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Effect of Temperature ond Humidity on Development
and Potential Distribution of the Mexican
Fruit Fly in the United States

By N_E. Vurrrees, Entomology ftescarch Division, Agricultural Researeh Service, und
P8 Messusask, Califorde Agricullural Epperunent Sletion

The peed for evaluating in the abomtory the effects of temperature,
hnmidity, and Hght o their setual diomal uctuating patierns was
reeosnized carly in (he ceological investigation of tephrifid feuit flies
aecurring i Hawall,  Fqguipment, called bioelimatie cabinets, {fig. 1)
wax =peeifically designed to fueilitare these and subseguent studies
PFtters and Messenger 7, Flitters o al, 94t

Fruoeas 1. ~Bioclimnie cabinel sbowing nuteroom wsl Lransmitting sod recording
inat rmenls.

Ulndie numbers in peoentheses refer to Literniure Ciled, po 36
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Eeological studies on the Mexican [ruit fly (dnastrepha ludens (Loew))
were undertaken in these cabinets upon conclusion of similar investiga-
tions on fruit flies in Hawaii. These studies were stimulated by the dis-
covery in early 1954 of several specimens of the Mexicau fruit fy at
scattered points in northwestern Mexico in the vicinity of Tijuana,
within & half mile of the international houndary, and later in the year
by the discovery of an adult in one of a serics of insect survey traps at
San Ysidro in southwestern San Diego County, Calif.  This insect had
been known to oceur in the United States only as a winter migrant in
sputhern Texas. Consequently, the discovery of a speeimoen as far
north ag southern California ereated an urgent need for reliable informa-
tion on the potential establishment and perpetuation of this ceonomic
pest in the important eitrus and fruit-producing arcas in California,
Texas, Florida, and other important agricultural aveas in the southern
tier of Btates.

The research on the Mexican frui fly at Mexieo City, conducted by
the T.8. Department of Agrientture. was expanded, and the California
Agricultural Experiment Miation entered into & cooperative research
program thai ineluded bigelimatic investigations conducted at Browns-
ville, Tex. The results of this research are diseussed in this bulletin.
Preliminary reports ol this work were published by TFlitters and
Messenger (8) and Aessenger and Flitters (/6).

DiSTRIBUTION AND BIOLOGY OF THE MEXICAN FRUIT FLY

This inseet is one of several frait lies of ceconomic importanee in sub-
tropical Mexico and Central America tfig. 2. Detailed stady of the

KUNITED STATES

SenYsidro

Hermoslllq . . b , o .
K\\ % X, & Brownsviile
cutlgs By MERICO” R
N N Y * CuBa

A BRIT, HONDURAS
HONDURAS

SALVADDR
COSTA RICA

Freere 2.—Distribution of the Mexiean fruit fly. Dingonal lines indieate permanent
infestations.
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specifie localitics in Mexico where i has been found indieates that it is
able to tolerate several widely differing kinds of basic climates.

Based on the topographical and climatological maps of Tamayo (20)
and the eclimatic and vegetational descriptions of Leopold (23), the
Mexican fruit fly would appear to occur at elevatious from sca level to
sbont 3.000 Teet 1 the southern eontral plateau and from the hot, arid
deserts of Senora to the humid tropical forests of southernmost Chiapas
and Veraeruz,  The speeies 18 restricted in the northern half of Mexico
to the Niates of Sonora, Singloa, Tamaulipas, and Nueve Ledn and to
the seaward slopes and coastal plains of the two lateral cordilleras, which
bound the high central platean of Mexice, the Sierra Madre Oecidental
and the Sierra Madre Oriental.  The pest also oceurs in the States of
Colimau, Jalisen, Michonedn, Oaxaea, and Veracruz on both the northern
and =outhern slopes of the transverse Cordillera Neo-Volednicea, which
runs east and west at about the lutitude of Mexico City.

T the south the distributinnal reeords show that the species occurs
along the midelevation slopes of the Sierra Madre de Chiapas and in
the contral Chiapas highlands,  Along the east coast the Mexiecan fruit
flv is known [rom near sea level in the yvicinity of Tampico, Tuxpan, and
Verneruz and at the 4,000-foot fevel near Jalapa and Cordoba west of
the eity of Veracruz.

The elimate and flora of these various arcas differ widely, In addi-
tion, loeal agricultural and irrigation practices have altered the elimatic
eonditions in many of these recorded =ites.  Tor example, the species is
found in citrus af Hermostllo, Sonora, in essentially the middie of a hot,
dry, subtropical desert, characterized regionally as a cactus desert inter-
apersed with a mesquite-grassland vegetation.  But at Hermosillo, local
irrization practices have converved the site near the Sonora River into a
sort of tropical oasis, A similar situation oeeurs at Culiacin, Sinaloa,
farther south along the west coast. where the gross vegetation is a
characteristic semiarid thorn forest.

The region on the east coast in the States of Tamaulipas and Nuevo
Leon iz chassed as a semiarid steppe, again with a predominantly
mesquite-grassland vegetation.  Here the fruit fly appears in such areas
as Monterrey, Montemorelos, Linares, and Llers, where loeal irrigation
practices have modified the ¢limatie conditions and host fruit situation.
LTarthere south on the gull eoast, where the species occurs in the State of
Veracruz, conditions are much more moist, and the region is elassed
broadiy as a hot, humid tropical savanna, with considerable rainfall,
mostly in the summer and fall.  The regional vegetation in this State
variez in the extreme north from o drier thoen forest type to a tropical
evergreen forest in the central part.

In the south-central platean region at clevations from 4,000 vo 6,000
feet and including valleys in the vieinity of Tequila, Guadalajara, and
Avo el Chico, State of Jalisco, the climate is temperate, with winter
frosts and warm, wet suremers.  This climatic zone, to a varying de-
gree, though without the [rosts, ineludes the northern slopes of the Rio
de las Balsas basin in southern Afexico and arcas In the vicinity of
Cuernavaca, Morelos, and of Jungapeo and Uruapan, Michoacdn.

Tn the farsouth in Chiapas State the Mexican fruit fiy is known mostly
at the higher clevations, though it has been found at Tapachula on the
western slopes just north ol the Guatemalan border at an clevation as
low ax 1,000 feet,
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Although considerable numbers of wild and eunltivated hosts oceur in
the truc tropical rain forest enviroament of Mexicen, this species does not
appear there in large numbers, apparontly because ol the ¢limate. In
the tropical raln forests of southern Veracrnz and in Fabaseo, one of the
dominant plant speeies is the [ruit flv wild hosi dehras zapota L. The
distribntional records of the Mexican Fruit Ply Tnvestigations labora-
tory of the G.5. Department of Agrieulture ot Mexieo City more or less
substantiate the elaim of Stone (19 that this 1nsect appears vestricted
south of Mexiro to the higher elevatims.  The fact that 1t has nof
spread  inle fropieal areas adjacent to its current {imits of dis-
iribution in Clentral Amertea, for example linto Panama, also supports
this contention,

Balker of al. (/7 showed that adults of the NMexiean frait fly ave able
to tolerabe repeated exposures (o sublreczing Lemperntures and, nmost
important, are able to do so without becoming permanently impaired
reproductively, Tt ix, thorelove, wtoresting to compare the Hmits of
distribution of the species with the limits of distribuation of frost-free
habitats tn Mexico,  Leopold 142}, in his discussion of the phystographic
regions of Mexieo, provides n map of Mexieo defimiting areas subjeet to
winter frost (“femperate regions’) from those known B0 be frosk free
{“Lropieal reglons™r., 1o the greater part of the range of habitals within
which (his inseet Is known to ocenr, partieularly in the southern hall of
the country, it is seen on a regiomel baxis to oceupy frost-lree areas.
Tlowever, n the north in the Biates of Ronora on ithe west const and in
Tramanbpas and Nueve Ledn in the cast, the Truil Oy oceupies habibats
thal have eather short periods of winter frost. This would indieate
that suelt o climatic index ax the presence of frost during Lhe winker is
insufficient ro defimit potential disiribation of the pest.

Crawford ) and Hoddade £223 reported thal this species oecurred in
Panama wid narthern South Amerier. but their indings have notb been
verificd i recent pesk siteveys,

Adult fies periodically extend their normal range by dispersal from
novtheast Aexico into the lower Rio Grande Valley of Toexas,  The fivsg
record of such an extension in range was made as early as 1903 (Sander-
son 48, The frst known nfestation by this pest of eitrus 1o the Rio
Graude Valley was called bo the atiention of entomologiats in the T8,
Department of Agriculture n the spring of 1927 The fraif fly has
eraduaily exbended ks way novthward along the west eonst of JMexieo,
having reached Culinein in 1932 (Baker et al. 1) and Hermosillo, which
is approximalely 20° N iatitude, in about 1953 (Harper 10).  Beyond
Hermosille to the north there appenrs 1o be o dearth of potentisl bost
material, A large part of the arca is desert, which is unlavorable for
normal dispersal of the fly worthward.

The Mexiean {ruit 8y, a rather hardy subtropical species, produces
several generations o vear, bog, like the Hawalion spocies, has no cold-
resisiant overwintering stoage Shat mdergoes diapnuse or hibernation.
Begs are deposited by she female within selocted fraits.  After the eges
hatch, the larvae burrow within the frait and gso remain until fuliy de-
veloped (third instar).  The mature larvae leave the fruit and enber the
soil to pupate.  Adult=. upon emergence from the puparia, foree their
way upward through the soll to freedom.

T Hgneey, N 0 RISTORY  OF FEE MENICAN FRUPT FLY PROJECT, TU2T-M3. 65
ol LS Drept, Agr, Bare Bob med Plang Guar, 10450 [Unpablished. |
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In the insectary at Brownsville, Tex., maintained at 75° to 80° F.,
eggs hateh after 312 to 422 days.  The larval stage lasts from 10 to 12
days in an optimal dictary substrate. and the pupal period extends from
16 to 19 days. The adult preovipositional period ranges from 12 to 16
days for flies fed protein hydrolysate, sucrose, and orange juice concen-
trate, a near-optimal adult fiy diet,  The average adult longevity under
sectary conditions is [rom 65 to 95 days.  Under varying conditions of
climate and with various svipositional substrates, the incubation of eggs
Ling heen extended ag mueh as 30 days, the larval and pupal periods be-
yond 100 days, and the adult preevipositional period well over 1T month.?
The maximum longevity reported was 11 months for females and 16
months Tor males {Baker et al. £, Darby and Kapp 3, MePhail and Bliss
L.

Tiwe host range of the Mexiean fruit Ay ineludes gitrus, other than
femon wml sour lime, many deciduous frudts such ws peach, pear, apple,
and apricof. and many tropieal fruits sech as mango, geava, pomegran-
ate, white sapote, and the Mexiean or yvellow chapofe, whieh is con-
sidered to be the prime wild host. Many Trnits are neither preferred nor
very important insofar as the inseet’s abundanee 13 concerned, and the
degree to which a fruit beeames infested 15 not a true eriterion by which
to measore its importanee. Numoerous {ruits, Hizhtly infested and widely
separated, can contribuic mure Lo the popalution buildup of an inseet
spocies than a few heavily nfestod Froit restrieted in distribution.

The studies eonductod with the frult Hy at Brownaville have pertained
solely to the effeet of climate on its dovelopment and perpetuation.  Re-
sults Indirating various degrees of fruit flv activity or reproductive
apaeily possible o eertain simuelated wreas in the United States do not

tuke into account other ecologieal fuetors suel as host fruit avallability,
acceptalility. abundanee, and sueeession, nor the biotie factors such as
parasites, predators, and disease, all of which ave of vital importanee to
the establishment and population dynamies of the msceet.

MATERIALS AND METHODS

Nine bioclimaiic eabinetz were wsed.  Iach eabinet, constructed
similurly to a walk-in refeigerator, i= provided with two insulated doors,
separared by vestibule measuring 4 by 4 by 7 feef high (fig, 1), These
tloors provide entry into a stuinless-steel working space measuring 6 by 6
Iy 7 feet bigl,  Buill inio the wall oppostie the door is a window con-
stiveted of three pairs of glags panes, cach pair with a dehydrated air
space in between to hold hear fransfer to a minimum and to provide a
elear view of the cabinet interior,  Attached to the exterior walls of the
eahinet are various air-condifioning contralz and instruments that per-
mif the air cireulating within the eabinets to he cooled or heated, dried
or humidified.

A mafor advaniage of the equipient is s capability ol controlling
temperatures and homidities i smoothly varving patterns such as oceur
neturally.  Temperatures may be controlled to within +1° I, over the
range —35° to 125°  Tumidities within this same temperature range
may be conirolled To within £3-percent relative humidity over the range

i I"I.‘I't“l'l-:lh, .\- f:. PEVELDPMENTAL TURESHOLD POR PREIMAGINAL DEVELOPMENT
O THE MBXICAN FRCOTF PLY. S pin B850 Depto Agr., Kot Res, Dive 1959, [Un-
prieblished
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20 to 98 percent.  Humidity ean be controlied to levels as low as 10
pereent when the temperature is nbove freesing.  All cabinets have
suflicient capacity 1o raise or lower the temperature 40° and to lowoer
relative humidity 60 pereent in 60 minutes. A lamp designed to give a
wide speetral band of visible light provides daylight illumination re-
guirements within the eabinets  These lights are automatically turied
en and ofl by means of time clocks, the settings of which wre periodically
varied tn simulate natueal varintions.

For studying the Mexiean frait Ay within the bioclimatic cabinets,
globular sereen cages measuring 12 inelies in dinmeter were construeted,
consisting of frameworks of light sheet metal rovered with 14 mesh wire
sereen (g, 33 To facilitate the infroduction and removal of Lost froits,
food, water, and flies, an S-ineh heavy zipper was atlached to g plastie
sereen cover, which was elamped over 2 eirenlar apening in the lower
frame of the cage and served ws its base. A hook atfached to the top
permitied the eage to be suspended within the eabinet work SPACEe.

These globular cages were suspended from a Lievele wheel assembly,
whose shalt in furn passed through the eeiling of the cabinet work SpaLec.
The wheel, measuring 26 inches in diameter, permitted four glubular
rages Lo he suspended from its periphery, and, hy using suspension
hooks of varying lengths the wheel could earey 12 eages in allb.

To minimize positional variztion of the eages within the eubinet, the
assembly was slowly rotated at a speed of one revolution per minute by
a small cleetric motor momted on top of the bioelimatie cabinct. The
mator was conneeted to the bievele wheel shaft by nieans of o gear-re-
duetion box, pulloys, and belts. .\ slip eluteh and hearing, mounted
on the shaft of the wheel, were used to stop the cages for observation or
manipulation of the Iy xumples without stopping the gear teain or the
motor.

To further reduee positional ¢ffeets, the individual globular cages were
also rotated intermittently on their own axes.  Four trip rods an the
suspension hooks of each cage engaged two stationa ry trip rods attached
to the cabinet rool.  As the main wheel assembly rofated through ane
turn, cach cage rofated through two successive one-quarter turns.
These actions served to expose Lhe fies within o cage to all direetions
while at the same time the cage was slowly rotated about within the
work space.

To measure oviposition and to permit reproduetion of the fruit fiics,
grapelruit were exposed to the adults within the globular cagrs.  After
exposure, the grapefruit were placed singly in combination holding box
and eage units.  The box measured 4 inches wide, 8 inches long, and 2
Inches deep, and a sereen enge 6 inches high fitted over the top of the
holding box.  Within the holding hox the grapefrutt were placed on a
layer of moist $0il composed of peat mess, humus, and aind, which
provided a place for the [ully grown fruit Ay larvae to pupite,

ML fruit flies used in the cahinet experiments were cultured under
standardized rearing teehniques developed by the T.8. Department of
Agriculture from inseet rearing studies.  Cultural procedures, inelud-
ing the use of carrot modium for lurval rearing (Finney 63, and other
manipulation techniques were developed by the California Agricultural
wxperiment Station. The fruit fly culture was conducted in a speeial
insectary used exclusively for 1his work., The faboratory techiniques
developed for the mass rearing of froit fies in Hawsaii were suecessiully
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cheesecloth and paraffin (AlcPhail and Guiza /3), were exposed in the
early morning to gravid flies contained in standard rearing cages.  After
4 hours the shells were removed and the eggs were washed from them
with a light stream of distilied water.  The cggs were coliected in a
beaker, and samples were transferred to a ealibrated glass funnel and
measured volumetrically into groups of 2,000 eggs.  Each group of
eggs was placed on o moist disk of organdy cloth, approximutely 177
mches in diameter, which was thea placed in a petri dish.  The egg
dishes were stored in an incubation cubinet held at a constant S0° K.
and 8Q-percent relative humidity,

Eggs under these conditions took approximately 4 days to hatch, At
that time the pad, containing both eggs and newly hatehed larvae, was
transferred to a prepaved larval medium consisting of finely ground car-
rots, dried brower's yeast, butoben, sodinm benzoate, and sufficient
hydrochloric aeid to bring the acidity toa ptl of 3.5, Trays, holding the
larval medium, were placed in the incubation eabinet. The larval de-
velopment took 11 to 12 days in this medium, after which the Iarvac
were washed free of the medium and eounted volumetrically.  One
hundred Jarvae collected at random were weighed and the average
weight was determined for each rearing bateh.

Larvae, in groups of approximately 400, were transferred to small tin
cans containing moist sandy soil.  The cans were then placed in the
rearing cages aind held in the insectary at approximately 75° 1. After
peacteating the soil the kirvae pupated, and uader that thermal condi-
Hon i the lnhoeratory development was completed and sdulls emerged in
approximately 18 davs,

Flies to he used in the bivclimatie eabinets were fransferred to a
sercencd anegthetizing chamber, where they were immobilized with a
combination of carbon dioxide and ether, counted by sexes, and trans-
ferred to the special globular sereen eages.  Anather method of transfor
was accomplishied by aspirating the flies inlo 8 glass tube.

Ixperiments in the eabinets were designed o show {he effeet of dif-
ferent eombinations of temperature and humidity on the various stages
and on the tife eyele asn whole of the test insect.  Detailed observations
and measurements were made on the preoviposition, sexual develop-
ment, mating. reproduction, and longevity of Truit iy adults, develop-
ment and recovery of the immature stages, and the rate and extent of
bulldup of progeay gencrations.

As a basis for comparing fruit fy aetivity and performance. a provi-
sional life cyele was determined, based upon rearing results in the in-
sectary,  Under the constant conditions of femperature and relative
humidity in the fnseetary, the fife eycle took abont 50 days, which may
be divided approximately intoe the following intervals: Egg stage 4 days.
larval stage 12 days, pupal stage 18 days, and adult preovipositional
period 15 days.  The normal aduit longevity in the insectary was about
90 days, and adult reproduction was considered optimal when 2,000 to
2,000 cggs were laid by each female,

The snitability of specific simulated climates for supporting fruit Ay
populations was estimated by comparing the provisional life eyele with
fruit fly performance and activity in the eabinet.

In each eabinet one globular cage was maintained with mature aduls
fruit flhies from the insectary. These flies were provided with a Jiet of
enzymatically hydrolyzed yeast and soybean, powdered orange juice
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goneentrate, sucrose, and water, The hydrolvzed yesst and soybean
provided the protein requirements for adult development to sexual
maturity and Tor eptimum adul fertiliiy, productivity, and longevity.
Foud and water were replenished when necessary.

To this cage of mature fruit flles, grapefruit were (‘\poqu for 24-hour
periods three times weekly.  Then each fruit was placed in 2 combina-
tion holding box and cage, which was labeled with the globutar cage
number. the date of exposure, and the study site.  The fruit (y eggs
hatehed within the fruit, and the resulting larvac fod until fully grown,
whereon they erawied out of the fruit remains and into the soil beneath.
Pupaiion oceurred within the goil. and the eventual emergence of the
progeny adults completed the immature development,

AMortality of the adult fruit flies in the parent eage was determined
weekiv, and the sample was replenished with identical numbers at that
fime.

A second giobnlar eage containing aduli fruit flies thut were only 1202
davs old on lilfif}(lll('llun was maintained in each eubinet.  These flies,
fedd the same dict as deseribied For the mature fics, were held for study
of the preovipesition period,  Aflter this cage of flies was in the cabinet
for 8 davs, oviposition shells were exposed {or 24 hours every day until
eggs were found.  These cggs were placed on blackened filter paper
soaked 1t a ‘)-pwe('nt henzote acid sulution or other eomparable mold
inhibitor and held in the inscetary for hatehing,  Visual observation for
copulation was mude cach evening.  Oviposition indieated female
maturity, and egg hateh indieated successful mating. The cage of
mimmature lies was restocked only when cach maturation study was
complefed,

Athind eage of 1- 1o 2-day-0ld frit flies, fed the same dict, was main-
tained in eac h cabinet to provide information on adult ]un;,v\':ty Tie
mortality of these Mies was measpred weekly, and longevity was deter-
mined by the age of the last Ave survivors rather than by the sole in-
dividual survivor,  This eage was replonished only at the completion of

aeh fopgevity stuwdy.

Faeh globular cage of adult flies was stocked initinly with 500 in-
dividuals, two-thirds of which were fomalos.

Faeh day progeny of stock Teuit flies were collected as they emerged,
eounted by sesos, placed in a fourth globular cage in each cabinet,
and provided with the usual adult dict.  The rate and oxtent of populw
tion buikiup were noted.  Fight days alter a progeny generation began
to cmerge, grupefrit were v\powd in the same manner as for the parent
stocks. and the o ulturing of o seeond generation wus commenced.  Byen-
taally several eages containing suceessive generations of the fruit fly
were mainfained within each eabinet.

In addition, auxiliury studies were condueted Tor each of the simulated
elimates.  Immature stages of ibe insect, represented by oggs, infested
Froit, and pupac. were removed Trom the eulture room and introduced
into the cabinets onee weekly,  The celosion of eggs, larvai develop-
moent in the grapefruit, and pupal duration were all determined, and the
differences i growth rate were correlited with the factors of elimate.

RESULTS

The biockimatie eabinet investigations of the Mexican Truit ly lasted
just over 4 vears,  The study ineladed simulation of 17 ¢limatologieal



http:inciimt.pd

10 TECHNICAL BULLETIN 13, U.S. DEPT. OF AGRICULTURE
sites, ‘as shown in table 1, Progressive seasonal climatological

changes and their effect on fruit fy development and perpetuation
are summarized for each site simulated.,

TasLeE L—Climatslogical siles stmulated tn bioclimatic studies

Approximaie
Site i Intitude Aliitude
s N, Feel
Tempe, Arta.__._____._. e mm e e 33.4 1,159
Chuals Vista, Culif, T 425 (]
Compon, Calif. . ... .. ____. e rm——— 34.0 65
El Centro, Califo. .. L.ou ol o 32,5 30
Riveraide, Cadifo .. e 34.0 1,045
Sandose, Calil L . 7.0 70
Sehastopel, Calif.... o .. .. .. 8.0 145
Onlando, Vla.. o oo e T 28.5 106
Achens, Ga, L 34.0 798
Fort ¥ulley, Ga - .o e 32.5 526
Blowma, Lt .o e . 20.5 12
Greenwood, Miss. oo .o o . 33.5 140
Malden, Moo .o e 36.5 290
Mesilln Parke, NoMexo oo L 2.5 3,865
Charleslon, 8.0 33.40 9
Memphis, Tenn. oo 35.0 263
Brewnsvilie, Tex. oo o 26.0 16

Tempe, Ariz.

A fest simulating weather for Tempe, Ariz., in 1937 from October 5
through December 31 and January 1 through September 28 (run in that
sequence) was carricd out fn 1956 and 1957. During this period 146
fruits were exposed to a parent stoek of Mexican fruit flics. Tempera-
tures and relative humiditios for this study site are shown in gure 4.

Climatic conditions were favorable for the flies to successfuily infest
Truits from October through January, but no adults were recovered from
the 362 pupae vollected.  The first infestation to result in the establish-
ment of an I"-1 generation oceurred on February 21, Complete pre-
imaginal development ranged from 82 to 90 days. A total of 38 pupae
resulted from infestations during the month.

From March through May, when temperatures increased, both fruit
infestations and preimaginal developmental rates increased.  Ninetoen
fruits infested during this period yielded 2,238 pupae, from which 1,047
progeny fiies emerged,  Developmental rates ranged from 100 days for
the carliest infestation to 43 days for the later onos,

June, July, and August had successive daily temperature peaks over
100° Y. accompanicd by particularly low relative humidities. Desic-
cation was very rapid, and the heat was Iethal to most adult ftics con-
fined in the cabinet.  These temperature and relative humidity cxtremes
were also detrimental to host fruits, which quickly lost their moisture
content and readily became light and mummified, o condition that
definitely inhibited the preimaginal development of the fruit flies.

Although in September the climate was suitable for fruit fly activity,
oviposition, and development, suceceding months were too cold for
survival.
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Frauar 4-—Temperatures and relative humidities simulated for Tempe, Ariz., study,
bused on weal her during 1937, Shaded bands indiente daily range of values through-
aut apnwd elimatic eyele, ay measured by weekly menn maximn and minims.  Cen-
ter eurve represonls weekly means.  Points above and below cach band indieate
absoluie maxima and minima for ench woek,

Sunvmary.—"The terrid summer temperatures at this site (mean 84°,
mean maximum 88°) prevented fruit iy development and were lethal $o
adults.  Climatic conditions during the early spring only were favorable
for complete preimaginal development and fruit fly perpetuation.
Therefore, it ean be concluded that this site ecould support an infesta-
tion of the Mexican frouit fly only from late February through June and
possibly for a short period in the fall.

Chula Vista, Calif.

A test simulating climatic conditions for Chula Vista, Calif., from
Mareh 18, 1953, tlnough February 23, 1954, was carried out in 1954 and
1055, during w hu,h time 126 gl“lp(‘fi wit were exposed to progeny flies.
Temperatures and relative humidities for this study site are shown in
figure 8,

The Chula Vista annual temperature was rather mild.  Weekly mean
temperatures rarcely dropped below 80° T, or rose much above 80°. The
proximity of this sile to the gecan resulted in narrow divrnal Huctuations
in temperature and relative humidity throughout the year.

Mexivan frudt fiy reproduction and development were comparatively
heavy and continuous throughout the spring, summer, and fall.  During
the winter, reproduction was restricted, but preimaginal development,
althongh retarded, continued uninterruptedly.  An -1 generation of
frunt flies was ostablished by early summer. This new gencration be-
gan reproducing shortly thereaftor, remaining active throughout the re-
mainder of the summer and fall.  An I°-2 gencration of fruit flies began
and continued to emerge intermitiently throughout the winter. It was
determined that overwinfering infestations exposed to a mean of 55.5°
had a developmental eyele of 122 days.
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Figrne 5.—Temperatures and relative humiditios simulated for Chula Vista,
Calif., study, based on wenther between March 1958 nnd February 1954,  For
explanztion, see legend for figure 4.

Total recovery of pupae from the 11 generation amounted to 2,400,
from which 1,695 flies emerged; 717 pupae from the F-2 population
yielded 164 flics. Preimaginal development ranged from 43 to 122 days.

Swmmary —TProgeny flies wore recovered every month of the year ex-
cept January. The greatest emergence took plree in September,
Thus, insofar as elimatic fackors are concerned, the Mexiean fruit fly
would have little difficulty in becoming established in this site should an
incipient infestation oceur in auy month of the year,

Compton, Calif.

The climate for Compton, Calif., from March 18, 1953, through
March 28, 1954, was sirmulated in a bioclimatie eabinet in 1955 and 1956,
during which time 143 grapefruit were exposed to o parent stock of Mexi-
can [ruit flies. Fifty lruits were exposed to the progeny of these
flics, and 23 fruits were oxposed 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 Froit fly aectivity, but no infesta-
tion of fruit oceurred.  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 days {(November-January).

In June, August, and September, infestations were heaviest. Despite
a strong population of F~1 and F-2 flies, no third generation was real-
ized. ‘T'he recovery of adults from pupae resulting from the fruit in-
festations was rather high. Total flies represcnting the F-1 generation
were 3,667, from which a second gencration of 914 flies was established
during the period of climate simulstion.
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Frivue 6. - Temperatures and relutive humidities simulated for Compton, Calif,,
stody, bused on weather between March 1953 and April 1954, For c\plummon
zap |e-'(~ud for figure 4.

Summary.—The high level of fruit infestation and the suceessive order
in which suecesstul oviposition took plece from Alay through Septernber
indicated that the Mexiean fruit iy could build up to strong populations
during most of the year in climatic conditions comparable to those
simulated in the Compton study,

El Centro, Calif.

Climatic conditions for Bl Centro, Calil., from Oectober 25, 1451,
through July 28, 1952, were simulated in 1954 and 1955, Tempera-
tures and retative humidities for this study site are shown iv figure 7.

No [ruits introduced to the stock flies between October 25 and Jan-
uary 16 beecame infested.  Pupace were eolleeted from January through
April, and the first progeny flics were recovered in April from fruits in-
fosted in January.  Preimaginal development extended from 86 to 104
days, These iufestations, whiech oveeurred under depressed thermal
conditions, illustrated the extensible preimagingl developmental period
that ean be completed suceessfully by this particular fruit fly.

Trrom Aoy ihrough July, day temperatures of over 100° I, accom-
panicd by very low relative bhumidities, restricted fly activity and
resulied in beavy adult mortality.

in studies at other sites, temperatures over 100° when accompanied
by high relative humidities were soon lethai to adult fruit fliecs, How-
ever, in the El Centro study some adults survived the maximum of 112°
and succumbed only after exposure to three consecutive daily peaks of
around 110°. During these peaks relative humidity ranged from 20 to
30 pereent.  Adult flics congregated on the saturated cotton, which
provided the water supply within each cage.

None of the fruits introduced to stock Hies during June and July be-
came infested, nor were there any progeny recovered from previous in-
festations. Progeny recovered for the simulated poried totaled 206;
these emerged Irom 559 pupac.
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Fricie 7. -Temperatures and relaive huidites simulated for 1) Cenira, Culif.,
study, Tneed on weather hotween October 1951 and July B2 Vor explanadon,
see legend Tor Beure 4

Nummary.- The Mexiean fruit iy would have difficulty surviving the
high temperatures during mueh of the vear in 13 Centro, 16 could
probably survive and reproduce in the more favorable thermal conei-
tions during the winfer and early spring. provided acceptable host fruits
were availalile,

Riverside, Calif.

A test simulating elimatic conditions of Riverside, Calif., from April 4,
1949, through April 25, 1950, was conducted in the hioclimatic cabinets
in 1954 and 1955,  Temperatures and relative humidities for this study
site are shown in figure N

From Aprit (hrowgh June 1040 temperatures were condueive to fruit
Ay reproduction. Peak temperatures often exceeded 100° 1. and the
minimum  was rarely  below 0% Wide amplitudes  of  relafive
humidities prevailed every month,

First emergence of progeny Mies oceurred in dune from April infesta-
tions.  None of the 11 Truits introdueed to F 1 flies hetween July 20
and August 28, 1049, becamo infested, and the inerease in daily thermal
peaks Irom mid-July fo late September proved lothal to many stock flies
and newly emerged progeny.

Octoboer. November, and December wore progrossively enldor.  Fruit
fly activity was restricled and preimaginal development slow.  There
were nights with frost. and the lowest temperature, 20°, oceurred o
December. owever, progeny flics were recovered oach month.

danuary. Fehruary, and March 1950 were cool, Frost oceurred on
eertain mghts in January and Februarv,  The minimum temperature
was 187 No progeny flies were recoverod during this period. but fruit
becamo infested,
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The recovery of five progeny flies in April indicated that preimaginal
development ean extend over 5 months for g Riverside winter, and nor-
mul-appearing adults ean suceessfully complete their development,
The grapefruit from which these five progeny fics were recovered be-
came infested Trom Nosvember 7 through 18, and up to 125 days later
lurvae were observed still active in the fruit.  Pupation began on Mareh
12 awd emergenee on April 200 The pupal period was about 39 days.
Thus, the total preimaginal developmenta!l period for the first of the
three infestations was 164 dayvs.

During this study 1,140 pupae were recovered, and these yielded an
1= 1 generation totaling G651 flies.,

Swmenury. - The Mexiean froit Ay ean suceessfully overwinter with
means as low as 53° in the simulaied elimate of Riverside. It would
appear that (he metabolic activity of the larvae, although undoubtedly
of a verv low order during depressed temperatures, received the
NECCRSTY stimulus for developmoent from 1he daily thermal peaks,

San Jose, Calif.

_— A - 1y -y . 1 ’
Climalic ronditions prevailing at San Jose, Calil.. {rom August 29,

1051, through July 16, 1052, were simulated in 1954 and 1953 in the bio-
elimatie cubinets,  Temperatures and refative humidities for this study
gite are shown in fguee .

The few davs of elimate ximulated for August and the entive month of
Heptember were condueive 1o bhoth Truit ﬂ\ activity and development.
However, the depressed temperatures throughout the winter inhibited
oviposition and preimaginal development.  April wnd May were amen-
able to fruit fiy reproduetion, but the following months were unot
condiueive to inseet development.

During the entire study only 24 {19 pereents of 129 host fruits became
infested, and from the resulting 804 pupae no adults emerged.  Only in
Sceprember, Muarel, April. and May were fruits infested.

s

PACTCI LT
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Frerne 8. -Temperstures amd eelative bumidities simalared for San Jose, Calif,,
study, based on wenther hotween Septembor 1951 July 109320 ¥For explanation,
see logond lor Rgure 4.

Swmmary. ~The elimate af this site was not snitable for the perpetua-
tion of the Mexican fruit fly.  The low temperatures, which prevailed
during most of {he climatological simulation, inhibited complete pre-
imaginal development, Lge hateh, larval development, and pupation
occurred in the full and spring, but no progeny flies cmergod.

Sehastopol, Calif.

The climate for Sebastopol. Calif,, commencing in August 1953 was
stmulated for 18 eonsecutive months in the bioclimatic cabinots in 1956
and 1957, During this time 160 fruits were oexposed to a parent stock of
Mexiean fruit fies and 11 fruits were exposed to their progeny. Tem-
peratures and relative humidities for this study site are shown in figure
10.

From August through October 1953 the weather was conducive to un-
interrupted Truit fy development,  Fruit infosiation took place each
month, and the initial ¥ 1 gencration was established in late October
after 8O day= of preimaginal development.

Temperatures foll progressively from November through January
(1954), restricting adult fly setivity and extending preimaginal develap-
ment.  Progeay flies emerged in November and December, but their
developmental poeriod was from 108 to 126 days,

Only one fruit exposed to parent stocks of fruit flios became infested
from February through April, and a single pupa was recovered from it
Temperatures were depressed and relative humidities romained high,
No progeny flies were recovered,

From JMay through July temperatures were conducive to both aduls
fiy activity and development of the immature stages,  The ¥-1 progeny
emerging in May took from 88 to 119 days to complete their develop-
ment, the June recoveries from 61 to 97 davs, and those crerging in
July from 64 to 75 days.
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Fiotre 1), Temperatures aod relative humidities simuelated {or Sebastopal, Calif,,
study, based on weaiher between August 1953 and August 1954, Tor explanation,
woe fepend for figure 4,

Weather conditions in August and September were suitable for all
stages of fruit fy development, and recoveries of progeny flies were
heavy. Between September 1 and 11, 264 progeny flics, representing
the greatest number from any single infestation in this sbudy, were re-
covered from a grapefruit infested in fate June. During the entire
study. 1.837 F 1 progeny Hies cmerged.  Preimaginal development
ranged from 61 o 120 days.

Nummary.—Although the Mexican fruit fiy could reproduce during
the favorable months of late spring, summer, and to some extent early
fall, progeny flies emerging in the late fall could not survive the winter
in Sebastopol.

Orlando, Fla.

Climate for Orlando, Fla., from Oetober 7, 1929, through Sepiember
29, 1030, was simulated in 1955 and 1856 in the bioclimatic cabinets,
Temperabures and relative humiditics for this study site are shown in
figure 11,

From October through December 1029 the weather was not suffi-
ciently cool (no frost until late December) to seriousiy retard fruit fly
development, and fruit infestaiion took place each month. The first
recovery of progeny flies was carly in December. Developmental
periods renged from 46 fo 66 days,

From January through March 1830 the weather was cool.  However,
there were cnough days with peaks over 70° F. to permit fiy activity and
oviposition.  Tebruary wag the only month in which no progeny fiies
emerged.  Flies emerging in January required 38 to 78 days to develop
and those for Mareh 106 to 117 days.

(limatic conditions from April through June were snitable for unre-
stricted development of all Truit fly stages.  Preimaginal growth rates
beeame aceclerated.  TFlies emerging in April required 98 to 130 days to
develop and those in June 41 to 72 days.  No fruits exposed to the F-1
goneration beeame infested.
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Frovue 18 -Temperatures and refative humidiGes stmulaied for Ortundo, Fla., study,
based on wearher betwven October 1929 and Septomber 1930, For expluuation,
see legemd Jor figure 4.

Frowm July through September monthly means were approximately
S0%  Fruit infestations wore heavy, Progeny fiies were recovered from
infestations that had occurred from 40 to 67 days earlier. The emer-
geace of six adults from fruits infested by progeny flies in July
established an -2 goneration.

From 130 fruits exposed to parent stocks of fruit flics during this
study, 2,606 1" 1 fies were recovered, whereas from 17 fruits cxposed to
these progony fies only 6 F 2 aduylts emerged.

Nummary.-~Results of this study indicate that the Mexican fruit fy
cauld beeome established in the Orlando ares should it be introduced
there.  This speeies was able to infest fruits during all simulated months
of the study, and progony emerged in all months except Febroary.

Athens, Ga.

A test simuluting woeather for Athens, Ga.. from November 1935
through November 1050 was carried oub in 1956 and 1957 in the bio-
climatic eabinets.  Temperatures and relative humidities for this study
site are shown in figure 12.

Weather from November 1855 through February 1956 inhibited fruis
fly repraduction.  Afthon gh davtime temperatwres du ring certain weeks
were amenable to fruit fly activity, thermal drops at sunset inhibited
copulation,

The first infestation of fruit occurred on March 31, when the daytime
temperature reached 70° F. Infestations hecame progressively more
abundant during April and May., From June through Aupgust the
weather was near optimal lor fruit flx perpetuation: 30 of 39 fruits ex-
posed to stock fiex beeame tnlestet). During this period a total of 1,600
-1 flies emerged after preimaginal developmental periods of from 40 to
93 days.  Emergence per infestation ranged from 1 to 141 HAics, but this
wide span is not uncommon in cither natural or simulated elimatic con-
ditions beeause of variations in population density of parent stock, tem-
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Frovee 12 ~Tempersiiees and welative humidities simulated for Athens, Ga., stady,
based on weather hotwoeen Noventher 1955 and Navember 1950, For explanalion,
~nt legendd Tor figure 4

perature, ovipusition urge of females, and attractiveness of inclividual
fruits 1o Hies.

Although decreasing temperatures from September through Novem-
her did not inhibit preimaginal development, progeny returns were less
frenuent and developmental periods were extended in some instauces to
7% davs. The inifial T 2 generation {three flies), established in mid-
September, was augmented in October with 266 flies and in November
with 77 flies,

The highest vield of aduits resulting from a single infested fruit was
141. The total ¥ 1 population ¢manating from this study was 4,094
flies. TheT 2 generation of 684 flies was established toa late In the year
fo be of econseqguence.,

Sunemary. - The simulated elimate of Athens was suitable for the
reproduction and development of Mexican fruit flies from April through
September.  The winter inhibifed all stages of the fiy’s development.

Fort Valley, Ga.

The Fort Valley, Ga., climate Tor 12 manths heginning on August 3,
1043, was simulated in the bioelimatic eabinets during 1955 and 1956.
Temperatures and relative humidities for this study sife are shown in
figure 13,

Fort Vallev. situated on a plateau about 500 feet above sea level and
midway hetween the 32d and 33d parallel, was selected largely because
of iis favorable geagraphie location for the production of peaches, one
of the most important hosts of the Mexican fruit fy. Sufficient seasonal
variations there would indicate how far north or for what periods of the
yoar the Moexican fruit ly could be expected to estublish itsell.

August, Seplember, and Ocfober were condueive to fruit fly aectivity,
development, and oviposition.  The first 171 fly emerged on October
31 after a preimaginal development period of 76 days.
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Fravng 13, Temperatures and relative homidities simulated for Fort Valley, Ga.,
study, b on weather hetween August 1943 and July 1044, For expluanaiion,
see Jogend for fimgre 4,

From November through January (1944 freezing temperatures woere
evideneed pach month, and 2 low of 19° K. occurred in December. No
flies emerged during this quarter, and only two fruits became infested
Iate in Januury,

With warming Lrends from Febroary through April, fruit Ay activity
and oviposition inereased.  Larval developmoent was aseertained to be
taking place in Truits previousty infested, but no progeny flics emerged
during this period,

From June through early August the weather was conducive $o unin-
terrupted fruit Iy development, and ot the elose of the test Loth Jarvac
and pupac were recovered,

From 133 grapelruits exposed to parent stocks of fruit fies during the
study, 173 10 1 progeny flies were recovered, and about 98 percent of
these emerged in May.

Ntemomery. [nfestations oecurved in all months except November and
Docember, A moean of 52° throughout the neuproductive period in-
hibited both adult survival and preimaginal developrocut of the Mexi-
can froit fly. Thus, it would be improbable that this species could
perpetiate itsell ot this site,

Houma, La.

T 1056 58, weather was simulated For Houma, La., in the bloclimatic
cabinets for September 1949 through August 1950 and for September
1940 through March 1950, Temperatures and relative huymidities for
this stady site are shown in fgure 14, The annual elimatic evcle was
extended tu obtain veeded infurmation on the reproductive capacity of
the Mexican fruit fly and {o determine the offect of depressed
temperatures on a weli-esfablished, strong fruit dy population.

From September through November 1940 means were from 73° to
54° I. and relative humiditics hetween 50 and 60 pereent. Daily peak
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Figeue 14, Tempoeratures and relutive hunidities simulated for Houma, La., study,
based on wenther bebween Sepienthor 1949 wnd Aurnsl 1950, For explanstion, see
legend lor figure 4.

temperatures were such that froit fly oviposition took place each month,
but the ipw night temperatures retarded preimaginal development,

Progeny lies first emerged in early December, having taken from 85
to 899 davs to develop, and those emerging in January and February
1050 required from 84 to 105 days.  Infestation was heavy in all fruits
exposed to parent stock during these 3 months,

With monthly means from 60° to 73° from JMarch through May, fruit
fiy reproduction progressed uninterruptedly. Preimaginal develop-
montal periods for the progeny recovered ranged from 29 to 79 days.

T early June. I 2 flies commenced emerging from an April infesta-
tion, Monthiy means for July and August were approximately 80°
whieh stimulated oviposition and aceclerated inseet development.
Emergence of progeny flies was particularly heavy.  In Jaly, 1,255 F-1
fes emerged, 384 Trom a single infested fruit, and 251 '~2 progeny were
rocovers!.  During  August, 201 ¥-3 flies cmerged. Preimaginal
development during the period took from 36 to 71 days.

Zach progeny generation increased in number from Scptember
through November, and because of their population strength, no more
stoek Hies were used in this study.  Preimaginal development during
this period required from 50 te 73 days, but fly activity slowed down as
the weeks progressed.

From January through Mareh, climatic conditions had litt.e effect on
fruit fly emergence, but they did extend the developmental cycle.  An
T4 generation was extablished in January and was augmented by small
numbers of fHes emerging in the 2 following months.  Ovipositional
activity deelined as the study terminated, and preimaginai development
touk over 100 davs in many Instances. But the perpetuation of the
fruit iy generations proved that a high population density of Mexican
fruit flies can survive during the winfer at Houma.
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During the study 149 fruits exposed to parent stock yvielded 6,121 -1
progeny, and from 239 fruits exposed to -1, ¥-2, and F-3 generations,
recoveries of fiies were 1,580 ¥-2, 918 F-3, and 70 F .4

Summary.~-Climatewise, Houma was more favorable for the cstab-
lishmen{ and perpetuation of the Mexican fruit fiy than any of the other
sites in this investigation.  Fruit {ly activity was observed during all
months of the study, and four progeny generations beeame established.

Greenwood, Miss.

Climate Tor Greenwood, Miss,, was simulated for November 1, 1054,
through July 7, 1956, in the bioclimatic cabinets only 2 weeks out of
phase with the calendar dates, Temperatures and relative humidities
for this study site are shown in fgures 15 and 16.
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Frirae 15, - Temperaiares and relative homidities simulated for Greenwond, Miss.,
stuedy, bused on worther borween November 1954 and Oclober 1955, For explann-
tion, see logend for Seure 4.

From November through January, means from 52° to 48° F. were
abortive to {fruit fly survival and reproduction.  Temperatures increased
during the next 3 months,  Fruit flics heeamo active and oviposition
took place in Mareh and April.

From May through July the temperatures were Tavorable for all
stages of frnit fly development, and fruits were successiully infested
eachmonth.  The first 17 1 flies emerged in June, having taken 4] to 56
days to dovelop,  Fruits infested in May and June yielded aduits in
July. N progeny were recovered in August, but cmergenee took place
in the 2 following months after developmental periods of from 42 to 65
days,

November 1955 commenced the second abnual simulation period.
No fruits heeame infested during this period. hut a few progeny fics
were recovered during November and December.  From I ehruary
through April suffiriontly high daytime temperatures permitted frait fiy
oviposition and preimaginal development.  Temperatures from May
through July were amoenable to complete insect development. Progeny
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Apr Moy

weekly Temperciure [F)

Weekly Humidily (%!

i 1 I
Fiorre 16, -Temperatures aod relative humidities simulated for Greenwood, Miss,,

study, based on weather between November 1935 and Jduly 1856,  or (xplunation,
see Jegend lor fpure 4.

fies emerged during cach of these months; the greatest emergence
occurred in June,

During the entire study 223 fruits were exposed to parent stocks of

fruit flies; 71 (32 pereent) became infested, and from 45 (683 percent) of
these infestations, 1,270 progeny flies emerged.

Suwonary.—-Mexican froit fics were able to perpetuate themselves
during most of the year at this simulated site, but in neither their adult
nor preimagingl stages were they able to survive the severe midwinter.

Malden, Mo.

Climatic eonditions were simulated for Malden, Mo, from October
13, 1055, through July 22, 19536, and again from November 11, 1956,
through July 7, 1857, The studies were conducted in the bioclimatic
cehinets 3 woeeks out of phase with these dates. Temperatures and
relative humidities for this study site are shown in figures 17 and 18,

Qetober, November, and December 1055, with means from 59° to
36° F., were too cold for fruit Ay development, and many adults sue-
cumbed during the freezing temperatures in December.  Yrom January
through March it was too cold for insect aetivity and development.
Littie feeding vecurred unti) a warming trend in Mareh., From April
through July fruit fly activity increased as the temperature rose, and the
initial F--1 {ly progeny were established in June.

Ninoty-cight fruits were exposed to stock flies during this phase of the
study. Sixteen [ruits hecame infested, and from 3 of these infestations,
198 -1 flies emerged.  Preimaginal developmental periods ranged from
32 to 60 davs. '

During the second phase of this study commencing in November 1956
there was little respite from the cold days and freezing night tempera-
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Froene I?.—-—-’.l‘ernq;erﬂturps and relztive humidities simulated for Maldea, Mo., stwly,
hused on wenther hewween Oetober 1955 and duly 1936, For explanation, sce
legend for figure 4.
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Frarne 18— Temperatures and reiative humidities simuinted fur Malden, Mo., sindy,
based on weather hetween November 1056 and June 1957, lor cxplunation, see
legend for Ggure 4.

tures until April, when the monthly mean reachod 60°, and thermal
peaks of 80° were froquent.  Flies successfully infested 11 of 13 fruits
during the month,  Menns from May through July 1957 were from 69°
t0 70°.  During the combined periods of the Malden study, 880 progeny
flies were recovered, and all of these emerged 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 aecceptable host material were available,
subsequent populations would suceumb during the prolonged winter.

Mesilla Park, N. Mex.

Climate for Mesilla Park, N. Mex., from March 1948 through Feb-
ruary 1949, was simulated in the bioelimatic cabinets in 1957 and 1958,
Temperatures and relative humidities for this study site are shown in
figure 19. Relative humidities for the entire period were particularly
low.
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Frezre 10, --Temperatures and relutive humidilies simulaled for Mesilla Park, N.
Mex., study, based on weather between March 1948 and February 1948, For
oxph e ation, see legend for figure 4.

From Mareh through May the temperaturces were amenable to fruit
fly reproduction and development.  Progeny flies began to emerge in
early June, and recoveries were made almost dally throughout June and
July. The initial I'-2 generation was established in August. None of
the infestations ufter August 30 produced progeny flies.

Although progeny flies continued to be recovered from September
through November, temperatures as low as §8° F. during occasional
nights in November killed the adnlt flics.  Subfreczing weather from
December through March inhibited fruit fly development and was often
lethal to adult flies.

During the entire study, 70 of 127 {ruits (55 percent) hecame infested
and 2,213 I°-1 flies emerged.  Of 29 fruits exposed to thesc flies, 12 (41
pereent) beeame infested, and 93 F-2 progeny emerged. Preimaginal
development for the F-1 gencrution ranged from 89 days in the spring
to 37 days in the summer,  Second-generation flies required from 43 to
75 days to complete their development.
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Summary.—Low relative humidity throughout the year at this site
apparently did little to depress fruit fly activity. Optimal development
oceurred in the summer, and consequently a second generation became
established. However, the winter temperatures nullified any possibility
of the population’s overwintering. Therefore, fruit fy perpetuation in
Mesilla Park would be improbable.

Charleston, 5.C.

Climatic conditions of Charleston, 8.C., from April 1939 through
Muy 1840 were simulated in the bioclimatic cabiuets during 1956 and
1957, Temperabures and relative humiditics for thig study sre shown
in figure 20.
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Frovur 20.--Temperatures and relative humidities simuluted for Charleston, 8.C.,
sbudy, bused on weather between April 1930 and AMay 1940, For explanation, see
legend for figure 4.

&
-
2
E
=
I
=
=
i
<
x

The humid coastal avca where Charleston is situated affected both
Insect activity and host fruit keeping qualities, Temperatures from
Aprit through June, with means from 84° to 80° F., were conducive o
fruit fly development, and preimaginal growth was accelerated, with
reeoveries of the F-1 generation in June.

From July through Septembor the temperatures were conducive to
preimaginal development, but during daytime peak temperatures, adult
activity was restricted and longevity adversely affected. I'-1 progeny
flies emerged cach month.  One fly recovered in August required 112
days to develop,

Although from November through Junuary (1940), means were from
53° to 40° sufficiently high daytime peaks stimulated oviposition.
Relative humidity only slightlv affected adult fly activity but pro-
foundly afiected the deterioration rate of infested fruits. To what ex-
tent this variable manifests itself on population buildup is difficult to
determine, but its existence as a potential iimiting factor cannot be
overlooked. Preimaginal development of flies cmerging during this
period extended {rom 48 o 93 days.
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From February through May the means were from 50° to 70°. No
fruits were introduced to stock flies after March 27, but 12 of the 24
fruits introduced during February and Mareh became infested.
Preimaginal developmental pertods 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.

Swmmury.—Conditions conduecive to fruit fly oviposition at this site
began carly in February and continued through September. Tmer-
genees oeeurred throughout most of the year. Towever, flies that
emerged during the winter suecumbed quickly to the cold.

Memphis, Tenn,

A test simulabing weather for Memphis, Tenn., for 15 months com-
mencing in November 1955 was conducted in the bioclimatic cabinets
during 1936 and 1957, Temperatures and relative humiditios for this
study are shown in figure 21,
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Figors 21 —Temperatures and velative humidities simulaled for the Memphis,
Tenn., study, busud on weather between November 1955 and November 1956.
Yor expinnalion, see fegend for figure 4.

Heekly Humidily %)

From November through January, femperatures were below the
throshoeld for oviposition, with means from 51.7° to 39° I'.  Fly activity
increased from February through April.  Light infestations occurred in
February and March, and all fruits introduced to stock flies in April
became infested. Nay and June temperatures were conducive to all
stages of fruit fy development. -1 flies began to emerge early in
June, and recoveries per infested fruit were particularly heavy, ranging
from 200 to 382 individuals. A total of 1,504 F-1 flies emerged during
June.

Temperatures for July and August were nearly optimal for fruit fy
development,  The last infostation to yield eduits in this study occurred
iate in August. September and October femperaturcs were conducive
to continued fruit fly development. Progeny flics were recovered each
month, and beeause of the high population density of the I'-1 genera-
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tion, the study was continued through November and December 1955
and January 1956.  Ouly two flies emerged in November, these from an
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 2,463 F-1 progeny
emerged.  Of 24 fruits exposed to this latier generation, 3 became
infested and 19 pupae were recovered.

Swmmary.—The climate of Memphis would be [avorable for Mexican
fruit fly establishment from spring through late suramer, but the win-
ters would be lethal to established adult populations and inhibitive to
preimaginal stages.

Brownsville, Tex.

A test simulating weather for RBrownsville, Toex., between September
1954 and September 1955 was conducted 1o the bioclimatic cabinets
during the same years, Temperatures and refative humidities for this
study site are shown in figure 22.
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Froene 22, -Temperatyres and relative hamiditios simuluied for Brownsville, Tex.,,
study, based on weather between Meptember 1954 and September 1955, For exe
plumition, see legend Tor fzure 4.

The means for Seprember through November were 84° to 69° F,
Temperatures never fell bhelow 55° at sunset, the copulatory tlireshoid
of the Mexican fruit .  Consequently, oviposition took place in fruits
exposed during the entire period. The initial progeny Hy emerged In
November from a September infestution.

Temperatures for Deceraber through February, with means about 65°,
were conducive to fruit fly sctivity and development. Progeny flies
emerged each month.

March’s wide temperature vacillations resulted in a mean of 72°,
April ard May had means of 76° and 80°, which were ideal for preimag-
inal development but detrimental to adult longevity. The 500 F—1
flies that emerged in April accounted for 67 percent of the progeny re-
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covered during the entire study. The last infestations to produce
progeny Hies oceurred in mid-May.

Between May 20 and the end of the study on September 1, 11 of 43
fruits became infested, from which 345 pupae were recovered. Weekly
peak temperatures for this nonproduetive period ranged between 90°
and 95° lows averaged 74% and the mean was 83° That these high
temperatures adversely affected adult longevity was evidenced by daily
mortality counts, However, it wag aseertained that limited oviposition
had taken place in some fruits exposed in the last weeks of this test.

From 123 fruits oxposed to stock flies, 745 progeny flies were
recovered,

MNrehary —Infestations occurred throughout the year at this site,
but pupac were recovered only from summer infestations, when the
mean was 83° The winler and spring were favorable for fruit fy
activity, but high summer temperatures had a deleterious cffect on
adult longevity,

DISCUSSION

Effect of Climote on Fruit Fly Development

The effeet of elimate on the normal biological processes of the fruit
flirs was determined by the following eriteria: The number of months,
the specifie scason, and the extent to which succossful infestation of
Truits took place: and the number of successive generations of progeny
in a single yoear, their population size and reproductive capacity, and the
extent to which thetr life eyele differed from that established for the
inseetary-reared files,

Resulés of this study indicated that temperature exerted a greater
effect on the development of fruit flies than did humidity.  This 15 par-
tially attributable to the fact that the ege and larval stages are spent
within the hest fruit where sufficient moisture is generally present.
Although both arid and saturated soils had deletericus effeets on the
insect during its subterranean sojourn, temperature ameliorated or
enhanced these effects,

The rate of preimaginal development was definitely affected by tem-
peruture. Tael distinetive stage had an optimal thermal range within
the larger optimal range for the complete e ¢yele of the inscet.  High
temperatures. lethal to adults, only accelerated larval development in
fruit and adult emergenee from puparia buried in the soil.  On the other
hand, winter conditions typical of certain sites simulated in southern
California extended development in many instances up to 3 months,
whereas in these and other sites during early or late summer, growth was
aecelerated and the complete preimaginal developmental period was
redueed to approximately 40 days.

The activity of adult fruit flics is not affected solely by external tem-
perature (Uvarov 21, Bodenheimer 2). Generally insect activity is de-
pressed by low humidity.  Headlee £711, Breitenbrecher (3), Robinson
(171, and others working with various insects repored that the rate of
reproduetion is affected by humidity. High humidity in the simulation
site of Charleston, 8,(., restricted adult activity a2nd caused rapid decay
of host fruits, which in turn affected larval development and limited
progeny buildup.
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(limatological data pertinent to the response of the Iruit fly and
lirited to the months simulated for cach site are presented in tabie 2.
Afean and mean maximum temperatures indicate the general fevel and
the extent of fluctuation at each study site investigated. Mean maxi-
mum temperatures during the winter indicate whether oviposition could
oeeur, sinee it was established that females would oviposit when the day
temperatures reached or exceeded 55° F. Days with maximum tem-
peratures above $5° restricted all adult activity, interfered with
reproduction, and materially reduced adult longoevity.

The threshold for eopulation was approximately 55° . The entire
preimaginal developmental eyele could be completed under diurnally
fluetuating temperatures and relative humiditios at a mean as low as
53°%, with a divral amplitude of about 20°.  Preimaginal development
was inhibited when the overall mean was 32° or lower.  The longest
developmoental period under simulated conditions of climate was ab
Riverside, Calif,, from November to Apeil, when st 2 moean of 53° com-
plete development from cgg o adult required 164 days,  However,
-arious other combinations of temperatures with greater dioma! am-
plitudes but resulting i the same mean temperature could furbher affect
the developmental cyele of the inseet.

The seasonal reactions of the fruit fy to the simulated elimates are
summarized in table 3. The reproduetive periods covering both fruit
infestation and adult emergence are Ineluded in figure 23, In table 3,a
normal response (++) is indicated when adult feeding, mating, and
oviposition ovcur rather regulariy.  Depressed respouses (4) are indi-
cated when adults are only able to mate or to Infest grapefruit inter-
mittently, although feeding may continue and longevity may be ex-
tended,  Tor the immature stages, normal responses are shown when the
developmental periods are optimal (40-90 days). “Extended” indi-
cates that preimaginal growth was extended more than 90 days because
of unfavorable temperatures, and “arrested’” indicates shat preimaginal
development was arrested in the larval or pupal stage.

The lowest daytime temperature {553° F.) at which fruit fiies infested
grapefruit occurred during February in the Fort Valley study.  Soveral
infestations originated at 36° to 58° in the Riverside (January—
February), Greenwood (March), and Malden (November) studies.

In certain studies the immature forms were observed o overwinter;
1.c., eggs Iaid in the fall resulted in adult emergence the following spring.
The low temperatures extended development.  Overwintering infesta-
tions were observed in the studies of Riverside (mean 53° F,, 164 days),
Chula Vista tmean 55.5°, 130 days), Compton {mean 50°, 117 days), and
Orlande {mean 61°, 130 days).

Eggs subjected to short periods of freezing survived, but embryogene-
sis was cxtended on oceasion to more than 30 days. ILarvae within
fruits completed their development and pupated at very low tempera-
tures in approximately 125 days, and pupae survived similar conditions
for about 90 days.




Tanue 2.—Temperature data for each study site

Autumn
Winler : Spring - Summer {Septeinber—
{December-Februaryd (Mareh-May) tJune-August} November)

Nights B Days )
Mean Mean helow | Mean Mean Mean Mean above | Medn Mean
maximum ; 82° I maxiimum maxinum | 95° I, maximum

°or. oK, Nuniber op. °F. . Number . °F,
Temjie, Ariz 4 18 : { 66
Ohula Vista, Calif, 5 3
Comptow; Calif { 0
Kl Centro, Calif ! 1
Riverside, Calif ; 17
San Jose; Calif 2 4 55 10
Sebastopol, Culif . i 8
© Orlando, Fla
Athens, (in
Tort Valley, Ga
Houma, La

oS ¢n

i
OISR T W R O~IC =T

© Greenwood, Miss

Malden, Mo?

Mesilla Park, N, Mexo ...
Charleston; S0 o cmmaee e
Memphis, Tenn

Brownsville, Tex: oo iwenin

1 June and July only simulated for summer and November for autumn.
* Suminer includes only June and 2 weeks of July.
2 Tor first study, only Jitrie and July simulated for summer and October and Novembeér for autumn.
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L\um‘ 3. ——-Se(laonal responses af Umwun Jruat /1/ lll {ts adudl mz(l zmnmhur' slm es l() smmlalc’cl (*Inmzlolor]tc(rl sites
1

Site

'l‘(‘mp(*, Avi.
Chuln Vista, O wlif. T
Clompton, ( Wit .o
15l (‘enm, Califo ...
Riverside, Calif. ...
San Jose, Calif .. ...
Sebastopol, Calif
Orlando, Fla
Athens, Gn. . .
Fort Valley, Gho .. ...
Houmn, La .-

CGreonwaod, Miss. . ..o .-

Malden; Moo oo anaion e imcndian E‘

Mesilla Park, NoMex. oo nnn]
Charleston, S.C. o .vucaooiilin]
Memphis, Tenii. oo ovenis e ammm 1
Browus\'illo, TeXo oo mcmcienn o --5

© Npring

Reprodudtive hehavior of adulis?

Sumimer | Fall
}

+
++
+

i

0
o+

Winter

S S S—

Preimaginal development of imma{ure sfuges

{
Sumimer Teall t - Winler

.

Spring

Arrested. .. Arrested ’,.-' None.
Normal. ... Normal ... lixtended.
. i - Bxtended.. . .i\rrcstcl'd,.l
Arvested. .. N . loxtended.
. Normal. ...t Nomal.. .1 Do,
Arrested | None e Arrested 2.5 None.
Ioxtended . Normal 2. ... do Arrested,
Normal 4. 4{0 e Nolrmnl 2 b Extended,
oo oo doooo coL. o odo® U000 Noue,
oo oo code L Arvesled. Arvested,
_do coteeado L L Kxtended L Bxtetided,
doo oo Llado " None ?._...0 None,
oo S woeoai Normal 2 Iixtended.
do ...} Arrested ; x\m‘stcd
aiadoo s None. ...
Novmnl. .. I |
el L] 1 Ixtended.
caadol oLt Arres ..l Do
Arresled....i Normal .. Lj Normal.

Normal
Fxtended 2, .
Nornal®, .1

e

Pl o= normal response; 4+ = depiessed response.

* lixposures to climate started in this season.

{See text Tor explanation.)
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Fajt [Winter]Spring {Summer] Foll | WinterlSpring |

Houmo
Brownsviiie
Grlondo
Riversrde
Chula Vista
Compton
Charleston
Memphis
Fartvolley
Sebostepol
Athens

Mesilla Park

Tempe
Greenwood [
Greenwood 11
El Cenfro
Molden |}

Malden TT

Son Joss Fﬂ}

Figrre 23.—Periods during siudy when Mexican fruit fly adults infested fruits (verti-
cul lines: and when progeny fies emerged stipple),  Sites are listed in order of
decrensing adult reproduciive periods.

Effect of Climate on Potential Distribution

Results of the bioclimatic cabinet study indicated that the Mexican
fruit Ay would be able to breed and perpetuate itself in climates similar
to those of Orlando, Fla., Houma, La., and Brownsviile, Tex. In
ctimates such as at Chula Vista and Compton, Calif., where winter re-
production was prevented, or Riverside, Calif., where it was much re-
duced, fruit fly populations ceuld probably maintain themselves because
of overwintering preimaginal forms,
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High thermal conditions representative of Brownsyille, Tex,, Tempe,
Ariz., and El Centre and Riverside, Calif., caused high mortalities, and
in many instances newly emerged adults succumbed before reaching
sextial maturity. Although immature forms seem much more resistant
to heat, continuous establishment throughout the summer would prob-
ably depend on large spring populations and abundant fruit infestations.

In contrast to the lethal summer conditions at these sites, elimate in
the coastal areas of southern California would appear conducive to pro-
longed periods of normal adult activity and immature development.
With the combination of uninterrupted breediug during the spring,
summer, and fall and the overwintering of the resulting preimaginal
ferms, continuous populations could probably be maintained in these
coastal areas. The adults might annually disperse inte the interior
valleys each fall and winter, However, summer temperatures would
probably kill such infestations or drive the adults back to the coastal
areas or into the foothills,

Permanent populations of this fruit Ay could no doubt also develop
along the const of the Gulf of Mexico and over most of Florida.  Adults
from these areas might disperse northward into the Mississippi River
Valley and along the soulheastern seaboard, for short distanees at least,
during the spring and summer, However, cold winter temperatures
would probably annihilate or drive them southward.

The arcas of infestation in the Southern and Southeastern United
States would probabiy Huctuate, depending on whether it was warmer
or cooter than normal.  Copler weather in the Florida or Gulf Coast
areas would depress existing populations in a southerly direction,
whereas warmer than normal winters would disperse populations north-
ward. Fluctuations in population size with elimate would no doubt be
more closely correlated with cooler than normal summers in the
southweslern arcas (Texas to Arizona).

No elimatic factor we studied would preclude the initial establishment
of the Mexican fruit fly in any arca of the United States during certain
favorable months of the vear, particularly if large populations were in-
troduced.  Howoeser, in most such areas, winter conditions would elim-
inate such temporary infestations. In the southwestern areas of the
Nation, summer heat would Jlimit establishment of infestations.

Effect of Other Factors on Distribution

In prognosticating arcas in which the Mexican fruit fiv could estab-
lish and maintain itself, other factors besides climate should be con-
sidered. One basic requirement, not stucdied in this work, is that of
suitable host food supplies for the fruit Ay, Suitability, abundance,
and sequence uof the host must be considered (Baker et al, ). 1In the
temaperale regions of the United States it is improbable that any given
suitable hnst will be present continuously throughout most of the yesar.
Hence, it will be neeessary that several svitable and abundant hosts
appear in suceession, with little more than a 2- or 3-month gap hetween
peak fruit abundances, depending on the severity of the weather,

In addition, orchard fruit hosts that might provide the necessary food
requirements for the Mexican fruit fiy would probably be treated with
insecticides to contral other insect pest species and thus would affect
both its initial establishment and continued propagation. In many
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cases the early harvesting of crops might interfere with the successiul
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 Mexican fruit fly will most probably occur in the
absence of its nermal Mexican parasites, predators, and diseases. Sub-
sequent fruit By populations would probably become larger than in the
natural habitat of the species if the weather is faverable.  On the other
hand, general or nonspecific predators, such as ants and carnivorous
bectles that might interfere with the initial establishment of the fruit
flv in spite of faverable weather, would undoubtedly oceur in the
potentially inhabitable areas.

Darby and Kapp (51 studied the differential effects of temperature
and humidity on the Mexican fruit Hy and one of its moest effective para-
sites in Mexico. Opins rrawford? Vier.  They found that the immature
furms of the parasite have temperature-tolerance limits slightly nar-
rower than those of the host insect, and that low humidities are exces-
sively deleterious to the lungevity of parasite adults relative fo that of
fruit Ay adults.  Based on these Andings, Opius crawfordi would appear
to bhe less effeetive in those dry areas where the Mexican fruit fly could
be expected to survive throughout the year, such as Riverside, Calif,, or
Brownsville, Tex.

SUMMARY

Natural temperature and humidity patterns representative of impor-
tant agricultural localities, particularly in the southern tier of States,

have been simulated in bioelimatic ecabinets for the purpose of estimat.
ing the potential distribution and establishment of the Mexican fruit fly
{d nastrepha udens 1Loew s in the Tnited States as governed by climate,

The Mexican fruit fly was able to perpetuate itself throughout the
year under the simulated climatic conditions of Houma, La., Orlando,
Fla., and Brownsville, Tex. Preimaginal stages of development were
able to overwinter in conditions representing Chula Vista, Riverside,
and Compton, Calif. The hot summer temperatures caused excessive
adult mortalities in the simulated sites of Brownsville, Tex., Tempe,
Ariz., and 31 Centro, Calif., and to a less extent at Riverside, Calif.

During a simulation period of 1 year, three generations of flies were
produced in the Houma, La.. study site, two generations at the sites of
Athens, (a., Chula Vista and Compton, Calif., Orlando, Fla., and
Mesilla Park, N. Mex., and one generation at each of the other sites
except San Jose, Calif.,, where no progeny fly population became
established.

Permanent populations of this fruit fly could ne doubt develop along
the southern coast of California, along the coast of the Gulf of Mexico,
and in the greater part of Florida. Dispersal from these centers of
permanent infestation might then occur each fall and winter into the
interior valleys of southern California and each spring and summer
northward into the lewer Mississippi River Valley and along the
southeastern seabpard.
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