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STUDIES ON PARASITES O F  T H E  

ORIENTAL FRUIT MOTH 

11. MACROCENTRUS ANCYLIVORUS 

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, Mwrocen- 
trus ancylivorur Roh. (Figure 1). This parasite was known to occui 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 

-- ~- 

FIGURE 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 suitable larvae. (Greatly enlarged.) 

Connecticut orchards and its entire absence from others, it was thought de- 
sirable to  obtain them in considerable quantities for liberation. The straw- 
berry leaf-roller' was first used as host for breeding but the Oriental fruit 
moth2 was soon substituted because of serious difficulties in breeding leaf- - 

:Ancylis ronrprano Fral .  
-6lopholi lho mol.do Busek. 



74 Connecticut Experiment Station Bulletin 356 

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- 
zessful in some ways and unsuccescful in others. This has been due partly 
to the limited time given this phase of the problem. Our 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 i t  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 ORIENTAL 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 during 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 siirvive our winters in the absence 
of abundant alternate hosts. The emergence of moths and parasites is 
merelv one of these similarities (Table 1).  A few other com~arisons are ~ ~ 

givendin Table 17. 
The length of any period of the life cycle of the fruit moth may be in- 

creased hv uroper refriceration, but the ill effects of this treatment may 
. A  - 

more than counterba1an;e the increased convenience in handling. ~ i k e -  
wise, the length of the larval period may be altered by a change of  food 
(Table 3), and we believe 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 after emergence from the cocoon, and 
may continue for  four weeks (Table 17). I n  incubators and greenhouse 
during 1930 and 1931, egg deposition frequently reached a maximum four 
to six days after emergence, although in some cases this peak 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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I t  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'. 

TABLE 1. ORIENTAL FRUIT MOTHS AND MACROCENTRUS ADULTS F ~ O M  P ~ ~ s r n z e o  
OVERWINTE~INC LARVAE, 1931. SROU~ING SIMILARITY IN PERIODS OF EMERGENCE 

En~crgenee of Emer~enee of 
Date moths "arasite. 

March 1 
3 
6 
9 

10 
I1 
12 
13 
14 
16 
17 
18 
19 
20 
21 
23 
24 
25 
26 
27 
28 
29 

'Probable peaks of emergence. 

NOTSS: Placed in refrigerator in the fall of 1980 and kept there until February 17, 1981. Thm 
put in an incubator at about 5K0 F. until February 25 when they were ranoved and placed at 
76' F. until emergence. 

I t  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. I t  will be seen that 
the first instar lasts two days in green apples a t  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. I n  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 a t  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 fruit 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. 

TABLE 2. ORIENTAL FRUIT MOTE LARVAE INCUBATED AT 80- F., 70 PER CENT 
R ~ A T I ~ E  HUMIDITY. PERCENTAGE OF EACA INSTAR 

PRESENT ON SUCCESSIVE DAYS 

Days 

Instars 

First 100 100 

Second 

Third 23.5 97.9 10 

Fourth 

Fifth 

Norer: Average of two experiments. 828 larvae mearurcd. Based on width of head capsule. 
Reared in green in,maturc apples. 

Thinnings obtained in July from commercial orchards were used. T o  sup- 
plement this supply, which began to  run short during late spring, we bought 
an additional quantity f rom a grower in Georgia. \Ve 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. \\'hen 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 ratio 
of increase, however, was not great enough, and the method was discon- 
tinued after the first year. 
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ENEMIES 

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. Sometliing has 
already been said about rots and development o f  the larvae. I t  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 

Peach twigs 

Ripe peaches 

Green peaches 

Green peaches 

Green apples 

Green apples 

Green apples 

Ripe apples 

Ripe apples (western) 

Ripe apples (western) 

TABLE 3. TESTS OF DIFFERENT FWDS FOR REARING ORIENTAL FRUIT ~ , I - IOTR LARVAE 

N o ~ e r :  All uperimcnlr usina 60 cgzr were carried on simtlltnneollsly in similar containers. 
Those using 100 and 500 easr were carried on aimalUneuusly, but at a different time from those 
using 50 egss. 

pithy o r  corky, allowing the larvae to escape to new food when it becotnes 
unsuitable for development. Most of our local fruit produces a wet rot, 
while some of the western fruit is considerably drier. IEowever, with r1one 
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 eiiminated 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 Lo cut down 
production. 

The secondary parasite, Dibrachys bouchea~~us Ratz., caused consider- 
able difficulty in 1932 at a critical time. This parasite attacks the Macro- 

Lcn*h of 
period: egg to 
adult. tn drys 

I I I 

Per cent 
m a t u r i n ~  

Fmd 
Aumbcr Number 

moths 
reared 



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 emerrrence of thc adult moths .. 
and parasites. 

Larvae reared in  each twies were subiect to destruction bv euili exnda- 
tions, the cause of khich is Lot fully unierstood. Trees in @d growing 
condition support fruit moth larvae better than those in which growth is 
partly or completely checked. Losses are frequently gfeat if proper growth 
is not maintained and the twigs with larvae are not removed shortly after 
exposure to parasites. 

EFFECT O F  WINTERING AND REFRIGERATION ON THE LARVAE 

Hauessler states' that larval mortality of the fruit moth d~iring 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 w e r  the winter 
in 1932 was 65 per cent. Moisture appears t o  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, fo r  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, incrtase the mor- 
tality when attempts are made to carry them over the winter. Tests in 
1902 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 
placcd 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 llibernated in 
jelly glasses in an open insectary, than for  those reared indoors and hiher- 
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, liiher- 
nation began to be apparent in larvae from eggs laid ahont the first of 
:\ugiist. 1.arvae prodiiced under these conditions practically all hibernated 
after the first of September in 1930, even though moved to the greenhorise 
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. I n  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 
continuo~is emergeece of  moths and a good egg yield throughout the win- - 

'Jour. .\pr. Research, 41: 377. ISSO. 



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

As already stated, hibernation of the insectary bred larvae is progres- 
sively greater after the firvt of August. Undoubtedly some temperature 
relationsliio is connected with these chanees in fruit moth habits. but from 
our exper&ents it is evident that short kposures  of young 1ar;ae to  cold 
do not necessarilv ~ r o d u c e  hibernation (Table 4). Thus. in a series of 
four 
F. it 
days 

different trcat;ilents in which develdpment was begun'~une 27 at 80' 
is evident that four-day old larvae subjected to 45 to 50" F. for  six 
were not influenced. Larvae subjected to the same tleatment, but 

TABLE 4. EFFECT OF REFRIGERATION O N  ORIENTAL FRUIT M ~ H  HIBERNATION 

4-day old larvae hatching June 27 

Refrigeration 1 Total larvae I Per cent hibernated 

I 
. . 

4 days at 45-50" F. 82 1 
6 days at 45-50' F. 23 1 6 

6-dav old larvae hatchine Tulv 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 

6-day old larvae hatchinn August 2 

4-dlv old larvae hatchinr  Aurust 10 

3 days at 38-40' F. 
4 davs  at RR-40" F~ I ...,. ~~. .. .. - .  

I 
-- 

6 days at 38-40" F. 1 5i 33 

NOTE: ,111 larvae were rrare.1 on %reen apples, kept at 80' F. before and aiter refrigeration. 
Remained at SOr for one month beforc examination aiter removal from the refriperator. 

six days old before being refrigerated, showed only a slight increase 
in the tendency to hibernate. For larvae refrigerated a t  38 to 40' 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 O F  REFRIGERATION ON THE MOTHS AND EGGS OBTAINED FROM THEM 

I t  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 a t  38 to 40' F. considerably reduced the 
egg yield. A comparative test was then conducted in which moths o f  onc. 
two, three and six weeks' refrigeration were placed in similar cages and 
kept under as  nearly :,lentical conditions as possible (Table 5) .  The egg 

Egg-laying period, days 

Numher of female moths used, 50 

Number eggs obtained 1,598 2,065' 41 

Number eggs per female 36.8 i 27.5 20.2' .8 

'Averaxe oi two cmerimcntr. 
NOTES: Moths confined in moist hoxcs in clcctric refrigerator at 10.45' F. Motbr in egg 

praloctim capes oi  similar %ire and shape kept in greenhouse urlder similar conditions. Period 
of tests January 12 Lo \larch 15. 1032. 

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 kepe for longer periods, 
and in view of this it has been possible to keep moths for  short periods 
in the course of breeding work when a surplus in this stage occurred. 

During 1932 practically all egg stocks were pl;lced at 40 to 45", where 
they were kept ior 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 tnortal- 
ity increases rapidly with prolonged exposure, as  shown in Table 6, and it 
is consequently not advisable to keep them at this temperature Inore than 
two weeks. 
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EFFECT O F  TEMPERATCRE ON EGG-LAYING ACTIVITIES O F  THE FRUIT MOTH 

I t  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 molhs' activities. 
Our 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 

Number Number Date cggr wcre Egm Per cent 
taken from ' dnrk CRPJ 

reiri~erated refriperated refrigerator 1 snottcd hatched 

nonse upon egg production. I n  view n f  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. I t  will be seen 
(Figure 4) Lhat lowering of the temperature during the natural rise of 

2 
4 
7 
9 

12 
16 
18 

2 
4 
7 
9 

12 
16 
18 
21 
23 
26 
29 

32 
16 
39 
50 
54 
10 
29 

18 
20 
53 
35 
20 
50 
86 
17 
25 
31 
17 

21 13 
23 
26 
29 21 
31 I 20 

31 ' ;1 33 

March 25 March 27 1 100 
" 27 " 29 90 
" 30 April 3 

April I " 3 

. 

" 4 " 5 
" 8 " 8 
" 10 , " 12 
" 13 " 14 

SOTE: One larva emerged in 48" F. refrigemtor on .\nril L:%. E ~ p s  kept in jelly glasses with 
moist cottor in bottom. I:leetric refriaerrtor used. 

100 
90 
92 
97 

1 95 
82 
81 
52 
60 
35 

" 23 
" 25 

March 2.; 
" 27 
" 30 

April 1 
" 4 
" 8 
" 10 
" 13 
" 15 
" 18 

79 
60 
70 
46 

" 21 
" ' 6  

23 

,, .' I : 

March 27 
" 29 

April 1 
" 3 
" 5 
" 8 
" I1 

In ref. .' ,. 
'a ,, 
,' '. 

" 15 I " 17 7 
" 20 4 

" 23 " 25 0 
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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 

FIGURE 2. Tllermograph chart showing variations in our 
greenhouse during iavorable periods ior ohtainiog 

eggs irom the Oriental fruit moth. 

FIGURE 3. Thermograph chart showing two unfavorable 
and one moderately favorahlc period ior egx-laying. The 
drop in temperature below 70° was responsible for  almost 
complete iailure although temperatures were high enough 

during the remainder of the day. 

kept a t  75'' F. or  above (not over 85") most of the day, with special care 
nut to allow a drop in temperature a t  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 greenhousc. With the 








































































