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STUDIES ON PARASITES OF THE
ORIENTAL FRUIT MOTH

II. MACROCENTRUS ANCYLIVORUS

Puirip GARMAN AND W. T. BriGEAM

In conjunction with production of Trichogramma for control of the
Oriental fruit moth, the results of which have already been reported, field
and laboratory work was begun in 1929 on the larval parasite, Macrocen-
trus ancylivorus Roh. (Figare 1). This parasite was known to occurt in
limited numbers in Connecticut and to have survived in the Barnes peach
orchard in Wallingford since 1926. Because of its general scarcity in many

Freure 1. Side view of Macrocentrus female showing the method of depositing
egg in the larvae of the Oriental fruit moth. The long antennae are
apparently used to locate smitable larvae. (Greatly enlarged.)

Connecticut orchards and its entire absence from others, it was thought de-
strable to obtain them in considerable quantities for liberation. The straw-
berry leaf-roller® was first used as host for breeding but the Oriental fruit
moth? was soon substituted because of setious difficulties in breeding leaf-

Ldncylis comptana Froel.
*Grapholitha molesta Busck.
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rollers during the winter. The worst trouble was disease, which developed
in the host larvae, and killed many before they could be utilized. Since
this first attempt with the strawberry leaf-roller we have continued to use
the Oriental fruit moth, but the difficulties preventing complete realization
of our hopes with this host also seem to be numerous. Production of
Macrocentrus on the same scale as Trichogramma is impossible at present,
but we can see no reason for believing that Macrocentrus cannot be reared
in much larger numbers than was possible during these studies.

Our work in the orchard, like that with Trichogramma, has been suc-
cessful in some ways and unsuccescful in others. This has been due partly
to the limited time given this phase of the problem. QOur inability to estab-
lish the parasite in several important orchards indicates again the need of
more extensive field operations. Observations in this state show that
Macrocentrus is a distinctly desirable inhabitant of Connecticut peach
orchards.

Before we were able to rear Macrocentrus successfully in any great num-
bers it was necessary to consider the host from a standpoint of its reaction
to laboratory conditions. Some of the data obtained are included herein
because of their importance in our breeding technique.

THE QORIENTAL FRUIT MOTH

Experiments with methods of inducing and preventing hibernation of
the fruit moth were conducted shortly after the project was undertaken.
This was done in order to make breeding work continuous duting the win-
ter. For the sake of comparison the life histories of host and parasite
were considered together and showed many similarities probably account-
ing for the ability of Macrocentrus to survive our winters in the absence
of abundant alternate hosts, The emergence of moths and parasites is
merely one of these similarities (Table 1). A few other comnarisons are
given in Table 17.

The length of any period of the life cycle of the fruit moth may be in-
creased by proper refrigeration, but the ill effects of this treatment may
more than counterbalance the increased convenience in handiing. Like-
wise, the length of the larval period may be altered by a change of food
(Table 3), and we bhelieve the ability to survive refrigeration is consider-
ably affected by the quality of the food on which they are reared. The
length of adult life varies when the moths are bred artificially, but may
last for three weeks with proper food, temperature, and moisture. Egg
deposition begins about two days aiter emergence from the cocoon, and
may continue for four weeks (Table 17). In incubators and greenhouse
during 1930 and 1931, egg deposition frequently reached a maximum four
to six days after emergence, although in some cases this peal was not
reached until 11 days afterwards (Figure 4). These facts are of some
importance in breeding operations. For hibernating stocks it is essential
to allow sufficient time to elapse for the hibernating instinct to be satis-
fied. Such larvae may be brought into higher temperatures after two to
four months, and will usually pupate and emerge satisfactorily.
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It is possible, however, to breed the fruit moth continuously through-
out the season. This necessitates keeping the temperature high enough
during the periods when the insect normally begins to hibernate, and con-
tinuing to breed at the same high temperatures during the winter. In
1932, our cage temperature averaged above 70° F. most of the time, and
we regard the minimum for continuous work of this kind as around 75°.

Tasre 1. OrientAL Frurr MorHS aANp MACROCENTRUS ADULTS FROM PARASITIZED
OVERWINTERING LARVAE, 1931, SHoWING SIMILARITY IN Prriops of EMERGENCE

Emergence of Emetrgence of

Date moths parasites
March 1 3
3 — 2
6 1 2
9 310 20
10 141 13
11 97 5
12 293 6
13 53 .-
14 35 8
16 65 99
17 145 60
18 642* 28
19 363 78*
20 269 48
21 109 25
23 207 38
24 32 7
25 37 8
26 30 —
27 20 _
28 10 -
29 —

*Probable peaks of emergence.

Notes: Placed in refrigerator in the fall of 1980 and kept there until February 17, 1981. Then
put in an incubator at about 55° FF, until February 25 when they were removed and placed at
75° F. until emergence,

It is also important to know the length of the different larval instars
at constant temperatures in order to provide larvae of suitable age for the
parasites, Some of our results are shown in Table 2. It will be seen that
the first instar lasts two days in green apples at 80° F ., that the second in-
star begins on the third day, and that the third begins on the fourth day.
Larvae five days old are nearly all in the third stage. Those reared at 80°
for four days will be largely in the second, but a part in the third instar,
while those reared for three days will be in the second instar. In practice,
owing to the irregularity of hatching, there is some variation in the larval
stages, For the most part they have been uniform if eggs are used from
a single lot, obtained in a single day. After six days at 80° the larvae are
too old for parasitism because more than half are in the last instar.
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FOOD REQUIREMENTS

Oriental fruit moth larvae may be reared on peaches (twigs and fruit),
quinces, pears and apples. Green apples are the most practical from our
standpoint, and are adapted to development of the fruit moth. The life
cycle in apples is slightly longer than in peaches, but the advantage of the
shorter cycle when reared in peaches, is negligible, especially when losses
from frutt rots of the peach may more than balance the gain in time. By
storing green apples in July, 1931 and 1932, it was possible to continue
breeding work during the entire winter and spring of the following years.

TaeLE 2. OrientaL Fruit MorB LarvaiE Incupatep at 80° F., 70 per CENT
ReLative HumMminity. PercENTAGE oF EacH InsTar
PresenT on Successive Davs

Days

Instars | (- | 3 4 ‘ 5 6 7 E 8 \ 9
Fist | 100 | 100 | | ‘ |
Second 100 | 764 | 20 }
Third 235 | 979 | 75 0 | i
Fourth 38 216 | 10.9

Fifth 21.1 68.3 89 100

| I

Nortes: Average of two experiments, 328 larvae measured. Based on width of head capsule.
Reared in green immature apples.

Thinnings obtained in July from commercial orchards were used. To sup-
plement this supply, which began to run short during late spring, we bought
an additional quantity from a grower in Georgia. We have tried unsuc-
cessfully, or with partial success, ripe or partly ripe apples and peach twigs
grown in our greenhouse, Table 3 shows that the development period is
considerably shorter, and that a much greater percentage of larvae mature
in green apples than in ripe apples. When reared in green apple slices,
the larvae will frequently mature within the slice if this is thick enough,
but we have found it desirable, especially when large numbers of larvae
are used, to provide extra food in the pans on which they may complete
their development.

In the spring of 1931, we were partially successful in breeding Macro-
centrus and its host, using peach twigs on seedling trees and transferring
them with the larvae to pans containing sound storage apples. The ratin
of increase, however, was not great enough, and the method was discon-
tinued after the first year.
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ENKEMIES

The chief enemies of the Oriental fruit moth reared under artificial con-
ditions such as obtained at this Station during the course of these investi-
gations, were fruit rots, ants, and spiders. A secondary parasite also
caused considerable trouble during the summer of 1932. Something has
already been said about rots and development of the larvae. It has been
noticed that apples from different sources rot differently, that is, some will
produce a wet, slimy mess which apparently drowns the larvae before they
have time to mature, while other apples rot with less moisture and become

TapLe 3. Tests oF DIFFERENT Foops roR REARING OrienNTAL Frurr MorH LARVAE

Length of

Food tmr | e ‘ per oo |y
| used | reared maturing adult, in days
Peach twigs | 50 31 | 62 I 277
Ripe peaches 50 28 56 | 278
Green peaches ; 50 35 70 ‘ 25.0
Green peaches | 100 27 27 ! 273
Green apples 50 50 100 ! 30
Green apples 100 81 . 81 27.5
Green apples 500 | 229 45 312
Ripe apples ‘ 50 . 14 L 28 35
Ripe apples (western) | 100 i 21 21 388
Ripe apples {western) 500 I 335 [ 10 : 384

Nortes: All experiments using 60 eggs were carried on simultaneously in similar containers.
Those using 100 and 500 eggs were garried on simultaneously, but at a different time from those
using &0 eggs.

pithy or corky, allowing the larvae to escape to new food when it hecomes
unsuitable for development. Most of our local fruit produces a wet rot,
while some of the western fruit is considerably drier. However, with none
of the ripe or partially ripe fruit, has production been entirely satisfactory
from the standpoint of increase.

Ants of various species have caused trouble in our breeding cages by
attacking and destroying the moths. During 1931 and 1932 measures were
taken against them and they were elitninated as a factor in production.
Likewise spiders gave and continue to give trouble, but only require watch-
ing and destruction before they become numerous enough {o cut down
production. _

The secondary parasite, Dibrachys boucheanus Ratz., caused consider-
able difficulty in 1932 at a critical time. - This parasite attacks the Macro-
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centrus larva after it has spun within the cocoon of the host. It will also
parasitize the Oriental fruit moth, but seems to prefer Macrocentrus
larvae. In order to combat this enemy it appears to be necessary to rear
all larvae in containers kept covered until emergence of the adult moths
and parasites.

Larvae reared in peach twigs were subject to destruction by gum exuda-
tions, the cause of which is not fully understood. Trees in good growing
condition support fruit moth larvae better than those in which growth is
partly or completely checked. Losses are {requently great if proper growth
is not maintained and the twigs with larvae are not removed shortly after
exposure to parasites.

EFFECT OF WINTERING AND REFRIGERATION ON THE LARVAE

Hauessler states' that larval mortality of the fruit moth during the win-
ter sometimes amounts to 70 per cent {in New Jersey) under field condi-
tions. Larvae reared in the insectary in New Haven did not average this
much according to our data for 1928, 1929, and 1933. Stock reared in
apples and stored in the refrigerator, however, may reach this figure and it
was estimated that the average mortality of all stock kept aver the winter
in 1932 was 65 per cent. Moisture appears to be an important factor,
particularly in electric refrigerators, and all material kept here was placed
in a moist box. Too much moisture so that the strips become damp is not
desirable, for mold soon develops and destroys the larvae. If reared in
rotting fruit, many undersized larvae spin in the strips and it is believed
that these, being less hardy than the fully grown larvae, increase the mor-
tality when attempts are made to carry them over the winter. Tests in
1932 seemed to indicate that larvae kept in an ordinary storage cellar were
more successful in passing the winter than those carried through in a re-
frigerator. However, the most successful lot hibernated so far was one
placed in an electric refrigerator in April, 1931, and removed in Septem-
ber of the same year, These showed a mortality of 10 per cent. Such dis-
crepancies are difficult to explain but there are evidently many factors in-
fluencing the results that we do not fully understand. In 1933, there was
much less mortality of fruit moth larvae reared in pans and hibernated in
jelly glasses in an open insectary, than for those reared indoors and hiber-
nated in the storage cellar mentioned (Table 20).

Normally, during the summer the tendency to hibernate presents no
difficulty in maintaining continuous breeding. During 1930 to 1931, hiber-
nation began to be apparent in larvae from eggs laid about the first of
August. Tarvae produced under these conditions practically all hibernated
after the first of September in 1930, even though moved to the greenhouse
where temperatures were higher than prevailed in our insectary. Likewise,
with material bred during the winter of 1930 there was no tendency to con-
tinue development and very few of the larvae transformed. In 1931, we
began a new schedule. All larvae were brought indoors during August
and kept at a uniformly high temperature. By this means we obtained
continuous emergence of moths and a good egg yield throughout the win-

tJour. .Agr. Research, 41: 877, 1930.



The Oriental Fruit Moth 79

ter. For example, in Marcch, 1932, more than 6,000 moths emerged and
we secured 112,000 eggs from our cages.

As already stated, hibernation of the insectary bred larvae is progres-
sively greater after the first of August., Undoubtedly some temperature
relationship is connected with these changes in fruit moth habits, but from
our experiments it is evident that short exposures of young larvae to cold
do not necessarily produce hibernation (Table 4). Thus, in a series of
four different treatments in which development was begun June 27 at 80°
F. it is evident that four-day old larvae subjected to 45 to 50° F. for six
days were not influenced. Larvae subjected to the same tieatment, but

TapLk 4. ErFFEcT 0F REFRIGERATION oN ORrIENTAL FrRUIT MoTH HIsERNATION

4-day old larvae hatching June 2

Refrigeration Total larvae Per cent hibernated

None 54 11
2 days at 45-50° F. 144 1
4 days at 45-50° F, 82 1
6 days at 45-50° F. 231 6
6-day old larvae hatching July 15
None 105 2
2 days at 45-50° F. 90 11
4 days at 45-50° F. 95 4
6 days at 45-50° F. 102 7

0-day old larvae hatching August 2

None 14 0
2 days at 38-40° F. 34 8.8
4 days at 38-40° F. 67 5.9
6 days at 38-40° F. 55 3.6
4-ddy old larvae hatching August 10
None 86 14
3 days at 38-40° I, 76 18
4 days at 38-40° F. 47 25
6 davs at 38-40° F. 51 33

Note: Al larvae wece reared on green apples, kept at 80° F. before and after refrigeration.
Remained at 80° for one month before examination after removal from the refrigerator,

six days old before being refrigerated, showed only a slight increase
in the tendency to hibernate. For larvae refrigerated at 38 to 4C° F. there
was likewise a slight increase in hibernation of six-day old larvae hatch-
ing August 2. Material obtained and refrigerated in like manner August
10 showed a considerable increase in both check and refrigerated stock over
those previously reared, but was greater for larvae subjected to cold in the
refrigerator.

Our experience indicates that it is possible to carry larvae through the
winter by placing them at 38 to 40° F. immediately after spinning. This
method was largely followed in 1932.
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EFFECT OF REFRIGERATION ON THE MOTHS AND EGGS OBTAINED FROM THEM

It became important at this point to know whether refrigeration of the
moths, or the eggs obtained from them, would influence hibernation of the
larvae in our breeding cages. A comparison of larvae from moths kept in
refrigeration for three weeks with larvae from moths not subjected to
refrigeration, showed no significant difference during the winter of 1932,
Experiments were also conducted to learn if refrigeration has any effect
upon egg-laying capacity of the females, A preliminary test indicated
that three weeks' refrigeration at 38 to 40° F. considerably reduced the
egg yield, A comparative test was then conducted in which moths of one,
two, three and six weeks’ refrigeration were placed in similar cages and
kept under as nearly identical conditions as possible (Table 5). The egg

TaBLe 5. Ecc Probuction FrRoM REFRIGERATED ORIENTAL Frurr MotHs, 1932

Number days refrigerated

D a0 = el TR0 SR 21 g

| |
Egg-laying period, days | . 15% | 3
Number of female moths used‘ 50 56 58 102 50
Number eggs obtained | 2,445 2,066 1,508 2065 | 41
Number eggs per female [ 488 368 | 27.5 20.2* ]

*Average of two experitents.

Notes: Moths confined in moist hoxes in electric refrigerator at 40-45° F. Moths in egg
production eages of similar size and shape kept in greenhouse under similar conditiens. Peried
of tests January 12 to March 15, 1932.

yield was reduced for moths kept in the refrigerator for any and all periods
in direct proportion to the length of cold exposure. Moths kept for seven
days showed a much smaller decrease than those kept for longer periods,
and in view of this it has been possible to keep moths for short periods
in the course of hreeding work when a surplus in this stage occurred.

During 1932 practically all egg stocks were placed at 40 to 45°, where
they were kept for periods varying from a few days to two weeks, In
spite of this treatment, there was no hibernation of the larvae and our
moth production was not curtailed in any way. However, the egg mortal-
ity increases rapidly with prolonged exposure, as shown in Table 6, and it
is consequently not advisable to keep them at this temperature more than
two weeks.

-
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EFFECT OF TEMPERATURE ON EGG-LAYING ACTIVITIES OF THE FRUIT MOTH

It was found shortly after the work was begun with the Oriental fruit
moth as host for Macrocentrus, that temperature and moisture conditions
had important effects upon the egg-laying phase of the moths’ activities.
Qur first attempts at winter production were carried on in a greenhouse.
Figures 2 and 3 show some of the effects of temperature variations in that

TaBLE 6. EFFECT oF REFRIGERATION 0N MORTALITY oF ORIENTAL
Fruir Morn Eces

40° 1
Number | Number | Date eggs were Fgrs Per cent
uays egEs taken from ° dark egos
refrigerated \ refrigerated | refrigerator ‘ spotted ( hatched
2 | 32 March 25 March 27 | 100
4 16 ‘ « 7 w2 ’ 00
7 1 39 | “ . {t] April 3 89
9 50 April 1 b 3 76
12 54 “ . “ 5 79
16 10 * 8 ' “ 8 60
18 20 [ “ 10 ! “ 12 70
21 | 13 | “ 13 “ 14 46
23 15 « 15 | « 17 ! 7
26 25 i 18 | “ 20 | 4
29 21 % 21 s 24 ‘ 0
31 | 20 “ 23 “ 25 0
49° F,

2 ‘ 18 March 25 March 27 | 100
4 20 £ 27 “ 29 90

7 | 53 “ 30 | April 1 92

9 35 April 1 «“ 3 97
12 20 “ 4 * 5 95
16 50 I « g a2
18 8o | * 10 “ 11 81
21 17 i “ 13 ‘ In ref. 52
23 25 ‘ ‘ 15 | Moo | 60
26 31 ‘ 4= 18 [T} | 35
29 l 7 v 21 1 4 23
31 17 “ 23 T 5
33 12 | “« 23 ® 0

Note: One larva emerged in 49° F. refrigerator on April 23, Epgs kept in jelly glasses with
toist cottor in bottom. Flectric refrigerator used.

house upon egg production. In view of these results, oviposition cages
were moved to greenhouse incubators which were kept closed during the
critical period of egg laying. The house was also kept warmer by special
firing during late afternoon. Results were satisfactory. Later a special
experiment was conducted in which the temperature was varied purposely
and the effect noted on a number of caged fruit moths. It will be seen
(Figure 4) that lowering of the temperature during the natural rise of
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egg laying, produced great fluctuations in the number of eggs obtained.
From Figure 4 it is also evident that the peak of egg production is not
reached sometimes until 11 days after emergence. Normally this occurs
within a week. Our best results were obtained when the temperature was

Monday i Tuesday |  Wednesday | Thursda

) JDX}”?J 68 J?’hi [ a roﬂﬂ:«t se mﬂ"z 468 :oX,l'ﬂ: 468 mM’z i mﬂllﬁd

Figure 2. Thermograph chart showing variations in our
greenhouse during favorable periods for obtaining
eggs from the Oriental fruit moth.

/ Friday / Saturday / Sunday .
sroM2 46 :on'Hz a6 mM’E 5 6810Xlz4 680465 10Klz24 5810 M7 4

Ficure 3. Thermograph chart showing two uniavorable

and one moderately favorable period for egg-laying. The

drop in temperature below 70° was responsible for almost

complete failure although temperatures were high enough
during the remainder of the day.

kept at 75° F. or above (not over 85°) most of the day, with special care
not to allow a drop in temperature at sundown. Attempts were made at
first to conduct the whole breeding. work in basement incubators, but this
was unsuccessful and all moths were moved to the greenhouse. With the
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construction of the new Jenkins Labomtory, however, breeding haz been
more suceessful in basement laboratortes and compares favorably with
g.l'::n]:lruna: production during the winter, However, we continued the
ie of greenhouse cages and incubators (Figure 7) for obtai

from the froit moth and find it 1o be the most satisfactory I-:rmhﬂ'm’[‘ﬂrm
work throaghout the year,

ERTE
uuﬁlﬂ ‘I|I
Frgr 1) |
L ]
5

|: e
]I.'ilrrlﬁl _- _-

Frate 4. Charl sbeiwing the elfects nf h"ﬂ“l the fem-

peralire = g groenhomee where ovipositing frlt mﬂhl WeTE

kept O duys represenited by A and C, the ventibabors were

nporsd enough to ullaw the temperature o deog lebow 65* 17,

tin lade aftermoon. At B, the :I.tm:pﬂq.l.m::*ﬂm |_|:Im|
A% ot fid below G52,

B e
S

TIME 0 EGG LAYING

the re is pr [aved, T tnkes place
I-l ﬂﬂdl}'liﬂ!lu fndes, qﬁl?n:ﬂwrﬂlv uﬁ hirﬂﬁnlnr nul::lh LT
November, 1932, 8] cent of the eggs
plrlm mﬂmﬂal.ﬂ!uﬂmkr M, hle 73, and abowt
Eﬂpermlhumimd?! 8, At other sensons, nomhly the
mmmﬂht'h! time ':if In Rﬂmwhm later dntlm ﬂ-d[ﬁl:t factor.
Counts in August, greatest number of eggs v onr
-:mtmgu Irm;lmthntm.‘i.;md?r M, Eﬂl!mﬂtﬂdﬁtd‘rm
Hl':r ot day oviposition diil not take until the tempernture
drq:pad the evening, Little or no ftion took place on this day
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construction of the new Jenkins Laboratory, however, breeding has been
more successful in basement laboratories and compares favorably with
greenhouse production during the winter. However, we continued the
use of greenhouse cages and incubators (Figure 7) for obtaining eggs
from the fruit moth and find it to be the most satisfactory location for this
work throughout the year.

e

H

1 i e LT T
Days 2 4 8 10 12 W 16 I8 20 22 24 26 28 30

o | R

Figure 4. Chart showing the effects of lowering the tem-

perature in a greenhouse where ovipositing fruit moths were

kept. On days represented by A and C, the ventilators were

opened enough to allow the temperature to drop below 65° F.

in late afternoon. At B, the temperature dropped below
70° but not below 65°.

TIME OF EGG LAYING

When the temperature is properly regulated, egg laying takes place in
general as the daylight fades. This naturally occurs in winter much ear-
lier than in summer. Thus in November, 1932, 81 per cent of the eggs
were apparently laid between 3 and 5 o'clock p. M. (Table 7), and about
89 per cent between 3 and 7 p. M. At other seasons, notably during the
summer, the time of egg laying is somewhat later due to the light factor.
Counts in August, 1933, showed the greatest number of eggs in our green-
house cages were being laid between 5 and 7 p. M. Eastern standard time.
On one very hot day oviposition did not take place until the temperature
dropped in the evening. Little or no oviposition took place on this day
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until after 5 p. m. In August, the greatest number of eggs was laid be-
tween 6 and 7 p, M., but in September the most were obtained between 5
and 6 . M. In both months by far the greater percentage was obtained
between 5 and 7 p. m., standard time.

TapLe 7. Time oF OrientarL Frurr Mora Ece Propucrion

10 A.M. ‘ 1 p.M. ‘ 3 p.M. ‘ 4 P f 5 P.M, | 7 e,
Dates | TO TO TO TO TO TO
1Pt 3 .M. ip.M, b op.M, 7 P.M. 8:30 A.M.
‘ |
Nov., 1932 0 17 257 ‘ I2n0 RS GO 135
4 w1 0| 171 | ek 55 146
‘ 0 0 92 ‘ 603 101 5
Totals ‘ 4 ‘ 208 1620 2758 " | 457 286
Aug., 1933 0 ‘ 5 1 R B
0 8y | 164 555 ‘ 15305 | 17
Totals iy 8 | 165 550 | 2330 | 1072
\ w [
Sept. 22, 1933 0 Rl 1 503 | QMRS A9 90

METHODS OF HASTENING DEVELOPMENT AND INCREASING EMERGENCE
AFTER BRINGING LARVAE FROM HIBERNATION

After bringing fruit moth larvae from hibernation, it has become ap-
parent that frequent soaking is of some benefit in hastening development
and transformmation, but the difference is not very great in the total time
before emergence of the moths. From Table 8 it may be seen that fre-

TasLe 8. EFFEcT oF MOISTURE oN THE LARVAE oF THE Fruir Morm
AFTER BRINGING FROM HIBERNATION

4 Average period
Average period in incubator:
Moisture conditions in incubator 2-21% hours Average period
75-85° F. in refrigerator before emergence
daily in greenhouse
Paper cells without
added moisture 31 days 34 days 35.5 days
Wet every other day 30 days 31 days 34.0 days
‘Difference 1 day 3 days 1.5 days

quent soaking with water, with a period for drying out, hastened the aver-
age development of the Oriental fruit moth one to three days. The best
treatment recorded in the series of experiments (Table 9) were those in
which the larvae were wet every other day and kept in an incubator at 75
to 80° F. after they were brought from hibernation.
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MASS PRODUCTION

In order to rear large numbers of larvae, it is obviously essential to have
plenty of moths and to place them in convenient cages with suitable air
conditions. The most successful type of cage used consists of a cloth cov-
ered frame 21 by 30 by 15 inches, placed inside a celotex incubator below
a glass window.! The cage is placed in a shallow pan of moistened sand
and peach seedlings are put inside for oviposition. The leaves of the trees
should come in contact with the cloth on top of the cage for best results.

TasLe 9. TEesrs oF OrRIENTAL Fruir Mot EMEercENCE, 1929-30, AFTER SHORT
Exprosure to CorLp AND DIFFERENT MoISTURE TREATMENTS

Average
Date brought Per cent per cent
from Treatment Moisture pupated on |transforming
hibernation added January 14 | Jan, 14, 1930
December 23 ‘ Greenhouse overnight; | (1) Dry 50 60.0
next A.M. in incubator, | (2) Wet every
thereafter in incubator other day | 72
75-80° F. (3) Wet every |
week 64
| (4) Wet every
| other week 53 |
1
December 23 | Greenhouse overnight; | (1) Dry 34 ‘ 41.2
| next A.M. in incubator, | (2) Wet évery
| 75-80° F. Thereafter in other day 52 ‘
| incubator except for 2- | (3) Wet every
214 hrs. daily in refrig- week 47 |
erator at 3840° F. (4) Wet every |
other week 31
December 23 | Greenhouse continually | (1) Dry 51 1 53.2
[ (2) Wet every
y other day | 62 |
- (3) Wet every ‘
| week [ 50 ;
{ (4) Wet every [
other week 50 i

Note: Twenty

paper cells with larvae in each test; brought from hibernation to greenhouse,

The incubator is regulated to 75 to 80° F. and closed in the afternoon in
order to keep up the temperature.
More than 630,000 fruit moth eggs were obtained in our cages during

1931 (Table 11).

The work was continued and resulted in more than a

million and a half eggs in 1932, Our maximum production was reached
in August, 1933, when 376,000 were obtained in one month. The greatest
number obtained in one month during the winter was 80,000 in January,
1932.

Heretofore it has been considered inadvisable to breed the fruit moth
during the winter because of unfavorable ratios of increase, but the last

tActual dim‘ex}sions of the cage are not so important as having the entire inside surfaces covered
with cloth. This prevents the moths from laying eggs on the smooth wood surface of the frame.
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three seasons’ work has shown that this is not a serious or insurmount-
able obstacle. While we do not have records for the entire period in which
the breeding work was carried on, we have records of some 15,000 moths
confined in our cages. Their ratio of increase averaged 17 to 1 (Table
10). However, more accurate tests indicated (Table 5) that we
were getting as high as 24 to 1 for moths that had not been subjected to
refrigeration, and a maximum of 30 to 1 was obtained in some of the cages.

Tance 10. Orientar Fruit MorH Ratio oF INcreEASE DurinGg FaLL,
WINTER AND SPRING; GREENHOUSE, 1931

Number Number Potential ratio
Month moths eggs obtained of increase

January 514 4,773 9tol
February 321 3,358 10to 1
March 2,706 40,000 14 to 1
April 2,272 70,000 30 to 1
October 4,969 63,243 12to 1
November 3,583 54,538 15to 1
December 37 39,160 28to 1

Totals 15,736 275,072 ‘ 17 to 1

TasrLe 11. OriextaL Fruir Mora Ecc Probuction

1931
Month Eggs Month Eggs
January 4,773 July 107,000
February 3,358 August 42,355
March 40,000 September 74,800
April 70,000 October 63,243
May 65,405 November 54,538
June : 67,430 December 39,140
Total 632,042
1932
January 81,817 July 202,100
February 96,320 August 85,000
March 112,960 September 95,160
April 146,365 October 66,900
May 211,000 November 81,036
June 234,000 December 121,800
Total 1,534,358

SEX RATIO OF REARED MOTHS

Since there has been a general predominance of male Macrocentrus in
our breeding cages during the winter months, we were interested to know
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if this also held true for the fruit moth. It appears that the sexes of the
fruit moths are more evenly divided hoth in collections from the field and
in laboratory bred individuals, than the parasite. During July and August,
1932, the percentage of males emerging was 52. Counts made of a large
number of bred overwintered stock emerging in the spring of 1932 aver-
aged 53 per cent males, while counts made during the winter of this year
showed 50 per cent males. It appears, therefore, that there is little differ-
ence between the ratio of laboratory stocks and field collected material.

OTHER HOSTS AND CLOSELY RELATED SPECIES OF MACROCENTRUS

Muesebeck® (1932) lists eight other hosts of ancylivorus besides the
Oriental fruit moth. These are as follows: Aucylis comptana Froel,
Epiblema strenuana, Canarsia sp., Epagoge sp. (Virginia 1910), Carpo-
capsa pomonella Linn. (New Mexico, 1912), and Exartema sericorana
Walsingham (Westerly, R. 1., 1917).

instabilis

Ficure 5. Structural differences between the three Connecticut species of
Macrocentrus known to parasitize the Oriental fruit moth. A, head,
showing comparative lengths of the maxillary palpi and the basal
segments of the antennae; B, stigma showing absence or
presence of brown color ; C, structure of the nervulus
of the front wing and associated veins.

These data would seem to answer the question as to whether ancylivo-
rus is a native or introduced parasite, since collection records of the para-
site were made prior to the date of fruit moth introduction. The record
of recovery from Exartema sericorana is interesting because the locality is
so near Connecticut. In fact, the host has been recorded al o from Con-
necticut and it is known that members of this genus are small leaf tiers
about the size of the Oriental fruit moth. It might easily serve as an alter-
nate host for ancylivorus during periods of fruit moth scarcity or inacces-
sibility.

Muesebeck has also analyzed the genus in detail and described several
new species. The species oceurring in the Oriental fruit moth are M. an-

"Muesebeck, C. F. W. Proc. U. S. Natl. Mus. 80. Art. 23, pp. 1-55. 1932,
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cylivorus, M. delicatus, M. instabilis, and M. laspeyresiae

Connectieut Expertment Station
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Of these, we

have reared ancylivorus, delicatus, and instabilis in Connecticut, although

only ancylivorus is abundant.

A tabular summary of some of the charac-

ters for separation based on the work of Muesebeck is given below.

TABLE oF CHARACTERS FOR SEPARATING THE SPECIES OF MACROCENTRUS
InaaBITING THE ORIENTAL Frurr MorH

Ancylivorus Delicatus Instabilis
Palpi: longest segment no| Palpi: longest segment| Palpi: longest segment
longer, wusually shorter| longer than 2nd segment| longer than 2nd segment
than 2nd segment of| of antennal flagellum of antennal flagellum

antennal flagellum

Stigma brown with pale
area at base

Male scape not strongly
enlarged

Stigma vellow

Stigma uniform brown

Male scape strongly en-
larged

Male scape strongly en-
larged

First tergite of abdomen
more or less impressed

Nervulus never postfurcal

First tergite of abdomen
not impressed

Nervulus pos'tfii_g'cal by its

First tergite of abdomen
impressed

Nervulus postfurcal by its

by as much as. 1ts own
length i

e~

own length, or nearly so

own length | &

Some of the characters mentioned are shown in Figure 5. The larvae
will doubtless be more difficult to separate, but as a genus they appear to -
have prominent features.

v

THE LARVAIL PARASITE, MACROCENTRUS ANCYLIVORUS ROHWER
LIFE HISTORY AND HABITS

Macrocentrus ancylivorus passes the winter within the hibernating larvae
of the fruit moth or other related host. It emerges in the spring a little
later than the adult fruit moth, the period of emergence lasting several
weeks (May 28 to June 21, 1933). The emergence period continued for
six days in our insectary in 1932 and for three weeks in 1933. Owing to
the habit of delayed emergence in the iall, and to the fact that the fruit
moth larvae infesting fruit are not heavily parasitized because they can-
not be reached, there results a small parasite population in the spring,
probably because alternate hosts are not present in abundance. The early
summer percentage of parasitized fruit moth larvae is usually low in Con-
necticut, which may be connected in some way with scarcity of alternate
hosts. During June and particularly July, fruit moth larvae are commonly
available to the parasite in considerable numbers so that parasitism fre-

L aspeyresiae is now regarded as a synonym of instabilis by Dr. Muesebeck.
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quently increases during July. By August, 80 to 100" per cent of the twig
feeding larvae may be paras1t1zed

It is evident in part from the length of the life cycle, which averages
28.8 days in midsummer, that three broods may develop under Connectf-
cut conditions. ' There is considerable variation in time of emergence from
stock parasitized at the same time so that there must be considerable over-
lapping of broods in the field, perhaps more so than is found in the case
of its host, the fruit moth. Second and third generation adult emergence
overlapped in our insectary work in 1932. Adults of the first generation
emerged July 6 to July 23, those of the second generation August 1 to
September 5, and the third generation from September 1 to November
15. There was no fall emergence from larvae parasitized after the first
of September and in 1932 to 1933 adults emerged in June from stock
parasitized the previous August, the earliest dates of parasitism being
August 9 to 10 in 1931, and August 5 to 6 in 1932

JUNE u JULY ”AUGUST “ SEPT. H oCT. ||
i 20 Jr o 0 0 20 a0

|
,f'mergence
| Lﬁ | Survival
F‘E.-a == Adults from | winlered stock
| |

+-.c,- b o o First |generation aduits ‘

Secand generation adults — & o o ‘
I I | | | |

| |
| |
e
Third generation emergence- .
e A R | =

SE'COL!G! geln.,wt tc‘.rﬁr.‘g'! hrvj;e M
) NI E B
T‘:?lrd gen, wm{ermg idﬁifcle

Ficure 6. Graphic chart of Macrocentrus life history as
determined by insectary breeding.

In general the life cycle from egg to adult consumes 21 to 49 days in
summer, the average of 782 individuals reared during July and August
1931 being 28.8 days (Table 14). The average length of the cycle in June
1932 was 33 days, in July 29 days, in August 38 days and in September
70 days. The range according to our determinations is 19 to 88 days.
There is usually a period of one to four days before egg-laying hegins,
which brings the total life cycle in midsummer to 30 to 33 days. The only
observations on the different stages of development were made at 80° F
(Table 12). At this temperature, an incubation period of 4 to 5 days
was observed and a period of 12 to 13 days from the day of exposure to
the first pupation.” It required 18 to 19 days to produce the first adult and
the pupal period required 6 days for three individuals. The greatest emer-
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gence of parasite adults occurred two days after the greatest emergence
of moths, which indicates a considerably shorter life cycle for the parasite
than its host at 80°. From date of exposure to peak emergence required
20 to 21 days.

In general the life periods are very similar to those of the fruit moth.
The greatest deviations are in the greater spread of the adult emergence
in the case of Macrocentrus, and the longer period of emergence in the
fall. Macrocentrus adults begin to emerge from overwintered parasitized

TanLe 12. Comparison or Lire History oF THE OriextAL Fruir MoTH
AND Macrocentrus ancylivora REARED AT 80° F.

Dates Macrocentrus Oriental fruit moth
April 6-7 Exposed on these dates Larvae 4 days from
. black spot stage
April 7 No larvae found
April 8 No larvae found
April 9 No larvae found
April 10 No larvae found
April 11 1 egg; 2 larvae, first instar Fruit moth larvae, just
beginning to spin
April 12 2 larvae, first instar Fruit moth larvae,
! spinning
April 13 1 egg; 5 larvae, first instar Fruit moth larvae,
spinning
April 14 7 larvae, 4 first, 3 second instar Fruit moth larvae,
spinning
April 16 4 larvae, 1 first, 1 third, 1 fourth instar | 2 fruit moth pupae
feeding externally :
April 17 1 fourth instar, spun 4 fruit moth pupae
April 18 1 fourth instar, feeding internally 6 fruit moth pupae
1 fourth instar, feeding externally
' 3 spun larvae, not pupated
April 19 1 spun larva, not pupated
4 pupae
April 20 2 spun larvae, 6 pupae 2 adult fruit moths
removed
April 21 10 pupae 4 adult moths removed
APEIIRZZ o [ i it 4 adult moths removed
ADEZ AR o O et 8 adult moths removed
April 25 1z 19 adult 18 adult moths removed
April 26 32 2¢ adults 13 adult moths removed
April 27 78 29 adults 5 adult moths removed
April 28 - 29 adults 1 adult moth removed
April 29 1g 1¢ adult 2 adult moths removed
April 30 12 1¢ adult 3 adult moths removed

¢ Nore: These observations were made on a single lot of parasitized larvae from which samples
were removed on consecutive days until April 21. The young larvae were dissected until all the
parasite larvae were found to be feeding externally or were within their cocoons.
fruit moth larvae about a week after the moths begin to emerge, thus
giving the host time to develop to a point where the parasite is ready to
begin oviposition. The cycles of both host and parasite are so well syn-
chronized that there would appear to be little difficulty for the parasite to
survive in the fruit moth alone, especially when it is considered that larvae
parasitized August 5 to 6 survived the winter successfully (Figure 6).
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TanLE 13. MACROCENTRUS LENGTH oF EMERGENCE PErions, 1930 to 1931

1930
Length of
Date exposed Emerged emergence,
days
“July 6 August 2 — August 15 13
' 12 I 4 — {1 29 25
o 15 13 5 = “ 20 15
31 5 24 — Sept. 13 20
Average 18
1931
March 17 April 12 — April 16 4
018 “ 18— “ 30 12
April 21 — 2 “ 13 — May 27 45
e “ 16 — * 28 43
“ 23— 4 “ 16 — April 21 11
“ 28 —-9 “ 21 — May 31 40
“ 11 — 12 May —  * 19 10
13 — 14 £ 9 — June 2 23
¢ 15— 16 S [ B B G e 11
RNy =S £ 8§ — * 31 23
“ 20— 21 “ 15 — June 17 33
“ 28—9 g || PR 29
May 1 (10-3 P.M.) o 8 14
s B G e . % e == eRtE R O 15
“ 16 — 17 June- 8 — ¢ 26 18
Average of all records 21
.TABLE 14. MacrocenTrRUS: Data on Lire CycLE, SuMMER
Egg to adult 7 Egg to adult
Date of exposure Number emerging average, days - range, days
July 6 43 92 20-42
el 88 27.9 23-49
CRRLS 199 243 2140
L8Rl 452 312 2445
782 28.8 21-49
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The length of Macrocentrus adult life varies considerably. Studies
on the maximum life under insectary and greenhouse conditions gave an
average maximum of 15 days for both greenhouse and insectary with a
range of 10 to 26 days for greenhouse and 8 to 22 days for insectary cages.
The average length of life, however, probably does not exceed 10 days in
midsummer. Some females live and oviposite much longer.

As indicated previously (Figure 4), the peak of fruit moth oviposition
may not occur until more than a week after emergence. Similarly, the
peak of Macrocentrus oviposition does not occur in midsummer until
nearly a week after emergence (Tables 23 and 24). On this basis five to

TasLe 15, EMERGENCE oF OrIENTAL FrUrT MotHS AND MACROCENTRUS
FROM Larvae Exrosep to MacroceENTrRUS, Jury 31
Insectary Records

Species ‘ August | Scptémber

|17] 19\21L2’)|24f75|27|28| 29| 30|31] 1| 3 5\ 7I10|12|13
‘ \

69(50038) 2| 31| 30| 4 7' ; ' {
|

Oriental
fruit l
moths . 1|18 99

‘ }
2
I l

centrus

Macro- ’
adults

1] 2| 1|76 ’102’101 67 32|30

seven days would have to be added to the average length of the life cycle
in midsummer, bringing the total to 34 to 36 days under favorable condi-
tions. This would represent the time between peaks of abundance for
successive generations reared from adult Macrocentrus emerging on a
glven date, or the time from the peak of one gener ation to the one follow-
ing. On the other hand, as indicated, there is an unusual spread in the
adult emergence of Macrocentrus from material exposed on the same day,
so that different broods would soon overlap after initial spring emergence.
Figure 6, based on insecl‘ary bred parasites, presents this condition
gr aphzcally

If the peak of emergence fell on June 1 as it did in 1933, then the fol-
lowing theoretical history would occur.

Peak ‘Peak_ Peak
emergence oviposition emergence

6 days 33 days

1st generation June 1 June 7 July 10
6 days 29 days

2nd generation July 10 July 16 August 14
6 days 38 days

3rd generation August 14 August 19 September 26

The majority of the third generation would hibernate as actually oc-
curred, and the peak emergence of the different generations would coincide
quite closely with the observed dates in our insectary. It should be pointed
out that the period between emergence and peak oviposition is variable
and might easily account for a shift in" the length of the life periods.
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However this would be relatively small and would probably not greatly
influence the life cycle.

TasLe 16. Maximum Lexcta oF LiFe UnNDER GREENHOUSE AND
Insecrary CoNDITIONS

{ Greenhouse
Dates of emergence Ma?cimum length of life
Januvary 30 26-
February 7 15
February 16 ; 15
March 16 ' J Al
May 18 12
May 24 10
June 1 16
Average 15 days
Insectary

July 21 10
August 2 8
August 2 13
August 2 22
August 2 21
August 1 20
August 12 18

! ‘August 17 14
September 1 17

Average 15 days

COMPARISON OF THE LIFE HISTORY OF MACROCENTRUS AND ITS HOST THE
ORIENTAL FRUIT MOTH

The general similarity (of the different life periods) between the fruit
moth and its parasite are indicated in the following table.

TasLe 17, ComparisoN oF Lire Periops oF MAcrocExTRUS anp Fruir Mot

‘ Oriental fruit Macrocentrus

Periods moth, days ‘ ancylivorus, days
Egg to adult (midsummer) 31 E 28.8
Pre-oviposition 2—4 { il
Oviposition - 1) fredes 1) | Far-g
Average period adult emergence }
from eggs of same date 10 37
Maximum adult life 30 ‘ 26




94 Connecticut Experiment Station Bulletin 356

MATING AND OVIPOSITION OF THE PARASITE

As stated by many authors, mating of the parasite takes place shortly
after emergence from the cocoon. Males will mate, however, for at least
four days after emergence, or after prolonged refrigeration. The most
suitable temperatures appear to he between 70 and 80°F. with the
humidity between 40 and 80 per cent. When the temperature rises
much above 80° or drops below 65° F. there is a decrease in this activity.
Very strong light is not desirable.

It has been stated that oviposition occurs mainly in late aiternoon
and night. Although this is true in midsummer, on the approach of cool
weather oviposition may occur throughout the day and is much reduced
or absent during the cooler periods of morning or evening. Oviposition
is furthermore continuous in our indoor cages during the day whenever
temperature, light and humidity are suitably adjusted.

Temperature Relationships

Below 60° F. Inactive no oviposition

60 —65° F. Sluggish occasional oviposition
65— 78° F. Active good oviposition

78 —90° F. Sluggish occasional oviposition
90° F. or above no oviposition

We consider 70 to 75° F. and 60 to 70 per cent relative humidity to
be optimum atmospheric conditions for the various activities of adult
Macrocentrus ancylivorus.

TapLe 18. EMERGENCE 0F MACROCENTRUS FROM WINTERED MATERIAL

Emerged fall of 1930 ’ Emerged spring of 1931 Per cent
Date exposed Spring
Males Females Males IFemales emergence
September 1 114 64 16 8 11.9
& 2 ) 120 39 22 6 15.0
I 31 10 7 2 18.0
Totals 266 113 45 16 13.9

WINTERING HABITS

On September 1 to 2, 1930 a number of fruit moth larvae were exposed
to Macrocentrus. From this exposure three males and two females
emerged in October and two males in June, 1931. A much larger lot
emerged as shown below in Table 18. A still larger lot was carried through
the winter in 1932 to 1933. The results indicated that a small percentage
of those parasitized early in August pass the winter, whereas a much
larger percentage of those parasitized in September carry over (Table 19).
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TABLE 19. PERCENTAGE OF MACROCENTRUS PASSING THE WINTER
FROM EXPosures In 1932

Dates of exposure Per cent passing winter
August 1 —2 - 0.0
i ot 0-0
“ 5—6 0.7
< 7—8 0.9
“ 10—11 3.8
“ 18— 19 i 9.9
“ 19—20 14
“ 23—24 65
“ 2425 40
“ 25—26 14
“ 27—28 56
“ 28—29 50
“ 29—30 21
Sept. 3—4 90
“10—11 100
- “  29—30 100

TasLE 20. Resurts oF VArious TREATMENTS oN WINTER SURVIVAL OF
MACROCENTRUS AND ORIENTAL Fruir MorH, 1932 To 1933

Ice refrigerator to May 10; May 10, insectary to emergence

8 ]
Dat d t 8o = = o b
el G | T T B L R
o & =g = = gre=" T 8
25 = 2. S | EE8B8| ESHe
=] = oS ] o 2 =
‘ SE S E e & SEEzE| SES
10/21 — 11/18 463 659 51 29 9 50
Common storage cellar at Mount Carmel to May 10;
May 10, insectary to emergence
11/28 — 12/9 416 292 31 35 23 37
Electric refrigerator to July 10; Indoor cage July 10 to emergence
3/13 — 3/29 298 697 69 31 \ 12 58
Reared in insectary where they were kept until emergence
8/7 — 10/14 423 126 18 28 12 } 42

Fink states that Macrocentrus ancylivorus passes the winter as a first
stage larvae within the host. This is easily demonstrated by examination
of overwintering larvae. It is also known that eggs or spun Macrocentrus
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larvae do not pass the winter successfully out of doors. in view of these
facts, it appears necessary to get host larvae into hibernating quarters
before the parasite larvae develop beyond the first instar, and to start this®
hibernation at a temperature high enough to allow all Macrocentrus eggs
to hatch. In 1931 to 1932 larvae were removed from breeding pans soon
after spinning and placed in refrigeration at 38 to 40° F. Some of
these were later removed and put in storage at Mount Carmel in a
common storage cellar. Others were removed to the insectary, where
they were stored in an ordinary ice box provided with ice to keep down
the temperature. None of these schemes were entirely satisfactory due
to high winter mortality both of parasites and hosts, but were effective
in preventing transformation before the desired time. In order to de-
crease winter mortality, paper strips waxed with beeswax were used for
the larvae, but this likewise failed to increase the percentage wintering
successfully. Results of some of this work is shown in Table 19.

LENGTH OF THE OVIPOSITION OR EGG-LAYING PERIOD

It has been noted that oviposition does not begin normally until
several days after emergence from the cocoon. It is of some interest
to know how long the adult parasite will continue to oviposit. The
following table indicates that they will continue for 18 days under
suitable conditions, but in general the maximum does not average more
than 12 days. It will be seen from Table 31 that 50 fo 60 per cent
of the adults in cages die in five days, but in the orchard unless un-
favorable conditions prevail, it is probable that the average is more
nearly that of the maximum obtained in insectary cages (Table 21).

TasLe 21. MaximuM Lenera or OvirositioN Prrion

Dates of exposure Length of period, days
~“March 5--26 18

March 6—19 13

April 24 — May 1 : 7

April 23 — May 1 8

Mayv 5—21 16

July 8—13 3

July 12—21 9

-August 2—20 18

Average 12 days

The length of the oviposition period is affected in insectary and
greenhouse cages by too high or too low a temperature. This also
influences the longevity. Unlike some insects, whose life periods are
increased in cool weather, Macrocentrus did not survive appreciably
longer in the fall than in summer (August), nor was the oviposition
period noticeably longer.

RATIO AND RATE OF INCREASE

Fink (7) has stated that 768 eggs have been dissected from the ovaries
of a single adult Macrocentrus. Thi§ means a very high potential ratio
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of increase provided every egg is deposited successfully in a larva con-
taining no others. Since this maximum is seldom reached, either under
natural or other conditions, it was considered desirable to find out just
what increase might be expected from material bred in our laboratories.
Table 22 shows that 50 reared adults per female may sometimes be
obtained. This is the average of 15 individuals. There is little doubt
that certain long-lived adults produce more than this. The average of
11 tests indicate that the increase obtained in our cages was not more
than 24 for each female, or, if equal sexes were considered, 12 for
each individual.

TabLe 22, MacroceNTRUS Ratio oF Ixcreasg, 1932

Females | Macrocentrus ‘ Number per
Dates used | reared female
‘ ,

*March 5—26 15 757 i 50
*March 6—22 15 575 38
*April 22— May 1 4 63 15
*April 22— May 1 9 113 12
*May 5—+23 10 165 16
*May 5—23 10 128 13
June 28— July 5 12 44 3
June 27 — July 13 17 248 14
July 11 —21 9 279 Gl
July 21 —31 11 | 153 14
August 2—24 40 ‘ 1,159 29
Totals and averages 152 1 3,684 24

*Tests in greenhouse.

These tests do not, of course, take into consideration losses in rearing.
We know that the ratio of increase, for example, is considerably less
when the fruit moth larvae are reared in seedling twigs and then trans-
ferred to apples. We also know that the ratio is considerably reduced
when the fruit moth is reared in ripe instead of green apples. The
figures in Table 22 are the best obtained using green apples according
to our method. -

Two experiments were conducted in 1932 to show the rate of increase
‘from day to day, to learn when the greatest oviposition occurred and,
if possible, how many larvae each female parasitized each day. Tt is
evident that during the height of the oviposition period, 10 to 15 larvae
may be parasitized each day by a single female (Table 23). Under
the conditions of experiment the maximum oviposition occurred be-
tween the eighth and tenth day after emergence in one case, and be-
tween the seventh and tenth day in the other. After the tenth day,
oviposition dropped off rapidly in both instances. The greatest mortality
was evident after the first day, which was probably due to previous
treatment of the adults. Two other tests (Table 24) indicated, however,
that oviposition may continue at a maximum for 14 days under favor-
able conditions. '
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The ratio of increase was not influenced (Table 25) by refrigeration
up to 13 days at 40 to 45° F. This treatment likewise had no effect
upon the sex ratio. It is believed that longer periods of refrigeration
at this temperature are not desirable since they tend to weaken the adult
and shorten its life.

TasLE 23. RATE oF INCREASE oN Successive Davs

Experiment 1

Number females Macrocentrus Number per Per cent
Dates present each day reared female males
March 6 15

i 7 9 65 4 69
1 8 9 58 7 " 63
£ 9 9 57 7 59
A 7 84 9 79
| 7 40 5 85
«® 12 7 50 7 62
L ] — 40 5 60
“ 14 5 45 9 85
# 15 5 51 10 82
i Uy 4 60 12 93
LA 7 3 3 7 66
AR b 2 5 1 40
SRy 2 8 4 87
“« 20 2 0 0 0

575 74

Experiment 2
March 5 15

;Y 6 8 93 6 46
= 7 — 90 11 63
§ 8 — 78 — 65
i 9 6 73 - 45
i )] 5 82 13 53
£ 44 5 60 12 53
L 12 + 76 15 42
L 4 36 9 61
ik 14 4 53 15 45
b 1) 4 51 15 78
il 4 37 9 78
&1 A7 4 5 1 80
& g 3 3 7 66
e 19 3 4 1 100
w20 3 0 0 0
B 2] 3 6 2 83
22 3 0 0 0
e 023 4 10 3 10
“ 24 3 0 0 0
L) 3 0 0 0

b
won
~
wn
{=
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TapLE 24. DAy ParasitisMm, LonGEVITY AND RaTIO OF INCREASE ExprRIMENT, 1932

Cage 1 Cage 2
Number Number Number Number
Date Macrocentrus Macrocentrus mated females Macrocentrus
placed in cage reared in cage reared
Males Females
Nov. 1 10 10 1 10 4
- 2 11 23
2 3 46 « 21
** 4 | 37 39
% 5 47 43
A8 G 35 31
i 7 18 16
¥ 8 8 10 3 28
l 9 8 26 3 17
“ 10 8 21 3 23
“ 11 7 28 2 9
e 7 34 2 7
e dd 5 13 1 2
#0014 3 4 16 1 0
LRI | 2 3 30
i 2 3 29 263
A 7 2 3 12 3
“« 18 1 2 = NoTE: 38 per cent males; increase
. 19 1 2 26 per female; 16 females per
« 20 | 0 5 2 female reared; longevity 14 days.
2 i 1
435
Note: 63 per cent males; increase 43 per female; 16 females
per female reared; longevity 21 days.

TasLe 25. ComparisoNn oF Sex RATio, ANp Ratio oF Increasg, Using
REFRIGERATED AND NON-REFRIGERATED MACROCENTRUS

Number Number reared Ratio Increase Females

Refrig- Macrocentrus increase per per per Per cent

eration? used | Males LFemales individual female female males
None 302 30¢ 634 201 14 27 6 75
3 days 30z 30¢ 464 216 11 22 7 68
Noné 302 309 233 145 6 12 48 61
7 days 30a 309 294 221 8 16 7 57
None 30z 309 261 322 9.7 19 10 44
13 days 302 3¢ 304 152 7 14 5 66
Totals for

none 90 2 90 ¢ 1128 668 9.9 19.9 7.4 62
Totals for :

refrig. 902 909 1062* 589 9 183 6.5 64

140-50° F.
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EFFECT OF HIBERNATION ON SEX RATIO AND RATIO OF INCREASE

In order to learn if hibernation has any effect on the ratio of in-
crease or upon the sex ratio; four cages of equal size were provided
with adults, approximately the same number of females being used in
each cage. These data are shown in Table 26, and indicate that the
ratio of increase is not less in the case of hibernated stock. According-
ly, there should be no disadvantage in liberating hibernated Macro-
centrus in orchard work.

TasLE 26. Errect oF HIBERNATION 0N INCREASE AND SEX Rario
OF MACROCENTRUS

Number Number
Treatment females reared per Per cent males
used female
Freshly reared 2l 25 56 and 66
Hibernated 19 33 49 and 69

These tests were all made simultaneously during August. Cages
of equal size were used and large quantities of fruit moth larvae were
provided throughout in each cage. The hibernated stock was held over
in a refrigerator until July.

SEX RATIO

It was observed during 1930 that approximately five females to every
four males emerged from stock collected in the field in New Jersey
during June and July. Since this ratio was bhased or a count of 9,000
individuals, it was considered significant. The count- was, however,
repeated again in 1931 and the ratio found to be the same within 1 per
cent. Macrocentrus bred under artificial conditions in 1930 began with
approximately the same number of males in midsummer, but the ratio
of males increased as the summer advanced until three males to every
female were often obtained. During the course of these experiments,
several factors have been 1r1vest1gated Temperature seemed to play
an important part, but a predominance of males often remained even
when reared under controlled temperatures. It is true that mating
occurs most readily between 70 and 80° F., so that the decrease of
females noted in 1930 may have been due to temperatures below the
optimum for this activity, in that an excess of unfertilized females resulted.
However, in 1932, cages similar to some of our greenhouse cages kept
in the insectary during August gave 57 per cent males for 1,159 individuals,
whereas 15,000 Macrocentrus reared in our greenhouse between January
and June gave exactly the same percentage.

It was thought possible that the age of the exposed fruit moth larvae
might affect oviposition by unmated females. There is an indication
that the age has some effect (Table 27), but results are variable and
it is apparent that other factors are more important. Experiments were
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then made with special mating cages in which equal numbers of males
and females were first placed, then excess males, and finally only known
mated females. Results of these tests are shown in Table 28. It would
appear from the figures that methods of handling the adults before
placing them in the cage for exposure to fruit moth larvae, constitutes
a very important means of reducing the unfavorable sex ratio of this
species in the laboratory.

In view of the foregoing facts, attempts were made to breed Macro-
centrus by means of a special mating cage that contained a large number
of males, transferring the females after one day to a second cage with
fruit moth larvae. This method was also directly compared (Table 24)
with the method by which the sexes were equal in number and exposures
to fruit moth larvae were made in the cages without transference of
the females. It became evident that the extra operation was laborious,
the loss of females even in the special mating cage for ~ne day was
considerable, and the final results in production were discouraging.
Incidentally (Table 24) it became evident that the actual increase of
females for each female was no greater in the case of the mated and
transferred individuals as compared with parasites placed in the cage
without previous mating. Finally a series of seven cages was used in
the following way in order to increase the percentage of females reared.

[}

Tapre 27. Tests witH DirrerixT AGE oF Fruit More LARvAE
FoR EXPOSURE To MACROCENTRUS

2 Number
Age of fruit moth Per cent male Number Macrocentrus
larvae!, days Macrocentrus tests reared
7to9 82 5 92
6to7 64 13 396
5to6 59 8 193
4to5 J 60 10 243
1

1From black spot stage, held at 80° F.; reared in green apples.

All adults from emergence cages (stock emerging in one day) were
placed together in cage 1. After one day the males were collected and
placed in cage 2, together with the males and females emerging the
second day. This gives an excess of males in cage 2, but in order to
prevent losses of females from too large an excess, such as occurred in
previous tests, only enough males are used to bring the ratio to 2 to 3
males for every female. On the third day this is continued with cage
3, and so on until the end of the week, when the process is repeated
with cage 1. Results with this procedure so far have been satisfactory
and indicate that 50 to 55 per cent females are easily secured with the
method.
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RATIO OF FRUIT MOTH EGGS TO NUMBER OF MACROCENTRUS REARED

In order to give some idea of the number of fruit moth eggs needed
for rearing a stated number of parasites, it is interesting to note that
during a successful breeding period (August, 1931) we used a total of
42,000 fruit moth eggs. With this number a total of approximately
3,000 Macrocentrus was reared, or in other words, 14 fruit moth eggs

TaBLe 28. ErrFecT oF DIFFERENT TREATMENTS ON THE PERCENTAGE OF MALES

Treatment Dates . Number reared Per cent males

Equal number males and
females in mating cage; 1
day in mating cage; only Feb. 9-16 . 338 70
females in exposure cage.

Equal number males and
females in mating cage; 2
days in mating cage; only Feb. 9-16 457 70
females in exposure cage.

Large excess males in mat-
ing cage; 1 day in mating
cage;.females only in ex- Mar. 5-26 757 56
posure cage.

Equal number males and
females in mating cage; 1
day in mating cage; only Mar. 6-22 575 81
females in exposure cage.

10 known mated females
in exposure cage without May 5-21 128 46
males.

10 females from screen of
emergence cage with large
excess males; only females May 5-21 165 52
in exposure cage.

10 females, 10 males in ex-

posure cage. Nov. 1-21 435 63
10 known mated females

in Iexposure cage without Nov, 1-13 263 38
males.

were required for each adult parasite. Occasional lots of these eggs
were used to keep up stocks of fruit moths, but there was apparently
not too great a surplus of host material on which to draw. During
other periods much larger quantities of host material have been used,
but with greater skill and refinement of methods the ratio should be less,
if anything, than that quoted. We have already shown that it is possible
to obtain considerable numbers of fruit moeth eggs during the winter.
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As seen in Table 11, mare than 800,000 eggs were obtained during
the first six months of 1932. At a ratio of 14 to 1 it would be possible
to rear 57,000 adult Macrocentrus in six months. From the practical
standpoint, however, it appears difficult to produce them even at a ratio
of 14 to 1 because of mortality in hibernation which we have so far
been unable to prevent. Our total emergence for the first six months
of the year was 26,299, or about half the number estimated. Never-
theless it is possible to rear the parasite in considerable numbers. Some
of our production records are shown in Table 29. In 1932, we de-
termined to rely mainly on our own laboratory bred Macrocentrus for
distribution. We obtained for this purpose about 7,500. This required
the entire time of one man throughout the season, but the possibility
of greater production than has been realized hitherto, together with
the advantage of obtaining the parasites at more favorable periods, made
it seem desirable to continue the arrangement.

TaBLE 29. MAcrROCENTRUS PropucTION BY ARrtIFICIAL MEANS, 1930-1933

Macrocentrus

Month reared

1930 1931 | 1932 [ 1933
January 187 ! 1618 \ 2480
February 33 | 2203 1591
March 456 | 3682 L2362
April : 678 | 3581 1284
May 596 ‘ 4476 2160
June 1074 | 7639 8154
July 2038 351 2887 3210
August 2051 2398 | 3735 7444
September 1948 841 2809 6106
October 1599 836 2139 17829
November 303 859 2135 5035
December 237 744 Ij 2606 1247

8,176 9,053 | 36,854 58,900
Total for four years 112,983

During 1933 we made use of a basement room where attempts were
made to regulate temperature and humidity within 70° to 78° F. and 60
to 70 per cent humidity. Production proceeded satisfactorily and reached
500 daily for a short period in June. Fruit rots then began to develop
and it was necessary to place all slices in a drying cabinet kept around
50 per cent saturation with calcium chloride. Production again reached
300 daily in August but the most important time for liberation in the
orchard was not covered.

Four thousand five hundred Macrocentrus were liberated in 1933.
Our total production, however, was greater in 1933 than in any previous
vear. It totalled more than 58,000 reared adults, and about 15,000
estimated in storage December 1.
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PERCENTAGE PARASITISM IN LABORATORY BREEDING

During 1930 we experimented with peach twigs and green apples to
obtain data on the percentage of parasitism in our cages. Naturally
the percentage was higher in twigs than in fruit because of the greater
accessibility in twigs. Notwithstanding, it appears possible to obtain
parasitism of the Oriental fruit moth as high as 76 per cent in apple
slices. For quantity breeding, however, 50 per cent is high enough,
_inasmuch as this allows considerable leeway for keeping up stocks of
the host. During the fall of 1931 parasitism of larvae in apple slices
averaged ahout 30 per cent, but during the winter of 1932 parasitism
amounting to 40 to 50 per cent was frequently obtained. Table 30 shows
some of the results obtained in parasitizing larvae in twigs and in apple
slices.

TaBLE 30. PERCENTAGE oF ParasiTisM PossiBLE WHEN Twics AND APPLE SLicES
ARE Usep ror ExXPosure T0 MAcroceENTRUS Apurts, 1930

Oriental fruit moth Dates of Moths Macrocentrus Per cent
larvae in exposure emerging emerging parasitism
Twigs July 9-10 43 102 70
July 12 12 87 87
Tuly 14 13 14 51
‘ July 16-18 20 80 80
June 26—July 4 14 54 ‘ 83
Totals 99 337 77.2
Apple slices July 15 62 199 76
July 15-17 206 217 ‘ 51
July 16-18 51 59 53
July 18-19 5y bl 56
July 25 142 157 52
July 24-25 22 20 47
Aug. 1 65 32 33
Aug. 6 185 54 22
Totals 788 810 51.3
ENEMIES

Ants, spiders, and secondary parasites cause considerable trouble in
Macrocentrus production. We have had cages of parasites completely
destroyed by ants; spiders show an equal fondness for the parasites
if they get into a cage. Ant baits and repellents freely used on the
greenhouse benches, have prevented damage. Spiders may be kept
in check by brushing them from the eaves and corners of the green-
house and cages at frequent intervals. The secondary parasite,
Dibrachys boucheanus Ratz., caused some trouble in 1932, reducing
our summer production by about 2,000 reared adults. These enemies
have a shorter life cycle than the parasite and work on both the fruit
moth and Macrocentrus. Covered breeding pans and destruction of
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infested stock has largely but not entirely eliminated this pest from
emergence cages,

EFFECT OF INSECTICIDE DUSTS ON MACROCENTRUS LONGEVITY

In a previous bulletin of this' Station it was suggested that farm
practices would probably be of considerable benefit in helping Macro-
centrus maintain itself. For example, some means of carrying the
insect over the winter is necessary and is doubtless provided in natural
conditions surrounding many orchards. Natural cover and alternate
hosts could, if necessary, be provided.

Another factor influencing parasite abundance lies in the effect of
common spray practices on the length of life or egg laying ability. It
would perhaps not be suspected that an insect of the size and activity
of Macrocentrus could be affected by sulfur. However, laboratory
experiments indicate that such is the case, though what effect it may
have in the field has not yet been demonstrated. Our plan of experi-
ment consisted of using cages of equal size in which were placed adults
of the same age. Undusted peach seedling trees were put in half the

TasrLE 31. ErreEct oF SEVERAL OrcHARD Dusts ox THE LoNGEvITY
. oF MACROCENTRUS ADULTS

Number Per cent
Treatment Macrocentrus Number survival
used [ tests after 5 days
Sulfur dust 180 \ 6 10
Check { 180 6 59
Lime dust 120 | 4 52
Check 120 4 49
Talc dust 120 4 45
Check 120 4 57
J .
Lime—Ilead arsenate—

oil dust 300 5 10 28
Check 270 | 9 o2

cages. In the other half were placed trees of the same size dusted
lightly with sulfur or other material. Since temperature plays an im-
portant part in such an experiment, care was taken to keep the temperature
in all cages the same and not to allow it to go too high. After five days
the live individuals in all cages were counted. It will be seen (Table
31) that the most injurious material was sulfur dust, one of the most
commonly used fungicides in any commercial peach orchard. In ex-
periments with this material only 10 per cent of the adults survived
after five days, whereas 59 per cent of those in control cages were alive.
Lime and talc had little or no effect in these tests, but lime—lead arsenate
—oil dust increased the mortality considerably.
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IMPORTANT CONSIDERATIONS IN BREEDING WORK

In our breeding program it appears that important consideration
should be given to the following points.

ORIENTAL FRUIT MOTH

1. Prevention of hibernation. In order to prevent fruit moth larvae
from hibernating in the fall when the tendency is strong, it is necessary to
bring all stocks indoors in August and breed at 75° or ahove.

e Egg deposition., Our best results in securing eggs of the Oriental
fruit moth have been from the use of greenhouse incubators with glass
tops. These should be regulated to 75 to 80° F. Seedling peach trees are
used within the cages and the eggs are laid on the leaves.

IIrURF 7. Two types of greenhouse incubators used for confining Oriental
fruit moths. Both are provided with light bulbs for head,
thermoregulators, and a small fan.

3. Food for the larvae. Food for the larvae appears to be as important,
if not more important, than the two preceding factors. Many more larvae
develop in green than in ripe fruit and the life cycle is shorter.

4. Swuccessful hibernation of the larvae. This problem is not fully
solved, but it is fairly simple to make the larvae enter hibernation by re-
moving them from breeding pans soon after they have spun their cocoons
and then placing in refrigeration at 38 to 40° F. Another successful plan
as carried out in our laboratory consists of placing the apples containing
half grown larvae in a 60° room where the larvae are allowed to spin their
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Ficure 8.  Apple slices infested with Oriental fruit moth
larvae ready for exposure to parasites.

Ficure 9. Pan of green apples sliced and infested with
larvae before separating as shown in Figure 8.
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cocoons. The larvae are then removed at frequent intervals to full hiber-
nating temperatures, that is 45° F. or below.

MACROCENTRUS ANCYLIVORUS

1.. Mainienance of temperature and moisture. Proper heat, light,
and moisture are indispensable because they increase the life and promote
the activities of mating and oviposition essential to maintenance of a
high rate of increase. A temperature of 70 to 75° F. and a humidity
of 60 to 70 per cent appear to be optimum. A range between 70 and
78° F., and 40 to 80 per cent is satisfactory. Strong light and high

Freure 10. Macrocentrus breeding room showing method of lighting cages
and the type of cages used. The cages are set in a bed of sand.

humidity should be avoided. Oviposition is continuous in weak daylight
or with a 25 W blue daylight bulb placed about one foot from the top
of the cage (Figure 10).

2. Food. Second and third instar fruit moth larvae may be used.
Larvae kept at 80° four days after hatching, will be found to be largely
in these stages. After five days all, or nearly all, will be in the third
instar. We regard the third instar as the most desirable. Lump sugar
or honey may be used to feed the adults.

3. Successful hibernation. Parasites hibernate largely as first stage
larvae. If too old they will die, and if the eggs have not hatched when
placed in hibernation, they will be killed by the host. Parasitized larvae
should therefore be removed from the pans or containers as soon as
they have spun, and placed in a cool place for hibernation. Use of
the 60° room as mentioned for fruit moth larvae is helpful.
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BREEDING SCHEDULE' FOR REARING MACROCENTRUS EMPLOYED AT THE
CONNECTICUT EXPERIMENT STATION FroM 1931 To 1933

1. Place green apple thinnings 1 to 134 inches in diameter in cold
storage, (July).

2. Obtain Oriental fruit moth eggs from greenhouse incubators
(Figure 7). Eggs may be held in refrigerator not more than two weeks.

3. Place eggs on apples cut in slices (Figure 9) one-fourth inch
thick. So that the slices will stay in place, the apples are not cut all
the way through. Put 2,000 to 5,000 eggs (up to 8,000 have been used)
on a pan of 50 to 60 apples. Slices are separated slightly, which allows
the larvae to enter easily.

4. Remove apples aiter four to five days at 80° F., separate slices,
and mount on rack as shown in Figure 8 The larvae are now ready
to expose to parasites.

5. Place slices with larvae in parasite cage held at 70 to 78° F.
and 60 to 70 per cent relative humidity. Elevate racks until slices are

Ficure 11. Paper boxes attached to a small hair dryer for collecting moths
and parasites. The hole in the end in which the glass spout is inserted is
plugged with a cork (as shown in the left hand figure), when the desired
number of insects are obtained. These boxes are also used for shipping
Macrocentrus adults to points within Connecticut.

about one inch from the top of the cage. TFor type of cages used see
Figure 10.

6. Remove slices after 24 hours and place in breeding pan at 75 to
80° F. Keep humidity as low as possible (50 per cent) to prevent wet
fruit rots. After several days add punctured green fruit which the
larvae leaving slices can enter to complete development. Keep larvae
for hibernation at 60° after they have left the slices. Those required
for breeding stock need not be kept at 60°,

7. Remove larvae spun in corrugated strips as fast as they spin
their cocoons, and place them in hibernation.

8. TFor breeding stock make use of emergence room (Figure 12).
Collect adults from the light screen with suction device (Figure 11).

193;01” method is considerably different from that employed by Daniel and others, (3) pp. 16-27.
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MACROCENTRUS PARASITES OBTAINED IN NEW JERSEY IN 1930 anp 1931

Owing to the failure to secure Macrocentrus by artificial breeding in
sufficient quantities for liberation in 1930, arrangements were made to
send men into New Jersey to collect parasitized larvae in the field.
Work was begun June 1, and both strawberry leaf roller and Oriental
fruit moth larvae were obtained. Material collected in the vicinity of
Moorestown during the early part of June yielded few Macrocentrus.
This period was apparently not early enough and was between broods
both for the peach moth and its larval parasite, Macrocentrus. Collec-
tions made later in June and early in July yielded nearly 60 per cent
Macrocentrus. The yield of Macrocentrus from strawberry leaf rollers

Figure 12. Interior view of emergence room used for both Macrocentrus
and Oriental lfruit moth. The walls of the cage are of black cloth with
only a light window which concentrates the insects on that side.

was poor, there being apparently a much higher parasitism by Cremastus
cooket than by Macrocentrus ancylivorus. Strawberry leaf rollers ob-
tained in the fall of 1929 were used to furnish breeding material during
the winter and spring of 1929-30.

On arrival in New Haven, the fruit moth larvae in peach twigs were
placed in shallow pans with moist cloths in the bottom, and the twigs
supported by one-inch chicken wire. On the wire between twigs were
placed punctured green apples, to which many of the larvae transferred
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on leaving the twigs. These trays with twigs and green apples were
then placed in a 7 by 7 by 7 foot cage with a light screen for collection
of the parasites (Figure 15).

In 1930, we secured from field collections of 20,000 folded strawberry
leaves and 35,000 infested peach shoots, a total of 9,590 Macrocentrus
adults. In addition we obtained from the U. S. Bureau of Entomology
nearly 3,000 more. In 1931, arrangements were made with the Federal
Bureau at Moorestown, N. J., to obtain a supply of strawberry leaf rollers
and parasitized fruit moth larvae, which were shipped to us at New Haven,
As in 1930 the material was placed in our emergence cage and the para-
sites collected from the light screen with a hair dryer suction device (Fig-
ure 14). They were transferred by this means from the screen to paper
boxes, which were packed in moist sphagnum, and sent to growers. This
vear some parasites were lost through overcrowding and rapid molding
of strawberry leaves, due to lack of space in the cage. A comparison of
the numbers obtained in 1930 and 1931 is given in Table 32.

TapLe 32. Data oN MACROCENTRUS OBTAINED FROM FIELD
CoLLECTIONS IN NEWwW JERSEY

year M e R T
1930 35,000 20,000 9,590 41
1931 50,000 110,000 11,630 42
TaBLE 33. Statistics oF MAcRocENTRUS DistrIBUTION 1930 TO 1933

e s ol |l
1930 11,600 142 120 30
1931 10,736 167 141 39
1932 9,500 47 0 47
1933 4,784 22 1 21
Totals 36,620 239 162 137

Does not include duplicates from year to year.

FIELD LIBERATIONS OF MACROCENTRUS AND OBSERVATIONS ON THEIR

EFFECTIVENESS

In 1929 we began liberations of Macrocentrus ancylivorus in Connecti-
cut orchards. The first liberations were made in the Rogers orchard at
Southington and the Root orchard at Farmington. Owing to the rise of
natural parasitism at the Rogers orchard, the results were obscured. At
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the Root orchard 300 Macrocentrus obtained from New Jersey were re-
leased in August, 1929. This was followed in July and August, 1930,
with 125, and with 160 in 1930. The history of Macrocentrus parasitism
in this orchard took the following course. In 1929 no Macrocentrus could
be found in any collection. In 1930 some were found early in the season,
but none later. In 1931 the parasitism was low early in the season, but
increased rapidly, reaching almost complete parasitism in August. In
1933 without further introduction of this species, almost total parasmsm
of the second brood occurred in July.

In the Pero orchard at Manchester, 500 Macrocentrus were liberated in
June, and 50 in July, 1930. Two hundred more were liberated in July
and August, 1931. Larval parasitism by Macrocentrus reached a high
point August, 1931, probably because of the large liberation in 1930. No
Macrocentrus could be found in this orchard in 1930. In several other
orchards where small liberations were made in 1930 none could be found
in 1931. Our experience indicates, however, that rapid multiplication of
the parasite does not always take place.

Thus in the College orchard at Storrs (Connecticut State College) no
Macrocentrus were recovered at all in 1931 and 1932 and it was not until
1933, one year after liberations, that the first recovery was made. Fur-
thermore there was not sufficient larval parasitism in 1933 to check fruit
moth infestation, which appeared to be fully as severe in late peaches
(Hales) as during the previous year.

In addition to the above mentioned orchards, observations have been
made in several places where the fruit moth infestation was just beginning
at the time of parasite liberation. In at least one other case besides the
Root orchard parasitism was apparently able to keep the infestation from
reaching a high figure such as occurred in the Rogers and surrounding
orchards in 1929. In a few cases we have been unable to establish Macro-
centrus successfully but we may be successful with continued efforts. In
these orchards damage by the Oriental fruit moth continues to be serious.

From orchard inspections it seems as though Macrocentrus is now well
distributed in the central portions of the state. There are still some or-
chards within this area where the species cannot be found and it remains
to be seen whether it will be necessary or advantageous to reintroduce the
species in cases of recurring infestations. It is hoped that where success-
fully introduced the parasite will become so thoroughly estabiished on the
fruit moth and other alternate hosts that it will return in sufficient num-
bers to check a rising infestation whenever it occurs. Macrocentrus lib-
erations will then be no longer necessary or desirable.

It is quite evident from field collections that Macrocentrus ancylivorus
will live from year to year in the same orchard in Connecticut.

The best time for liberations seems to be during those periods in which
twig injury is just beginning. It is apparent from laboratory experiments
that fruit moth larvae are most readily attacked in the first to third stage,
or instar. Where abundant twig infestation occurs, it is desirable naturally
to release them as early in the summer as possible. This occurs in favor-
able seasons in Connecticut about the middle of June. It is not always
possible, however, to secure the desired number of parasites at the precise
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time when they should be released. In such cases it appears to be better to
release late than not at all. The two most favorable periods in Connecti-
cut appear to be from June 15 to 30, and from July 15 to about August 5.

Naturally the more Macrocentrus that can be released in an infested
orchard, the better the chance of establishing the colony succes~fully. Our
results with small liberations were not encouraging during the first two
vears of the work and we consequently discontinued liberations of less than
100 individuals at one time.

As to the effectiveness of parasitism by this species in Connecticut it is
apparent from Table 33 that considerable benefit to the orchardist occurs
whenever parasitism of the second brood larvae is high. There are, of
course, other factors influencing abundance of the Oriental fruit moth
that may cause the infestation to vary from year to year. Some of the
more prominent of these appear to be (1) the growing condition of the
orchard which depends on cultivation, pruning, fertilization, and other
factors; (2) the evening temperatures during the flight of the third brood
moths from the middle of August to the middle of September; (3) para-

TapLe 34. CoMPARISON OF PARASITISM BY MACROCENTRUS AND DEGREE OF
ELBERTA INFESTATION THE SAME SEASON

’ Parasitism of | Per cent
Orchard and location Year |second brood | infested Notes
larvae Elbertas

Connecticut Agricultural
Experiment Station

Mount Carmel 1933 93 o Average of drops and picked
Bishop Farms
Cheshire 1932 89 10 Average of drops and picked
Pero Brothers 1931 high 8 Count of drops : picked fruit less
Manchester 1932 75 8 Count of drops : picked fruit less
1933 85 11 Count of drops : picked fruit less
L. C. Root & Son
Farmington 1933 85 16 Count of drops : picked fruit less
Connecticut State College | 1931 0 80 Average of picked and drops
Storrs 1932 0 50 Average of picked and drops
1933 2 72 Average of picked and drops

1Total larval parasitism (Glypta and others) 17 per cent. Macrocentrus introduced in August, 1982,
First recovery August, 1988.

sitism by other species such as Trichogramma, Glypta and others. All of
these points make it difficult and laborious to predict within reasonable
limits what an infestation will be. However, by determination of second
brood larval and egg parasitism we have been able to state whether an
infestation would be large or small at picking time.

It appears finally that the general uncertainty of parasite control of the
Oriental fruit moth is dependent in some way upon the inability of the
parasites to develop in certain localities and serves only to emphasize the
statement made at the beginning of this series of papers, namely, that there
is great need for continued study in this line, both in field and laboratory.
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SUMMARY AND CONCLUSIONS

THE ORIENTAL FRUIT MOTH

1. The Oriental fruit moth is reared more easily on green immature apples than
on ripe fruit, green peaches, or peach twigs. Apples may be obtained in considerable
quantities from commercial orchards at thinning time and placed in cold storage
for use during the winter.

2. More fruit moths may be reared from a given number of eggs placed on
green apples than on ripe apples or green peaches.

3. The chief enemies encountered in the work were spiders, ants, and. fruit
rots. Of these, fruit rots appear to be the most important.

4. TFruit moth larvae reared in our insectary and greenhouse began to hibernate
after the first week of August while those obtained after the first of September all
hibernated. Hibernation may be prevented by placing stocks at 75° I. and breeding
at this temperature.

5. Refrigeration of moths and eggs did not affect hibernation tendencies of
the larvae.

6. Refrigeration of the larvae for short periods before spinning affected hiber-
nation appreciably.

7. Maximum egg production was found to take place in greenhouse or other
incubators where light is provided from above, and when the temperature is held
at about 80° F., especially at sundown. A temperature drop in the greenhouse at
sundown greatly reduced egg deposition. i

8. Excessive moisture is not desirable for larvae hibernating in paper strips.
It is believed that ability to hibernate or carry over the winter successfully is in-
fluenced by the guality of the food in which the larvae are reared.

9. One and one-half million fruit moth eggs were obtained in 1932.

10. ‘The ratio of increase averaged 17 to 1 for 1931 tests. The sex ratio of reared
moths appeared to be 1 to 1, or 50 per cent males.

THE LARVAL PARASITE, MACROCENTRUS ANCYLIVORUS

11. Three generations of Macrocentrus have been reared under insectary condi-
tions at New Haven during the summer. Adults would be present almost contin-
uously in the field after the first of June, according to these observations.

12. Other hosts have been reported and other species are discussed.

13. The life history of Macrocentrus ancylivorus and Grapholitha molesta are
similar in many respects. In general the life cycle of the parasite is shorter than
its host.

14. Oviposition continues under favorable conditions for about 12 days.

15. The ratio of increase averaged in our experiments 12 per female, but reached
50 per female in some tests. The rate of egg deposition is 10 to 15 daily for 10 to
14 days after they begin to lay. Thereafter oviposition becomes considerably less.

16. Hibernation does not affect the sex ratio or rate of increase of the generation
emerging. Of the Macrocentrus obtained from exposures made August 5 to 6,
0.5 per cent hibernated. From then on in 1932 an increasing percentage passed
the winter. ;

17. The sex ratio of field collected material was about 3 to 2, or 41 per cent
males. Various methods were used to reduce the ratio to these figures in laboratory
breeding. The most successful resulted from special mating experiments.

; 1;3.9311t required about 14 fruit moth eggs for every Macrocentrus adult reared
in :

19. Macrocentrus reared by artificial means from 1930-1933 totalled 112,983.
We secured 12,000 for liberation in orchards during 1932 and 1933.

20. It is easier to secure a high percentage of parasitism using peach twigs
infested with fruit moth larvae, than by using sliced apples.

21. The chief enemies are spiders, ants, and secondary parasites. Methods of
control are discussed.

22. Sulfur dust applied to foliage shortened the life of Macrocentrus in cages.

23. Methods of breeding are given on page 109.
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24, Twenty thousand Macrocentrus were obtained in two years from field col-
lections in New Jersey. These were all liberated in peach orchards.

25. Field studies of the parasite indicate that it will live from year to year in
the same orchard and that its presence is correlated with a general reduction of
fruit infestation when the parasitism of the second brood fruit moth larvae is high.

26. It required three years in the Root and Bishop orchards to bring about the
desired parasitism. The orchard of the Connecticut State College at Storrs seems
to be following this course. In the Pero Orchard, parasitism developed more rapidly.
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