tlwir 
d('wlopmPll tal period wal' from lOS to ]:2H days. 

Only OIl(' fruit pxposC'd to pan'nt sto('b; of fruit, flips beeamp in(t'sted 
from Ft'hru[u'Y throUg'h April. :.1nd a singlp pupa was I'('covpred from it. 
TempC'ratul'Ps \\"('I'(' !.kprC'sspcl and r('lat.i\"(' humiditips remained high. 
No progeny fLips W<'1'(' 1't'('(J"C'I'P{1. 

From ::'.Ia." through .July t,('mp<'I'a:tur('s \\-P1'P c'ollducivp to both adult 
fly aeth-:ity and (/C'YC'lopnH'llt. of thp immature stagC's. '1'11(' F-1 progeny 
emp1'gillg in :'IIay took f /'Om ."ig to 112 dllY;;; to eom pl(\tp thpir <!Pvclop
ment. th{' .fUll(' rC'em'Pl'i('l' f/'Om til to !l7 day:;;. andthos(' pmNging in 
July from G-! to 75 days. 

http:climntologi!�I.Ll
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FH.nu:: Hl. ·-TpmpPl'at.ure,; !tud relativ(' humidities ::;imubteu for Sebastopol, Calif., 
study. ba:;('(l Oll w('lltllel' betwpen August 1!.i5a lind August 1954. For explanation, 
S('f' legE'nd for figul'P 4. 

'\~('atlH'r ('onditions in .\ugust and t:)('pt(>mber were suitable for all 
stag('s of fruit fly dl'yC'lopnwnt, and l'C'coveries of progeJlyfiies were 
hea\T. BC'tw(,pn S<,pt('mbpr 1 alld 11, 2G4 progeny flies, representing 
the grNLtC'st numbpr from any single' infpstation in this study, ,\'('re re
cOYC'!'('cl from n grapt'fruit infpsted in late' .June. During the entire 
study, 1.~:37 Fl prog('l1Y flip::; pm('rgpd. Pr('imaginal development 
ranged fmm Gl to 1:29 days. 

8nmma".y.--~\'ltll()ugh the ;\i('xical1 fruit fly could reproducE' during 
tlw fa\'orablp months of latE' spring, summE'r, and to some extent early 
fall. progPtly Dies ('mC'rging in the late fall could not survive the winter 
in Sebastopol. 

Orlando, Fla. 

Climate 1'01' Orlando, Pia., from Ocwb('r 7, 1929, through September 
29, lO:~O. was simulated in 1955 and 1956 in the bioclimatic cabinets. 
TE'mp('ratul'eH and relativp humiditit,s 1"01' this study site are shown in 
figurp 11. 

From Octobt'r through DC'c('mbpr 1020 the wcatll('r was not suffi
ciC'ntly cool (no fw:-;t until .lute DrC'pmbpr) to seriously rptard fruit fly 
d('wlopuwnt. and fruit infE'station took place each month. The first 
r('C'o\'ery of prog(,IlY flips WIl,S ptu'ly in Dp('('mber. DeYclopm{'utal 
p(·riod::; rtLng('d from 4G to 66 clays. 

From ;January through 2\fareh 19:30 tlH' wpather was cooL However, 
thpre \\,('1'(' enough days with ppaks over 70° F. to permit fly aetiviiiy and 
ovipositioIl. Fl'bruary was the only month in which no prog(,l1Y flies 
E'me'rgC'd. Flips emprging in .January Teqt:irecl 58 to 78 days to develop 
and thOHl' for ;\1 arc·b 106 to 117 clavs. 

Climatic conditions from April through JUn(' w('re suitable for unre
strictpcl clc'vplopm('nt of all fruit fly stagps. Preimaginal growth ratcs 
bpcam(' uc('('IC'rt.LtNI. Flips emprging in April requir('d 98 to 130 days to 
clpvPiop and those' in June' 41 to 72 days. No fruits exposed to the F-l 
gC'l1Nation h('('ump inf('si;C'<:1. 
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FI(; nn: 11. ·-'fl'IIl/)(,1'H1Urr,.; /lud I'rlutiV(' humicJi tie;; "illlulatl'd fol' Orlando, l"l1l.. study,h.u.'ipci OLl wl'llth('1' hl'tW('('1l O('toi>pr 192!) and ~cpternbel' 1930. For cxpillnation,$('(' ll'gNH.l rol' figure 4. 

From july through MPpt('mb('l' monthly TIlC'uns \w're upproximatC'lySO°, Frnit inft'statiollS \\'Pr(' hpa\'y. Progeny fii('s \\'('1'0 rC'coven,d frominf('stations t1Utt had o('curred from 40 to 67 clays ('arlieI'. The em('rgPl]('(' of "ix adults from fruit;; infested by prog('ny flies in July('stu.hlishC'd all 1"-2 gPIH'ratiou.
From 130 fl'Ults pxpoRPcl to parellt stocks of fruit Hks during thisstudy. 2.606 F~l f1i('s W('1'(' r('C'OY(,1'('(I, wlwrcas from 17 fruits ('xposed toth(';;(' progPllY fIi('s only (3 F-:2 adult::; pm('rg('d.
81l1l11l/w'!/.-·-Hpstrl ts of tltis study indi('atf' that the ::\Icxicall fruit fly('ould b('(,OllP C';;tablishNl in theOilanclo arNl should it be introclucedth('/'(" This ;,;pt'C'ies was ubI" to iuf('st fruits dming aLI simulatC'd monthsof the Htndy, alld jll'Ogpny pmprgcd in all months e:xcppt Ff'bl'uary. 

Athens, Ga. 
A t{'s.t simulatillg \\'('tttlwl' for AtlwIlS, Oa.. from X()\'ember 1955through l\on111lH'l' In'-56 \l'as ('UITIPd out in Hl56 and H)57 .in the bioclimatic (·ahinpt;;. T('mpC'rature;; iWcI relatiw' humiditit's for this studysit(' arc' showll ill figllr(' 1:2.
\\'('athe!' fl'0111 XOn'mbl'1' lU55 through February 1956 inhibited fruitfly l't'j)rodllctioll. .\Hhollgh daytime' t('lll)('ratlU'Ps during cprtain ,,'C'eksw('r<, [tffi(,llllblC' to fruit fly aeti\'it.y. tLl'rmal drops at SUllS('t inhibHedcopulation.
TIle' first inff'statioJ1 of fruit oe('u1'l'('d on ::\larC'h ;31, when the daytimet('mp('ratlll'l' j'(·t\chpd 70° .F. Infestations Iwcn;me progressi\'e1y mor('abulldant durillg April and ::\lny. From Junp tllrougll August thew('atlIe'!' wa:1J)('[u' optimal for fl'llit ily P(,l'pptuation; 30 of 39 fruits e:xposc>d to stock flip;; I)('('amp infest.('d. During t.his p('riod it total of 1,600F-l f1i(';; {'mC'rg('d af1 <'l' pr('imnginal developmental periods of from 40 tof)3 day:;, Em{'rgell('(' pe'l' inf(':;tation rnngC:'d from Ito 141 flies, but thisw:id" :<pan is /lot U/l('ommon in l'itlwr natural 01' simulated elimatic condition!' b{'C'aus(' of ,'i1l'iatiollS in population density of parent stock, tem
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F!la'R~: 12, -TC'llll)f'I':LllIl'('S 11l1lll'l'l!Lliy<' humidities ::iInula[C'd for Atlwtls. Ga., study, 
111l;;pd on \\P!Ltlil'!' h('lw('('O ::\m'C'rnhpr 1955 Ilnd Xo\'cmhC'f 1956, For t'xplan:uJoIJ, 
::or!' 1<.').(l't)(1 rOt, fi!!:lIl'P 4, 

lW.mtUl'(" oviposition urgr of fpma\c>s. alld attractivPI1('ss of individual 
Jrui is t () f1i('R, 

.-\lth()u!!;h d('c'r('llcling tpmpE'!'aturps from S('ptpmbpr through NoY(~m-
1)('r dic\llot inhihit pl'pimaginnJ d('nlopmput, progeny rrtnrns wpre less 
frN}lH'n t and dpy('lopnwn tal ppl'ioc\s \\'pre coxtl'ncifd in some instances to 
IX cia.y". Th(' initial F 2 g('lwrntioll (titrep flips), {'stablished in mid
SpptC'mbel', Wt1.fl augm('nh'd in Oetob('1' with 266 Hips and in November 
with 77 flips. 

TIH' highC'st yidd of adults l'psulting from a single 1nfpst.ed fruit was 
141. Tlw total F 1 population ('manating from this study was 4,094 
flip!,;, 'I'll<' F 2 genC'rn.tiOll of 6X-l flips was ('stabfislwd too late in the year 
to b(' of ('ons<,qupnC'(', 

SIl'lll'llW'I'!/.-TIl(' simuln;t(,cI rlimate of Ath<'IlS \\"fI.S slritab1(' for the 
l'l'pl'oduC'tion and d('\'(,1opmc'nt of ::\fC':den.n fmit flips from Apl'il througll 
Appt!'mb('J'. TIl(> \\'intl'1' inhibited alJ stag<'s of thpfly's dpn~lopmellt, 

Fort Valley, Ga. 

T!\(' Fort. \'alll'Y, Oa.. cJimatp for 12 months beginning on August 3, 
Hl4:·1, was Rimulntpd in till' bioe\imatie C'ahin('ts during 11.)55 and 1956, 
T('m]wJ'atul'!'s and 1'('\at i\'(' humiJitiC's for this study site arc shown jn 
fignn' 1:3_ 

Fort Yn.II<,y. situatNl on a platNlll about 500 [('cot abo"C' sea 10v('1 and 
midway \>Pt\WNl tilt' 32d and 3:{cl parall<'1. was sd('C'tt'cI largely because 
of its ftLYOl'ahlp gpogl'tlphiC' locol1tiol1 for the pmcluetioll of peaehes, one 
of tilt' most important hosts of tll(' ~'l('xi('an fruit. fly, Sufficient seasonal 
Yil.rintiorls thel"(' would iut/ieak how far north or for what periods of the 
yC'ar tll(' ::\J('xirt1n fruit fly eoulcl be ('xpcoetrcl to costablish itse1f. 

Augu.st. S\E'ptrmlwr, and (kt,ober \\-core cOl1d uciw to fruit fly activity, 
dpv('lopmC'nt, amI O\yipositioll. The first ji'.--}(ly {'nwrged Oil October 
~n aftC'l' a pl'('imaginal t\C'wlopmC'nt pC'rioC\ of 76 days. 

http:1nfpst.ed
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Fwt'fn; l:{, TC'lllpl.'nHUI'C'S :10U re!:lli;'(, humidities l'irnulated for Fort Yalley, Ga" 
study, IJIN'd on \\f'llthPr between .\.t.gust. 1[)4:3 and .Tuly 1!J44. For eXIJlallllLion, 
SCI' It'grud fot' figul't, 4, 

From XUYl'm\)('r through Jalluary 11044) frc'('zing tpmppratures wPre 
evid(,l}('('(l Nt!'!.! month. and 11 leny of IUo F, O('CUlT('(\ in December, No 
flies enwl'gpd durillg thl" (p,mrtl'r. and only two fruits b('cam(' infested 
lat(' ill .JallUl1ry, 

\Vith warming Lrl'ntls from F('bruary through April, fruit By activity 
and {lvipo::lition il\('I'NlSPtl. Larval d('\'('lopml'llt \\·itS as(,l'rtainpd to be 
taking pla('(' in fruits prp\;o1l8Iy illf{'stl'd, but no progl'ny flies emerged 
during thi::; I)('rio<l, 

From Jill\(' thl'Ollgh p[l.rly Augu;;;(, tbe weatlwr ,\"as ('onc\ucive to lwin
t('rrllpt('d fruit fly d('\'('lopment, and at t,ll{' close' of the' test both larvae, 
and PU])[ll' \\"('['{' ('c'('OVP1'c'd, 

From 1:{;~ gmpc.fl'uit.s ('xposed to pan.'nt stocks of fruit, flies during the 
study. 175 l<' 1 pl'ogl'lly flips \\"('('(' l'('('o\'('r('c/, and rLbOU1, 08 percent of 
th('s(' f.'BlC'rgpd ill .:\lay, 

SlllllllW7'J/. TnfC'statiolls O('('utTNI in all months ('x('('pt Now'mbcl'.:1nc/ 
J.)('('l'ml)('I', .\ J1WUll of 520 throughout the nonpl'odu('i;in' pc'riod ill

hibih·d both adult sUITin.J and prdmugimtl deV('[opme'nt of til(' nlexi
can fruit fly, Til II", it would bc' improbable tlmt this tilWcies could 
p('qw(uai(' iUi("!' [t ( this Si/l" 

Houma, La. 

In 1!)5G 5S, W('lltl,(,], wilS girnulakd for Houma, La.. in til(' bioclimn-tic 
Cl1bi.llPlS for ~{'pu'rnl){'r 10.:jH tlll'Ough August. 1%0 and forS('ptt'mber 
1940 through .:'I1an'It H150. Tl'mlWl'ld:ur('s and n\htln~ humidities for 
this study Hit!' arp shown ill fig\l!'(, 14, TIJI:' anllual dimatie eycle was 
ext('ndpd to obtain lw('d('d information on til(' reproducti\'(' eapadty of 
the l\{('XiC'tLll fruit fly alld to det;c'nnill(' til<' (,ff('et of deprpsst'd 
tempprutnrrs on a w('ll-p:;tabli:;h('d, I>tl'Ollg fruit fly populn-tion, 

:From Sept('mbl'/' through Xov('rnbp[, 1\)40 m('[ln:; were from n° to 
,540 :F. and r('lntin' .I11uniditk;; lwt\\'C'C'n 50 and 60 Pl'.f('('nt, Daily p('ak 
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FI!.H·It~; 14. TC'lI1(lC'l'ftture:; :lud n'!tlth-e hUllliditiC's "imuillted for Houma, Lit., study, 
bll~ed on wC':l(h('1' helwe,'Il :;('pt(,l11bel' H)40 llud Au~u~t 1950. For explanation, see 
leg(,IJd for fi~ur(' 4. 

tf'Inppratnr('s wprC' SUdl that fruit fly O\-ipositioll took place each mouth, 
but til(' low night t('mlwrntur(,R rptanku preimaginal dC',-C'lopmcnt. 

Progl'IlY flips first puwrgNl in ('arly Dec('mbpr, hl1,,-jllg tl1ken from 85 
to H9 days to d{,,·plop. and thos(' ('ml'1'ging in January and February 
1950 rpquirpd from R4 to I05 days. Infestation was Ileavy in all fruits 
pxpospd to parPllt stoek during tl1l'se 3 months. 

\\Tith mOllthly means from 60° t,o 73° from ::\Iarch through May, fruit 
fly rC'J)mdudioll progr('sspd unintelTuptC'dly. PrC'imaginal deyelop
ml'lltal Iwrio(\s for til(' prog<'IlY 1'('('ov(,1'C'd rangC'u from 29 to 79 days. 

In ('urly JUIlt'. It' ~ flic's commPllceci C'mprging from an April infesta
tioll. ~I Oil tltly mNlIUi for July and Augllst W('1'P approximately 80°, 
",hi('h ~t im ulatpu oyipositioll and aeederatC'Cl insert development. 
Em('rgen('(' of prog('ny Jlips Wlk) pnrtkulnrly l1('aYy. In JUly, 1,255 F-l 
fI]('s ('nwrg('tl. :~n.:t from :1 single' infestpd fruit, and 251 F-2 progC'ny were 
n'('onrl'd. During .August, 201 F-3 flit'S pmNged, PrC'imaginal 
d('vplopmPllt dur.ing th(' lwrio([ took from 36 to 71 days. 

8[1(,h progC'I1Y gPlIPmtioll inereasc'd in llumbC'f from September 
through Xov<'mlwr, aud ht'('allsC' of thC'ir population strength, no more 
sto('k Hips wprp lIsl'd in this study, Prl'imnginal ckwlopment during 
this r)('riod rC'(juil'('d from 50 to 7:3 days, butfiy aeth,-jty slowed down as 
thl' w('('ks pmgrpssNI. 

From .January through ::\Jarrh. elimatir conditious bad little effC'ct on 
fruit fly pmC'rg<'IH'C', but tlH'Y did ('xtC'nd the d(·\'('lopment:i1 cycle. An 
F-4 gPlwmU(Jn was t'stnblislwci in Janual-Y and was augmel1tpd by small 
numbC'rs of flip,:.; pmprging in flU' 2 follo\\-ing months. Ovipositional 
activity cl('('linC'd as til<' i'ifudy t;prminaU'd. and prC'imaginal den'lopment 
took o\'er 100 days in many in:-;talH'C's. But the pprpptuation of the 
fruit fly gPlH'ratioJ1s prowd that a high population clpnsity of Mexican 
fruit fli('s can sun'i\-e during tll(' wini;C'r at H(lUma. 
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During the study 149 fruits exposed to parent stock yielded 6,121 F-lprog('IlY. und from 239 fruits <:'xposed to F'-l, F-:2, and F-3 generations,r<:'covprit's of flic's 1\'<:'1'(' 1.580 F,"2, 91a F-a. and iU Y,4.
Stl1mna1'y.--ClimatC'\\;B<:', Houma I"as more favorable for the establishmC'ut and PC'I])(,t.uutio!l of tIl(' :\IexiC'an fruit Ily than u,ny of the' othersit('s in this ill\·C'stigatiolJ. Fruit fly actiyity was obsC'ITed eluring allmonths of 01(' study, and four progC'llY g('Ilerations bC'can1(' established. 

Greenwood, Miss. 
('limai(' for Grc'PIlI\'()od, :\lis8.• was simulat('d for Xovpmbpr 1, 1U5-l,through .July /. 1U;')G. ill the hioclimatie eabillets only 2 w('eks out ofp}mse with the' ealpJH.lar datps. Tpmperatul'('s alld relativ(' humiditiesfor tlti" st.udy sltp ar(' ShOll'll ill figures 15 aud 16. 
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Fwnt!; 15. ,-TC'rnpC'r1Itures :uul relativ(, humidities Billll;latpd for C:ret'll\\'ood, :'riss.,study, bnsc'd on weuillPl' !JPlweeli XO\'f'lIllwr 1954 lind October 1!J55, for explanation. sec Ipj!;C'lId for fil-!;Ufr 4. 

From XoY('mlwr thr'ough .Jililuary. nwuns from 52° to 48° F. wercabortin' to fruit fly slu'\'inll and repl'Od urtioll. T('m[)('ratul'('s inereasedduring tIl<' lH'xt ;:i ffiolJihs. Fruit flips 1)('('un1(' aetin and ovipositiontook plac(' in :\Iurc'h and .\p1'il.
From .\Jay through .July tIl(' ipmper'u,tllres I\'('J'(' fal'ombk for allstagrs of fruit fly ch·wlopIlWllt. and fruits 11'('1'(' :;lIeeessfully infestedearh mouth. TIl(' fil':it. F1 flies C'mc'l'gC'd in .JUlH', ha\-ing takC'n 41 to 56days to d('wlop. Fruit;; inf('stNI in :\lay and .J UIl(' yirlded adults injuly. '\.) progPJly 1\'('1'(' r(>("oY('r'('d in .\ugust, but !'mc'rg('I1('e took plaeein thp 2 followillg mont.hs aftp!, dC'\'dopmPlltu] pc·1'iods of from 42 to 65dUNS.
XO\'pml)('l' ] Ui);) ('omnwnC'pd tlw second un nunl simulation period.Xo fruit;; I)('('unw iU[('Rt('(} during this p('riod. but, n fell' progenyflkswel'(' r(,(,O\'p1'(,d during XoYC'mb{'l' and l)('('('mi)C'r. From Fl'brllarythrough Apri] lluffif'i!'JltVhiglt daytime trmperatllJ'('s pC'J'mitted fruit Iiy{)IripositiOIl and pl'('imngillal c1C'YC']opm('llt. Tl'mpc'ratmes from MaytJlrough JulYI\('l'(' tuOC'IUlblp to ('omplt't;(' ins('C't cl{'\'dopment. Progeny 
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FWl"Hg ]0. "Tl'mperalures :lUU relative humidities simulated for Greenwood, Miss., 
study, based Oll wenther between Xovember 1955 and ,July 1956. For explanation, 
see .Icgl'nd for fi!!:ure 4. 

fiirs emergt'd during ('uch of these' mouths; the greatest emergence 
occurred ill J tOle. 

During the rutirr study 225 fruits werC' exposed to parent stocks of 
fruit flips; 71 (32 pC'rcrnt) bC'camc infrsted, and from 45 (63 percent) of 
these' inft'stations, 1,279 progeny flies emergrd. 

S1(1n'lll(lry.--~r ('xican fruit Hirs were able to perpetuate themselves 
during most of th(' year at this simulatC'd site, but in neither their adult 
nor pre'imaginal stages ,,'en' tiwy abl!.' to sun'i\-c the severe midwinter. 

Malden, Mo. 

Climati(' conditions ,,'ere simulated for ~Iuldell, l\Io., from October 
18, 1955, through July 22, 1956, and again from No\'ember 11, 1956, 
through July 7, 1957. T\l(' studies ,\-ere conducted in the bioclimatic 
c:nhilwts :3 ,yeeks out of phasr with these dates. Temperatures and 
r('latin' hUllliditipl;; for this study site are ShO\\"l1 in figures 17 and 18. 

Oetol){'r, Noyember, and December 1955, \\-ith means from 590 to 
:360 F., wpre too cold for fruit Iiy eI('velopm('nt, and many adults suc
C'umiwd during til(' frerzil1g temperatures in December. :From January 
through l'.lareh it was too rolel for insect actiyity and development. 
Little f('('ding ueeurr('d until a warming trend ill l\Iarch. From April 
through .1 lily fruitfiy activity increased as the temperature rose, and the 
initial F~l fly progl'lly w<.'r(' established in JunC:'. 

Xin<.'ty-(·ight fruits were expos('d to stock flies during this phase of the 
study_ Sixt<'C:'lL fruits heeamr infested, and from 3 of these infestations, 
198 F~1 fli('s emerg('d. Preimagil1al devC:'lopmental periods ranged from 
52 to 60 days. 

During the second phase of this study commencing in November 1956 
thpre \\-as little respite from the cold days lWei freezing night tempera
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FlGnn; 17.-Temperiltur('ii !lnt! r('lativC! hUlllidi[i('s.:'illlulated for '\Illldeu, "'10., study, 
ba,oed on weather bet\\'cen October l!lli.') and .July HJ.56, .For explanation, see 
legend Jar figure 4. 
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F.HWItE l~.-TeIllJlemtllre:; tlnd reifllivc humidities "imulaled for .\Ialden, .\fo" study, 
based on wenth('r I>t'lw('('1I Xovell1ber 1!)5(l and .Julle 1057, For cl'planation, see 
legend for figure 4. 

tures until April, wilen tht' monthly mt'un rruclird 60°, and thermal 
peaks of SO° W('r(' frrqurnt, Flies successfully illfested 11 of 13 fruits 
during the month. l\lrans from l\Jay through July 1957 wero from 69° 
to 7Qo. During the comhinl'd pt'riods of thl' Malden study, 880 progeny 
fli('s were' reeov('rrd, and all of tll('sr emcrgl'd during June. 
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Summary.-Although the Mexican fruit fly could be expected to have 
little difficulty in becoming established at this site during spring and 
early summer if sufficient acceptable host material were available, 
subsequent populations would succumb during the prolonged winter. 

Mesilla Park, N. Mex. 

Climate for l\IesiIla Park, N. Mex., from March 1948 through Feb· 
ruary 1049, was simulated in the bioclimatic cabinets in 1957 and 1958. 
Temperatures and relative humidities for this study site are shown iu 
figure 19. Relative humidities for the entire period were particularly 
low. 
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IfJ(:um~ lO.~-Telllperaturt's and relative humidities simulated for .Mesilla Park, N. 
)'Tex., study, based 011 weather between :\[arch 1948 and February 1949. For 
explanation, see legend for figUl'e 4.. 

From l\f[Lrch through :May the tempNutures were amenable to fruit 
fly reproduction and dev('\opmellt. Progeny flies began to emerge in 
early June, and reeoverit's were made almost daily throughout June and 
July. The initial F-2 gelleration was established in August. None of 
the infestations after August :30 produced progeny flies. 

Although progeny f1il'S continued to be rpcovered from September 
through No,'pmber, t('mpC'ratures as low as 8° F. during occasional 
nights in No\'ember killed the adult flies. Subfreezing weather from 
Decl'mber through March inhibited fruit fly de,'elopment and was often 
lethal to adul t flies. 

During the entire study, 70 of 127 fruits (55 percent) became infested 
and 2,21:3 1"-1 iiies rmerged. Of 29 fruits exposed to these fiies, 12 (41 
percent) became infested, and 9:3 F-2 progeny emerged. Preimaginal 
dcYC'lopment for the F-l genpration ranged from 89 days in the spring 
to :37 days in the summrr. Second-generation flies required from 43 to 
75 days to ('omplrtc their development. 
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Summm'y.--":'Low relative humidity throughout the year at this site 
apparently did little to depress fruit fly activity. Optimal development 
occurred in the summer, and consequently a second generation became 
established. However, the winter temperatures nullified any possibility 
of the population's overwintering. Therefore, fruit fly perpetuation in 
Mesilla Park 'would be improbable. 

Charleston, S.C. 

Climatic conditions of Charleston, S.C., from April 1939 through 
May HHO were simultLtpd ill til(' bioelimatic cabinets dUI-ing 1956 and 
1957. TemperatlU"C's and rdatin\ humidities for this study al"f~ shown 
in figure 20. 
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FlGum: 20.-Tclllpcratures and relativc humiditics simulated for Charleston, S.C., 
study, bascd all wcather bptll'ccn April 1939 tllld :\Jay 1940. For explanation, sce 
legcnd for figure 4. 

The humid coastal' area where' Charleston is situated affected both 
insect activity a.nd host fruit keeping qualities. Temperatures from 
April tlll'ough .J lInC', \\'ith means from 64° to 80° F., were conducive to 
fruit, fly dC'\"C'lopmC'llt, and preimaginuI growth \Vas accelerated, with 
r0co\"eri('s of the F-l gen('ration in June. 

Erom July through September the temperatures were conducive to 
preimagillal (/evoplopmC'nt, but during daytime peak temperatures, adult 
activity was restrieted and longevity adversely affected. F-1 progeny 
flies ('mergecl each month. Oue fly l"ccovered in August required 112 
days to develop . 

.AJthollgh from No\"cmber through .Junuary (1940), means were from 
53° to 40°, sufficiently high daytime peaks stimulated oviposition. 
Relative humidity only slightly affected adult fly adivity but pro
foundly aiTeeted the deterioration rate of 1tlfested fruits. To what ex
tent this variable manifests itself on population buildup is difficult to 
determine, btlt its existence as a potential limiting factor cannot be 
overlooked. Preimaginal development of flies emerging during this 
period extended from 48 to 93 days. 
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From February through iVIay the means were from 50° to 70°. No 
fruits were introduced to stock flies after !:vlarch 27, but 12 of the .24 
fruits introduced during February and :March became infested. 
Preimaginal developmental periods ranged from 57 to 106 days. 

Of 152 fruits exposed to stock flies for the entire study, 77 (51 percent) 
became infested, and 1,648 progeny flies were recovered. 

S1l'Inmary.--Conditions conduc}\-e to fruit fly oviposition at tlus site 
began eariy ill li'ebruary and contiuued through September. Emer
gences occlllTeci tbroughOllt most of the year. Howc\Ter, flies that 
emerged duringtlw winter succumbed quickly to the cold . 

.Memphis, Tenn. 

A test simulating weather for :i\:J('mphis, Tenll., for 15 months com
mencing in N on'mber 1955 was conducted ill thE' bioelimatic cabinets 
during 1956 and 1957. TempE'ratlll"l's and relativp humiditief' for this 
study are shown infigtu'e 21. 
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FlG[)Rg 21.-Tc!l1peratures Ilnd rclative humiditics simulatcd for the Memphis, 
Tcnn., study. bused on weather between Xovcmber 1955 and November 1956. 
Eor explunation, see legend for figure 4. 

From November through January, temperatures were below the 
threshold for o\-iposition, with means from 51.7° to 39° F. Fly activity 
increased from Febmary through April. Light infestations occurred in 
February and March, and all fruits introduced to stock flies in April 
became infested. 1\:Jay and June temperatures were conducive to all 
stages of Jruit fly de\relopment. F-1 flies began to emerge early in 
June, and recoveries per infested fruit were particularly heavy, ranging 
from 200 to 382 indi\-iduals. A total of 1,504 F-l flies emerged during 
June. 

Temperatures for July and August we.re nearly optimal for fruit:fly 
development. The last infestation to yield adults in tills study occurred 
late in Augllst. September and October temperatures were conducive 
to continued fruit fly development. Progeny flies were .recovered each 
month, aud because of the lugh population density of the F-1 genera



28 TECHNICAL Bl;LLETL" 1330, 1:.8. DEPT., OF AGRICULTURE 

tion, tIll' study was continued through November and December 1955 
and January 1956. Only two flies emerged in N o'Tember, these from .au 
infestation in mid-August, 80 days earlier. No fruits became infested 
during December and January. 

Only 67 (37 percent) of the 182 fruits exposed to parent stocks of fruit 
flies became infested. and from these infestations .2,465 F-1 progeny 
emerged. Of 24 fruits exposed to this latter genpratioll, 3 became 
iuff'sted and 19 pupae wpre reeon:'rt'd. 

Sum:mary.-TIH' climate' of ~lpmplris would be favorablc' for ~:Iexican 
fruit I-Iy ('stablishm('nt from spring through latC' summer, but til(' win
ters would be Ipthal to pstablishNI adult popuhttiolls and inhibiti\'p to 
preimaginal stage's. 

Brownsville, Tex. 

A tC'::;t simulating weatlH'r for BrOWllS\-ille. T(-x., lwt\\'(-PII Spptember 
1954 and ::3('ptpmb(>r H)55 \\'as conuurtpd in tlw bioclimatie eabillets 
during tIl(' samp yNLrs. TemppratLll'ps and rplMin' humiditips for this 
study sit(- are SIJOWll in figurp 2~, 

1I0r--------------~-----~--~--~--~--_+--_4--~~ 

. 

. " a .. 
! 
:: 
~ 

; 

:FlGlTIU': 22.·_·TC'11l1Wl"lltur('S and relali\'(~ humiditiC':, simuliLtC'u for Browusville, Tex., 
stu(h", bn$ed on wcathC'!" beill"PC'1l l'iC'ptE'lllber l(J54 tlnd l'ieptcmi>e!" 1955. For ex
plaulltioIl. see lC'g('nd for fi~lIrC' 4. 

The mpans for Sept(-mbpr tlll'ough K on'mbc-r \\"pre 840 to 69° F. 
TemperaturE's 11('W-r fplI Iwlow 55° at SUllspt, the copulatory threshold 
of the l\fprican fruit fly. ('ollst'{JuPlltly, o\-1positioll took place in fruits 
exposed during the E'ntirp prriod. The initial pl"ogeny fly emerged in 
No,"embE'r from a S(lptember infestation. 

Temperatures for Dl-cpmber throngh Il'ebruary, with means about 65°, 
were conducive to fruit Ely acthrity and development. Progeny flies 
emerged parh month. 

l\1areh's wide temp(lrature vacillatiolls resulted in a mean of 72°" 
April and ~Iay had means of 76° and 80°, which wPl"e ideal for preimag
inal dp\·elopment but cIrtrimental to adult longeyity. The 500 F-l 
flies that emerged in April accounted for 67 percent of the progenyre
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co,-ered during the entire study. The last infestations to produce 
progeny fiies o(:wrred in mid-May. 

Bt'tween Muy 20 and the end of the study on September 1, 11 of 43 
fruits became infested, from which 345 pupae ,vere reco\'ered. Weekly 
peak temperatu'fes for tllis hOJuproductive period ranged between 90° 
and 95°, .lows av('raged 74c" Ia.nd the mean was 83°. That these high 
temperatures adwrsdy nffectod adult longevity was evidenced by daily 
mortality counts. How"f'ver, it was ascertained that limited oviposition 
had taken piaN' in some fmits exposed in the last weeks of this test. 

From 123 fnlib; exposed tp stock flies, 745 progeny flies were 
rero\'pred. 

Hwtmwry.--infestations occurred throughout the year a.tthissite, 
but pupaE' wpre r('cov('red only from summer infestations, when the 
mean was :;';:3°. The wintpr and spring w('re favorabl(' for fruit£ly 
actidty, but high summer temperatures had a deleterious effect on 
adnlt longevity. 

DISCUSSION 

Effect of Climate on Fruit Fly Development 

1'11(> ('tTt,ct. of climah' Oll the normal biological processes of the fruit 
fLi('s wa::; th·tC'rmiIlPd by till' follo\\~ing critpria: The number of months, 
the slweifie seaSOIl, and tlw p;..-tent to wllich successful illfestation of 
:frujt~ took place': and the number of successiY(~ gpnerations of progeny 
in a singh' year. tlt!'ir population size and 1"eprodllctiw' eapacity, and the 
('xtent to which the'i]" lift" cycle clitTpred from that established for the 
ins('ctaIT-rparpd flips, • 

Resufts of thiR study indic-atpd that tE'mpemtul"(' ('x('rtC'C1 a greater 
effC'ct on tll(' d('wlopmC'1l t of fruit flips than did humidity. Tlus is par
tially attributable' to thp fact that thp <'gg and larnl.l stagE'S arC' spent 
'"itllill til(' host fruit wh(,/"(' sufficient moisture is gem'rally present. 
Although both add tLI1d saturated soils had deletC'rious etTpcts on the 
ins("ct during its SlIbtprnlllpan sojourn. temperature amPiiorated or 
enhancpd t hest' f,tTC'cts. 

TIl(' ratC' of prpimaginal d('Y(:lopment \\"as definitely affected by tem
peruJurC'. Each clistillcti\'e stagp had an optimal thermal. range within 
the largpr optimal mllg<' for tllP C'ompl('t(· lif(, coycie of the iusect. High 
t('mperattll"('s. I(·thal to adults, only aecelerated lan"al development in 
fruit and adult ('mergence from puparia buried in the soil. On the other 
hand, winter conditions typical of certain sites simulated in southern 
California e-xte-ncied development in many instances up to 5 months, 
whE'reas in thE's(' and other sites during early or late summer, growth was 
a('rplerated and the eomplE'te pre-imaginal cle,'e]opmental. period was 
n)dtle~)d to approximately 40 days. 

Tlw aC'tiyit.y of adttlt fmit fli('s is not afTected solely by external tem
p('raturp (C\-aroY 21. Bodenhe-impl";?). Grllrrally inSE'ct activ'ity is de
prl'f'qed by low humidity. HE'adll'l' (J 1 l, Brl'itenbrecher (3), Robinson 
(J 7), and othNS working with "arious inSl'ets reported that the rate of 
reproduC'tion iii nffp(,t('d by humidity. High humidity in the simulation 
site of Charlrston, RC'., rrstrirted adult arti,~ty and caused rapid decay 
of host fruits, which in turn affeeted larval development and limited 
progeny buildup. 

http:TEMPER.A::TlJ.RE
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Climatological data. pertinent to the response of the fruit fiy aud 
limit(,d to the months simulated for each sitl' arE' prE'sE'nted in table 2. 
~:Iean H,nd m(latl maximum tcmperaturl'S indicate the gCnPml h'\'E'! and 
the l'xtent of fluctuation at eael! study site inv('stigatpd. Mean maxi
mum tpmperatures dw-ing thE' wintpr indicatl' whE'ther oviposition eould 
occu!", SiIH'E' it 'was pstablishedthat femal('s would oviposit when thr day 
tempprattu'(>s reaehrcI or ex('eed(ld 55° F. Days with maximum tt'm
peratul'l's abo\"<, 95° restrictt'd all adult .aetivity, intl'l'f('recl with 
rE'produ('tioll, atld matprially r('du('('u adult longp\'ity. 

Th(' thl'('sholu for copulatioll \I'as apPl'Oximatdy 55° F. The E'utire 
pr('imaginal dp\'p]opm(,lltal (·ydl' ('()uld 1)(' C'omplett'd undel' diuJ'Ually 
fluctuatiug tpmppratul'l's and rt'lati\'e humiditi('s at a mNtIl as low as 
53°, with a diurnal nmplitucl(' of' about 20". PI'Pimaginal dt'\'C'lopment 
was inhibit!'d whptt th" o\'C'mU mpan \l'as 52° or low('r. I'll(' longest 
dt'vel()pmt'lItn,l ppriod undpr simulatE'd conditions or ('Iimatc was at 
RivflrsidC'. Calif.. from Xo\'('mbl'l' to April. ",lwlt at a mptLll or 5:3°eom
plE'te dp\'('lopml'tlt from ('gg to adult r<'quirpd Hi4 days. How(,Vl'r, 
\'arioul\ ntlH'r ('ombitiatiollS of Lpmp('('atuI'P:; with gl'eat('r diurnal am
plitud('s but I'Pfillltitlg ill th(' sa.m(' mNttl t('mppratul'(' C'ould further affect 
the d(,\'plopmPtI tal cy('!p of the inseC't. 

Th(' sl'llsonal l'E'artioJlS of the fruit fly to thl' simulatpd climates are 
summal'ized in tabl(' :3. Thp l'Pprodudi\'(' periods co\'pring both fruit 
il1fC'station and adult ('m('q~(,lH'(, arE' ineludpd in figun' 23. In table 3, a 
norrnal rC'spOIlSl' (+ +) is indieatecl 1I'11('n adult fC'{'ding, mating, and 
(wipositioll oc-cur mt1lPr rE'gulariy. Depn'sspd respollse'S (+) are incli
Gated \I'I1('lt adults a.r(~ only abl(' to matl' or to inf('st grapefruit inter
mitkntly, although fpeeling mtly ('ontinup and longpvit:{ may be ex
tl'nded. For t,heimmatul'P stagps. normall'PspotlSPS an' shown when the 
devE'lopmental pf'riods are optimal (1:0-90 days). "ExtE'nded" indi
cates that preimnginal growth was extpnded mol'C' than 90 clays because 
of uufavorablr tE'mprmtul'{'s, H,nd "arrested" inciieat('s that preimaginal 
df'velopm('tlt was alT('sted in the lal'\'al or pupal stagE'. 

The lOIl'Pst daytime tempC'raturE' (55° 1".) a,t II'hi('h fruit flies infested 
grapE'fruit oceurt'<'C1 during Ft'bruary in the FOl't Valley study. SC'\Tera1 
infestations originat<'d at 56° to 5Ro in tIl(' H.i\'C'rside (January
February), Gr(,pt) wood (l\:fnreh), and :\fald('n (No\'('mbC'r) studies. 

In ('('rtain studi('S til(' immatur(' forms \1'('1'(' obs('l'\,t'd to overwinter; 
i.e., eggs laid in tltp faU f('stIltC'd in adult emC'rgellcC'thc following spring. 
T.he lOll' tempprat;ul'es extended de\'plopm('nt. OWt'winteriug infesta
tions w('re obS('l'\'ecl in th(' studil's of Riverside (mean 53° F., 164 days), 
Chula Vista (mpan 55.5°, 1:30 days), Compton (mean 59°, 117 days), and 
Orlando (mptln 61°, 130 days). 

Eggs subjC'(·ted to short ppriocis of freezing surdved, but embryogene
sis was extt'ndecl on occasion to more than 30 clays. Larvae within 
fruits eomplt't(·d their cle\'e!opment ancl pupated at very low tempera
tures in approximatdy 125 clays, and pupae survi\Ted similar conditions 
for about 90 days. 



TAllI~l~ 2.-'1'el/lpcralure duta !01' each study sile _~. ____~_c___ t:oJ 
__,...-_ _.r..-'________c-_-1- ___ -~ .,...,.. -.....,......-.... ,,--~~-. ~ 

t:oJAllhulln (')..,
WillieI' Spl'illg SUlllmer (SeptemiJer

())ec('IIlUcl··· Fehnwl'Y) (i\lurch-i\lnyl (.J IIlle-A IIgllst) November) (5 
to:! 

.,.-----~.~~ .__.,...--- --~. .. c -- ....--'........,,- --- cc .~............-----
~.--~---.,-" -'------~.-

DuysISights ~Sile I :'I1~llIIi\lcull i\lellu helol\' i\leuu :\ h'llIl :\1 enll above i\leliu Mean 
1IIIlXiI1JlIIII' 32° F. 11II IlX II 11 11111 mllxillllllll 95° I". maximum 

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

oJ?~ Db'. NlIIlI/n'r Db\ °P. °P. op. NILII/oer °P. °P. ITempe, Ariz•.c_. _______________ 84 98 00 08 854S 01 18 04 ill 
Ohulll ,'jslll, C'IlIiL_____________ 52 03 3 58 00 Oil i5 0 00 77 ~ ~ Comptoll, ('IIIiL _____ ... _______ 54 Oi (J 58 (ii 08 iO I 64 76 
EI ('('ulm, ('ulif I. _ ..._. _____ ._ 5i iO 1 7J .0 SO lU3 558- 00 74 
Hivel'sidc, CaIiL _______________ 8550 05 Ii 00 i5 n ua 3i 03 
SIIU ,Jose, (',diP.. ______________ 48 55 10 55 00 02 i:J 0 59 70 ~ 
Sebnslojlol, CIlIiL ______________ 51 02 03 70 1 00 714S 5i S
01'1 IlIllI!J , )0'111." .. ______________ 00 il 3 08 is i9 8n 3 75 84 
At.hells, (ill ____________________ 4a 52 a:1 01 il iO 8i 0 03 73 ~ 
Vorl Vulley, UII._ .. __ • _________ 48 50 )0 O!{ i3 in no 12 02 74 <5 

r 
HOllmll, ],rl .. _. ________________ 01 on 2 05 i4 78 88 0 65 76 Z 

5i 13 60 7(i iU 00 () 65 76Greenwood, l\liss _______________ 
40 54 20 O(l 73 80 uo i -------- ---------

l\Illldcll, 1\10 3__________________ 38 46 51 58 Oil i8 88 2 55 64 ~ 
41 51 48 5n 08 ii 85 0 -------- ----------

Mesilltt Pllrk, N. l\Iex__________ 39 52 62 60 i5 81 94 32 00 75 ~ 
Chllrles!oll, S.C_______________ 47 58 30 63 i5 i9 89 3 65 77 
Memphis, '1'ellll_____ - __________ 44 02 iO 81 ()1 18 64 75 ~ 43 50 
Browll1'ville, Tex_______________ 05 i4 0 i5 84 83 00 0 77 85 c:I 

~ 
I ,Tunc and July ollly simulated for summer arid November for nutumn. ~ 
2 Summej' includes only ,hme nnd 2 weeks of ,July. ~ 
a For first stHdy, otlly ,!title nnd .July siinulnled. for sumlller and October nnd November for Ilulumll. 

CIJ.... 

" ..... .~.t.. ~ :'," .,: r" >i<~"'L:~·I 
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TAIILl'J 3.-Se(/sonal rcsponse'S of ;11 e.ric(lll fndt ./111 ill its at/lilt {fnci imllla/un' sla(ICS lo simulated climalological sites ~ 
n 

1l('JlI'Ot/UI'lil'p l)(Ihtlviol' or :ulu/t" 1 I'n·illlngilllll dt'\,('loplIll'lll of illllllll(lit'c sftlges ~ .... 
n

Hil£! 
1:)11 111 1I\('l' \\,iul('r ~Hpl'ing F:1I1 Hpl'ing I. SlIll1111(,1' FilII 

t:;f 
q 

'1'(11111)(', Ariz .. ___ . _._. ___ ._. ++ u o ='\)1'1\\111 .. Anl'sINL. AlTl'st!'d ~_ None. 

Chuln \.isln, Clllif. _, , ___, + ++ -I.

+ o Exll'lIdl'd 1.. :'\01'111111 ___ X\)I'I 11 II I __ _ Extrndud. E 

('olllplon, Calif ., .. __ _ ++ {) XOl'i1wI2 ...... do. ___ "_. Jo:xll'lI!lcd •.• Arrested. .~
+ +
1<:1 (\'il(I'O, Calif. .,,, __ o II + .do Al'n'.~trd_ .• XOlle "_..... Bxlelldcd, 
HiI'£!I'i;idl', ('ulif. .. -I-

+ + + + .• do:! XOJ'lI1:1L.. • :\ol'IlIIlL _ •• .1)0. ... 
tiFinll .JOSl!, Calif. ,,_ . _. •. _•. -I- () + II AI'I'('lI\!'d ;\01\\' Ant'filed 1•• NOlle. ~Q

Sl'bnslOpol, (~lIif. __ . _____ . ___ .. ,,_, ++ + () 1·;X[!'IIt!t'd. Xornl:l1 1 , •• _ .do • __ • AJ'I'csted.+ qOrlalldo, Fla ..•.... ,. XOI'IIlIlI ,do. XOI'lilul 1•. _ I';xlcndcd,++ ++ ++ + 
Alh(,1I5, (:11 .. '. . •.. '_'" ++ ++ + () .do _. j •. do do 2. NOlin, in 
1"01'1 \'nll!·.\". Cill. __ ._ .... __ , __ '" Il tin dn 2 AI'I'('s\pd A1'I'rs[eti.+ + + t:;HOllulll,Ln .. ,__ • ____ .1 do . _ .do 1';xll'lldeti 2. __ I':,.1mllh~ll. M++ ++ + ++ 

! Il do _•. do • Nonl" ... __ _ NOliI',CI'£!('IIII'Ood, ~\liss .. _. + do _ NOl'IllHI2 .. __ _ Ext(!fHlcd. ~ 
I + +}+!i\lI1ILll'II, ilto .•• "._. _____________ , {) II II _ do .\ 1'1'('81 r\1 . AIT('stpd 2•• None. o 

''':1- + o o Il •. do. NOliI' ._ .• ;...110 2.... __ Do.
Mesilln P:II'k, i'i. l\le: ________ .___ j _.do 2 ____ . Normal. • __ i. __do .... __ _++ ++ + Il Do. \lChnrlesloll, R.e _________________ ) ++ ...do 2_ •• _____ do .••,_ XOI'IIlIlL._. I!~xlelldcd . en 
Memphis, '1'01111, _______________ .1 + + + 

++ o o ..do,,_. ___ .••do • ___ .' ;\l'I'csll'd 2_. Do. ~ 
Brownsville, Tex •• ____________ .j + 

+++ + +-r . _. do. _•. ___ • AlTPsl('cL •. _ ; Xorill IlJ ]t•• _ Norillal. n 

~ 
1 ++ = 1101'111111 I'esponse; + = dr}Ji'Psst'lll'csponsc, IScl1Lcxl fol' cxplllnalioll,) 
2 ExposlIl'es to climate slurled ill this SCiison. ~ 
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FIGURE Zit-Periods during ::;tudy when ;\fexican fruit fly adults infested fruits (verti

cal lines) and when progf'IlY flies emerged (stipple), Sites are listed in order of 
decreasing adult repnvluctive periods. 

Effect of Climate on Potential Distribution 

Results of the bioclimatic cabinet study indicated that the Mexican 
fruit fly would be able to breed and perpetuate itself in climates similar 
to those ofOrlaudo, Fla., Houma, La., and Brownsville, Tex. In 
climates such as at Chula ,~ista and Compton, Calif., where winterre
production was prevented, or Rh-erside, Calif., \vhere it was much re
duced, fruit fly populations COLllc1 probably maintain themselyes because 
of overwintering preimaginal forms. 



34 TECH?HCAL BULLETL1\'" 1330, U.S. DEPT. OF AGRICULTURE 

High thermal conditions representative of Brownsville, Tex., Tempe, 
Ariz., and El Centro and Riverside, CaUL, caused 11igh mortalities, and 
.in manyinstancl's newly emerged adults succumbed before reaching 
sexual maturity. Although immature forms seem much more resistant 
to heat, continuDusestablishment throughout the summer \\'ould prob
ably depend on large spring populations and abundantfruit.infestations. 

In contrast to the lethal summer C'onditions at these sites, climate in 
t.he coastnl areas of southern California would appear conducive to pro
longrd periods of normal adult activity and immature dl'yC'lopment. 
With the combination of uninterrupted breeding during the spring, 
summer, and fall and Ule overwintering of the resulting prrimagillal 
forms, continuous populations could probably be maintained in these 
coastal areas. The adults might aUlluan.\' disp('rs(~ into the interior 
valleys (·arh fall and winter. Howen'r, summer temperaturf's would 
probably kill such in(pstntiolls or elrin' th(' adults back to tlw coastal 
arNlS or into tht> foothills. 

Permanent populations of t.lus fruit fly ('ould no doubt also develop 
aloJlg the coast of tIl(' Gulf of ::\l<'xieo and o\-er most of Florida. Adults 
from tlll?se areas might disp('rs(' J10rtIH\"arcl into the :l\'Iississippi River 
Valley llnd along tht, southpast('rn seaboard, for short distances at least, 
during the spring and summN.HowevC't, cokl \\inter trmp('ratures 
would probably annihilut(> or elri\'(' them southward. 

The arC'as of infestation in the Southem and Southeastern United 
StateR would probably Jiuctuat<'. drprnding on \\'hethel' it was warmer 
or ('oolf'r t.han llormal. ('OOIN \\'('ather in th(' Florida or Gulf Coast 
areas would depr!'!;:; pxisting populations in a southerly direction, 
wherf'as warmrJ' than normal wintNg would displ.'rsl.' populations north
ward. Fluduntions in population sizr \dth climat<' \\,ottld no doubt be 
more dose]" corrdat('d \\'jth ('ooIE'r than normal summers in the 
southwest('r;] areas (TrxU!'i to Arizona). 

No elimatic fact.or w<, studied would prE'C'lude the initial establishment 
of tIll' ~l('),.-icall fruH fly in anyarrtl of the rnitrd States during certain 
fnvorablt' months of til(' year, partirularly if largt' populations were in
trodueed. Ho\\'('wr, in most such an'as, \,"jntrr conditions would elim
inate slI{'h temporary inf('statiol1s. In t.he south,,'estern a',eas of the 
Nation, summer lH'at would limit estahlishment of infestations. 

Effect (If Other Factors on Distribution 

In prognostkating art'as in which the ~1exican fruit fly could estab
lish and maintain itsf'lf, other factors besides climate should be con
sidered. One bailie' requi rpm f'nt , not st.udicd ill this work, is that of 
suitable host. fooel Rupplips for the fruit fly, Suitability, abundance, 
and SE'qurn('e of thE' host must be considered (Baker E't al. 1). In the 
temperatp rpgiOIlS of thl" rnitpd Stat.es it is improhable that any given 
suitabl<' host will he pn'sent continuously throughout most of the year, 
Hence, it \\~ill b<'nf'('rssary that se\"eral suitable and abundant hosts 
appear.in slIccession, with little more than a 2- or 3-month gap bet.ween 
peak Iruit abundancE'S, depE'nding 011 the severity of the weather. 

In addition, orchard fruit. hosts that might provide the necessary food 
requirements for the DIexican fruit fly would probably be treated with 
insecticides to control other insect pest species and thus would affect 
both its initial establishmpl1t and continuf'd propagation. In many 
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cases the early harvesting of crops might interfere with the successful 
permanent establishment of the fruit fly. 

In the Southern United States the possible effects of natural control 
factors should be mentioned. Where the climate is suitable, initial 
establishment of the )'lexican fruit fly will most probably occur in the 
absence of its l1(}!;mal )ie.:dcan parasites, predators, and diseases. Sub
sequent fruit fly populations would probably become larger than in the 
natural habitat of thl' specips if the weather is favorable. On the other 
hand, g<'lleral or Ilonspecific predators, such as ants and carnivorous 
be(ltles that m;.ght illterferp with the initial pstablishment of the fruit 
fly in :>pite of fa\'orabIP weatlwr, would undouhtedly occur in the 
potpu tinily inhabitable ar('as. 

Darhy and Kapp (5) studi(·d the dilfprential effects of temperature 
and humidity 011 til(' :'IIl"xican fruit fly and 01H' of its most effective para
sih's in :\1('xieo, Opins ctatdordi "i('r. TlIp,Y found that the immature 
forms of thl' parasit(l han' t('mppraturp-toleranc(' limits slightly nar
rOWl'r than tiIos(' of til(' host iIlSPC't, and that low humidities are exces
sively lh'ktc'rious to tlt(" lougp\'ity of parasite adults relative to that of 
fruit fly adults. Baspd Oil tlwse findings, Opi!l.s crawforcli would appear 
to 1)(' less etIpC'ti\'p in those dry area" where the .:.'.il'xican fruit fly could 
be expected to "un'in' throughout t.hE' yrur, such as Ri\-erside, CaliL, or 
Brownsville. Tex. 

SUMMARY 

Xatural tE'mperature and humidity pattprns rppresentative of impor
tant agrieultural localitips. particularly in the southern tier of States, 
huY(;, bN'1l simulated in biorlimatic cabinets for the purpose of estimat
ing til(' pot('ntial distribution and E'stablishn1(>llt of the .:.'.'lexican fruit fly 
(Anaslrepha Ztuicl!s (Lo("w) ill the "Cnitcd States .as governed by climate. 

The :'IIexlcan fruit fly was able to perpetuate itself throughout the 
year und('r th(' simulatpc/ e1imatit conditions of Houma, La., Orlando, 
Fla.• and BrowllsvillE', Tpx. Preimaginal stages of denlopment were 
ablt, to onrwinter i II conditions rppresenting Chula Vista, Riverside, 
and Compton. Calif. Th<' hot summer temppratures caused excessive 
adult mortalitie's in til(' simulated sites of Bro\\,lls\-ille, Tex., Tempe, 
Ariz .. and EI C('ntro, ('~lliL. and to a less extent at Riverside, Calif. 

During a simulation p(lriod of 1 y('ar, tilre(' generations of flies were 
produeeci in the' Houma, La., study site, two geJlerations at the sites of 
Athens. Ga., ('hula Vista and Compton, CaliL, Orlando, Fla., and 
)lesiUa Park. X. )tex., and 011E' genC'ration at eaeh of the other sites 
exc('pt San Jose. Calif., where IlO progeny fly population became 
establish('d. 

PermanE'nt popUlations of this fruit fly could no doubt develop along 
the southern coast of California, along till' coast of the Gulf of :Mexico, 
and in the greater part of Florida. Dispersal from these centers of 
permanent infpstatioJ1 might then oceur pach fall and wiuter into the 
interior valleys of sout}lPl'11 California and eae h spring and summer 
northward into tbr lower ~\,Iississippi Hi\'er Yalley and along the 
southeastern seaboard. 
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