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STUDIES ON PARASITES OF THE 

ORIENTAL FRUIT MOTH' 

I. TRICHOGRAMMA 

Parasite breeding and liberation is a popular subject among fruit 
growers because of the apparent ease of control compared to the 
use of insecticides, but the difficulties in the way of successful 
application of the method are many and varied. The present 
studies liave been made with a view to solving some of them, par- 
ticularly those connected with production and distribution. In 
addition, me have had opportunities to study the effect of various 
insecticides upon the parasites under consideration and to watch the 
effect of field liberations in different Connecticitt orchards. IVe 

= also present a number of life history studies as well as some biologi- 
.. .. cal data, chiefly of scientific interest. 

I t  has been necessary to study carefully the effects of laboratory 
breeding upon available hosts of the parasites and this has led in 
the case of Trichogramma to adoption of a breeding method that has 
heen particularly successful and economical of materials. We liave 
distributed to growers since I930 more than 35 million Tricho- 
gramma egg parasites. 

Discussion of field control work has been shortened in this ~ ~ 

paper ( I )  because satisfactorily controlled experiments are difficult 
to obtain. due to the interference of natural oarasitism as well as 
climatolo~ical factors, and (2) because it has heen necessary to 
devote so much time to production and shipment of the parasites 
that adequate field studies have been impossible in any one season. 
A few notes are eiven. l~owever. which show the eeneral trend of 

~7 . - 
affairs in regard to Trichogramma parasitism at this time, but we 
believe much more remains to he done along the line of biological 
control in both field and laboratory before this is a reliable means 
of comhatine the Oriental fruit moth under all orchard conditions. 
We offer tlzs bulletin merely as a contribution toward that end. 
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HOSTS FOR BREEDING 

Eleven or more hosts have been used by investigators to breed 
various strains or species of Trichogramma. The flour, meal, and 
fig moths, Ephestia spp., and the meal snout moth, Pyralis fariwalis, 
have all been studiecl or used experimentally. The main trouble 
with these hosts seems to  lie in the destructive llal~its of the larvae 
(Flanders'), which destroy unhatclied eggs after emergence, or in 
the difficulties of mass production. Eggs of t h  following have 
also been used but how successfully is not mentioned in the available 
literature: C'ir~zen lectrr/ari.r, Corcyrn cephalonica, the bee 1110th 
Galleria ~irellonella, am1 several noctuid moths. The bagworm, 
Thyridoplrr?rr ephem~raeforIlris Haw., common on evergreens in 
the southern portions of the United States, has been the suhject of 
considerable investigation (Peterson') and sliows pronlise for pro- 
duction work. The most generally used host, however, is the 
Angoumois grain moth, Sifotroga cerro/le/a. Oliv., tliougli it is now 
being recognized that hosts laying larger eggs are more desirable 
from several angles. Nevertheless, it is more easily adapted to 
laboratory production than any of the others and enormous quan- 
tities of eggs may be obtained with proper manipulation. 

T H E  GRAIN MOTH 

LIFE HISTORY 

The life history of the grain moth has been studied extensively by 
many workers so that it will he necessary to mention here only the 
main facts and points that affect mass production. 

The incubation period of the egg varies from four and one-half to  
six days at 80" to 85" F. and 70 per cent relative humidity. The 
eggs are white when freshly laid, but turn to a pinkish color 24 hours 
aftenvards. There are five larval instars in wheat, and the total 
larval period lasts 17 days at 80" F. and 70 per cent relative humid- 
ity. The adults live variable lengths of time, depending on how 
they are handled. At 80" F., 70 per cent relative humidity, they 
lay 90 per cent of their eggs within two days. Each female will 
lay eight to 14 eggs when bred in wheat, but are known to lay an 
average of 40 when reared in corn. In  our cages the minimum life 
cycle, egg to adult at 87'. 75 per cent humidity, \\.as 24 days; at 
76", 41 days. 

PRODUCTION 

FOOD, TEMPERATURE, AND IXOCULATION OF UNITS 

Wheat has been used in grain moth production at the Connecticut 
Station because of the ease of handling it in our units, the speed of 
'Tour. Econ. Ent.. 3 60-606. ,930. 
2 t. s. Dcpr. .\n. 7Jc;i,., BUI. zzi. ,930. * 
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development, and tlie greater number of eggs and moths apparently 
produced. The breeding units showti in Figure 139 are provided 
with grain and placed in a sniall room (10 by 10 by 7 ft.) which is - then heated to a high temperature. This destroys potential enemies 
of the grain moth or other grain feeding insects which might corn- 
pete w ~ t h  it for food. Afterwards, tlie temperature is lowered to 

2 

FIGYRE 139. Grain moth unit FIGERE 140. Incubator for ovi- 
for rearing grain tnoths. Empty position cans of Ai~gotvicois grain 
comeartment at left is used as a moth. Dark box for Trichozra~nma 
rese;voir into which moths are on middle shelf. 
blown before blowing through fun- 
nel into oviposition can. See also 
Fia. 140. 

80" F. and the humidity raised to 70 per cent, where it is held for 
about a week before the breeding unit is inoculated with grain moth 
eggs. This is accomplished by placing cards of eggs in tlie trays 
until the eggs hatch, after which the egg cards are removed. High 
moisture is essential in the room during the winter and especially 
during the hatching period of the eggs used to start the infestation. 
The grain is softened by moisture so the youtig larvae penetrate 
more easily. 



The most satisfactory temperature for rearing grain motlis 
appears to  be 80" to 85" F. Seventy to 75 per cent humidity is 
desirable. 

After inoculation, it is necessary to allow the cages to remain 
undisturbed for two or  three generations (48 to 72 days), depend- 
ing on the degree of initial inoculation, before removing the moths. 
If the introduction is heavy enough (50,000 eggs per unit), the 
emergence urill be sufficient to  allow removal within the specified 
time, and the moths may be blown out a t  stated intervals (three 
times a week) without depleting the supply. I t  is necessary to 
allow a day or  so between removal of moths so that the grain will 
be restocked with eggs from those in the cages. 

EXTRACTION OF MOTHS, OVIPOSITIOS, AND SEPARATION O F  EGGS 

The extraction of moths is accomplished by means of a portable 
blower giving a strong blast of air. Ry this means, tlie motlis are 
forced into tlie empty compartment a t  the left of the unit (Figure 
141) and from there into a tin oviposition can attached to tlie end 
of the funnel. Thorough removal of motlis from the trays is desir- 
able because they are the ones laying tlie most eggs. 

Our oviposition cans (Figure 145, F . )  are provided with short 
stilts and 30-mesh strainer cloth, which proved more satisfactory 
than other grades of wire cloth because it prevents escape of the 
moths and allows scales or other foreign matter to be re~noved 
quickly. The wire of this screen is about 36 guage and tlie stilts 
are about one-fourth inch long. II'Iien filled with the required 
numher of moths, the oviposition cans are placed on tin trays-six , 
cans to a tray-in an Soo F. incuhator where the humidity is 60 per 
cent. A small electric fan supplies a circulation of air to  clean 
away the scales, dust, and hairs that fall from the moths through 
the mesh and collect on the trays underneath the cans. 

At first cornstarch was thought to induce oviposition and a fine 
layer was sifted over the surface of the trays before the moth cans 
were placed on them in the incubator, but cornstarch has been found 
to  be of no advantage in this respect and its use consequently dis- 
continued. Tlie important factor favoring egg deposition hy grain 
moths is a crowded condition in the oviposition cans. Tlie more 
moths per can, within a limit governed hy the size of the can, the 
more eggs mill be laid. If there are but a few moths in an oviposition 
can, which al1ou.s for their unhampered movement, each female 
will deposit fewer eggs. 

Thousands of moths in an oviposition can will produce a com- 
pact mass. The spaces between the moths in this mass are very 
small, but not fixed. From the pressure of many other moths the 
female moths under such conditions receive a stimulus through 
the tip of the abdomen, and are thus induced to  maximum egg. 
deposition. 

! 



Oviposition cans of the size used at this Station (6 by 3 inches 
in diameter) eive best results when thev contain 10.m to ~;.ooo 
moths. hIotl;s live for about three day<under crowded condiGons, 

* deposit most of their eees durinp the first 24 hours, and at tlie end 
ofthe third -14-hour p&Tod are &carded and burned. 

\Vhcn oviposition cans contain enough nioths ( I O , ~  to 1 5 , m )  
e to for111 a compact tliass one-fourth inch to three-lourths inch in 

FIGVRE 141. Sho\\-ing process of removing moths from grain moth breed- 
ing unit. Ouipositiun can attached to end oi iunnel is removed and placed 
in an iocubator, \\.hen the desired number of moths are obtained. 

depth, a great deal of moisture collects on the trays under the cans, 
providing the humidity is 70 per cent or above, and the amount of 
moisture increases proportionately with a rise in humidity. Moist- 
ure under such conditions, will increase to such an extent as to ham- 
per greatly the collection of eggs from the trays and cans. Much 
of the excess moisture that would be absorbed by the atmosphere 
were the relative humidity 60 per cent or below, causes tlie mass of 
nioths to become soggy and iiioldy; likewise, it condenses on tlie 



inside of the can and moths perish in it. The final result is a loss of 
most of the moths before maximum egg deposition takes place and 
a loss of a large portion of the eggs deposited as they become 
bunched or  stuck to tlie moths and the inside of tlie oviposition cans. 

Many of the male moths escape through the 30-mesh netting in 
the bottom of the oviposition cans, which is large enougli for the 
exit of the smallest of them, but too small for any of tlie females to 
pass througli. 

SEPARATIOS OF EGGS \VITH SIE\'ES AXD ELIMIXATION OF MITES 

Although most of tlie eggs are deposited in the mass of moths in 
an oviwsition can, a few are forced throueh the ?+mesh nettine 
onto the trays. A t  the end of 24 hours the trays a r e  cleaned into 
an So-mesh sieve and the oviwsition cans are shaken and tauned 
to extract the loose eggs.   he nozzle of a 2-inch hose attacheci to 
an electric vacuum cleaner ulaved on the underside of tlie sieve will 
suck out the dust, hairs, and scales. When mites are present, tlie 
suction draws and crushes them against the sieve, thus clogging tlie 
mesli; for which reason a change in the method of handling was 
found desirable. The dust, hairs and scales from tlie sieve. were 
then removed by tapping the sieve gently instead of by sucking. 
E m s ,  mites and whatever foreign material remains in the sieve are 
th;; transferred three or  four'times from one fairly rough card- 
board to another. This treatment removes all foreign matter and 
most of the mites from the eggs, which readily hounce and roll off 
the cardboards while all foreign material, including mites, remains. 

Moths extracted fro111 cages heavily infested with mites will 
alwavs carrv many of them into the oviuosition cans. However. 
moscof the ki tes  Gave a tendency to loosen their hold on the moths 
during the first 24 hours and to drop through the wire mesh onto 
the trays, or are easily shaken from the mass of moths at the ter- 
mination of the first neriod of egg denosition. The second neriod 
finds fewer mites and the third gac t i~a l l y  tione. 

Several erades of sieves were exneriniented with when endeavor- 
ing to find-a nmans of separating both eggs from foreign material 
such as dust, scales, hairs, mites and mite eggs. A 70-mesh sieve 
was tried, but the openings of tlie mesli wcre too large, allowing 
grain moth eggs t o  pass through endwise under vacltutil suction. 
However, this mesh answered the purpose very well wlien the sieve 
was tapped, for then tlie eggs would not pass througli. Mite eggs 
are very nearly spherical, having a diameter equal to tlie transverse 
diameter of the grain moth egg through its widest poitit (ahout 
. z j  mm.). A mesh retaining Sitotroga eggs would also retain mite 
eggs or  a mesh allowing Sitotroga eggs to pass through would also 
allom mite eggs to pass througli. Therefore, an So-mesh sieve was 
chosen, as it allo\ved neither species of eggs to pass through, either 



The Graill Moth (i!li 

by tapping or  under suction. Passing the material over semi-rough 
cardboards to remove ~nites will also assist in removing sotlie of the' 
mite eggs. 

CAcSE OF INFERTILE EGGS 

Commencing February I, 1931, and continuing until February 
10, one of our rooms was inoculated with grain moth eggs. Each 
of the 18 cages received 5 0 , m  eggs, none of which were more than 
24 hours developed when placed in the cages. The first moths 
appeared 24 days after the first cage was inoculated. The average 
length of the first brood life cycle was 23 days, some of the cages 
l i a r i ~ ~ g  produced moths in 22 days. 

On examination of the eggs from all of the cages one week after 
inoculatioti for percentage of liatch, it was found that on an average 
only 30 to 50 per cent had hatched, when there should have been an 
average of 80 to 90 per cent. I t  was a t  first thought tliat the eggs 
had dried out because the humidity in the incuhator in wliicl~ tlie 
grain moth oviposition units were retained during egg deposition 
was quite low, only 35 per cent, when it should have averaged from 
60 to 80 per cent. However, after correcting this trouble, grain 
moth eggs procured in a 70 per cent humid atmosphere still con- 
tinued to give a low percentage of emergence. 

Shellac was considered as a probable cause of the trouble, so 
cards on \\rhich fresh grain moth eggs were fastened with shellac, 
and cards of eggs without adhesive material were placed together in 
a tray of wheat in the niotli rearing room. Both groups of cards 
gave low percentages of hatch, the cards with shellac having a 
slightly lower hatch than those without. 

.A third possibility was injury to the eggs while collecting them. 
Thus tlie eggs that had dropped through the 30-mesh netting on 
tlie bottom of tlie moth egg deposition units were placed on cards 
heside eggs shaken from egg deposition units, for co~uparison of 
liatch. There was very little difference in the percentage of hatch 
hetween the two groups, tlie margin being in favor of the eggs 
shaken from the units. 

Fresh wheat tliat had not been in the moth rearing room was 
placed in an 80" F. incubator, having a 70 per cent humid atmos- 
phere kept in constant circulation by a 6-inch fan. After tlie tem- 
perature of the grain became equalized with that in the incubator, 
cards of jirain niotli eggs were placed in it. These egg cards gave 
a 25 pcr cent better hatch than another lot, hatched as a check in 
the moth room. An effort was then made to determine if tlie home- 
made liumidifier, which had replaced the Braenier humidifier used 
during the first season of moth production, was supplying sufficient 
humidity. The Rrae~ner humidifier was returned to  tlie moth room 
and put in operation. After 24 hours fresh grain motli eggs were 
placed in the cages. These eggs gave the lowest percentage of 
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hatch of any, only 5 to ro  per cent. The percentage of humidity 
within the cages was taken and found to be l ~ u t  a few degrees below 
that in the room and tlie roolii humidity had averaged 73 per cent. 

During the season of I930 the moths, as previously stated, were 
extracted from the cages by a draft of air from a vacuum cleaner. 
The season of I931 saw the replacement of this piece of apparatus 
with a portable blower that gave a very strong hlast of air, thus 
facilitating the collection of the moths. I t  was thought that the 
moths were injured while being hlown from the trays, possibly to 
such an extent as to inhibit mating. If this were true, many of tlie 
females would deposit unfertilized eggs. It  is interesting to note 
here that although unfertilized eggs are of no value for re-inocula- 
tion purposes, they are just as good for Trichogramma parasitism 
as fertile eggs and the parasite develops normally within them. 

Moths were collected both with and without the use of the blower. 
The eggs deposited by these moths gave equal percentages of hatch, 
5 per cent. This result eliminated the blower as a detrimental fac- 
tor in the investigation. 

I t  was noticed, during the period over which these experiments 
were being conducted, that the eggs obtained from moths collected 
at intervals of five days gave a much higher percentage of hatch 
(60 to  75 per cent) than eggs from moths extracted at shorter in- 
tervals. This suggested that the female moths were not being fer- 
tilized if extracted from the rearing cages too soon after emerging. 
Moths were then extracted at intervals of from I to 10 days and tlie 
percentage of hatch recordecl for the eggs obtained iron1 these col- 
lections. I t  was found that when moths are extracted every day 
there are evidently many of them that do not mate before being 
blown into egg deposition units. As the chance of mating after 
getting into the units is greatly reduced, because of the way they 
are massed, a great number of the eggs deposited are sterile. 

The results suggest that the longer the interval, up to one week, 
between moth extractions, tlie greater the chance will he of the 
females being fertilized, and thus a higher percentage of viable eggs 
obtained. However, this rule would only have to be followed when 
tlie egg production is to be used for reinoculation purposes. (Table 
1.) 

TABLE 1. EFFECT OF DIFFERENT PERIODS BETWEEN MOTH COLLECTIONS ON 

FE~TILITY OF THE EGGS OBTAINED PRO11 THE MOTHS 

Time since previous Per cent hatch. cgga 
extraction of moths 

6 hours ........................... 3 
I day ............................. 15 
2 days ............................ lo 
5 " ............................ 75 
7 " ............................ 85 



ADRESNE MATERIALS FOR CARDS 

Following the general procedure of Flanders (1. c.) the eggs are 
fastened to cards (Figure 146) with shellac. However, in order 
to  learn whether shellac or other materials had any deleterious 
effect, a number of substances including shellac were tested with 
this in view. Gum arabic, glue, shellac, flour paste, urax. and even * clear water were some of the materials tried, but of all these shellac 
has proven most satisfactory. The limiting factor in the ideal of 
adhesive substance is that which rain will not wash from the cards 
in the field. Gum arabic and flour paste, although excellent mate- 
rials as stickers and non-toxic, are soluble in water and are of little 
value in holding eggs on cards during wet weather. Glue injures 
the eggs and wa.. covers them with a film irnpenetrahle to the 
oviposition of the parasite. Not only must the potential damage 
resulting from rain be considered, but also the effect of the adhesive 
material on the embryo of the egg and on the parasite. Shellac, 
from all indications, has no ill effect on the developing embryo of 
Angoumois grain moth eggs, providing the eggs are pasted on cards 
within 24 hours after deposition, or immediately after removing 
them from a refrigerator where develop~ne~it has been arrested. 
Experiments (Table 2) show go per cent hatch from eggs shel- 
lacked on cards after 24 hours' development, 78 per cent hatch after 
two days; 72 per cent hatch after three days and 63 per cent hatch 
after four days' development. I t  is fair to assume that the farther 
along in their development the grain moth eggs are at the time they 
are shellacked to cards, the greater the mortality will be. This 
holds true only for eggs whose development has not been arrested 
by refrigeration. 

The use of shellac to  adhere eggs to  cards for parasitism by 
Trichogramma involves another problem, that is to  allow sufficient 
time to elapse between the shellacking of eggs on the cards and the 
exposure to the parasite. Alcohol, in which the shellac is dissolved, 
is detrimental to  Trichoeramma. and if it has not com~letelv 
evaporated from the egg cards when they are exposed in the o;ipos(- 
tion units. most of the ~aras i tes  will die within a verv short time 
and the majority of the'grain moth eggs will remain /nparasitized. 
Egg cards should therefore be allowed to  dry for 30 minutes to  an 
hour before placing with Trichogramma. Fifteen t o  zo minutes 
were found to be insufficient. 

TABLE 2. EFFECT OF SHELLAC ON DEVELOPING GRAIN MOTH EGGS 
Da n developed before 

rartening to cards Per cent hafcll 

$4 ................................ 95 
I ................................ 90 
2 ............................... 78 
3 ................................ 72 
4 ................................ 63 

Incubation temperature 83' F., humidity 7r per cent. 
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EFFECT OF REFRIGERATION O N  EGGS FOR INOCULATION OR 
PARASITISM 

One of the outstanding problems to be dealt with in mass procluc- 
tion of Angoumois grain moth eggs is the refrigeration of them 
either for Trichogramma parasitism or future wheat inoculation. 
I t  is practically impossible to hold grain moth eggs in cold storage1 
at  temperatures below that a t  which embryonic development takes 
dace and have them fit for u~lieat inoculation one week after beine 
blaced in refrigeration. If held at temperatures ranging from 40' 
F. to 46' F. (at which temneratore develoomeut is oracticallv 
arrested, but a6ove which de;elopment takesbplace) fo; 24 to i 6  
hours, go per cent of the eggs will hatch when removed to higher 
temperatures; but, after turo days of refrigeration less than 75 per 
cent will hatch, after three days 50 per cent, after four days 40 per 
cent and after a week or ten days only a very small percentage. 
Table 3 gives the results of grain moth egg hatch after refrigeration 
at 38" F. and Go per cent humidity. 

For  inoculating wheat, fresh eggs or eggs that have been refrig- 
erated not more than 36 hours should be used; otherwise, a much 
longer time will he required to build up grain moth populations 
because of a smaller initial brood. 

For Trichogramma the eggs do not have to be fresh. If  eggs 
are refrigerated after deposition they may be held for two to three 
weeks and still be in fair condition for parasitism (Table 4) ; but, 
if held longer than three weeks, only a small percentage will produce 
Trichogramma after being parasitized. These results were obtained 
from eggs held at  40' F. and 70 per cent humidity. A t  higher tem- 
peratures it may be possible to hold eggs for a ~nuch longer time and 
have them fit for parasitism. Humidity is most important as eggs 
will dry ont and collapse in low humidity, thus shortening the length 
of time in which eggs may be refrigerated at  any temperature. 
Partially developed grain moth eggs are more subject to killing by 
refrigeration (Table 3) than are those undeveloped. 

Tame 3. MORTALITV OF UNDEVELOPED GRAIN MOTH EGGS. REFRIGERATED 
AT 38" F. AND 60 PER CENT HUMIDITY 

Numher days 
refrigerated Per cent lhatcl? 

0 ............................... 100 
I ............................... 90 
2% ............................. 52 
3 ; .............................. 35 
4 ............................... 28 
5 ............................... 25 
6 ............................... 19 
7 ............................... I j  
8 ............................... 9 
9 ............................... 8 

............................... lo 5.2 
,I 4.2 
I2 ............................... 3.1 

- 
1 our storages are electric refrigerators. 
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T A ~ L E  4. REPR~GERAT~OS OF UNPARA~ITI~ED GRAIN MOTH EGGS TO BE 

RETAINED POR PARASITISM 
Temperature 40' F. 

Humidity 70 per cent 
Number days 
refrigerated Per ecnt turgid eggs 

11 ................................ 80 
I3 ................................ 75 
17 ................................ 75 
21 ................................ 50 
27 ................................ 25 

TABI.B 5. M~RTAL~TY OF PARTIALLY DEVBWPED GRAIN MOTII EGGS IN 

REFR~GERATION AT 43" P. AND 83 PER CENT HUMIDITY 
Number days 
refrigerstecl I'er cent hatch 

I day pre-refrigeration development 
I ................................. (kl 
2 ................................ 64 
3 ................................. 60 
4 ................................. 58 
5 ................................. 55 

2 days pre-reirigeration development 
I ................................. 54 
2 ................................. 54 
3 ................................. 53 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53 
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51 

3 days pre-reirigeratioa development 
I ................................. 49 
2 ................................. 48 
3 ................................. 43 
4 ................................ 43 
5 ................................. 41 

4 days pre-refrigeration development 
I ................................ 45 
z ................................. 44 
3 ................................. 43 
4 ................................. 40 
5 ................................. 39 

EFFECT OF HIGB TEMPERATURES ON EGGS USED FOR INOCULATION 

While inoculating our grain moth cages during February and 
March, 1932, it was noticed that only a small percentage of the fresh 
grain moth eggs used for the purpose hatched. The greater major- 
ity of them collapsed and dried up within 48 hours after being placed 
in the trays, without evidence of embryonic development. Ikcause 
of a similar experience while inoculating for moth production in 
1931, all factors investigated at that titile as possibly bearing on the 
subject were eliminated previous to collection of moths (and sub- 
sequently eggs) for inoculation purposes in 1932. However, the 
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fact remained that only 5 to 50 per cent of the grain moth eggs were 
producing larvae. I t  was thought that possibly the temperature 
was too high in the room in which the grain moths were reared, 
resulting in their infertility. Working from this angle a check-up 
on the room temperature was conducted and found to be averaging 
ahout yo F. with a humidity of 70 to  80 per cent. This condition 
had existed during the greater part of the moth production period. 
The temperature was thereupon reduced to 80" F. and the humidity 
to 70 to 75 per cent. The eggs obtained from the moths reared 
under these conditions for an interval of two weeks gave a high 
percentage of emergence, 80 to g$ per cent, which indicated that a 
temperature of 90" F. and above with a high relative humidity 
probably would he detrimental to grain moth fertility. 

DEPLETION OF WHEAT BY GRAIN nlOTI5S 

The amount of urheat consumed by the grain moths during three 
seasons of rearing operations was determined in two ways: By 
weighing a definite amount of the grain before and after rearing, 
and by opening the kernels to determine the percentage that pro- 
duced one or  !nore moths. At the close of the 1930 and 1931 sea- 
sons the latter method was resorted to entirely while at the close of 
the 1932 season both methods were used in combination. The 
number of kernels producing one or more moths during the season 
of 1930, a duration of I I months, was 73 per cent. This percentage 
was accepted as an average of 216 separate calci~lations of as many 
tablespoonfuls of wheat taken from various parts of the 18 moth 
rearing cages, comprising 12 trays each. A t  tlie close of the 1931 
season of a little over nine months, the number of kernels having 
produced moths was determined to be 75 per cent. The method 
of procedure in arriving a t  this determination was similar to that 
in 1930; however, the number of calculations \\,as less than the 
previous season. Although the amount of wheat by weight con- 
sumed in 1930 and 1931 was not computed, the weight of wheat it1 
each tray was standardized at 4% pounds a t  the start of each sea- 
son's rearing. 

In  1932 the amount of grain per tray was reduced to 3% pounds 
on the assumption that the less the depth of wheat in each tray the 
more accessible the kernels at the bottom of the trays would become 
to the grain moth larvae and, therefore, increase moth production. 
The total number of trays receiving 3% pounds of wheat each was 
234 and tlie combined weight of wheat in these trays was 819 
pounds. The rearing operations lasted exactly six months. A t  
the end of this time the weight of grain in a large number of trays 
was determined and it was found that an average of 1% pounds per 
tray remained. Subtracting this figure fro111 3Yz pounds, 234 
pounds is obtained, the amount consumed. Multiplying zl/a pounds 



by 234 trays gives a total reduction of wheat of 526% poui~ds, or 
64.2 per cent of the total amount of wheat (by weight) a t  the start. 
The amount of wheat not consumed was 292% pounds. 

A small quantity of wheat was taken from each of a large number 
of trays and the kernels opened. It was found that 92 per cent of 
all the kernels had produced grain moths and of this percentage 72.8 
per cent had produced two grain moths per kernel (all a wheat ker- 

.? 

nel is capable of with few exceptions) leaving nothing but empty 
shells. The remaining 27.2 per cent of the 92 per cent infested 
kernels had produced one grain moth per kernel and were, with few 
exceptions, capable of providing food sufficient for the developt~lent 
of one more grain moth per kernel. The number of grain moth 
eggs procured from the moths reared on 819 pourlds of wheat in 
1932 was 39, + + o , m .  In 1930 and 1931 from 972 pounds of wheat 
each season, 14,912,000 eggs were collected in 1930, and 22,957,400 
eggs in 1931. 

The ahove figures serve to demonstrate the efficiency of a smaller 
a~nount of grain per tray in 1932 over that of a larger amount the 
previous seasons. However, this does not tell the whole story, as 
the number of eggs used to u~oculate the grain and the time required 
for inoculation have some bearing on the results obtained. I n  1932 
a greater number of eggs were used for inoculating purposes over 
a shorter period of time than in I930 and 1931. This would ulti- 
mately mean a greater moth yield and thus a larger number of eggs 
procured over a shorter period of time, and finally a more rapid and 
thorough depletion of the grain. 

QUANTITY PRODUCTION OF GRAIN MOTHS 

1930 
From March 20, when extraction commenced, until the middle 

of November, when the units were cleaned out, it was estimated 
that 18,m,ooo eggs were produced. Extractions of moths were 
not as frequent towards the end of the period because parasite pro- 
duction did not demand it. From 4 1 , m  to ++~,ooo moths were 
taken from the caees a t  one time. as  estimated bv countine and ~~ - <> 

weighing. .\ gre;itcr part of tlle r i g s  were usrd foi par;~siti>rn and 
nhout GO uer cent oi those ~nrasitized were liherated. Otllers \\.ere 
used fgr ;efrigeration, hibernation, and other experiments. 

1931 and 1932 

During these years there was a considerable increase in the num- 
ber of eggs obtained because of increased facilities, including an  
additional room and six more units than were used in 1930. As in 
1930, a considerable number of eggs were used for experiment. I n  
1932, the amount of wheat used was considerably reduced, owing 
mainly to the discovery that 27 per cent of the wheat used in I930 

* 



and 1931 
increased 
the moths 
in 1932. 

renlained uninfested at  the end of the season. The 
availabilit), due to more room between the trays enabled 
to infest successfully more than yo per cent of the kernels 
Tables 6 and 7 give statistics of production in these years. 

anuary 
Eebruary 
March 
April 
May 
June 
July 
August 
September 

February 
March 
April 
May 
June 
July 
August 
September 

Duration Per cent of 
Scam" Seasonal egg production 

'930 16 73 18,640,000 

1931 1 9 1 22.9 75 1 28,698,000 

ENEXiIES OF THE GRAIN MOTH AND METHODS OF  CONTROL 

Mites of several families, grain beetles, ants, and the larval para- 
site (Dibrachys bnucheanzis Ratz.) are the principal enelllies of the 
grain moth that have been encountered. 

The first to appear were mites of the superfamily Parasitoidea, 
formerly known as gamasids. These were present in original 
stocks of moths and precautions were taken to exclude them from 
breeding rooms by removal of their eggs with screens, and by hand 
picking under a microscope. In  spite of all precautions they reap- 
peared in the breeding rooms by the middle of April. Control 
experiments (Tables 8 and 9 )  were begun from which it mas learned 
that they may be kept in check by heating the rooms and lowering 
the humidity to 10 to 15 per cent. Perhaps the most important 
factor in their control lies in frequent removal of dead moths from 
the cages, since the mites feed and multiply mainly on dead indi- 
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viduals. Our breeding system fortunately allows for reriioval of 
all moths whenever desired. I t  was also learned that mites of this 
group pass from the oviposition can after the first 24 hours. Those 
coming through with the eggs may be killed by reirigerating five 
to six days at 38" F. 

Time of 
Number Temperatures Depth of Per cent 

I I 

Moths not killed in these experiments. Humidity 57 per cent throughout. 

1 
2 

3 
4 
5 
6 

TABLE 9. TESTS I N  HEATING THE GRAIN MOTH ROOM TO DESTROY MITES 
WITHOUT DESTROYING THE MOTHS 

Time 
Temperatures Humidity Kill of mites 

hour3 

90 
1 50 
120 

90 
120 

150 

I t  appears possible from the above tables to kill mites of the super- 
family Parasiloidea withot~t killing the moths,.though it is difficult 
to secure control by this means alone without reducing the moth 
population too much. I t  is evident, however, that higher tempera- 
tures such as were employed to sterilize the cages in tlie beginning 
would be fatal and would prohably remove all danger of their intro- 
duction in tlie wheat or grain used to stock the cages. 

Tyroglyphidnc (flour and cheese mites) appeared in some of our 
preliminary breeding cages, but have never been serious. 

Book lice (Corrodentia) appeared in some ~iumbers for a while, 
but disappeared after tlie first year and few have been seen since. 

During the seasons of I931 and 1932, Laeinopltlaerfs pi~sillus 
~~iultiplied to such an extent that it becatlie a very serious problem, 

* 

2 

15 

6% 

17 

105.8-r11.2. 
105.8-r 11.2 
105.8-1 13 
105.8-1 I 1.2 
105.8-1 13 
105.8-111.2 

1 1 ~ 1 1 3  

104 

la6-122 

97-1x8 (a". 102) 

I ?/i in. 
I H in. 
I % in. 
?4 in. 
K i n  
M in. 

o 
90 

100 
0 

100 
loo 

60 

60 

zo 

20 

None in trays. Few in open 
compartment. 

None in trays. Few in open 
compartment. 

None in trays. loo per cent in 
open compartments. 

loo per cent. 95 per cent of 
moths also died. 



especially during the late winter and early spring of 1932. This is 
a very small beetle that is able to slip into the cages and goes easily 
from one to another. The 1931 infestation was less severe and 
lasted for a much shorter period than that of 1932. Cephalonomia 
zc~aterstoni. Gahan' a ~aras i te  of busillncs larvae. was discovered ~ ~~~ ~ ~~ 

to be activily engaged ih checking tl;e 1931 heetlc infestation sl~ortly 
aftpr the first beetles were obwr~cd  on tlir outsirle of the moth carre.;. 
Where the parasite came from is not certain, but it succeedez in 
completely eradicating the colony of beetles and then, due to lack 
of food, disappeared almost entirely. 

The heaviest infestation of Lacflzaphlaeus pnsillns occurred in 
1932. The beetles and their larvae were so numerous during the 
winter and spring they attacked the grain moths and their eggs. 
Each time moths were extracted large numbers of beetles and larvae 
came a i t h  them. The larvae were exceptionally destructive in 
getting into the grain moth eggs and feeding on them. Not only 
did a day's collection of moth eggs contain a large number of beetle 
larvae, but it likewise contained many beetle eggs. These eggs were 
so much like the grain moth eggs in appearance, particularly in 
length and color, that it was impossible to separate them from the 
grain moth eggs. Because of this limitation pusillus eggs were 
fastened with grain moth eggs to cardboard disks and exposed with 
the latter to Trichogramma for parasitism. The beetle eggs were 
not parasitized and on hatching, their larvae attacked both parasi- 
tized and unparasitized moth eggs. PusiNus larvae were also 
observed pulling Trichogramma pupae from grain moth eggs and 
devouring them. 

As during 1931, the parasite Cephalonowtia zwaterstoni appeared 
and multiplied in unbelievable numbers. Its attack on plisillus 
was not appreciated for some time because of large numbers of the 
host, but it finally succeeded in bringing the hectle under control 
after several months. Ccphalonanzia adults possess an irritating 
sting with which they paralyze their host larvae. After stinging 
and feeding on the larvae the parasite carries away its victim and 
buries it. 

The confused flour beetle, Tribolium confwccfn, became numerous 
in 1932 in one unit and destroyed much wheat. Sterilization by 
heat before dismantling and before inoculation, has eradicated them 
and they have not reappeared. Its eradication is described in detail 
on page 707. 

Ants began to appear shortly after the rooms were filled with 
wheat in 1930. They succeeded in penetrating the cages and began 
to attack the moths. Tanglefoot on the legs of the carriages was 
ineffective in preventing damage. Oil repellents supplied by a 
large oil company were then found effective in keeping them out 
of the room and these were used whenever ants reappeared. 

* Family Bethylidae. 
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The grain moth parasite, Dibraclzj~s bo~ichcarlrrs Ratz., was 
troublesome in 1932 during the summer months. However, it did 
not become abundant until late summer and was destroyed when 
the rooms were heated on dismantling the cages and removing the 
wheat. 

So far, rooms have not become infested with Pedicnloidrs wen- 
tricoszrs, an enemy of the grain moth commonly reporter1 by other 
workers in this field. Care was taken to obtain grain from small 
grain houses in the outskirts of town, instead of large plants where 
there is more likelihood of obtaining pests of this kind. This safe- 
guard, together with preheating the entire room before inoculation, 
probably prevented Pediculoides from becoming established. A t  
any rate we consider ourselves fortunate in not being troubled hy 
this most important enemy of the grain moth. 

An example of the heat treating methods employed follows. 

HEATING BEFORE DISMANTLING MOTII ROOM 

When dismantling of the six cages in the Smaller moth room com- 
menced on April 22, 1932, it was found that the grain beetle, Tribo- 
lium confusum, had increased to enormous numbers. There were 
several other grain and moth pests present in sufficient numbers 
with Tribolin?~t to warrant treating the room before removing the 
used grain. Therefore, on April 22 tlie room was heated for five 
hours by means of three electric heaters and one gas stove to an 
average temperature of 159" F., with a minimum of 134' and a 

c maximum of 172'. At the end of this period it was found that the 
moths and beetles killed were tliose that had been flying around 
the room and tliose in the extracting compartment of the cages. 
On April 24 the trays were removed from the cages and piled on 
the floor of the room in such a manner as to allow the heat to pene- 
trate all parts. The average temperature during this second heat- 
ing period was 180" F, for seven hours, with a minimum of 141' 
and a maximum of 201'. The average temperatnre for the last 
five of these seven hours was 189". Surprising as it may seem, 
there were still a number of live beetles in tlie center of the trays 
after being subjected to this intense heat. The centers of the trays 
were not completely exposed when piled on the floor, although 
enough space was left between them for air circulation. Where 
the trays were completely exposed, the heat penetrated sufficiently 
to kill all of the beetles. 

The trays were emptied of their grain on April 28 and the room 
heated for the third time to destroy all beetles that had escaped the 
first and second heating periods. This time the room was heated 
for three hours to an average temperature of 161" F., with a mini- 
mum of 113' and a maximum of 188". As there were still a few 
beetles alive at the end of this three-hour period, the room was 

s 



708 Corinecticut Experiwzent Station Rulletirt 3.53 

heated again the following day for seven hours at an average teni- 
perature of 192" F. The minimum temperature was 158' and 
the maximum 210". 

Upon examining the room April 30, several live beetles, moths 
and book-lice were found on the floor. These had undoubtedly 
been concealed in crevices where they were protected from the full 
force of the heat. The room was again heated lor a period of two 
days without reducing the heat overnight. The average tempera- 
ture for the two days was 149' F.. the minimum average was 132' 
and the rnaxinium average 161". 

When the room cooled all of the cages and trays were vacuumed 
and washed, and on May 4 were restocked with fresh wheat. For  
three days thereafter the room was heated to an average temperature 
of 1 8 4 ~  F., a minimum temperature of 1 3 4 ~  and a maximum of 
203'. This heating was for the purpose of killing all potential 
grain pests. 

On  May 9, the cages were inoculated with 60,000 grain moth eggs 
each. 

GENERAL PROCEDURE FOR MOTE1 PRODUCTION 

I n  order to  summarize and condense the information presented 
in the preceding pages, the following plan of procedure is given. 
This is the method used to  obtain eggs in large quantities as finally 
adopted after two years' experience. See Figures 139 to rqr for 
apparatus used, also Figure 145. 

PROCEDURE 

( I )  Sterilize grain (wheat preferably) for eight-hour periods at 150' F. to 
210" F. 

(2) Humidify grain at 70 per cent relative humidity for a few days to a 
week before inoculating. 

(3)  Inoculate at the rate of g o , m  grain moth eggs to one bushel of grain. 

(4) Allow third generation of grain moths to reach its peak before remo\.- 
ing many moths. 

(5) Extract moths every second day, or three times a week. 

( 6 )  Hold extracted moths at 80" F. and 50 to 60 per cent relative humidity 
for three successive 24-hour periods to obtain maximum egg depasi- 
tion. 

(7) At the termination of each 24-hour egg deposition period, shake 
ovipositian units gently to remove eggs. 

(8) Refrigerate eggs at 38' F. and not less than 60 per cent relative humid- 
ity. 

( 9 )  Eggs unparasitired should not he held in refrigeration longer than two 
weeks if they are to be used for parasitism and not more than two 
days if they are to be used for reinoculation purposes. 
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STUDIES ON TRICHOGRAMMA EGG PARASITES 

Egg parasites of the genus Trichogramma have been known to 
occur in the United States since 18.56 They attack Inany impor- 
tant hosts such as the Oriental fruit moth, the cotton worm, codling 
moth and others. Their usefulness has lone heen recoenizeil. It 

' 7  '> 

was not, however, until 1927 when Flanders perfected his hreeding 
method that thev heean to he studied seriouslv in this countrv as a , .. 
possihle measure of control. Since then many plants for rearing 

FIGURE 142. Ventral aspect of genitalia, male (A) and female ( R )  
Trichogramma. Comparison of the different strains showed no differences 
in these structures. a, inner valve bases; b, stylet bases (ventral valve) ; c, 
valvifer (VIII  sternite) ; d, proximal part of dorsal valve; e, inner valve; 
I, I S  sternite; g, distal p r t ion  of dorsal valve; 11. X tergite; i, tip of dorsal 
valve ( I S  sternite) ; j, tip of ventral valve (VIII  sternite) ; k, modified 
harpcs; I, inner gonopods; m, penis. 

them have been put into operation, including the commercial plant 
of Dr. A. 1%'. Marrill, of Los Angeles, where they are produced in 
meat ouantities. o~ 7 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - ~  

From a commercial standpoint, it is apparently possible to rear 
the insects profitably for Dr. Morrill quoted them as  low as 12 cents 
per thousand in 1932. 

Much discussion of the true value of Trichogramma has, how- 
ever, taken place in entomological circles, and the difficulty of ohtain- 
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ing proper checks for field experiments has prohably caused many 
to abandon their studies hecause of their apparent futility. Smith 
and Flanders1 have criticized the general idea of successful control 
by liberating Trichogramma. However, there seems to be so much 
to be learned concerning it that even if these parasites are not effec- 
tive in bringing about desired reductions in infestations, studies of 

FIGURE 143. Structural details of the antenna of Trichogramma. A, 
male; B, female; C and D, ventral and dorsal aspects of the terminal segment 
of the female antenna. 

field liberations combined with laboratory investigations will 
undoubtedly yield much of value to this phase of entomology. 

The species names for the parasite most frequently occurring in 
American literature are Trichogramma minuturn and Tricho- 
gramma pretiosa. Hourever, there are a number of others used in 
reports on this parasite during the latter part of the last century. 
Noteworthy among them are: T. odontatae, T. orgyiae, T. nanum, 
T .  fraterna, T. internrcdium, T, minutissirnun%, and others. These, 
however, have been completely displaced by nrinutum and pretiosa. 
-- 

'Jour. Econ. Ent.. zl: 666-672. ,931. 
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Whether there was any basis for the gradual adoption of the two 
names is doubtful, as later the name minutzm practically took pre- 
cedence over all others, including pretiosa, and is generally accepted 
to be the proper name for the parasite in practically all recorded 
cases of parasitism in this country. Entomologists can hardly be 
blamed for this confusion since structurally, all American forms of 
tlie genus appear to be identical. There was in all probability some 
basis for the distinction between minutunz and pretiosa in the color 
characters of the two. C. V. Riley, in his Third Annual Report 
for the State of Missouri, 1871, gives a description of a species of 
Tricliogramma that he tentatively called nzinutr&m, and stated that 
it is a "little dark-colored four-winged fly." In tlie Canadian 
Entomologist for 1879-80, Riley describes another species of Tricho- 
gramma as being yellow and affixed to it the species name pretiosa. 
As will appear later, these two forms, although identical it1 structure, 
show important differences which we believe are distinctive enough 
to warrant retention of Riley's original names. The form most 
commonly encountered in New England may be regarded, there- 
fore, as Trichogramma pretiosa. Some of the structural features 
are shown in Figures 142 and 143. 

A large number of collections of parasitized eggs of the Oriental 
fruit moth were made in 1931 and 1932. All tlie 1931 recoveries 
except one were the "yellow" species (pretiosa), while only a few 
collected from the field in 1932 were the "dark" form. Table 10 
shows the results of some of the collections made in 1931. 

The form most commonly encountered in Connecticut may be 
regarded, therefore, as T. pretiosn. Table 10 shows results of field 
collections to determine whether pretiosa or minutum predominate 
in Connecticut. 

HABITS AAD LIFE HISTORY 

The life history of Trichogramma is similar in field and labora- 
tory. The life cycle may be long or short in the field, clue to weather 
conditions, or it may be lengthened or shortened as desired in the 
laboratory by regulation of temperature and humidity. The 
characteristic work of the parasite is the same for all of its hosts. 
Its entire life cycle is passed in the egg of its host and on emerging 
the adult parasite is ready to attack others hosts' eggs and thus con- 
tinue its species. 

The adult parasite is a small Hymenopterous wasp with a wing 
spread of about one-fiftieth of an inch. I t  has two pairs of wings, 
the fore pair being fan-shaped with a fringe of fine hairs around the 
margin and lines of hairs on their upper surface. The hind pair 
of wings is lance shaped and is fringed and lined with hairs as are 
the fore-wings. The adults vary in color fro111 light lemon yellow 
to black tlirougli the range of the several species investigated. The 
sexes are distinguished principally by differences in the antennae 
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and in the shape of the abdomen. Color is of some assistance. 
Males of iirinuttrm have a dark abdomen while the abdomen of the 
female is entirely lemon yellow. I n  refrigeration or when reared 
a t  low temperatures, the dark color of the males is more intense than 
when reared constantly at high temperatures. The females are 
slightly darker at low than at high temperatures, hut never so dark 

TABLE 10. TRICHWRAMMA RECOVERIES IN CONNECTICUT, 1931 

Orchard where recovery war made 1 Date I Species. color 

L. C. Root &Son. Parmington 

W. F. Platt, Milford 
Kneuer Orchards, GuilIord 

Avery Orchards, Yantic 

Conn. State College, Storrr 

Pero Brothers. North Manchester 

Station Farm. Mount Carmel 

Starr Orchard, Pairfield 
Experiment Station, Nen, Haven 

June 27 
July 16 
Aua. 
~ u i .  2: 
Sept. 11 

July 18 
July 16 
Aup. , I  
July 16 
Aug. 6 
July 16 
Aug. 6 
Aug. 21 
Tune 1 9  
june zf 
July 16 
Aup. 21  

July 17 
July 23 
July 27 
July 30 
Aug. 18 
AUK. 28 
Sept. I 
S e ~ t .  2 

jai. 12 
Feb. 25 
July 13 ' 
July 20 

yellow (ptel ioso) 

yellow " 
yellow " 

yellon* 

vellow * - ', 
" 

yellow " 

yellow ' 
" 

yellow " 

yellow 
a 

dark (minuturn) 

as not to  be distinguisliable from the males. This distinguishing 
color characteristic holds true for the light species of Trichogramma 
only; the males and females of the dark species are both dark in 
color, making it difficult to  separate the sexes without inspection 
of the antennae. 

Female Trichogramma oviposit in host eggs a t  random. Their 
eggs hatch in a few hours and the larva destroys the embryo of the 
host egg. The parasite larval stage at 80" F. is from two to three 
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days in length; at the end of this time the larva covers the inside of 
the host egg with a film which soon turns black. Tlie black color, 
readily seen througli the chorion of the host egg, indicates that the 
parasite lias entered the prepopa stage. Four and one-half days 
later the adult parasite emerges, completing its life cycle in 6% to 
7% days at 80" F. and 70 per cent humidity. Tricliogramma are 
sexually mature and positively phototropic upon emerging from 
the host egg. They may move about immediately on issuing, slowly 
at first and more rapidly as they become dry. Some remain, wliile 
drying for a short time on the host egg shell, while others move 
away in a few seconds. If any part of the papa case remains on 
the posterior end of the abdomen, or  if any particles of chorion 
adhere to the head or antennae the parasite cleans them off as soon 
as it is fully out of the egg. While drying, the parasite cleans its 
antennae and legs very often. I t  uses its metathoracic legs to  clean 
and dry the wings, likewise to facilitate their expansion. While 
working on one fore-wing the other fore-wing is lield perpendicular 
to the bodv. Tlie wines are rubbed drv and ooen bv both the 

' 7  

metathora2c legs working in unison. ~ 6 e  legs hdld on; wing at a 
time laterally to the bodv. the costal marein of the wing beine in a - - 
ventral Both legs start at the-base of the wing, one on 
either side, and move downward to  the apical margin. This is 
repeated many times until the wing is completely open. The para- 
site may then more abont a little, but soon stops and repeats tlie 
rubbing process until the wings are cotnpletely dry. They are then 
lield foltled over the abdomen, the right fore-wing overlapping the 
left. Sometimes they are carried in this manner, while again they 
may he raised and separated a t  an angle from the body. I t  is the 
usual tlii~ig for Trichogramtna to have fully developed wings, but 
sometimes a number of them liave vestigial wings. This lias been 
especially noticed with Tricliogramma that liave been in refrigera- 
tion ; the lonper the ueriod of refriperation, tlie greater tlie uercent- 

for its many hosts. some hosts have but on;% a few parasites 
egg, others have many. The stilall sugar cane borer, Diatraea 
sacchardis Fab., is recorded as having as many as 10 Tricliogramma 
per egg. There is usually only one parasite per Angoumois grain 
moth egg when the motlis are reared in wheat (motlis reared in 
wheat are stnaller than those reared in corn and thus deposit a 
s~naller egg), although two liave been recorded emerging from a 
single egg. In  such a case, they may be of the same or both sexes. 
In  the field, fruit moth and currant sawfly eggs very often liave two 
and three parasites per egg. When there is more than one Tricho- 
gralnrna per egg, they all issue through a single exit. Tlie first 
parasite to issne chews through the chorion of the egg a hole large 
enough to squeeze through. I t  is soon followed by the remaining 
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parasite or parasites, as  the case may be, all of which may enlarge 
the opening a little. In  the laboratory from one-half to three-quar- 
ters of an Iiour is required from the time the parasite begins eating 
its way out of the egg until it emerges and its wings are expanded 
and dry. The parasite may mate in a very few minutes after 
emerging before its wings have expanded and dried; or it may not 
mate until dry and normally active. 

In  the field, weather conditions greatly determine the activity of 
the adult parasite. If the weather is cold and stormy, the parasite 
remains inactive, or on the leaves and branches of the trees. 
Humidity plays an important part in the longevity of the adult para- 
site. I t  will live longer at high tlian at  low humidity both in the 
field and in tlie laboratory. Likewise, the mortality is greater at 
low humidity when the parasite is still within tlie host egg. I t  
hibernates in an i~nmature stage in native host eggs. In  sotlie of 
the southern states and in tropical countries, Trichogram~na con- 
tinuously perpetuates itself in host eggs present the year round. 
There are sections in the sugar cane belt where the adult parasite 
survives a short winter hidden away in trash and litter in the cane 
fields. 

HOSTS ATTACKED 

There are about 215 species of insects known to have Triclio- 
gramma as their egg parasite. Eggs of the currant sawfly, Ptero- 
nidea ribesii, have been foimd parashzed as early as  May 9 at  New 
Haven. Trichogramma specles have also been recovered from 
canker worm eggs (Alsoph~la pometaria Harris) and the lace wing 
fly (Clzrysopa sp.). I t  has been reported from the sugar cane borer 
(Dialraea sacchardis Fab.), the codling moth (Carpocapsa pomon- 
ella), the fall webworm, brown tail moth, and many other important 
pests. 

MATING HABITS 

Mating sometimes takes place as  soon as  the adults emerge and 
before they have thoroughly dried with normally expanded wings. 
As a rule, males emerge in greater numbers tlian females during 
the initial appearance of adults from the same stock of material. 
Roth sexes remain on the cards for a short while if emergence takes 
place in darkness or in subdued light. Under such conditions, 
activity is a t  a minimum and mating is not so certain as in the pres- 
ence of a moderate or strong light. \%'hen the amount of light is 
sufficient to stimulate adults to normal activity, a large number of 
males remain on the egg cards and mate with females as they appear. 
Others move around the parasite dishes in which they have emerged 
and mate readily with females with whom they come in contact. 
Both sexes are negatively geotropic and positively phototropic in all 
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the species investigated. However, there seenis to be a tnore pro- 
nounced response to light by the forms of the yellow species 
(prctiosn) than by those of the dark species (mi~~rrttr;it), but 1~0th 
species may he concentrated with proper lighting so as  to obtain 
the best results from a standpoint of fertility. I n  total darkness, 
tlie adults do not emerge to any extent from their host eggs for solile 
time after they would have normally appeared had light been pres- 
ent. Exposing the parasitized host eggs to light after having held 
them in darkness beyond the parasites' minimum period of develop- 
ment will bring practically all of them forth in two to three hours. 
The advantage of this treatment is that it brings large nu~ubers of 
individuals of the same age together and insures mating. 

MAXIhIVhf GESERATIONS OF TRICIIOGRAMMA OCCURRISG IS 

COSNECTIC~T IK IRSECTARY IN 1931 

The method employed in arriving at the maximum number of 
Trichogramma generations that would probably occur in Connecti- 
cut in one year, \\.as adopted because of the limited amount of mate- 
rial on hand and the lack of help required for carrying on the inves- 
tigation in greater detail. 

Tricllogra~nma parasitized grain moth eggs placed out-of-doors 
late in the fall of 1930 were observed from time to time throughout 
that winter and into the spring of 1931, for early emergence of the 
parasite. During late March and early April a few parasites that 
survived the winter emerged. On  April 16, freshly emerged 
Tricliogramma of the yellow species were exposed to  grain moth 
eggs in an insectary on the Experiment Station grounds. Small 
watch-glasses similar to  those used in the laboratory for mass pro- 
duction of the parasite were adopted as  parasite oviposition units 
for insectary work. 

The day on which the initial emergence of each successive genera- 
tion took   lace. fresh erain moth ecas on small cardboard disks were .. -., 
erl)oserl to thr p:~raiitvs. 'l'l~cic rxgs \r.rrt. \rntchrll closely to note 
tht: date oi dnrkenine nncl thercrtitrr the anoenrance of thc rirst in&- - . . 
viduals from the ensuing generation. The date of the initial emer- 
gence of tlie parasite did not always coincide with that date on which 
fresh grain moth eggs were exposed to  tlie adults. Thirty-six per 
cent of the exposures were on the date of parasite initial emergence, 
while the remaining 64 per cent varied from one to  four days from 
the date of emergence. 

Fro111 April 16 to November 25 there were 15 full generations 
(Table 11). Grain moth eggs were not exposed to the 15th genera- 
tion, as all of the eggs parasitized by the 14th generation did not 
hatch during Xoveml)er and December, 1931 ; 111any of them carried 
over until April, 1932 The period of parasite, larval, and prepupal 
development varied considerably, depending on the optimum tern- 



perature during the time each generation was in tlie process of 
development. From April to June the difference for each succes- 
sive generation was two days less than the preceding generation. 
During July and August larval and prepupal development was the 
same for the three eenerations nccurrinp in each of tlie two months. - - 
with the exception of the third generation in August which required 
one additional dav. The first veneration in Seote~iiber had an 
equal period of l&val and prep;bal development k i t h  that of the 
third generation in August, while the second generation in Septem- 
ber required one additional day. The October generation developed 
as rapidly through the l a n d  and prepupal stage as did the second 
September generation. However, the larval and prepupal develop- 
ment of the 14th generation required 12 days, or seven days addi- 
tional to those of tlie two previous generations. 

Maximum adult emergence was not reached on the day the 
generations started to issue. The maximum ahundance of adults 
occurred at  varying dates after initial emergence. However, this 
peak of abundance for each generation shows a tendency to draw 
nearer to its initial emergence from tlie first to the midsummer 
generations, and from then on to the I 5th generation there is an 
increase in the time required for each successive generation to reach 
its maximum abundance. Tlie maximum abundance of the first 
generation occurred about the seventh day after the first emer- 
gence. The midsummer generations reached their maximum 
abundance on the first or not later than the second day of emer- 
gence; while the 14th and I 5th generations required about eight 
to ten days respectively for tlie peak of maximum ahundance to 
occur. (Table I I.) 

There u-ere but two successive generations having life cycles of 
equal length; these were the 10th and ~ ~ t h ,  which required 10 days 
each for development. Tlie 8th generation required tlie least num- 
ber of days for development, July 23 to 31, or a period of eight days. 
The longest period of developlnent was 33 days, October 23 to 
November 25, required hy the I 5th generation. The second gen- 
eration came nearest to this with a period of 29 days of development, 
April 16 to May 16. The number of days of developlnent decreased 
for each generation from the first to the midsummer generations. 
From then on the condition was reversed and the period of develop- 
ment gradually increased to tlie 15th generation. 

Regarding tlie longevity of the adult Trichogramma (Table I I ) ,  
there was a close correlation between length oi life cycle and maxi- 
mum survival of the adult parasite. A few of the first generation 
adults lived 21 days. The seventh and eighth generation adults, 
occurrine in midsummer. survived the shortest leneth of time. five - 
days each. The 14th generation adults survived idiger than those 
of anv other eeneration with the excention o[ the 1:tli. when takine - - .  - 
into consideration the maximum number of sur\~ivals. Two males 
of the 14th generation remained alive after all the other indiriduals 
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had died. One of these males died the first meek in February, 
while the second one lived until February 19, or  approxi~iiately four 
months. 

to darken 

I I 

April 16 
May 16 
June I 
Jane 18 
June 30 
July 13 
July 23 
July 3' 
Aop. l o  
Aua. 20 
Sept. 2 
Sept. 14 
Sept. 29 
Oct. I9  
~ O V .  25 

April 16 
hlay 16 
June 4 
June 19 
July r 
J ~ l r  13 
July 23 
AUK. r 
Aup. ID 
Aup. 22 
Sept. 3 
Sept. 15 
Sept. 30 
Oct. 23 

No 

zr  days 
I I 'I 

I 1  " 
13 
12 " 
7 * 
5 " 
5 " - " 

I 0  " 
8 * 
8 :  13 

119 * 
35 " , 

Sot-Yellow species of Ttichogramma used, native to Connecticut: 15 generations in 
1931. April 18 to Xovemher 25. 

O\'ERWIKTERISG HABITS OF TRICIIOGRAMMA (OUT-OF-DOORS) 

Due to tlie fact that there are few Triclio~ramma in tlie sorine ~. . u 

in northern latitudes, it was generally considered that the parasite 
was unable to survive the cold winter weather and tliercfore caiiie 
through year after year in extremely small numbers, probably only 
a fraction of I per cent. However, through our observations over 
the past three years, both in the field and in the laboratory, we are 
convinced tlie native species of Trichograiiima is surprisingly hardy; 
in fact, so much so that it will complete its developriient in refrigera- 
tion at 49" and emeree. In  all ~robabilitv the relatively low Der- 
centage of peach inotf; egg parasitism during the niont1i.of ~ u n e  in 
Connecticut is directly due t o  the small nu~nber of Trichogramma 
present at that time. Theoretically as  tlie season advances and host 
material becomes more abundant, the parasite multiplies at the 
expense of tlie host, resulting in a much higher pamsi'tism during 
tlie latter part of the summer. 

The yellow strains of the light species of Trichogramma are 
generally distributed throughout the colder regions, while the dark 
strains of an entirely different species are found in the warmer parts 
of the country. \Ve hare been unable to recover the dark species 



of Trichogramma in Connecticut in any numbers, wliile numerous 
collections of the yellow soecies have been made. Therefore. onlv 
the yellow species mas used in otlr overwintering experiments iii 
the field, while both the dark and light soecies were used in refrip- 
eration experiments in tlie laboratory.' The results of the fieih 
experiments only will be discussed here. 

Hibernation cages were constructed for the purpose of determin- 
ing how Trichogramma passes the winter in Connecticut, in what 
stage or stages, and in about what numbers. There were four of 
these cages, 8 by 10% by 9% inches. The frames were made of 
three-fonrths inch u~liite pine and covered on the bottom and the 
top with one cross bright finish tin and tliree sides witli so-mesh 
wire screening. The door of each cage was of framed glass and 
was screwed into place witli six 1 %  inch screws. All joints and 
crevices were filled with celluloid cement and finished off with 
paraffin. The inner face of tlie three sides was covered with a fine 
texture muslin fastened into place with paraffin. The franie work 
and tin were given one coat of asplialtl~~il as a preservative. A 
layer of leaves was placed in the bottom of each cage to a depth of 
tliree inches. After the doors had been put in place and screwed 
tight, pt~t ty  was used to make tlie connections water tight. 

Adult Tricbogramma of the yellow species were liberated in two 
of the cages, parasitized peach moth eggs in the third cage, and 
parasitized grain 1110th eggs in the fourth. After sealing, one cage 
containing adult parasites was placed in a sheltered location, while 
the second cage, containing adults was placed in a semi-exposed 
location. Both of the cages containing parasitized peach moth and 
grain moth eggs wcre placed together in an unexposed location. 
A11 of tlie cages were placed out-of-doors November 6. 

On  examining the cage containing parasitized grain moth eggs 
February 26, it was found that a few eggs had hatched. Some of 
tlie eggs were then removed to an 80" F. incubator and from these 
both inale and female parasites emerged. T o  date, the eggs had 
been in the field 125 days. Again on March 26 another lot of eggs 
from the same cage were examined and some of them were hatched. 
Tlie remainder oi this lot produced a few males and females when 
subjected to 80" F. The eggs were now 140 days in the field. 

On  April 3 a third examination of the same cage revealed a simi- 
lar condition as recorded for the previous examinations. A number 
of eggs had hatched and several adults were ohtained from a few of 
tlie eggs a t  80" F. All of the cages were examined on April 21. 
No living adult Tricliogramma were found in either of the cages in 
\vhicli they had been liberated. The parasitized fruit moth eggs 
had not hatched nor did they when subjected t o  80' F. Tlie 
remainder of the parasitized grain moth eggs that successfully 
passed the winter had hatched, but none of tlie living adults could 
be located. Table 12. 
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Parasitized grain moth eggs fastened to cardboard disks with 
shellac and 11ttng in peach trecs in sealed wax-coated bags on Octo- 
ber 23, 1930, produced male and female Trichogramma at 80" F. 
on March 17, 1931. On April 21, 1931, one female parasite issued 
from a11 egg card that had been sealed in a wax-coated bag and 
huried in a hox of leaves under a peach tree October 23, 1930. 

* Parasites harl issued previous to this time from the same card, for 
the (lead adults were found in the bag. One egg card-was examined 
on December 4, 1930, and some of tlie eggs were found to have 
liatcherl. Several arlults were still alive when the exa~iiination was 
made. 

The results show that Tricliogramma having a short life cycle 
at suiulner temperatures will develop very slowly at lower tempera- 
tures, during warn1 spells late in tlie fall and early in the spring. 
Likewise, develol>meiit continues during the winter inontlis nlien- 
ever tlie temperature permits. 

Iluring tlie winter of 1931-32 a second investigation was con- 
rlincterl into tlie nossihilitv of overwinterins? the vellow snecies of - 
Trichogramma dut-of-doors. This time watch-ilassec 5;milar to 
tliose used in mass nroduction of the oarasite were adanted as liiher- 
nation units, in pla'ce of the cages df the previous winter. Cards 
of parasitized grain moth eggs, parasitized on October 23, 1931, 
\yere inserted in the watch-glasses in a screened insectary, wlicre 
they were retained tl~rougl~out the experiment. A close watch was 
kept on the xvatch-glasses and on November 25 the first parasites 
to elneree \\-ere noted moving. around on the under side of the e r e  u .>,> 

cards. L~ l i e s e  adults lvere removed to empty watch-glasses, where 
I they died 35 days later. A daily examination was made of tlie egg 

cards, from which tlie parasites emerged on November 25, for fur- 
ther emereence. .4t various times tliroueliout the next five rnontlis. 
adult ~ r ~ l i o g r a i n m a  appeared on these cards, emergence taking 
nlace whenever the ontimum develonmental temnerature for Triclio- 
gramma occurred fop a number of 'successive diys. 

Nearly all tlie parasites emerging prior t o  tlie latter part of Marcli 
died before April I. 13owever. a few that emerged in late Marcli 
survived well into the month of April, and tliose to emerge in April 
died before April 26. On itfay 2, 1932, two adult Trichogramma 
emerged fro111 the eggs parasitized on Octoher 23, 1931. One was 
a male; the sex of tlie second was not determined. Tlie undeter- 
mined adult lived but one day, while the male lived two days. Of 
the 40,000 parasitized October 23, 1932. 74.99994 per cent of the 
total emergence of 75 per cent emerged between Xoveinber 25, 1931. 
and April 26, 1932. The remaining .oooo6 per cent, or two para- 
sitized eggs, e~ncrged May 2, 1932. Tlie maximum survival, there- 
lore, for Trichogmmma in grain moth eggs in the Station insectary 
during the winter of 1931-32 was six months and nine days. The 
percentage ol n~axi~num survival for the same period was .00006 
per cent. . 
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Regarding the longevity of adult Trichogramma some interesting 
information was obtained during the winter of 1931-32. .TWO 
male adults that emerged on October 19 in our insectary remained 
alive and active until midwinter, 1932. One of these died the first 
week in Fehruary, and the second one died February 19, approxi- 
mately four months from the date of emergence. This was quite 
unusual as  the longest longevity previously recorded at this Station 
was 3 j  days. A few adults that emerged in early Decenil,er lived 
until early January. However, weather conditions must be taken 
into consideration in connection with the above facts, and also in 
winter emergence of Trichogramma. The fall of 1931 and winter 
of 1932 were abnormal for this locality. Exceptionally mild 

Stngs in which 
parr?itc over- Date caae wan Where w e  was Eimsed or Results 

cage/ w3.t.d I I a c d  1 I.& 1 shel*m 1 
I 

2 

3 

4 

Note: The parasltired eggs used [or adult emergence and for over-wintering were one 
week old November 6. 

weather prevailed throughout the two seasons, and normal winter 
weather did not occur until after February I ; even then it was not 
severe. These factors naturally accourit for a more rapid develop- 
ment of the parasite during a time when it should be hibernating, 
or when development would normally he at a minimum. Extremely 
low temperatures for varying lengths of time are detrimental to the 
adult parasite. A t  a constant temperature of 38" F. for 12 days, 
all Trichogramma perished. However, at fluctuating tempera- 
tures, especially when above freezing, the longevity of adult Tricho- 
gramma is considerably lengthened. 

In  order to carry Trichogramma in host eggs (grain 1170th) 
throughout the winter in Connecticut, the eggs would have to be 
parasitized in midfall or  early in the winter, because of the possi- 

November 6 

November 6 

November 6 

November 6 

Adult 

Adult 

Pupa stage in 
peach moth 
eggs 

Pupa stage in 
grain moth 
eggs 

In lee of brick 
building 

On east side 
of a wire fence 

On east side 
of a wire 
ience 

On east side 
of a wire 
fence 

S h e I t e r e d 
from north- 
west winds 

Semi-exposed 
to northwest 
winds 

Completely 
exposed 

Completely 
exposed 

All dead 
April I 

All dead 
April I 

All dead 
April r 

z males 
4 iemales 
emerged 
April 3 
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bility of having them all hatch before winter if parasitized in Sep- 
tember or  early October. In  nature it is possihle to have continual 
generations, occurring throughout the winter if the emerging 
Tricliogratnma are from clusters of eggs, all of which were not para- 
sitized the first time. If such were the case, there would be avail- 
able material for the mature adults to parasitize, and thus continue 
to perpetuate the species until spring. Under such conditions . there would probably be but one winter generation, as the rate of 
development is greatly reduced at low temperatures. 

In  conclusion, it can be said tliat the yellow species of Tricho- 
gramma is capable of wintering over in Connecticut in grain moth 
eggs, but not in the adult stage. I t  is self-evident from the infor- 
mation a t  hand that the parasite passes the winter in nature in the 
eggs of native hosts. Also, that it will complete development and 
emerge at temperatures over a considerable range. 

POLYEMBRYONY AND PARTHENOGENESIS 

Develooment of more than one individual from a single e m  has - -- 
never been observed in Trichogramma so far as we know. 

Cvclic ~arthenoeenesis occurs definitelv in certain Eurooean 
spedes, but does n i t  occur in the America; species to our knbwl- 
edge. The females will oviposit without fertilization, hut the prog- 
eny are males. 

LABORATORY STUDIES I N  BREEDING AND PRODUCTION 

I t  has already been mentioned tliat individuals of the several 
species of Tricliogramma are so nearly identical in structure tliat 

a. 
they cannot be separated on the basis of known differences. A 
detailed study of both male and female (Figures 142, 143) under 
great magnification served only to  emphasize this difficulty. Studies 
of their biology (the only alternative for distinguishing the species) 
n.ere made, considering those phases which might prove valuable 
for identification. Studies have also been made on longevity, flight 
activities and effect of sulfur or  other insecticides on parasitism in 
the laboratory. A breeding method based largely upon previous 
work has been developed, and is sumn~arized on pzges 708 and 741. 

CROSS BREEDING EXPERIMENTS 

Through the courtesy of a number of entomologists we have 
received Trichogramma from several sources throughout the 
United States and Canada. Attempts were made to cross the dif- 
ferent stocks with one another, and the results are shown in Table 
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13. A few notes regarding the different stocks and their somces 
are needed to understand the table fully. 

A. Received from Dr. Peterson of Ohio (original source Illinois and 
Pennsylvania). 

B. Obtained from the Arlington Corn Borer Laboratory of the United 
States Bureau of Entomology through the courtesy of D. W. Jones 
and TV. G. Bradley. Native to Xlassachusetts. 

E. Connecticut. Native; sent to Dr. A. \V. hlorrill and returned later. 
T. Connecticut. Native; recovered from field collections. 
M. West Texas; received from Dr. Morrill. Presumably native to \Vest 

Texas. 
H. Georgia; received from Mr. C. H. hldcn. 
K. Canada: received from Mr. Wishart. Originals of this stock were 

obtained from Louisiana. 
R. Arizona; received irom Dr. Morrill. Presumably native to Arizona. 
X. Louisiana; received irom Dr. Morrill. 

The method of crossing consisted of first chilling the adults in 
a refrigerator, quick examination with a binocular, and then con- 
finement of the two sexes in a gelatin capsule wit11 fresh grain moth 
eggs. They were then held at 80" F. and 75 per cent humidity. 
See page 729. 

SEX RATIO, VARIATIONS, A X "  CACSF.S OF VARIATIONS 

Trichogramma sex ratio is subject to variations under laboratory 
conditiotis. When reared continually at a constant temperature 
of 80" F. and 70 per cent relative humidity, females will as  a rule 
occur in excess of the males, the ratio being about two to three 
females to one male for prctiosn., and four t o  five females to every 
male for iltirl~dlrrin.. Unfertilized females of both specics produce 
only males. Temperatures below 40" F. are apparently detrimcn- 
tal to a normal ratio of both species when reared in grain inotl~ eggs. 
A t  higl~er temperatures, 45 to so0. there is no change in scx ratio, 
but there is considerable development above 46'. An increase in 
the numher of clays' refrigeration below 40" is closely correlated 
with a decrease in female adult parasites from that of three iem:~les 
to one male (when reared without periods of intervenir~g rclrigera- 
tion), to three males to one female after two months' relrigeration. 
This change in the sex ratio is gradual as the period of refrigeration 
increases. The accompanying table (14) sl~ows the incre~sing 
percentage of male Tricliogramma over females for diflerent periods 
of refrigeration. From Tables 17 and 18, it is evident that there 
is a gradual increase in the percentage of males as the days of 
exposure in refrigeration increase. In  a11 prohahility female 
Tricliogramn~a are less resistent to low temperatures than males 
and thus succumb much sooner and in proportionately larger num- 
bers than males. I t  will be noticed that where there nras continoous 
rearing without intervening refrigeration, the ratio of females is 
slightly variable. Tables 14, 15, and 16 show the decided change 
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occurring in the sex ratio of tlie first generation reriioved from tlie 
hibernated generation, providing the period of refrigeration has 
exceeded ten days to two weeks in length. As a rule the ensuing 
generation reverts to a normal sex ratio if uninterrupted by liiber- 
nation at low temperatures. 

Experiment 
Xumber individuals of 
each strain crossed Results af 

No. 
Males Females 

cross 

EFFECTS OF REFRIGERATION ON TRTCHOCRAMM,\ 

I t  has been found difficult to  retain Tricliogranima in refrigera- 
tion for any lengtl~ of time withont deleterious cffects. I t  \\-as first 
noted that a change in sex ratio was produced in I~oth species, par- 
ticularly when reared in graiti moth eggs. Frctluentl  this ilors 
not become apparent until tlie second generation following refrigera- 
tion. Such a large numher of males may then develop tliat the 
ratio of increase is upset and it does not become normal again, so 
tliat quantity breeding may continue, until several generations have 
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developed. This phenomenon together with the niortalitj~, which 
may he great after prolonged exposure, often makes stocks that 
have heen held in refrigeration practically worthless for quantity 
breeding. Extensive experiments with temperatures and humidi- 
ties for retarding development of Trichogram~na show that 46' F. 
and 70 per cent humidity are most suitable. The two species vary 
considerably in ability to withstand cold, and the host in which they 
are reared also makes a difference. I t  was found b y  coniparison 
that minz~tz~m would survive better in grain moth eggs at 45 to 46" 
F. than in fruit moth eggs, but better in fruit moth eggs at  37" F. 

Wing deformity is of common occurrence in Tricliogramma and 
is proportionately dependent upon the length of refrigeration. It1 
this connection it has also become apparent that tlie species con- 
sidered sliow differences, for less deformity appears in i~~ , i~~u / t~+rz  
than in pretiosa after 40 days' refrigeration. 

RATIO OF IXCREASE; VARIATIONS AND CAUSES I N  PARASITE PRODUCTION 

Due to several factors the ratios of Trichogranima increase varied 
from time to time during the period of production. Under favor- 
able conditions and proper handling it was possible to obtain an 
increase of 8 or 9 to I. However, during most of tlie production 
period the usual increase was 4 or  5 to I. The principal factor 
governing a high or low ratio of increase is the parasite sex ratio, 
which is normally an excess of females over males. In  parasite 
production at  this Station, deviation fro111 tlie normal sex ratio was 
usually due to refrigeration of the parasitized laboratory host eggs. 

Refrigeration of Trichogra~inna parasitized grain moth eggs at 
38" F. resulted not only in the mortality of a large number of the 
parasites, but in a greater inortality of female Trichogra~iinia than 
of males, thus giving an excess of males when the parasites emerged 
at  80" F. This increased ratio of males over fetnales is closely 
correlated with tlie number of days of refrigeration. As tlie days 
of refrigeration increase, there is a proportionate decrease in the 
number of potential adult parasites; however, the proportionate 
decrease in females is in excess of males. Under such conditions 
the ratio of increase from refrigerated stock cards is very low. In  
a case of 50 days of refrigeration it was much less than I to I. How- 
ever, two successive generations in the parasite incubator (after 
refrigeration) brought the sex ratio up to normal. The sex ratio 
of the first generation obtained from the refrigerated generation is 
with few exceptions in excess in males after one to two weeks' 
refrigeration at  38" to 47" F. However, this condition is more pro- 
nounced in ~ ~ i i n z ~ t u l ~ ~ .  than in pi,etiosn, and for both species a t  low 
rather than at high temperatures. (Tables 14, 15, 16.) Con- 
tinuous incubation of Tricliogramma from generation to generation 
without intermittent periods of refrigeration will give a ratio of 
females in excess of males, providing all other factors for parasitism 
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are normal. During the period of greatest production it is not 
advisable to use refrigerated material to increase a stock of Tricho- 
gramma for liberation, hut to maintain a continuous turnover of 
one-quarter to one-fifth of the material already in incubation, thus 
making possible a maximum production with minimum stock. 

Other factors entered into the ratio of parasite increase, all of 
which were due to methods of procedure in handling the parasite 
and not in a physiological disturbance. When parasite production 
was first commenced, a low percentage of parasitism was obtained 
because of inadequate lighting facilities and a too high temperature. 
Both of these factors have been discussed elsewhere and nothing 
need be said about them except that when the difficulties were over- 
come, normal parasitism resulted. Furthermore, the size of the egg 
cards first used, considerably lowered the ratio of increase. The 
cards were too large for the watch-glass parasite oviposition units, 
but when the size was regulated, parasitism became normal. iZ 
Illore detailed account of the above problems in parasite production 
has heen given under "Alethods of Handling Parasites in the 
Laboratory." 

REPROOUCTITZ CAPACITY OF TRICAOGRAMMA 

When both the light and dark species of Trichogramma are 
reared side by side on the same species of host eggs and under the 
same conditions, considerable difference is obtained in the percent- 
age of eggs parasitized by equal stocks of the two species. The 
various time and temperature factors of refrigeration or retardation 
of any nature are conducive to such a condition, providing the stock 
material of each species had been previously retained under differ- 
ent conditions or  under the same conditions for varying periods of 

time. However, the results after eliminating these and all other 
outside influences, demonstrate conclusively that the egg deposition 

ability of Triclzogra~n~iza nii~zutrcm and T. preliosa from a purely 
biological standpoint is strikingly different. A thorough analysis 
of the data at hand sliows that under laboratory and insectary con- 

.ditions, the dark species of Trichogmmma is 50 per cent more pro- 
lific than the yellow. 

The normal sex ratio of the dark species (iniritrtuni) is one male 
to four to Six females, while that of the yellow species (pretiosa) 
is one male to 1.5 to 2.5 females. All other factors being equal, 
this condition will naturally account for a higher rate of parasitism 
among strains of the dark species than among those of the yello\v 
species. In  order to arrive at the fecundity of the strains of both 
species, a system was worked out whereby individuals from each 

.strain codd be isolated and studied separately. 
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PROCEDURE FOR STUDYING INDIVIDUAL FEMALE FECUNDITY 

Cards of freshly parasitized grain moth eggs for eacli strain of 
the dark and light species of Trichogramma were tapped gently over 
petri dishes. Only the single loose eggs that fell into the dishes 
were used ; the remaining eggs in clusters of from two to six or  eight, 
were returned to their respective cards. The single eggs were then 
transferred individually to Number oo gelatin capsules, one to a 
capsule, the capsules marked, and placed in an 80" F. incubator for 
emergence. As the parasites emerged, the capsules were trans- 
ferred to a 40" F. refrigerator for about 10 minutes, a sufficient 
length of time to render the adults inactive for sex determination. 
After an elapse of 10 minutes of refrigeration, four capsules were 
removed from the refrigerator a t  a time and examined under a 
binocular. In  this way the sexes were accurately determined and 
the capsules for eacli strain separated into two groups, one male 
and one female. If it were desired to use fertilized females, one 
male was transferred to each capsule containing a female. This 
operation may be successfully done in either of two ways. Tlie 
individuals may again be subjected to 40" F. after their sex has 
been determined (although this is not always necessary as tlie para- 
sites very often rerilain inactive for a number of minutes after once 
being placed in the refrigerator) or advantage may be taken of their 
positive phototrophic tendency. If the former method is adopted, 
one sex is tapped into either half of the capsule in which it emerged 
and the other sex is tapped into the opposite half of the capsule in 
which it emerged. The two halves are then readily interclianged. 
\\illen tlie second method of transfer for mating is used, opposite 
Ilalves of the capsules in which a male and female have emerged are 
held in front of (up to) a light. The parasites as a rule move 
directly into that half of their respective capsules nearest the light. 
The opposite halves of the two capsules containing different sexes 
are then easily interchanged. Of the two methocls, the former is 
the most satisfactory. Sometimes, in using the latter method, the 
parasites move faster than tlie operator's hands and escape during 
the interchange of the opposite halves of two capsules. After 
bringing the two sexes together, the capsules are placed in an 80" F. 
parasite incubator for one hour to assure mating. 

Each unmated female is transferred to a watch-glass of several 
thousand fresh grain moth eggs hy giving the capsule in which she 
has emerged a sudden tap with one's finger-nail. After females 
exposed to males have mated, they are transferred to watch-glasses 
of a few thhusand grain moth eggs in the same manner as described 
for the unmated females. 

All the individual females studied, either mated or  unmated, were 
not of tlie same age when exposed to grain moth eggs. Their ages 
varied from less than one hour to 40 hours; however, the majority 
of the females were between four and eight hours old when given 
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fresh eggs. Age within the range of hours sti~diecl did not liave 
any appreciable effect on the fecundity of the individual. Only 
one lot of egg material was exposed to each female parasite because 
of the fact that from 50 to 75 per cent of Trichogramma die within 
24 hours after emerging (in watch-glasses in our parasite incu- 
hator a t  80" F.). Under these conditions, one lot of egg niaterial 
is ample and remains accessible to  Trichogratnma for a period long 
enough to  obtain the maximum parasitism per female. 

Four days after the liberation of individual females in containers 
with grain moth eggs, the material was examined and the parasi- 
tized eggs removed to clean watch-glasses, and placed in a lighted 
incubator where they remained until the parasites emerged and 
died. Each watch-glass was then examined separately, the numher 
of ~arasitized e r r s  recorded. and the number of eo~ermd males and 
fekales tabulaceYd. ( ~ a l ~ l e ;  16a, 17, 18.) whenever an unfer- 
tilized female was exnosed to grain moth errs .  the resultant Droeenv - ',- , - 
were all males. 

An examination of Table 30 will serve to  demonstrate the differ- 
ence in the fecundity between the dark and yellow species of Tricho- 
gramma. Strains of the yellow species used in this work were 
originally obtained from Connecticut, Massachusetts, Ohio, and 
west Texas. For the dark species, the original stocks were pro- 
cured from Louisiana, Canada, Arizona, and Georgia. The maxi- 
mum number of eggs parasitized by any one female of the yellow 
species was 29; this occurred once for the Connecticut strain and 
once for the Massachusetts strain. The maxi~num individual para- 
sitisin for the dark species was 50, which happened twice in the 
case of the Georgia strain. However, the average number of eggs 
parasitized per female for the yellow species was considerably below 
that of the dark species. Out of 42 trials for the dark species, 19 
resi~lted in 30 to 50 eggs per female, while 19 out of 49 trials for the 
yellow species resulted in 20 to 2; eggs per female. None of tlie 
yellow strains exceeded 30 parasitized eggs per female, and only 
four trials were above 25 eggs. The remaining 26 trials were belo\v 
20 parasitized eggs per female. The final average was 18.6 para- 
sitized eggs per female for the yellow species, and 29.2 parasitized 
eggs per female for the dark species, or approximately 50 per cent 
greater fecundity for the dark species. 

As a rule, males emerge from host eggs in greater numbers than 
females during the initial appearance of the parasite. I n  case of 
darkness or in subducd light both sexes remain for a short time on 
tlie egg-clusters from which they have emerged. \Vhen the 
amount of light and temperature are sufficient to stimulate adults 
to  normal activity, a large number of males remain on the eggs and 
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T A R L E  1 6 ~ .  F~cunolrY OF T n ~ c ~ o c n a u w . ~  IN 80' F. INCUBATOR 
YELLOW SPECIES 

Age females Number Adultrcmera~ng 

to eggs 1 par%edl Males 1 Females 

4-8 hours 
4-8 " 
4-8 ' 
4-8 " 

24 " 
n " 

*Unfertilized females - progeny all males. 
t Female confined with male 1 hour previous fa e m  exposure. Mating unruccesriul. 
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TABLE 17. FECUNDITY OF TnrcnooRAM~A IN 80' F. INCUBAT~R.  
DARK SPECIES. 

Age females 
Addts emerging 

Louisiana 

Canada 

s 

Arizona 

Georgia 

u 

', 

" 

< 

mate with the females as they emerge. Males and females of both 
minzltutta and pretiosn a re  negatively geotropic and positively photo- 

8 
8 
6 

24 
I I 

3 1 
17 
51 
6 

23 
34 
23 
I 8 
10 

25 
25 
30 
44 
34 
28 
35 
23 
I8 
40 
33 
5 
3 
6 

40 
17 
3 1 
39 
24 
49 
47 

2 

5 
46 
40 
26 
3 1 
2 I 

12 
0 

I I 
o 
0 
0 
o 

2 0  

17 
0 
0 
o 
i 
9 
o 
o 
o 
o 
o 
o 
0 
o 
0 
o 
o 

16 
13 
0 
0 
o 
o 
o 
o 
0 
0 

9 
34 
o 
o 
0 
o 
o 

26 
I I 

25 
31 
15 
35 
22 
28 
18 
28 
37 
26 
20 
28 
30 
28 
39 
48 
36 
32 
35 
23 
22 
42 
29 
25 
16 
11 

44 
2 0  

35 
38 
29 
50  
49 
I 2  

50 
39 
43 
29 
30 
25 - 

*Unfertilized ferndes - progeny 

to eggs 

Av.29.2 

all males. 

I 
2 * 
I 
2* 
3' 

2; 
6 
7 
I *  
2' 

3. 
4 
5 
I *  
2* 
3' 
4' 
5' 
6: 
i * 
9' 

10' 
I I *  
I Z  

13 
74' 
1.5' 
16' 

:g: 
19' 
20' 
21' 
22 

23 
24- 
25- 
26- 
27. 

I 

4-8 boys 
32 

4-8 
4-8 
4-8 " 
4 -  

" 
4-8 
4-8 ' 
4-8 " 
4-8 
4-8 1 
4-8 
4-8 " 
4-8 " 
4-8 : 

:d a 

24 " 
12 * 
12 
12 
12 
12 
12 
12 
12 * 
12 " 
I Z  Y 

12 * 
24 
12 " 
12 a 
12 " 
I2 " 
I 2  ' 
I 2  = 
12 Y 

12 " 
1 2  ' 
12 " 
12 " 
12 " 
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TABLE 18. FECUNDITY OF TRICAOGRAMMA I N  OPEN INSECTARY. 
AUGUST 1932 

Yellow species 

Dark species 

Female 
mmLm / Total I 1st day 1 Znddey ( 3rd day / 4thde.y I Kthday 1 Total 

tropic. However, there seems to be a more pronounced response 
to light by the forms belonging to the pretiosa species than by those 
belonging to the rni~zdtz6wt species. Pretiosa does not fly as readily 
a s  m i i ~ ~ i t l ~ t r ~ ,  and is more apt than nzinr~tutn to jump when touched. 
I n  total darkness the adults of the species studied do not emerge to 
any extent from their host eggs for some time after they would have 
normally appeared had light been present. Exposing parasitized 
host eggs to light after having held them in darkness beyond the 
minimum period of development will bring practically all Tricho- 
gramma forth in from two to three hours. 

dead 
dead 

o 

I 
2 

3 
4 
5 
6 
7 
8 
9 

10 

I2 

o 
24 
33 

13 
20 

17 
27 
19 
24 

10 
16 

dead 
dead 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 

I I  
12  

13 
14 
15 

dead 

dead 
o 
2 

I 
dead 

38 
34 
40 
I0 

36 
28 
18 
42 
40 
3 1 
42 
56 
48 
46 
35 - 

Av. 36.2 

38 
34 

10 

42 
40 

12 

17 
27 
19 
24 
35 
10 
16 

14 
20 
- 

Av. 19.4 

37 

36 
23 
18 

31 
42 
56 
44 
40 
3 1 

o 

dead 
o 

o 
dead 
dead 

0 
0 
o 

3 

dead 
5 
o 

o 
o 
o 

% 
4 

dead 

dead 

dead 

o 
o 

dead 
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Both in the laboratory and in tlie field, there is a marked differ- 
ence in the length of the life cycle between T. n z i ~ ~ i ~ t i ~ m  and T. 
pretiosa. The minimum initial development of prctrosn at 80" F. 
is six and one-half days, tliat of ?ttiuutrrf$z at the same temperature 
is seven and one-fourth days. In  an open outdoor insectary the 
length of life cycle of the two species varies considerably because of 
temperature changes. However, the development oI both species 
is notably longer &ring the early spring, decieasing in lengtl<up to 
midsummer when it is shortest, and increasing again toward fall .. - 
when it about equals the duration of tlie early spring life cycles. 
During I932 tliere were 13 generations of T. prctiosa and 1 2  genera- 
tions of T. 7niuutfcnt between April I and October 26. The maxi- 
mum period of developtnent in the insectary came in October and 
required 22 clays, while the minimum periods occurred in July and 
early August and required nine days. 

Hibernating Trichogramma in refrigeration has presented many 
difficulties. There is considerable variation in the ability of tlie 
two species to survive under such conditions. They are capable 
of mittistanding low temperatures for varying lengths of time, 
depending upon tlie stage of development reached when sul~jected 
to refrigeration. TYIien a pre-refrigeration development of four 
clays is allo~r-ed, T. pretiosa (yellow species) will survive longer 
than T. ~~aiutrlirnt (dark species) a t  temperatures between 49" and 
37' F. At  37' F. for a period of two weeks, there is less mortality 
in prctiosn than in iui~rr~tuwz. However, as the period of hiller- 
nation is increased beyond two weeks, the mortality of the firrliosn 
species becomes morerapid and eventually surpasies that df tt~irilr- 
tznlt. I t  cannot he said at tlie present time tliat Trichogramma can 
be retained a t  temperatures bdow 46" F. for longer th>n 50 or 60 
days and result in an emergence of large nutiibers of the parasites 
when again subjected to  develop~nental temperatures. At tlie ter- 
mination of a 50 to 60 day period of liiber~iation, approximately 8j  
per cent to 95 per cent of both species fail to emerge. At tenipera- 
tures above 46" F. Trichogramma will complete development and 
emerge in refrigeration. 

Results of refrigeration of Trichogramma parasitized grain moth 
eggs have been interesting. When the parasites were allowed to 
develop at So" F. for two days in grain moth eggs, follo\\~ed by 
refrigeration at 49" F., they completed development and emerged 
in 30 days. When they were allowed three days' pre-refrigerat~on 
development, they completed their life cycle and emerged at 49" F. 
in 33% days, and when they were refrigerated at 49" F. after 
attaining four days' pre-refrigeration development, they emergrd 
in 3 j  days. Under the circumstances, Trichogmmma Gmnot he 
held in refriaerati011 for over a month at the above temperature and 
for only a lit?le longer at temperatures between 46" and 49" F. In 
concluding this part of the paper, it may be said that although it is 
not advisable to refrigerate at temperatures :lbove 46" F. \ritli the 
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intention of holding the parasite in a state of suspended develop- 
ment, it is reasonable to hold Tricliogramma a t  46" to 50" F. for 
any period less than 30 days, as the mortality is comparatively low 
at these temperatures (approximately r o  to 25 per cent). 

Probably more important, from the standpoint of future increases 
in parasite material, are the changes that take place in the sex ratio 
of Tricliogramma, directly traceable to low refrigeration tempera- 
tures. After three weeks of refriaeration at 78" to  doD F.. tlie - ., . 
normal sex ratio, \I-liich is an excess of females over males, becomes 
reversed and the number of males increases markedlr for each addi- 
tional week of refrigeration. Furtlier~nore, ~ v l i e n ~ ~ r i c l i o ~ r a m m a  
are retaincd at low temoeratures for more than two weeks. there 
is a notable change in the sex ratio of tlie first generation froin tliat 
of tlie Iiibernated generation. This is more pronounced in the 
ftli?!frtrrrrfi than in the pretiosn species for the third ancl fourth week 
of hiberiiation : hevond that tlie results for hoth soecies are nracti- 
cally the sa~iie.' The sex ratio becomes nor~iial again in the iollow- 
ing generation, providing there is no intervening refrigeration. 

The normal sex ratio of T. ftlifz~rtrrfr~ averages one male to four 
or  five females ; tliat of prctiosa one male to two or tlirec females. 

The ratio of increase is different for tlie two species of Tricho- 
gmrnma when reared 011 grain moth eggs. The maximum of eggs 
parasitized by a single individual of the prrtiosn species was 20 
\vliile tlie maximum number parasitized by a female of tlie ifzinzrtrrm 
species was 50. Likewise, the average number of eggs parasitized 
hv females of tlie prctiosa species was considerahlv helo!\. tliat of 
the ilrirrrrtrrltr species. Out of a great number of cases investigated, 
86 per cent of the firetiosa species resulted in less than 20 parasitized 
eggs per femnle,!\.liile 5 6  per cent of tlie investigatio;is for tlie 
~rri~ret~r?tz species resulted in more than 30 parasitizerl eggsper  
female. Martin (19) dissected a number of adult female Tricho- 
gramliia of the ini?lr~tnnz species and counted their o1.a. H e  found 
that the averare num1)er mas AI with a maximum of i 2  and a mini- 
~ ~ '> " 
mum of 30. His findings closely corrohorate our results. 

Although fresh liost eggs give tlie ~iiost satisfactory results when 
parasitized by Trichogramma, ova in various stages of development 
xre successfully destroyed hy the parasite. Frequently host eggs 
having practically reached cu~nplete developtne~it will produce 
Trichopramrna and sometimes ovioosition hv Tricliocrmmma is .. 
effectit:; :up to tlie moment of emergence of ifs host. 

T. ~rrinrrtfrrrr and T. petiosn are each subject to wing deformity 
both previoi~s to and during periods of hibernation. This condition 
is at a minimum when the species are reared conti~iuouslv for suc- 
cessive getierations. Ho\ve\-er, although the ratio of increase is 
variable, tlie percentace of increase in \vina deformity is continuous .. 
throughout the range of hibernation temperatures investigated for 
ench strain of tlie two species of Tricliogramrna under discussion. 



I t  is apparent from the foregoing studies that the various strains 
represent two species formerly known as the dark and yellow 
strains. Inasmuch as Riley has given these forms the names 
minzrtt~m and pretiosa, and because of the fact that there are out- 
standing biological differences despite the lack of structural vari- 
ations, the adoption of the specific names of Riley has been pro- 
posed.' The more important biological differences appearing tlur- 
ing the course of tliese investigations may be sunimarizetl as follows : 

( I )  Pretiosa will not cross successfully with minstsm. 

(2) dbittutum will not survive refrigeration as well as pretiosa. 

(3) The sex ratio of minrcttcm averages I male to 4 or 5 females: that of 
pretiosa, I male to z or 3 females. 

(4) The ratio of increase of ntinatum is greater than that of pretiosa. 

( 5 )  The minimum initial development of pretioso at 80' F. is 6% days; 
that of nrrr~utnnt at the same temperature is 7% days. 

( 6 )  The ahdomen of the female of prctiosn is yellow when reared at about 
80". That of r,,isratrm is dark gray or blackish at all temperatures. 

( 7 )  Wing deformity is greater in ,ninutttm than in pretiosn. 

ADULT MORTALmY I N  TRICAOGRAMMA 

Adult Trichogramma are not very long lived under laboratory 
conditions. As may be seen by the accompanying Table 30, an 
average of 88.3 per cent of the adults die within 24 hours after 
emerging in watch-glass oviposition units at a temperature of 80" F. 
and 70 per cent relative humidity. IVitIiin 36 hours practically 
IOO per cent mortality occurs. This condition, however, is not an 
indication of what takes place in nature or under hibernation con- 
ditions of low temperature and high humidity. Table 19 gives the 
results of the refrigeration of a nu~nber of strains of Trichogramma 
at two different temperatures with approximately the same percent- 
age of moisture being present in both cases. In these hibern a t '  ton 
investigations of adult Trichogramma most of the parasites were 
handled in large numbers in watch-glasses. However, some were 
retained during tlie period of refrigeration in gelatin capsules, one 
individual per capsule. These did not show as sudden reaction to 
the temperatures as did those in the watch-glasses. For the first 
24 hours at 38" and 46" F. (Table 19) there was no mortality in 
gelatin capsules, while the mortality in watch-giasses varied from 
zero to g per cent. The total longevity at tliese temperatures was 
17 days, with varying percentages of mortality for tlie different 
strains on tlie preceding days. 

There is no significant difference between the results of the 
several strains at the same temperatures or between like strains at 
different temperatures, and they simply help to point out tlie possi- 
bility of holding adult Trichogramma for a short while at the above 

'Corm. Agr. Expt. Sta., Rul. 338: 600.601. 1932. 
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mentioned temperatures without suffering complete loss of mate- 
rial. 

I t  is verv orobable that under field conditions adult Trichoeramma , - 
may live for some time, temperature and moisture conditions per- 
mittine. I t  is not uncommon to have adults remain alive and active 
in ou;'insectary during fall and spring for from 20 to 30 days. A 
few adults were kept alive for approximately four months in the 
insectary during fall and winter months. This, liowever, is unus- 
ual. 

TEMPERATURE, MOISTURE AND LIGHT REQUIREMENTS FOR IREBDING . 
TRICHOCRAMDIA 

Temnerature. moisture and lieht are the eoverninr factors in 
e " ', 

the lahoratory breeding of Tricliogramma. a slight variation from 
any one of which will lllean a comnlete uoset in oarasitism of the 
lal;oratory host eggs. First of al1,'tlie degree of 'temperature and 
humiditv must bc constant. Of the various nossihilities in the 
range df these two conditions, 80" F. and 70'per cent hunlidity 
have been accented for use in rearing the vellow soecies of Tricho- 
gramnia a t  thi's Station. A variatbn i n  tempeGture is unsatis- 
factory for maximum oarasite nroduction. A rise of five decrees 
will not only upset th; emergence of the parasite, but in adztion 
the scheduled time of parasitism will be interfered with, fewer oara- 
sites will issue at one'time, the adult parasite will die much sooner 
a t  a higher temperature, and the final result will be a low percentage 
of parasitism. Humidity, although very important, does not have 
to be absolutely constant. A five decree variation is permissible, 
hut it is better bnt to have it below 6oper  cent very long. 

I t  is possihle to shorten the parasite life cycle by raising the tem- 
perature, although there is no material advantage in doing so, as  
the adult parasite lives a much shorter time a t  temperatures above 
So0 F. than at 80 or below. The life cycle of Trichogramma a t  90" 
F. is less than six days in length; however, the adult mortality is 
verv hieh within the first za hours. resultine in a low oercentape of 

0 -  

pa/asit&n. According to' ~ l ande r s "  w&k nn ~ h c h o ~ r a m m a ,  
there are strains that do better at temoeratures above 80" F.. but 
the species adapted for mass productioi and liheration in ~onnec t i -  
cut do better a t  80" F. than above this temperature. I t  may be of 
interest to state here that the parasite life cycle can be greatly 
lengthened by ho!ding the temperature low; for example, a t  52" F. 
the cycle is extended over a period of several months. The zero 
of development is near 46' to  47" F. 

The longevity of Trichogramma after emerging from the labora- 
tory host egg, is from one to  three days, depending on the length of 

' Pan-Pacific Ent.. VI. no. 4: 183-18,. ,930, 
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time the parasite has been held in refrigeration and tlie degree of 
temperature and percentage of humidity in tlie incubator. I t  seems 
that refrigeration reduces tlie vitality to such an extent that the 
parasite does not live very long in the incubator after emerging. 
If the humidity is low and the temperature high in tlie incubator 
when the parasite emerges, it will survive less than 24 hours. 

Light is essential to parasite production and without i t  there is 
very little, if any, parasitism. The underneath system of lighting 
is used a t  this Station for mass production of Trichogramma. The 
idea of the usc of liglit is to draw the positively phototropic parasites 
to tliat area occupied by tlie laboratory host eggs. Tlie parasite 
responds very readily to  the proper intensity of liglit and parasitizes 
practically all of tlie host eggs exposed. Tliere is, of course, a 
limitation to tlie kind of liglit and its intensity; likewise, the direc- 
tion whence it comes and its proximity to the oviposition units must 
be considered. 

hIany types of electric light lamps were tried out : ro IN Carbon 
lamps; 15 it' tungsten lamps, both frosted and clear white; 25 W 
and j o  11' tungsten lamps, frosted, and n j  12' and 50 W tungsten 
daylight lamps (blue lamps.) Tlie most satisfactory was the 25 W 
daylight lamp, which is now uscd exclusively. All tlie other latiips 
\\-ere adequate in attracting the parasite, hut none resulted in as 
h i ~ h  narasitism as tlie n< \V davlieht hulh. Too intense illumina- , - 
ti& &imulated the para$tcs to too great activity, and thus they did 
not narasitize as manv eggs as when moderatelv active. The 10 \V , .,., 
lami, sufficed for one or two watch-glasses, bt;t failed to give suffi- 
cient illumination for a large number of them. Clear and frosted 
white la~nps produced too glaring a light which, in tlie higher watt 
l a n ~ ~ s ,  tended not onlv to induce over-activitv. but also seemed to  
c a u ~ e t l i e  parasite to shun the light. Blue jiyliglit lamps repro- 
duced light conditions more nearlv as they exist in nature than anv 
otlier ty ie  of lanip, and of the sevrral watiages tried, the 25 W ga;e 
tlie softest light and induced the highest percentage of parasitism. 

The electric light lamps tiinst not be too near the hottotu of the 
parasite iticul)ator, as the heat that arises from them tends to raise 
;lie temperature within the incubator three to four degrees above 
tliat at \\.l~icli its thermostat is reculated. A space of al)r,ut 8 inches 
fro111 tlie top of tlie lamps to tlie'bndersicle of ilic incul,ator is suffi- 
cient distance to give u~i i for~u illumination and reduce to a ~n i~ i i nn~n i  
the possibility of overheating the interior of the incubator. As  a 
further precaution, an electric fan placed at one end of tlie incubator 
kept a constant circulation of cool air between tlie lamps and the 
bottom of the incubator. 

Tf tlie light is cast from one direction only, as from one side of 
the incubator, thc parasites will be drawn towards it, and thus into 
one section of the-watch-glasses where they parasitize the eggs a t  
that point, leaving the eggs in tlie remainder of the watch-glasses 



nracticallv untouched. For  this reason the lights should be distri- 
huted l,t.nentll the incuhator whrre their rays iil1 eqwilly 011 all por- 
tions of the lower surfacr of tllr \wtch-elasses. The inrrrior of the 
incubator, being painted black, gives To reflection so the parasites 
are drawn downward where the Angoumois grain moth eggs are 
placed. 

METHODS OF HANDLING TRICHOGRAMMA IN T H E  LARORATORY 

If maintained a t  a constant temperature of 80" F. and relative 
humidity of 70 per cent, the yellow species of Trichogramma (the 
original lot of which came from Arlington, Mass.) has in grain moth 
eggs, a 6% days' period of development. Likewise the yellow 
specles of Trichogramma collected in Connecticut has a life cycle 
of equal length under the same temperature and humidity condi- 
tions. Stock produced from the Arlington material was liberated 
in Connecticut orchards during 1930, while the native Connecticut 
strain was being held in the laboratory for propagation. 

All of the operations in the handling of Trichogramtila during 
mass production in the laboratory should be timed exactly in order 
to  realize the best results and maximum production of the parasite. 
I n  our experience, any deviation from the following procedure, 
decided upon after considerable experimentation, may result in a 
much smaller production of Trichogramma than it is possible to 
secure. 

The type of watch-glass used (Figure 145) is 2% inches in 
diameter outside measurement, and 2% inches in diameter inside 
measurement. I t  is grooved on the lower edge while the upper edge 
tapers to a blunt ridge, thus allowing the upper edge of one watcli- 
glass to fit into the lower groove of another. (Figure 145, D, E.) 
However, none of the glasses meshed tight enough to retain Tricho- 
gramma, so carborundum was used to grind the upper edge of one 
ghss  into the bottom groove of another, which made them absoli~tely 
ttght. The inside surface of a watch-glass is slightly concave and 
is one-half an  inch below the upper edge. 

T o  increase the stock of Trichogramtna on hand for field lihera- 
tion or for any other purpose, stock cards of Trichogratnma-para- 
sitized Angoutnois grain moth eggs are taken from the refrigerator, 
divided into quarters or  sixths, placed in watch-glasses (one section 
per watch-glass), and incubated (See Figure 145) in darkness a t  
80" F. and 70 per cent humidity, until the parasites begin to emerge. 
The darkness is obtained by a small, black, paper-covered cage, 
which is kept in the large incubator where the grain moth egg depo- 
sition cans are retained. When placed in darkness, the parasites 
require from three to  four days before issuing: this, of course, 
depends upon the length of time the stock cards have been held with 
the parasites in the parasite incubator. As  a rule the period is 
three days. When the parasites begin to issue, the watch-glasses 
are removed to the shelf in the lighted parasite incuhator where they 
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remain for froni four to five hours to  allow the bulk of the parasites 
to  emerge and to mate before fresh Angoumois grain moth eggs 
are exposed to them. The plan of holding the stock cards' in dark- 
ness is to assure a more uniform emergence of the parasite. I f  tlie 
cards are kept in constant light tlie parasites issue over a tnucli 
longer period, which results in a most erratic parasitism of the grain 
11iotl1 r i g  expose(l to them and ultilnately o n  irregular apparance 
of t!ie ;c<lults oi the ensuina gcnerationj. 111 (klrk~~cs; tlie ~nnjnrit!. 
oi t l ~ c  i~:ar;,iitej \\.ill develoi~ to the a~lult  stsce \vitllln t l ~ c  erain ninth 
egg, b;t will not emerge until brought into-light; they U;II then all 
emerge within a few hours, mate and be ready for max i~ i i u~~ i  para- 
sitism when exposed to fresh egg cards. The follouring plan of 
procedure will illustrate the method. For apparatus used see Fig- 
ures I U  and 145. 

PROCEDURE 

( I )  ( 2  P.M.) Fresh grain moth eggs exposed in watch-glasses to adult 
Trichogramma. (So" F., 70 per cent R. H.) 

(2) (2 P.M. of 4th day) Parasitized eggs removed from watch-glasses 
and stock for increase put in So0 incubator in darkness. 
Surplus stock from this operation placed in refrigerator. 

(3) After incubating stock for increase at 80' in darkness for three days. 
they are removed at 10 A. >I. of 3rd day to parasite incu- 
bator and put in light. 

(4) At 2 P.M. of 3rd day (7th day counting from operation No. r )  new 
grain moth eggs are placer1 with the parasites. 

( 5 )  For liberation in the orchard a card or portion thereof is sealed in a 
paraffin drinking cup hag clipped together as shown in Fig. 
147. The wire clipped on serves as a means of fastening 
to the tree. 

By following the above procedure, a high percentage of parasitism 
(80 to 95 per cent) is ohtained, otherwise tlie percentage drops 
considerably. For  instance, if the stock of Trichogramma is not 
incubated until the middle of the fourth afternoon an insufficient 
number will emerge on the seventh day for exposure to fresh eggs. 
If parasitism is then held over to the eighth day, many of the para- 
sites that issued on the seventh day will be dead or nearly so, while 
those that issued between the seventh and eighth days will not be 
sufficiently numerous to  account for a maximum percentage of 
parasitism. 

Cards to which grain moth eggs are fastened for parasitism (and 
convenience in handling) are white and smooth. They are 1 7 ~  
inches in diameter and have six to eight small triangular holes 
punched through them. When the time arrives for parasitism, the 
required number of cards are prepared. They are then covered on 
one side with a film of shellac. and fresh Aneoumois erain moth .. ,. 
eggs are siitrd onto thrm. Aftrr  drying for a iew seconds, tlie cards 
are grntly tapped on tllc back to sliakc off 2111 egas not adhering to 



the shellac. The nuniher of eggs per card varies between 8.000 
and 10,000. I t  is not necessary to submerge tlie eggs in shellac; 
only a light film should be applied to the cards. 

The egg cards are then allowed to dry for from one-half to three- 
quarters of an hour, as the alcohol fumes from the shellac are deadly 
to the parasite. The egg cards are now placed in the watch-glasses 
of emerged adult parasites. This is done by gently raising the top 
of the watch-glass with the paltn of the left lmnd, while holding an 
egg card (eggs downward) between the thumb and first finger of 
the same hand. With a pair of tweezers in the right han(l, the 

FIGERE 144. Tricho,nratllnla incubator with watch-alasr breeding coa- 
tainers and dark box for preventing ernrrgencc before t l ~  desired time. 

quarter section of stock card is raised ont of the watch-glass. The 
e r e  card is then lowered into the watch-elass. the section of stock ,. . 
cncd placed on top of it (eggs upward), and the corer of the \\ratcli- 
elass renlaced. The triaoeular holes in the egg cards allow suffi- 
sient liiht to pass up thro;;gh the watch-glassto attract the para- 
sites down to the area of fresh eggs. Egg cards must conie in con- 
tact with the bottom of the \\.atch-glasses in order to have the para- 
site work on the entire area of the card. Much difficult\, was 
experienced in obtaining a uniform parasitism on the cards. The 
edges of the cards would be completelv parasitized while the center ., 
remained untouched. I t  was found ihit  the cards were too large 
to touch the l~ottom of tlie watch-glass, being held up  by its side. 
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After the cards were trimmed down so that they rested on the bot- 
tom of the watch-glass, parasitism was uniform over the whole egg 
surface of the card. I t  is also advisable to bend an egg card so that 
it will fit into a slightly concave watch-glass, so that it will coincide 
with the concave bottom of the watch-glass. The nearer the eggs 
on a card can be brought to the surface over which the parasites are 
moving, the more unifor~n will be the parasitism. 

FIGGRF. 146. Discs wit11 parasi- I:IGL.NE 147. I'araRine? drinkins 
tired grain moth eggs. These are ctq, hag for rclcasc ot Tricho- 
usually clipped into several sections gramma in orchards. Small holes 
and a portion placed in each paper at the top are ior escape oi the 
bag as shown in Figure 147. One parasites, and wires provide an easy 
disc is estimated to have 8 to 10,- means of fastening the bags to the 
parasitized eggs. trees. 

I \SSCAL PRODUCTTON 

Our  annual ~roduct ion of Trichograrn~na is given in Table 20 
Thcfirst year egg cards were sent outwithout any protecting device 
and were huna in the trees by the growers. Directions for handling - 
them accompgnied each shipment. Cards returned during the sum- 
mer, however, showed so much destruction by predatory insects, 
evidently before the parasites emerged, that paraffin bags were 
prepared and portions of the cards placed in each. A wire was 
clipped to each bag so that they could he easily hung in trees (Fig- 
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ure 14j.) Examination of these shipments during 1932 were much 
more encouraging, so they were continued in 1932. During 1931 
the bags were stapled together with a stapling machine, but in 1932 
they were paraffined more heavily and only enough staples employed 
to  hold the wires in place and to close the container at the bottoni. 

TABLE 20. TRICAOCRAMMA PRODUCTIOS 19330 TO 1932 
Estimated Triehogramma Sumbcr  

Season shippcd sltipmenfr 

1930 .................... 6 , j 4 0 , ~ . .  .................. 159 
1931 .................... 11,337,WO .................... 282 
1932 .................... 18,oo0,om.. .................. 172 

The figures for 1931 and 1932 include a considerable number of 
Trichograrnma used for experiments, hut in both years more pam- 
sites were shipped to growers than in 1931. I n  1931 a large nuiim- 
her of recoveries were made from eight orchards where Tricho- 
gramma had been liberated and in orchards where no liberations 
were made. These results are shown in Table 21, giving a parasi- 
tism of 23 per cent for those orchards where Trichogramma were 
not liberated and 4j per cent in those where they had been liberated. 
Table 20 shows our annual production between I930 and 1933. 

TABLE 21. PERCENTAGE OF TRICAOGRAMMA PARASITISII IN SEYERAI. COS- 
mcrrcur O~cnanos, 1931 

Per cent 
~aras i t i l cd  

orehard e m "  T.il,erafinns 
W. F. Platt. Milfortl ................. 37 ................ 1930. 1931 
Root, Farmington .................... 68..  .............. 1,130. 1931 
Kneuer, Guilford .................... zj.. .............. n m e  
Conn. State College, Storrs ........... I j.. .............. 1030 
Avery, Yantic ....................... 4 j . .  .............. 1930. 1931 
Pero. South Yanchester .............. 5 ; .  ............... io?o. 1rn1 -- . . 
Station Farm, Mount Carmel ......... 44..  .............. none 
Horneaoad Farms, Greenwich ........ 0 . .  .............. none 
.4verage parasitism in orchards where Trichogramma was 

rrot liberated ......................................... 23 per cent 
.%yerage parasitism in orchards where Trichogramma ?ies 

liberated ............................................. 45 per cent 

FIELD STUDIES 

Experiments and observations have been made during the last 
three rears to  determine three mints :  First. the effect of insecti- 
cides br fungicides upon the lif'e activities df the Trichogramma; 
second. how far it will travel in an orchard: and third. what can be 
exl~ccw'cl in tile !\.a!. oi pnrasitism from mass lil~erntinni, c ~ i l ~ e r  u~ncle 
at onr time or t l~rur~cl~nut  the rason.  'I'llc flirht artivitiec ol~ser~ecl - 
in 1931 have already beeti reported? b he& tests were repeated 
in 1932 with similar results, but \vitliout the high degree of parasi- - 
'Jonr. EL-". Ent.. 3s: 370-374. 1.332. 



tism that occurred in IQZI. Our results reearding the third ooint - - 
are incomplete, althou&tlie 1932 results only serve to emph'asize 
those obtained in IQ?I, namelv that ~arasi t ism cannot be onshed 
up\\-ards beyond a cg;tiin point with iny  amount of liberated para- 
sites or method of liberation. 

FLIGHT OF TRICHOGRAMMA 

In the past feu. years mass production and liberation of Tricho- 
gramma has raised the question as to whether Trichogramma is 
able to disperse to any great extent from points of liberation. 
Assunling it is carried from one location to another by wind and air 
currents, it is desirahle to know whether it flies for any great dis- 
tance, or spreads entirely on wind and air currents. 

I t  has been noticed in peach orchards that the parasitism of fruit 
moth eggs early in tlle spring is often highest in the rows of trees 
nearest the woods or brushland. Due to orchard practice, few 
Trichogramma successfully survive the winter in peach orchards. 
Thus the parasitism of fruit moth eggs for the succeeding year 
depends upon the spread of the parasite from areas outside the 
orchards in which they passed the winter in native host eggs. 

Taking these facts into consideration. it was thought advisable 
to make observations on tlie spread of Trichogramma from a stand- 
point of flight, both under laboratory and field conditions. 

Several hundred 'l'ricl~ogramma were liberated in a dark roo111 
xvhere therc were no air currents. The point at which the para- 
sites were liberated was five feet distant from a light. Three min- 
utes after liberation, Trichogramma were seen crawling around on 
a white card back of the light. A second trial was made in a dark 
cellar where thc temperature was 57' F. At a point 24 feet distant 
from a light about 400 Trichogramnia were liberated. One female 
flew the distance of 24 feet in two minutes ; five rnilu~tes later a male 
parasite was seen on tlie cardboard back of the light. 

Following the laboratory experiments, field work was conducted 
to obtain information on the spread of the parasite under natural 
conditions. The orchard in which the work was conductetl con- 
tained 300 tn-elve-year old trees planted 18 feet apart in ro\vs 
running north and south. A chance collection of fruit moth eggs 
mas undertaken in August, but none were fonnd duc to the scarcity 
of fruit moths. An experimental block of 121 trees was used in 
the center of the orchard and from this a cross of 21 trees through 
the center was selectcd for specific observations. From this cross, 
data were secured and used in figuring the results of the experiment 
throughout the entire block. 

Fruit moth eggs deposited on peach leaves were obtained it1 the 
laboratory and distributed in the 21 trees. Three days later the 
eggs were collected and found to he unparasitized. A check on 
this result shawed the condition to be the same in another portion 
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of the orchard and was considered to be sufficient evidence of the 
absence of Tricliogramma. F l o ~ ~ r  sacks containing 40 frnit moths 
each \\.ere planted in each of the 21 trees of the cross. Three days 
later they were transferred to 21 different hranclies of tlie satiie 
trees and ro bags containing sections of Trichogramma-parasitid 
grain moth egg cards, were hung in tlie center tree of tlie cross. 
The eggs, from which parasites were emerging, totalled approxi- 

a 

mately 20,000. Tliree days after liberating the Trichogramma 
tlie branches were cut from tlie trees and an examination of tlie 
leaves made for parasitized fruit motli eggs. Tables 22 to 23 give 
the count before and after liberation. The radius of snread com- 
puted from the average percentage of parasitism was greatest to 
the west. Tlie nrevailine winds clurine the first Dart of tlie exneri- <, ' 7  

ment was from the north for the first day, south for tlie second, and 
southwest for tlie third day. The average \rind velocity for tlie 
period was 7.7 miles per hour and during the three days the wind 
shifted to the east for only five hours-three hours to tlie northeast 
on tlie first day and two liours to the southeast on the second. 

Tlie prevailing wind during tlie second part of tlie experiment 
was northwest during the first day, west during tlie second day, 
and north during the third day. The average wind velocity for 
the period was 5.6 miles per hour. The only titile tlie wind shifted 
to tlie east was for four successive hours during tlie late morning 
and early afternoon hours of tlie third day. I n  spite of the fact 
that the wind, during the time tlie eggs for the first trial were 
exposed, was blowing from the southwest and from tlie northwest 
during tlie exposure of tlie fruit motli eggs for the second trial, the 
average percentagc of parasitized eggs was higher in tlie wcstcrn 
half of the block than in tlie eastern lialf. 

Taking both of these trials and averaging their results, the liigli- 
est average percentage of parasitized eggs is found to tlie west for a 
single direction, 61 per cent. The average wind velocity for both 
periods of 6.7 miles per hour from a general westerly direction, did 
not account for a higher parasitism in tlie eastern half of the block; 
furthermore, it was not strong. enoueh to interfere with the spread 
of tlie parasite to tlie west as &ere was a higher average 
of parasitism in the western half of tlie block. The distance between 
each t ~ v o  trees being 18 feet, the total area the experilllent covered 
was 32,400 feet, or about three-fourths of an acre. How far out- 
side of the area the parasite dispersed is not known, hut, judging 
from tlie percentage oi parasitized eggs on tlie outer trees, it is safe 
to say the parasite spread considerably beyond the outside boundary 
of tlie experimental block of 121 trees I t  seems reasonable to 
believe the spread of Trichogratntna throughout tlie block and 
beyond was in part due to the flight of the parasite. Air corrents 
and wind exerted some influence, as the results indicate, but it 
seems evident the Trichogramma is capable of flying a considerable 
distance. 
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later, the eggs were examined and found to be IOO per cent parasi- 
tized on both the sulfured and unsulfured seedlings. 

Four more seedlings were prepared, two sulfured and two unsul- 
fured. One pair was placed in an 82" F. incubator and the other 
pair in the greenhouse where the average temperature \\.as 72" F. 
with a maximum of 81" and a minimum of 60". At the sanie time, 
four cards of Angoumois grain moth eggs were prepared. Two 
were dusted with sulfur and two were held without the use of sulfur. 
One pair was placed in the 82" F. incubator, while the second pair 
was placed in the greenhouse. I n  the greenhouse, where the aver- 
age temperature was below 75" F. and the humidity 40 per cent, 
the sulfnred fruit moth eggs were 57 per cent parasitized, while the 

TABLE 24. PARASITISIX BEFORE AN" AFTER TRICAOCRAMYA LIBERATION 

ERB Per cent 
count paradtirm 

Before . . . . . . . . . . . . .  656 o 
Threedaysafter.. . . . 321 48 
Six days after. . . . . . . 356 52 


















