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ANASTREPHA LUDENS (LOEW)
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INTRODUCTION

During the perlod when the authors were ctationed at the labora-
tory in Mexico City maintained by the Bureau of E wtomology of
the United States Department of Agriculture in cooperation with
the Mexican Department of Agriculture, they carried on a number
of investigations on the Mexican fruit fly, Anasirephe Iudens
(Loew). These studies covered a variety of subjects on the biology
of the fly, its parasites, and its responses under various conditions
g various materials. The results of the studies on the effect of

h and low temperatures on this fruit fly have already been pub-
gfs%ed (6).% The resulis of studies on five other general subjects
nppear in the present bulletin.

e
&YDROGEN-ION CONCENTRATION OF SOIL IN RELATION TO THE
iad PUPATION OF ANASTREPHA

‘ I""In making field collections of pupae of dnastrepha striate which
* had migratgd as larvae from fallen guavas, the authors were struck
by the factghat the pupae were to be found lying practically equi-
distant froni the center of each fruit, at a depth which varied slightly
with the nﬁisture of the soil. Very rarely was a pupa to be found
directly underneath a fruit. Determinations of the hydrogen-ion
concentration of the soil under the fruit and out to the pupae gave
a gradient starting with pH values as low as 3.6 underneath the
t Resigned Juoe 30, 1031 This manuserip! {3 based on work danae while o nuthor was connecied with
the oid Divislon of Tropienl, Subtropical, und Ornpinental Plant fnseets of the Bureau of Entomoleny aud

jn charge of the Inbhoratory at Mesivs Clly.

1 Reslened June 30, 1941,
t Iteile numbers Iy pareatheses refer Lo Lileraiure Clied, po I

63110° 34




2 TECHNICAL BULLETIN 444, U.S. DEFPT. OF AQRICULTURE

rnib and ending with 7.2 in the neighborheod of the pupae. In
other words, the acids of the fruit had sonked out into the previ-
ously alkaline soil and produced a pH gradient. Txamples of the
pH vulues found are given in table 1.

Tantk 1 —Hpdrogen-ion concentrutions of fallen guwods and owrrounding soif

pll of soll {nt sinted distances In contimeters
fromt eenter of friit)

Fruit (Il

H [ !
0 AR PR N1 4.0 l 10,0

! | !

l
|

From the above observations twe lines of experimentation were
drafted: {1) On the extent of the acid changes in fruits; and (2),
on the sensitivity of Anastrepha larvae to the hydregen-ion concen-
tration,

The original observations were made underneath guavas, which
was fortunate, as they showed the most marked acidity changes of
any fruit studied. The guava when ripe gives a reaction of pH
3.8 to 2. As the fruit lics on the greund and begins to rot, the pH
drops to about 3.0, The larvae leave during this change, especially if
there is much moisture in the fruit. The fruit maintains this low
point (pH 8.0) for a few days, und then the pH starts to climb, 1
finally reaches equilibrium in the vicinity of pIT 6.0. The mango
does not undergo any striking changes in pH, but may reach a low
figure of pH 8.0, The sweet lime has an original pH of 5.8, and
rarely, while decomposing, reaches pH 4.0. As Tarvae do not migrate
from all of these fruits at the sawe pH, it is Jikely that the type of
acid also plays a part. The pH of guavas indicates when the larvae
may be expected to leave. It must be remembered that in this case
we are dealing with 4. striafe Schiner, which shows a greater sengi-
tivity to acids than 4. fudens.

The sensitivity of larvae to the hydrogen-ion concentration was
investigated in the follewing experiments.  Full-grown larvae of
A Tudens were distributed ns evenly ss possible on petri dishes of
soil (P 7.8) which had been acidified in the center to pH 2.6 with
hvdrochloric acid.  When the pupne were collected gubsequently,
they were all found in the periphery of the dish, where the soil had
n pH of 7.8. o offset any chance of the above results being due to
some tropistic response to light or to the glass surface, the experi-
ment was repeated in reverse. In this case the same number of
larvac were placed in dishes acidified peripherally to about pFl 2.6,
They ail pipated in the center.  Acetie acid produced substantially
gimilar results. Tb was clear from the above that larvae migrate
away from arvcas of high acidity in order to pupate. This behavior
is 10 direct agreement with the previous studies on votting fruit in
the field. The writers have nlso observed o similar response to acids
Ly larvae of Dreosophila melanogaster.

The influence of the hydrogen-ion concentration was studied also
by keeping fully grown lurvae of o, fudens in Petri dishes on moist
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STUDIES ON THE MEXICAN FRUIT FLY 3

paper of definite reaction. In this 'method the time taken for pupa-
rium formation under such conditions was used as the eriterion of
the effect of the medinm. The results are given in table 9. Luwer-
ing the pH to 4.5 did not increase the death rate of either larvae or
pupae above the normal expectancy, but the time taken to pupate
was three times what it was at pH 87 Lowering the pH to 3.2 or
2.0 showed no further effect on the length of time necessary for all
the larvee to pupate, but it had two other results. They elther
pupated at once, to emerge as normal flics, or they took a loug time
to pupate, and the longer the time the greater the mortality within
the puparium,

TABLE 2—e effect of the hydrogen-ion co neentration on the time neeessary for
Papdrivaf formalion B Anestrepha tidens

Maxi- Maxi-
wum | Larvas | ]fljrﬁ?l.:iu mum | Larvae ﬂ])ru‘f‘nd
duys : duys ¢

{ b 3 5
11 200 -, - k i1
14 60 2, . aaaaat K 24
H 180 H :

Number | Nuptber Pc'rmrr] Number | Percent
§ 354 I 136 5

With the foregoing data in mind, it is not strange that the sour
lime, with a pH of about 2.0, is never infested. Such is also the
case with the sidra, another citrus fruit which has a thick inner rind
somewhat like o grapefruit and o small jutey center with a pH of
about 2.0. Information on the effect that the hydrogen-ion con.-
centration has on the immature stages of the fly sugoests that this
factor affects the distribution and reiative abundance of the fly in
Mexico both as to location and host fruit. In many of the regions
of imfestation visited by Elizabeth Skwarrn and the authors, soil
reactions were almost all alkaline ar on the border line of neutrality.
In a few sections where no infestations were found. however, the
soil reactions were slightly acid. The weans by which soil reaction
affects infestation would ‘seem to be indirect. The authors have,
however, observed larvae maving considerable distances over areas
of unfavorable soil in search of more suitable locations for pupation,
and the longer the distance traversed the grenter the chance of de.
straction by vatoral enemics, The recduction in numbers surviving
would in thne affect the distribution of the fiv.

THE LENGTH OF LIFE OF ANASTREPHA LUDENS

The length of Iife of Anastrepha ludens is a subject of economic
imporfance to the citrus growers of the Rie Grande Talley for the
following reason : One of the earliest methods adopted of canfrolling
the y popudation (and which i= still in use) wig te remave com-
pletely all fruit from the trees for 4 certain period each year, In
this way adilt flies would have no place to deposit eges and thus
produce & new generation, and would themselyves die off before the
advent of the new erep. The question then arose as to whoether
adult flies could possibly live over this period il OVIPOsiF suceess-
fully in the new evop. The answer to this yrestion = griven in detail
below,
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The situation in Mexico itself is totally different. There is no
Jarge area in the fy-infested zones given over to a single {ruit crop,
such as oranges or grapefruit. There are side by side several host
fruits of the fly, such as sweet limes, mangoes, oranges, and guavsas,
all growing in one orchard. This furnishes the fly with a continuous
supply of fruits, both for food and oviposition, Iven a single
mango tree may be in continuous bloom for several months, first on
one side and then on the other. The length of life of the fly is
therefore of little importance to Mexico nunder the present conditions
of fruit culture.

Previous to these studies very little information was available as
to the length of life of the adults. Tt was the general opinion, how-
ever, that they did not live more than 6 months. If such had been
the case, & host-free period of 7 months, as established in the Rio
Grande Valley, would in itself have been a very effective means of
eradication.

There is no way of determining the length of life of an adult fly
in the field. The best that can be done is to determine the longest
possible survival under laboratory conditions, and consider that as
at least a possible value. Many thousinds of Anastrepha ludens
have been maintained in the laboratory for various lengths of time.
The standard technic developed consisted in keeping the flies in cages
of various types with pieces of cut ripe orange as food and a separate
water supply in saturated absorbent cotton. The fruit was changed
every second ov third day, depending upon %he rute of drying and
the growth of molds on the fruit. Fresh water was added daily.
mhe room in which the flies were kept had a temperature of 20° to
292° C. (68° to 71.6° .}, rarely falling below 18° (64.4° F.} and rarely
rising above 25° (77° ¥.). The humidity was much more variable,
in the dry months ranging from 20 to 35 percent saturation, in the
rainy months from 50 to 70 percent. However, the flies were at no
time left without a supply of water in the cages. For this reason
the humidity in the cages tended to be higher than that in the room
generally. This was especially frue in the case of *closed ” cages,
where only one side permitted the passage of air, and this through
closely woven muslin. In these the humidity was probably mmuch
more constant, as well as higher, than thaé of the room.

Table 3 is a compilation of the ages over 5 months attained by all
flies of which any record was kept. It is by no means complete, and
it does mot represent the last part of the age distributior in its
entivety. It does, however, show that some flics can survive for
t%hese periods of time, and that males in general live longer than

emales,

TABLE 3.~—The menbers of adulis of Annstrephe Wdens that ollcied verious
wges oper 5 nonths under luboralory conditions

—

Mumnhor af fnseets of indlested nge in inonths
Sex
[ 7 8 1] i ‘ it 12 13 14
FOMAES. ~. vneomeemeamneeeeer| 25 | 20 | 08 ] W | T ] 3
PleN . e im e m e maamans 114 135 P (4G 18 | 7 2 2 1

i 54 af theso were destroyad delibernlely.
210 of these wero dostroyed deliberately,
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The age at death, as distributed over a whole population of flies,
was determined by detailed records kept on relatively small numbers
of individuals. The
experiments record-
ed in Figures 1, 2
and 3 were made in
wooden hoxes paint-
ed white, inside va-
pacity 714 by 114 by
4345 inches, with the
top of glass and one
sidaof heavy muslin.
Food and water sup-
Ply wele a5 previous-

described, which

was the stnn(hrd for :
THE GETER, EMECCENZE (Ao}

these studies.
IMeurE I.—Lengtlh of s 4o o group of 12 fomale und 14
I‘l“‘lll(.» 4 repre- nule ndulty of .-1;:{:3.‘1'0;”1” Heduna,

sents the dying off of
a much larger group of flies 4%
(250 females and 220 males)
kept in a much larger cage
(1 by 1 by 2 feet}. The de-
tailed record in this case
was not started until the
flies were 2 months old. In
general, the graph is simi-
Tar to ‘the others; and all
show that males live longer
than females. This is true
both for the extreme cases

“ 5
and for the bolkk of the LS S

population. o _ _
b en Pevie 2.~~Longth af lite fu o grougp of 9 female
A reason which sun‘rreat,s, amgd 19 mule adults of Anasirepha Iedens,

itself for the carly death
of females under cage
conditions is the twofold
relationship befaveen fe-
males and frui§, as com-
pared with the single
relationship between
males and fruit. In the
case of males, fruit is
used for nutrition only.
In the case of females it
s also a medium in
which to oviposit. Caged
flies mate freely, and
the females frequently

M P - N v Friver 3,—Tength of Tite v a group of F female and
oviposit in pieces of 5 male ndults of Arqstrepha Indens,
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orange ! {with rind}, as well as in crevices or on the sides of the cage.
It is entirely possible that there is some injury to females ovipositing
in ripe orange, although fruit in this form is entirely suitable as
food; or the withholding of their cgus may fundamentally affect
their health, On this hypothesis, females nught be expected to live
cven longer in the field than in the laboratory, without, of course,
taking into account the presence or absence of natural enemies,
Since adult females ave known
oo to live as long as 11 months, and
males still longer, it is clear that
1 host-free period between annual
vropy cannot in itself he effective
in eradienting the fly. However,
~depending on the length of the
1 fruit-free period, there ix a de-
erease of populnfion due to this
method of attacle,  Just what per-
1 centage, may be guessed at by ret-
erence to figure 4. Bub if to the
length of life of the adult fly

3

BT FLAES AL (RERCENT]
) &
o N

o 73 2y there is added the time passed
THE TG EHE LML (RN in epg, Inrval, and pupal develop-

Ficukn {—Length of Wfe fn 0 gowp  ment, it will be scen that a consid-
O o eirinle i 220 male adults of ln)le proportion of the total
number of flies can be expected to
survive, Pupal development in this species can take as long ag 100
days, at a temperatuwre of 11,9° C. (53.4° F.), without entively elim-
inating normal emergence of adults. This consideration alone adds
another 3 months to the possible life of the organism. The possible
length of the life eycle of 4. ludens under laboratory conditions at
21° C (69.8° F.) is given in graphic form in figure 5 and totals,
roughly, 13 months.

=2 = = - E
= el £
L} ™ =
[ ] i L L 1 ! ! 1 1 1 1 ! |
I j ! 1
e = —-
Bi & E
* o= =
S & -

TFiGurk §.—Possible leppth of e of A nasivephe fifens by sthpes

Of course, length of life as related to fruit infestation has to be
considered in connection with fertility, Viable egus have been lald
by » female 7 months old, caged with a male of the same age; while
spermatozon in 41l stages ot development have been observed in
sections of a teslis tidcen From n male § months old. These, aguain, are
not maximum figures for behavior in the field: and as long as n fly
hives, there is at least the possibility of its Leing fertile

Another supposed role of the host-free period is that of stapving
the fly. It has been tacitly nssumed that the flv can feed only on

4 Thouzgh the ovipositlon of Lhe faouniey In the plieces of srgge wig heavy at {imes,
I wenld hnve Loen ipstracilve {o compare I8 with (that of the nemnal frep female.

Thiz was lmpassihle owlng o the nnbare of Lhe observatlony necessary.  I6 must suifice
to suy, however, that many hundreds of eggs woere lebd In Mo enges,
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fruif, and that, in the absence of the various hosts, there will be no
food supply. Direet ehuervation in two divections las furnished duta
on the possibility of the fly’s survival on foods other than £ruit.
(1) In the field Anasivepha ludens has heen observed many times
feeding en the ontside of unbroken mangoes and guavas. on which
there seemed to be no exudate whatever. It was deduced that the
flies were feeding on some external growth en the fruit. Similaly,
it has been noticed in the laboratory that the flies when feeding
frequently pay no attention to freshly cut surfaces of fruit, until
the outside has heen completely explorved. (2) Dissection of the crop
of the insect has shown that it containg yeast cells.

If the two foregoing abservations are relevant, a nutrient medium
suituble for the fly and seeded with yenst should be an adequate Tood.
Such a medivm {2) was made up of corn meal and Knop’s solution
and incculated with a yeast culiure, On this a group of flies
lived for over 3 months. The difficnlty with the foed lay in the
fuct that the flies frequently got stuck in the medium while feeding
or buzzing about. This imechanical fault contribnted largely to their
early death. The above experiments and the field observations on
the flies present evidenee for the possibility of the fly feeding on any
source of yeast that might be available m nature apart from that
found on its host fruits.

Another experiment was run in which the flies were given only a
lump of sugar and a separate water supply. No attempt was made
to keep either the sugar or the water free of bacterin or mold. At
the end of 4 months only 80 percent of the total population had died.
This figure represents a somewhat better survival than that obtalned
for flies living on pieces of orange (figs. 1, 2, 3, and 4). In the field
honeydew is always present, and yeasts and molds are universaily to
be found in it and in all plant exudates. The experiments of Del-
eourt and Guyenot (7), Banmberger (1), and others have shown that
the fruit iy Drosoplida (ampelophila) =melanogaster can live on a
diet consisting entirely of yeast, either growing or dried. In view of
the abovo facts, the possibility of eliminating a species of fly of this
type solely by a host-free pertod is very remote.

The following facts regarding the adult longevity of Anastrepla
fuclens may be stressed as having an important bearing on the possi-
bility of control through a host-free period.

An adult male and female have been kept alive for 14V amd 11
months, respectively, Under laboratory conditions females die
sooner than males.  Both males and fenales have been foumd fortile
after a length of time greater than the host-free period which was
established 1n the Rio Grande Vulley. A host-free period between
annual crops, depending on its length, ean eliminate a varying pro-
portion of the adult population of o, fudens. Tt cannot be expected
to effeet a complete elimination, The fly can live Tor long periods
on yveasts or sugars whose availability in the field is independent of
the presence of host froits.

THE TOXICITY OF COPPER TO ANASTREPHA LUDENS
In a recent paper {6) the writers mentioned the Tact that copper

chloride, used to keep down the growth of molds in dishes in which
pupie were kept, proved to be highly toxice to newly emerged flies if
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they were not removed from the dish at once. The quickness of their
death and their appearance led to an investigation of the underlying
mechanism. The use of copper as an insecticide is well known, and
its application in fruit-fly control has been reviewed recently by
Miller and McBride (8).

In a series of experiments a comparison was made of the tuxicity
of warious compounds of copper, made up in a spray mixture of the
Tollowing composition:

Granulated sognr CLINS 25
Maple slrap cubic centimeters.- G0
Copper  compouind ) - _Ernn._ 1
Distilled water culie centimetors_. 1, 000

This mixture was fed on saturated absorbent cotton in 2l4-inch
Peotri dishes. Tt was given fresh every second or third day, with
intermediate additions of distilled water to the cotton when neces-
sary. No other (copper-free) food or water was supplied. The
temperature of the laboratory was kept within a few degrees of
29° C. (71° T.).

The results (fig. 6) completely confirm the findings of Miller and
McBride as to the relative toxicity of the different salts. The
toxicity is direetly parallel to the cuncentration of copper ions in
each golution, The above authors have shown that the toxicity of
copper carbonate incereuses with acidity. ‘This is simply another way
of expressing the concentration of lonic copper. The lower the pi
the greater the dissociatior of copper carbonate. Fov instance, at
pII3 this salt would be campletely dissecinted and the carbonate anion
deconiposed.

Curve 4, ¢ (fig. 6) shows the effeet of allowing the solution to
age. In what manoer it chunged the authors eannot say, bub when
testedd aguingt a new copper chiloride solution the older one gave
n slightly less toxic effect than the freshly made one. The possi-
bility of a reaction between the food materinls and the salts would
bear investigntion.

In another series of experiments the efficacy of copper was studied,
different degrees of obligntory feeding being used.  Ceopper chloride
was employed, bheeause it supplies the active ngent in its most avail-
able form, In ligure 7 are plotted the lethal curves in several fly
populations which had been fed in the following manners, the
fechnic beingr identical with that deseribed for the previous series:
(1) Food and water both poisoned.  (2) Water supply, given on
cotton as above, poisened with copper chlovide, 1 g per liter. Ifood
consisted of lump sugar, given dey.  {(3) Water poiconed as in 2.
Food consisted of seetions of eat orange which, being muoist, reduced
the neeessity for additional water consumption. (4} Controls.

From the corves in fignre 7 it ix clear that a spray of the type
empleyed by Miller and MeBride, to he effective tn the field, must
contain as much of Lthe texic ngent us possible, to offset the dilu-
tion produced by alternative sources of food and water.

The veason for the shape of these curves is unknown. The pres-
ence of other fluids {orange juice) would wnccount for the low
initial death rate in curve €75 but why there should be a double
inflection in curves 2 and (7 is entively olwcure,
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The main interest, however, Iny in the mechanism by which the
copper produced its effects, daastrepha ludens n its normal habitat
feeds largely if not exclusively on yoasts. The flies ean be seen
feeding on the sking of fruits where there is no vaptnre or exudation
of juice whafever. Under cage conditions, they usually oxhaust
the possibilities of the skin of freshly cut fruit betore examining the
cut surface. Furthermore. the writers have kept fliex alive and in
normal condition {ng judged by their subsequent reproduction) for
3 months with a yeast-growing mediunt as thelr svle souvee of nutri-

LESD (RERCEYT)
+ .
3 8§

S

L
00 A5

LR
Ficorn O.—Toxielly of wvarlous ecmwpuunds of eopper, fed In on speary  mixtore, o
Sgrastrepho Dedevsy A, Coppor ¢hlotide (Peosniiy propeired sprayy s 4, o, the s |

mottth nld M, copper aitrade; O, copper sulpbate; B, coppoe corboanie ;) B, copper
oxide; M, ocontrol.

£

33

DERL (FREeCENT)
4
Q

S

2
] Fl /‘ I 13
e Py e FZ
L2
Fraurk 7.—Toxicily of copper ehiorlde to Anasfrepha Tndess: A, Food 2ad waler paisoned

A, weter nlone polsoned, foud dey ) O water polroncd, molst fopd wapolsyeed 5 1),
control, ’

ment.  Drosophilia melanogaster, the vinegar fly, lives on yousts,
dead or alive. 16 wus entively o be expecled that on dissecting ont
the alimentavy traets of seversl normal adults living on pleces of
cut orange lurge numbers of yeast cells wonld be found.  In the cuse
of copper-killed flies, the number of yeast cells was groatly dimin-
ished, and these present appeared to be dead. In line with this
is the observation by Miller and MeBride (8) that Mediterranoun
Trait flies fed with copper died off at o rate similar to flies dying of
starvation,

GoiIge—n2—
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All of the above facts suggested the hypothesis that the effect of
copper on fruit flies is connected with its toxicity for molds. TFur-
ther evidenee for this idea was obtained by inoculating with mold
the spray mixtures used in the series of experiments illustrated in
ficure 6. The only solutions which shewed any growth were the
ones which were nontoxie—that is, the copper oxide mixtre and
the copper-free control.  This concept fits in completely with the re-
gearches of Cleveland on termites (4), which showed that any ngency
which destroyed the protczoan fauns of the intestine produced death
of the termite by starvntion, '

In this study the following copper compounds wera found to be
toxic to adults of dAnastrephe Tudens and are listed n order of tox-
icity : Copper chloride, copper nitrate, copper sulphate, and copper
carbonate. The action of these compounds is apparently indirect,
depending on their toxieity to yeasts and molds.

TEMPERATURE (N RELATION TO HOST-PARASTTE EQUILIBRIUM

The biological control of pests by their parasites has been deemed
sufficiently important to warrant large expenditures {for that purpose.
The fundamentals onderlying the biclogieal relations of pest to
parvasite have, however, uite frequently been overlooked. That the
parasite successful in one envirenment will be equally effective as
a control in another, is always open to question. A study was made
stressing the importance of temperature in the estublishment of a
parasite in n new environment. The results of this study snggest
that a parasite of littlo use in one region might be very valuable in
another, under different climatic conditions. In ihig section the
authors deal entirely with the difference in the reactions to tempera-
ture displayed by a host and its parasite.

The organisms used in the experiments to be deseribed were
Anastrephe Tudens and its hymenopterous parasite Opius crawfordi
(Vier.) that oceurs freguently in larvac obtained from mangoes in
the State of Morclos. The detalls of development of O pius have
nob been deseribed, but the following facts are available. Opius
lays its eges in the larva of dnastrepha while the latter is still within
its host fruit. The dnraestrepha Iarve grows to full size, migrates
from fruit to soil, and forms o normal puparinn. On inspeetion
through the wall of the puparinm under suitable conditions, noe dis-
tinetion between normal and parasitized individuals ean be detected
until almost the end of the last lnrval instar. At this stage the
shiny, annulated surface of the half-grown Opius larva can be dis-
tinguished, lying alongside of the relatively strnctureless remains
of the Anastrepha. By the time pupation proper would have oc-
curred the pavasitized tnestrepha has completely disuppeared, and
the Opius larva can be seen moving about within the otherwise empty
puparial shell.  Within a few days the Opius pupates, and the fully
differentinted imaginal structures can be cleariy seen. The peatly
white pupa gradually develops the characteristic red and black pig-
ment of the ndult. and the imugo bites its way throngh the puparium
at more or less the same time that its lost would have emerged under
the same conditions,
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Anastrepla Iudens is very abundant at certain times of the year,
80 it was possible to obtain from the field thousunds of mature larvae,
a varying proportion of which proved to be parasitized. The num-
bers of A. fudens used were so large (400 to 500 per temperature
class) that a significant number of cases for the data on Opius was
obtained.

Mature larvac were collected from mangoes and allowed to pupate
on moist soil. The pupae were collected at intervals, and all those
which formed in the course of 24 hours (midnight to midnight) were
given the date of that day. As scon ay collected the pupac were
covered with a centimeter or less of sterile soil in covered Petri
dishes. They were incubated at constant temperature (3) (sce table
5 for range of temperatures used) until emergence took place. With
this technic, 95 percent emergence was obtained regularly for A.
ludens at nonlethal temperatures,

The means by which temperature may affect the host-parasite
equilibrium differ. First, the Ximits of tolerance of the two organ-
isms may be quite different ab both high and low temperatures.
Opius fwled fo emerge at 30° C. (86° F.), whereas a good cmergence
(85 percent) was oblained for Anastrepha at this temperature.  The
upper imit for dnastrephe was found to be considerably higher;
un emergenee of 87.4 percent was obtained at about 50.65°7C. (86.8°
F.), and a few emerged oven ab 314° . (88.5° F).  Anastrepha,
therefore, can develop and emoerge at » tenmiperature ahout 2 centigeade
degrees higher than Opius. The lower extreme produced similar
results. At£12.1° C. (53.8° I.) no Opius emerged, while $3.6 percent
of dnastrephe cmerged at this temperature.” At 14.5° (58.1° T.)
only 52 pereent of Opius emerged, as against 96 percent of 2Lnas-
frepha. The percentuge of emergence over a series of temperatures
I given in table 4, and greaphically in fgure 8.

TanLy d—Hutcrgenee of Qping craeford! and Anostrepha fudens al varics
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The points obtained for Opius with A. ludens as host were sup-
plemented and supported with data obtained from . striate, another
host. The latter points are plotted as black dots in figure 8,

The limits of the range of temperature toleration have been
stressed in the above diseussion and Anastrepha has been fonnd to
have a wider range than Opius.  Attention focused exclusively on
the ends, however, gives an incomplete impression of the relation-
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ships. If the entive picture, as shown in table 4 and figure 8, is
exninir-.l there will be found a gradually inercasing lethal eftect
of temperature on Opius long before it begins to operate on dAnas-
trepha. It would seem from the figures given in table 4 that there
is o wide range of temperature (14.5° to 28° C. or 58.1° to 82.4° I.)
that is perfectly satisfactory for the developnent of 4. ludens. On
the other hand, Opius pusses through a sharp optimum at about
950 C. (77° F.), with a sharp slope on either side. The practical
vesult is that nlthough total mortality of the purasite does not oceur
1t these nonlethal temperatures, a considevable diminution of ils
numbers tokes place. Furghermore, if there is a high death rate
it is logical to assume that even some of the survivors are injured
in such o way that early death will ensue. This assumption is in
line with the findings of Osterhout (2, p. 18).
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(lutsl;. cniergetice of O, crpefordi from . siriafe as Lost; the squares, emergence from
A, Fnedens,

A point which might be raised in connection with figure 8 is the
disregard, in the curve for Anastrepha, of the points corvesponding
to 24°, 26.95°, 29°, and 29.95° C. All these poinis lic below the
curve as drawn and are not balanced by other points lying above it
The curve was drawn deliberately above the four points for two
reasons: (1) The emergence of the organism in this case is more
significant than failure to emerye; that is, whereas there is a greater
emergence at 30.45° than at 29.95° C., temperature cannot have been
the detrimental factor causing the low emergence ot the lower tem-
perature; sorme other factor must be ragponsible; (2) this detrimental
Tactor is known, since these experiments were the first run, and the
technic of handling the pupae had not been perfected. In the light
of this information the writers consider it justifiable to plot the
points, but draw the curve above them.

Another wholly different effect of temperature is to be found in
the data on the length of time spent within the puparium by the
two organisms under consideration. These data ave presented in
table 5 and figure &
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PanLe b—The period in puparium of Opiug erawfordi and Anestrepha. ludens ot
pariows temperatires
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The length of the pupal period of 4, hudens was recorded in whole
days, since the spread in emergence was so wide as o make closer
observations insignificant. Pupae formed within 15 minutes of each
other and and kept at constant temperature {26.95°=0.05° C., or
80.45°%0.1° ¥.) may be as much ns 48 hours apart ot ewergence.

The figures for males and females have been averaged sepavately
in the case of Opius, while for Anastrepha a single series of figures
s given. This was done beeause the difference between the sex
averages, while invariably present, is very small in the cgse of 4
Tudens {04 day ab most}, and would not show in the graph if plotted
on the same scale.

That part of the developmental process under compurison is nob
strietly equivalent in the two species in 2 morphological sense.  In
Anastrepha it is the measure ot the length of the last larval instar,
plus the pupal stage proper. On the other hand, in the ease of
Opiug 3t is known that within the host pupariuni is passed an unde-
termined fraction~—conceivably all—of the larval life, plus the
pupal stage. However, it is a comparison of periads cach of which
always beging nb the wame developmental point, so differences in rate
of developmeat after thal point can properly be adiributed to
Cifferences in towmperature.

A few individual cnses have been omitted from the caleulations
on aceount of their anomalous bohavior. Among pavasitized pupsc
which had failed to produce any aduits at the expected time, there
wag oceasionally found a living Opius which was still in the larval
condition, although all of its contemporuries had completed their
developnient. These delaved larvae, if the puparimm was not broken,
would stay in the same condition for long periods, sometimes many
months, cventually to pupate and emerge as perfectly ovdinary
locking Opéus adults. Although nob immobile, they secmed to be in
a quiescent state of suspended development—presumubly diapause
The phenomenon was observed in Opiug rearaed at several tempera-
tures. It scemed to oveur more freguently in dishes which had
hecome somewhat dry; and although the cases were too few and far
between to control, the onset of pupation seemed to be hastened by a
moisb environmenf, after which development apparently proceeded
at the usual rate. These individuals were so widely aberrant from
the general population {one Opius emerged 7 months after pupition,
its fellows in abeut 25 days) that they have been omitted entirely
from the enleulations relating to the length of the pupal period.

Tt will be seen in figuve 9 that although the curves for host and
parusite are in a general way similar, the Opius curves diverge from
the Anestr pha curve as they approach their limits of tolerance.
That is, near the ends of the vange @pins is accelerated less or re-
tarded more by the same rise or fail, vespectively, of temperature,
Its generation time Js consequently lengthened wore than that of
the host, and its offectiveness as a control theveby impaired.

Tt has been found, then, that 4. fudens has o wider range of ciner-
gence {11°-31.5° C. or 51.8°-88.7° T} than 0. crarefordi (12°-29° C.
or 53.6°-84.9° T). 4. fwdens has a wide range of temperatures at
which normal development takes place,  Opis, in contrast, has a peak
of optimum development with marked lethal effects on either side.
‘The development of these two organisms is accelerated fo a different
degree by the same inereuse in tenperature.
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From the foregoing data it may be seen that temperature can
play a distinet role in the success of a parasite. That other con-
troliing factors exist will be made clear in the next section of this
bulletin.

HUMIDITY IN RELATION TO THE SURVIVAL OF OPIUS CRAWFORDI

Anasirepha tudens, in the State of Morelos, is parasitized in its
larval stage by Opius crawfordi. The possibility of using this or-
ganism in the control of A. Tudens led to a study of its biology.

ome of the results, especially the vital role of humidity, are pre-
sented here. "The contention and evidence of Buxton () on the
role ot climatic humidity are further supported by these findings.

At almost all times of the year during the period from 1928 to
1931, inclusive, there was un abundance of mnngoes and, therefore,
of dnastrepha larvae, in the city of Cuernavaca, Mexico, and from
these the Opius were recovered. It is significant, however, that from
the small amount of citrus in this section which is also infosted by
4. ludens no recovery of Opius was made. Bub it must be borne
in mind chat in the field there is abways a great abundance of infested
mangoes and guavas, favored fruits, which more than supply the
needs of the parasite.

A few general remarks on the behavior of this parasite might
help in the breeding of similar organisms. Opius erawfordi adults
cannot be kept in very small cages or containers—they tear one
another to pieces. At the beginning of these studies parasitized
pupae were reaved and aflowed to emerge in Petri dishes, so that
they might be handled cuasily. However, if twe or more newly
emerged adults were allowed fo stay in these dishes for half an hour
or so, at least half would be dead and the others seriously wmtilated.
The system used was to keep the Petri dishes covered (and very
moist) until the insects were alinost ready to emerge. The dishes
were then uncovered and placed in o large cage, where there was
plenty of space for the adults to fly about. By stmply shifting the
dish to a new cage at convenient intervals, the emergences could be
easily recorded, and loss by injury was avoided entively,

To facilitate the separation of the parasitized pupac from the
normal fly pupace a study was made of the Puparia. It was found
that some puparia were markedly darker than others, and that these
dark-colored puparia were gencrally parasitized. An attempt was
made fo sort out the parasites before emergence, using this eri-
terion. But a few pale puparia yielded parasites. and a few darlk
ones yielded flies, so the method did not hold absolutely. The fore-
going observations were all made on pupae formed and rveared in
slightly moist soil, under which conditions the puparinm is opague,
If, however, the pupsae, after formation in moist soil, ure washed
and placed on wet absorbent cotton in covered Potri dishes. they
stay somewhat lighter in color and are guite transparent. The
developing insect can be readify observed through the puparium
with the aid of a low-powered binocular. On the ffth day of incu-
bation at 95° C. (77° F.}, parasites and {lics can be identified with
complete certainty, as at this stage the danestrepha has become a
proper pups, or the Opius larva can be seen moving around inside
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the puparium, any remnants of the host larva having completely dis-
appeared,

Adults emerging over a period of a few days were placed in
cages and individual records kept of the date of death. The cages
in which they were kept had a wooden foor and {frame, the top
and front of glass, and the other sides covered with musline  They
consequently permitted relatively little nir circulation, a point which
will be discussed more fully later. The dimensivns of the cages
were 12 by 12 by 8 inches, and net more than 24 individuals were
kept tn n ¢age at one time,

In an attempt to renr Opius erawfordé {or breeding purposes, dif-
fienlty had been experienced in finding a suitable food that wonld
keep the adults alive for
more than a few days.
Various fruits which are
4 subject to infestation by
Anastrephe  ludens, the
host of Opius, were sup-
plied as food, with always
the sume result of death
4 within a few days. Final-
ly. however, the use of
ordinary cane lump sugar,
with a dish of wet absorh-

. ent  cotton,  met  with
e o much Dbetter suecess; and
GRS AFTER SAERFNE detailed records were
Figuns 10-~Length of adulk life of males and  started on the length of

o S temien and T4 e A life of each Opius,

Figure 10 shows the
length of adult life of the entire population of Opius erawfordi con-
sidered as a whole, with the one exception that males and females
are. plotted separately. This shows that Opirs females live longer
than the males, both the extreme eases and the bullk of the popu-
lation.

An analysis was then made of the data of cuch separate experi-
ment, It was seen that with each experiment the life span of the
inseet beenme progressively longer, beginning with the group started
in February. To state it another way, the life span of those Opius
that emerged in TFebruary was shorter than that of those which
emerged in March and mueh shorter than that of those emerging
in May, Asthere had been no known changoe in technic in the course
of the observations. the temperature and humidity records for the
room in which the inseets were kept were examined for a possible
explanaticn. The temperature had been faivly constunt, averaging
21° C. (69.8° T.), and without significant Huctuations® (fig. 11).
The relutive humidity, however, had undergone a sharp increase
with the advent of the first rains in April and had mantained a
consistently highey level since that time. The Opiws vecords were
therefore divided up into siall groups; (1) those which lived only
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EfPlmt the temporsature varvintlen (18° o 207 C.) i3 of litlle Imporiance |2 suggested
Wy enrller Hulogs, namely, dhat good emergence was oblained for O, cruwfordi wheo
inculyated at these {empersituees,




STUDIES ON THE MEXICAN FRUIT FLY 17

during the dry season, (2) those which emerged about o month
receding the raing, and (3) those which emerged afier the vains
egan, [Figure 10 shows the dying ofl of each of these three groups,
considered in relation to their dates of cmergence, In the same
graph are included the mean daily temperature und humidity for
the period under consideration.

The data in figure 11 are for frmales only, since there were velatively
few males, and the large sex difference hus already been commented
on. Group 1 comprised 21 cases, emerged February 10 to 185 average,
February 15. Group 2 comprised 40 cases, emerged March 18 to 31,
average, March 25, Group 3 comprised 30 cases, emerged April 16 to
26 average, April 21.
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Meurt 1l—DRelation of the length of life of Opiuz eraioforidi to temperature and
bumidity. The fnseets represented by curve 1 Uwed entirgly in Lhe dry BepBon,
those in eurve 2 emerged about 1 month preeeding the pains, apd those o eurve 3
1ived in the Tolny seuson.

RELATIVE HUMIDITY

TEMPEARTLAL )

It will be seen that the slopes of the curves for gronp 1 and for
the first part of group 2 are quite similar and that they correspond
with a consistently low relative humidity—30 percent on the average.
Coincident with the first rainfall, Aprii 19, there is a sharp rise in
humidity and a break in curve 2. Subsequent to this date curve 2 is
much more nearly parailel to curve 3, in spite of the fact that group
% was nearly 2 month older than group 3. The steep drop in curve
3 near the end of June was coincident with the accidental drying up
of the d'shes of water in the cages, o circumstance which serves to
emphasize the importance of moisture to this organism,

As mentioned above, the cages permitied very litile air circulation.
For this reason, with a constunt supply of water in each eage, the
humidity inside them was probahly somewhat higher than that out
in the room. From the humidity vecord of the room alone, there
seems to be u critical point in the neighborhood of 30 percent, below
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which Opive dies off much more rapidly than above that point. But
the accident mentioned sbove would indicate thut a humidity as low
as 30 pereent can cause considerable damage, since in the absence of
an additional source of moistare the cage humidity would become
the same as that prevailing in the room.  On this occusion the cage
and room humidity had every reason to be identical. It is therefore
possible that the cage humidity was normally about 20 points higher
than the record, and that the marked improvement in viability corre-
sponds with an increase from 50 percent up, rather than from 30
percent. In any case, in setting up conditions suitable for the sur-
vival of this inscct, it would be much safer to uim at a humidity
higher than 50 percent.
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Figure I2.—Monthiy pereentage of paresitizotion by Oplua craiofordi 1n larvae of
Anaatiepha ludens colloclod from  mangoes, Cuerunvact, Morelos, Mexleo, Doeeember
028 Ly August 1908, incluslve,

In connection with the effect of humidity on the survival of Opius,
the percentage of parasitization in field-collected larvae of 4. fudens
supplies & verification of laboratory findings.  Awavivephe larvae
were taken from mangoes, collected in Cuernuvacs twice monthly.
These larvae were reared. and the percentage of parasitization for
the month was determined. In figure 12 these data from Decomber
1928 to Augast 1930, inclusive. are placed in graphic form.

The repetition of the history of infestation from one year to the
vext is clearly shown. even though the magnitude diflers someivhat.
Unfortunately the humidity and rainfall records for this entire
period cannot be obtained. " However, the rins generally begin in
April and tast votil October, with s peak in June and July. TFrom
November through Mareh there is very Ditle or no rain,  There is
4 steady decline in the pamsitization to almost zore, as the dry
seagon advances. followed by an increase with the sdvent of ihe
riins, A graph of the average rainfall for Cuernavacy. based on
observations taken over 9 years, is given in figure 13

Kt might possibly be thought that the abundance of purnsites s
controlled by the wmnmbor of W wastrepha Jarvae, and this in tirn by
the quantity of fruit. Such. however, ix not the case.  There are in
Cuernavuca u number of off-season nango trees, which bear during
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Janaary, Febrvary, and March, and furnish an adequate supply
of larvae to be parasitized; but the number of adult Oprus during
those months is so small that the percentage of pavasitization is very
low. One other confirmation is that of direct chservation, In the
dry months it is abnost impossible to find an Opiug adult in the
field, but in the rainy season they can be observed on trees, on the
ground, and on mangoes in all Iocations.
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Froune 1d3—Average tronihiy ralnfal) {n Cuernavacen, Moxiew, over § yenrs

SUMMARY

Studies on the Mexican frait fly. .laastrepha Tudens (Loew).
have shown that the larvae on leuving the fruit aveid as far as
possible an acid seil for pupation. Almost all districts found

infested had allaline or nearty nentral soils.

Both males and females have been found fertile after an adult Hife
longer than the host-free period that was established in the Rio
Grande Valley. The possible life cyele at 21° . (70° F.) is esti-
mated o be about 13 months. The adults are not dependent on the
host, fruits for food,

Copper chloride, copper nitrate. copper sulphate, and copper car-
bonate are toxic to the adults of A, Judens, the toxic action being
apparently associnted with the destruction of the yeasts and molds
that muy be & necessary purt of their diet,

A. fudens can develap under a wide range of temperatures, whereas
its parusite Opiux crawfordi hax a short range of optimum develop-
ment which Timity ity effectiveness to favorable chnmntes,

The parasite O, ereaefordi iz very decidedly affected by variations
w atmospheric humidity. A humidity higher than 50 percent seems
necessi'y for oplimun development,
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