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Abstract The Canadian Entomologist 127: 103-1 10 (1995) 
Trichogramma minutum Riley entered diapause, in the prepupal stage, in eggs of 
Lambdina fiscellaria fiscellaria GuenCe held at 15OC, 12L: 12D, but failed to do so in 
eggs of Ephestia kuehniella (Zeller), Sitotroga cerealella (Olivier), or Choristoneura 
fumiferana (Clemens) held under these conditions. The parasitoids emerged without 
diapause from eggs of all host species held at 2S°C, 16L:SD, indicating a role of 
temperature or photoperiod, or both, in the diapause of the parasitoids in eggs of 
L.fiscellaria held at 15OC, 12L:12D. Percentage emergence of parasitoids from eggs of 
L.fiscellaria was virtually the same (SO%) after passing the winter outdoors or after 
approximately 3 months at 2OC in the laboratory as it was when reared indoors in this 
host at 25"C, 16L:8D. Emergence of T. minutum was very poor (<20%) after long-term, 
low-temperature storage in eggs of C. fumiferana, E. kuehniella, or S. cerealella. 
Apparently, T. minutum must parasitize diapause host eggs in order to enter diapause, 
and good survival after long-term low-temperature storage is possible only when T. 
minutum is in diapause. Trichogramma minutum will enter diapause in L.fiscellaria after 
14 days at 15OC, 12L:12D, but the parasitoids need a period of storage at 2OC, OL:24D 
for a high percentage of emergence to happen. Over 50% emergence was recorded for 
T. minutum, held for 300 days in eggs of L. fiscellaria. 

Laing, J.E., et J.E. Comgan. 1995. Declenchement de la diapause et sortie de diapause chez 
Trichogramma minutum Riley (Hymenoptera: ~richo~rammatidae): Influence de l'esphce 
h6te, de la tempkrature et de la photopenode. The Canadian Entomologist 127: 103-1 10. 

RCsumC 
Des Trichogramma minutum Riley sont entrCs en diapause avant la nymphose dans des 
oeufs de Lambdina fiscellaria fiscellaria GuenCe gardCs a lS°C, ?i une photopCriode 
12L: 120, mais n'ont pas subi de diapause dans des oeufs d'Ephestia kuehniella (Zeller), 
Sitotroga cerealella (Olivier) ou Choristoneura fumiferana (Clemens) gardCs dans les 
memes conditions. Tous les parasitoldes ont CmergC sans subir de diapause des oeufs de 
toutes les espbces hbtes gardCs a 2S°C, B une photopCriode de 16L:80, ce qui indique 
que la tempCrature et (ou) la photopCriode ont un rble B jouer dans le dkclenchement de 
la diapause des parasitoldes dans les oeufs de L.fiscellaria gardCs a 15OC, 12L:120. Le 
pourcentage de parasitoides CmergCs des oeufs de L.fiscellaria s'est avCrC B peu prbs le 
mtme (>SO%) aprbs l'hiver B l'extkrieur ou aprbs une pCriode de 3 mois en laboratoire 
B 2OC qu'aprks un hiver B I'intCrieur B 25OC, 16L:SO. Trbs peu de guepes (<20%) ont 
rCussi ?i parvenir B 1'Cmergence aprbs un long sCjour B tempkrature froide dans des oeufs 
de C.fumiferana, E. kuehniella ou S. cerealella. I1 semble que T. minutum doive parasiter 
les oeufs en diapause de son hbte avant de pouvoir entrer en diapause et que le taux de 
survie aprbs un long sCjour B tempkrature faible dans les oeufs de I'hbte ne puisse etre 
ClevC que lorsque la gutpe est en diapause. Trichogramma minutum peut entrer en 
diapause dans les oeufs de L. fiscellaria aprks 14 jours B 15"C, B une photopCriode 
12L:120, mais les parasitoides ont besoin d'une pCriode B 2"C, OL:240, pour que leur 
taux d'Cmergence soit ClevC. Plus de 50% des T. minutum gardCs durant 300 jours dans 
des oeufs de L.fiscellaria sont parvenues B 1'Cmergence. 

[Traduit par la RCdaction] 
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Introduction 
Diapause is a state of suppressed development enforced by a physiological mechanism 

rather than by unfavourable environmental conditions (Beck 1968). The ability to induce, 
maintain and terminate diapause in the laboratory has important implications for the use of 
parasitoids as biological control agents (Tauber et al. 1986; VoegelC et al. 1986; VoegelC 
et al. 1988; Laing and Eden 1990; Boivin 1994). Trichogramma maidis Pintereau and 
VoegelC ( ~ ~ m e n i ~ t e r a :  Trichogrammatidae), T. embryophagum Hartig, and T. cacoeciae 
Marchal have been induced to enter diapause in eggs of the Mediterranean flour moth, 
Ephestia kuehniella (Zeller)(Lepidoptera: Pyralidae), T. cacoeciae having been maintained 
in diapause for more than 200 days with a mortality of less than 10% (Quednau 1957; VoegelC 
et al. 1988). 

Trichogramrna minutum Riley, a polyphagous egg parasitoid native to temperate, boreal 
North America, must pass prolonged periods in the northern portion of its range in a state 
of quiescence or diapause. For example, this species was reported to overwinter without 
diapause in Missouri (Parker and Pinnell 197 I), but in diapause in Maine (Houseweart et al. 
1984). Peterson (1930) reported that T. minutum overwintered outdoors in eggs of 
E. kuehniella in New ~ e r s e ~ , b u t  the parasitoids were probably not in diapause, because they 
emerged on warm days in December and January. 

Repeated attempts to induce diapause of T. minutum in factitious hosts such as 
E. kuehniella have failed, although a wide range of conditions has been used (Schread and 
Garman 1934; Laing, Eden, and Comgan, unpublished). As a result of these attempts we 
became convinced that T. minutum was a species of Trichogramma that would not enter 
diapause in the commonly used factitious host species, under any set of 
temperature-photoperiodic conditions. Without diapause, T. minutum must be kept in 
continuous culture for mass-rearing programs that use this parasitoid as a biological control 
agent. Under these circumstances, most of the annual parasitoid production is not 
marketable, because the generation time is ca. 10 days at 25OC but field releases of 
T. minutum take place over; period of only a few weeks per year. Continuous rearing greatly 
increases the cost of production of parasitoids, because personnel, equipment and supplies 
must be maintained year-round. In addition, the parasitoids must be reared through at least 
30 generations per year in factitious hosts prior to a field release. Bigler et al. (1982) showed 
that prolonged rearing on a factitious host can adversely affect the ability of Trichogramma 
to attack their target host in the field. 

Trichogramma minutum attacks and completes development in the eggs of many species 
of Lepidoptera; it probably also overwinters in lepidopteran eggs. Relatively few species of 
Lepidoptera overwinter in the egg stage within the boreal forest of North America 
(Houseweart et al. 1984). Among these species is the hemlock looper, Lambdinafiscellaria 
fiscellaria GuenCe ( ~ e ~ i d o ~ t e r a -  ~eom&dae), a univoltine species that passes the winter 
in diapause in the egg stage (Rose and Lindquist 1977; Singh and Moore 1985); this species 
could be a potential overwintering host for T. minutum. 

Our research determines the roles of temperature-photoperiod and host species in 
diapause induction for T. minutum, the influence of low temperature on post-diapause 
emergence, and the length of time that the parasitoids can be stored at low temperatures with 
a high percentage survival after storage. 

Materials and Methods 
The population of T. minutum used in these experiments was originally collected from 

five egg masses of Choristoneura fumiferana (Clemens) (Lepidoptera: Tortricidae) found 
on balsam fir (S.M. Smith, pers. comm.). Specimens, reared from these initial collections, 
were sent to John Pinto (University of California, Riverside) for confirmation of species 
identity and voucher specimens were deposited in the University of Guelph collection. The 
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TABLE 1. Percentage emergence of Trichogramma minutum from parasitized eggs of E. kuehniella, S. cerealella, 
C. fumiferana, and L.fiscellaria after various treatment regimens of temperature ("C), daylength (hL:hD), and 

storage time (days). Sample sizes (n) are the number of blackened eggs per treatment 

Rearing-host species 

Ephestia Sitotroga Choristoneura Lambdina 
Treatment kuehniella cerealella fumiferana fiscellaria 

I (25"C, 16:8, 
to emergence) 70.1 83.4 78.3 86.5 

(234)* (307)* (92) (111) 
n(25"C, 1623, 1 day; 

15"C, 12: 12, to emergence) 72.5 83.4 18.8 0 
(302) (586) (32) (170) 

IIa (L.fiscellaria only - 
25"C, 16:8,1 day; 15"C, 
12:12,46 days; 2"C, 0:24, 
70 days; 25"C, 16:8, to 
emergence) 80.7 

111 (25"C, 163, 1 day; 
outside in November 
to emergence) 

0:24,26 days; outside in 
December to emergence) 17.2 12.0 2 males? 82.1 

(704) (769) (196) 

* For these samples, the number of eggs counted is a subsample of the total number of parasitized eggs. 
tDue to their poor condition, it was impossible to determine the number of parasitized SBW eggs in treatments III and IV. 

parasitoids used in our experiments had been kept in continuous culture for approximately 
30 generations. 

Female T. minuturn were presented simultaneously with eggs of two factitious host 
species, E. kuehniella and Sitotroga cerealella (Olivier) (Lepidoptera: Gelechiidae), and two 
species attacked by T. minutum in the field, C.furniferana and L.fiscellariafiscel1aria. Eggs 
of E. kuehniella, S. cerealella, and C. fumiferana (diapause strain) were taken from 
laboratory cultures, and had been stored at 2OC for less than 1 week prior to use. Eggs of 
L.fiscellaria, in diapause, were obtained from individuals that had been field collected as 
pupae in Newfoundland and allowed to emerge and oviposit in the laboratory; the eggs were 
stored at 2°C for 3 weeks prior to use. 

After exposure to parasitoid attack for 1 h the eggs were allowed to develop for 23 h 
(25"C, 16L:8D), and then were divided among different treatments with respect to 
temperature, daylength, and storage time (Table 1). Parasitized eggs, held at 25OC and 
16L:8D (treatment I), served as the control to evaluate other treatments with respect to adult 
emergence. We chose to test the combination of 15°C and 12L:12D because this set of 
conditions had evoked diapause in T. evanescens Westwood parasitizing eggs of 
E. kuehniella (Bonnemaison 1972). Thus, we held parasitized eggs from all host species 
under these conditions (treatment 11). Parasitoids in eggs of L. fiscellaria did not emerge 
after 46 days at 15"C, 12L:12D; subsequently we placed them in storage at 2"C, OL:24D, 
for 70 days (treatment IIa). After this, the eggs were returned to 25"C, 16L:8D, and held 
until emergence of the parasitoids. All indoor treatments were conducted at ambient relative 
humidity (50-80%). 

Eggs of all four hosts, parasitized by T. minutum, were put outside for the winter at 
Guelph, Ontario, Canada, 43"34'N, 80°16'W. Half of the eggs were placed outside in 
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November, 1 day after parasitism, prior to the eggs turning black (treatment 111). Host eggs, 
parasitized by Trichogramma spp., turn black when the parasitoid is in the prepupal stage 
(Flanders 1937). The other half were held at 10°C in darkness until they had turned black, 
then were put outside in December, 26 days after parasitism (treatment IV). The samples 
were left outside until emergence was completed in the spring (early to mid-May). 

Percentage emergence was determined by dividing the number of blackened 
(parasitized) host eggs with emergence holes by the total number of blackened eggs. Several 
days after emergence had ceased, dissections were made to determine the fate of individuals 
that failed to emerge. 

To examine the influence of cold conditions on post-diapause emergence by T. minutum 
in eggs of L.fiscellaria, we exposed eggs to parasitism by T. minutum for 30 min, held them 
at 25"C, 16L:8D, until 24 h after parasitism, then placed them at 15"C, 12L: 12D, for 14,28, 
or 42 days. After each of these initial treatments, samples were placed at 2"C, OL:24D, for 
0,28,42, or 56 days after which all samples were moved to 25"C, 16L:8D, to allow the adult 
parasitoids to emerge. Five replications of this experiment were undertaken and the arcsine 
transformed mean emergences for each temperature-time combination were compared 
using ANOVA procedures followed by LSD tests (SAS Institute 1985). 

To estimate the length of time that T. minutum could be held in diapause in eggs of 
L.fiscellaria, parasitized eggs were held at 2"C, OL:24D for 84, 207, and 272 days after 
developing for 28 days at 15"C, 12L: 12D. After storage, the parasitized eggs were returned 
to 25"C, 16L:8D, to allow the adult parasitoids to emerge; the proportion of parasitized eggs 
with emergence holes was recorded after emergence was completed. 

Results 
At 25°C (16L:8D), 70-87% of the T. minutum emerged from the parasitized eggs of all 

host species within 9-13 days of parasitism (Table 1). Dissections of unemerged, parasitized 
eggs revealed only dead and desiccated individuals, of which 20-60% had died in the pupal 
or adult stage. 

At 15°C (12L:12D), individuals held in eggs of E. kuehniella, S. cerealella, and 
C. fumiferana began to emerge 28-30 days after parasitism. Similar percentages of adult 
parasitoids emerged from the two factitious host species at 15°C as did at 25°C but greatly 
reduced levels of emergence were recorded from parasitized eggs of C. fum$ierana (Table 1). 
All parasitized eggs of C. fumiferana from which no parasitoids emerged were dissected, 
revealing only dead and desiccated individuals, mainly in the larval stage. After 46 days, no 
parasitoids had emerged from parasitized eggs of L. fiscellaria kept at 15"C, 12L: 12D. At 
this time, a sample of 10 eggs was dissected and virtually all (60 of 62) of the parasitoids in 
these eggs were found to be alive and in the prepupal stage. The sample of L.fiscellaria then 
was put into cold conditions (2"C, OL:24D) for an additional 70 days. After this period, and 
the subsequent return of the sample to 25°C (treatment IIa - see Table 1 for details), 80.7% 
emergence was recorded (Table 1). 

Emergence of the parasitoids was low from the two factitious host species and 
C. fumiferana that had been placed outside 1 day after parasitism (treatment 111) or 26 days 
after parasitism (treatment IV) (Table 1). The proportion of parasitoids emerging from 
blackened eggs of E. kuehniella and S. cerealella was higher from treatment I11 than from 
treatment IV, but the numbers of blackened eggs were very low in treatment 111, as 
approximately 90% of the parasitoids died before they developed to the point at which they 
induced the host eggs to turn black. 

The percentage emergence from parasitized eggs of L. fiscellaria held outside 
overwinter was over 80% (Table I), with first emergence occurring after 6 months outside 
(November to mid-May) from treatment I11 and after 5 months from treatment IV (December 
to early May). Unlike the other host species, placing eggs ofL.fiscellaria outside 1 day after 
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TABLE 2. Percentage emergence of Trichogramma minutum from parasitized eggs of Lambdinajiscellaria returned 
to2S0C, 16L:8D, afterbeing heldat lS°C, 12L:12D, for 14,28, or 42 days followed by storage at 2OC, OL:24D, for 

0,28,42,  or 56 days. Sample sizes (n)  are the number of replications of each time-temperature combination 

Days at Days at 2"C, OL:24D 
1S0C, 

12L:12D 0 28 42 56 

14 42.8213.9 ab* 80.6% 14.9 cd 83.3228.9 de 99.022.2 e 
(5)  (5)  (5) (5)  

28 13.6+14.1 a 79.2219.1 cd 88.62 12.6 de 83.3228.9 de 
(5)  (5)  (5)  (4)  

42 45.6+37.3 bc 97.823.2 de 89.3T19.6 de 100.020.0 e 
(5)  (5)  (4)  (3)  

" Means followed by the same letter are not significantly different (P < 0.05, LSD test). 

parasitism (treatment 111) did not affect parasitoid survival, based on the number of 
blackened eggs of L. fiscellaria found in treatment I11 relative to the other treatments 
(Table 1). 

Trichogramma minutum in eggs of L.fiscellaria appeared to enter diapause if they were 
held at 15"C, 12L:12D, for 14, 28, or 42 days, although emergence was less than 50% for 
those samples not subsequently exposed to low temperatures (Table 2). Emergence levels 
of approximately 80% or higher were recorded for all samples that were held at 2OC, OL:24D, 
for at least 28 days after the initiation of diapause (Table 2). Relatively high levels of 
emergence were recorded for T. minutum, stored for long periods at 2°C OL:24D, after 
developing for 28 days at 15OC, 12L:12D (94% emergence after 84 days of storage; 68% 
emergence at 207 days of storage; 53% emergence at 282 days of storage). 

Discussion 
Diapause responses vary among species of Trichogramma. Some species of 

Trichogramma exhibit a relatively intense, photoperiodically controlled diapause, others 
have a thermally controlled arrest of development of some part of the population, and some 
species or strains of Trichogramma appear to lack diapause altogether (Tauber et al. 1986). 
For some species of Trichogramma, diapause induction is a function of temperature and 
photoperiod acting on the parasitoids themselves or on their parental generation or both; 
rearing them on a factitious host species does not hinder diapause induction (T. cacoeciae 
in E. kuehniella-Quednau 1957; T. evanescens, T. euproctidis Girault, T. acheae Nagaraja 
and Nagarkatti in E. kuehniella-VoegelC 1976; T. pintoi VoegelC, T. embryophagum, 
T. principium Sugonjaev and Sorokina, T semblidis Aurivillius in S. cerealella-Zaslavski 
and Umarova 1990). Other species and populations have failed to enter diapause in factitious 
hosts even when exposed to low temperatures or short photoperiod, or both (T. minutum in 
E. kuehniella-Peterson 1930; T. minutum in S. cerealella-Peterson 1931; T. pallida Meyer 
in S. cerealella-Telenga 1956; T. pretiosum Riley in S. cerealella-Lopez and Morrison 
1980). 

In our experiments, the ability of T. minutum to enter diapause and withstand long 
periods of low-temperature storage depended on the host species. Trichogramma minutum, 
held in eggs of L.fiscellaria at 15OC, 12L: 12D, were found to be alive and in the prepupal 
stage, after parasitoids in the other three host species had emerged or died. The prepupa was 
the diapause stage recorded for other Trichogramma species (Marchal1936 in Askew 197 1; 
Telenga 1956; Quednau 1957; VoegelC 1976; Zaslavski and Umarova 1981, 1990). The 
parasitized eggs of L. fiscellaria subsequently were subjected to a prolonged exposure to 
low temperatures (2OC, OL:24D, for 70 days). This exposure did not have an adverse effect 
on emergence of the parasitoids from eggs of L. fiscellaria relative to emergence from the 
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control, reared at 25OC, 16L:8D. We conclude that diapause of T. rninuturn was induced in 
eggs of L. fiscellaria held at 15"C, 12L: 12D. 

Diapause induction in other species of Trichogramrna is affected by the host species 
attacked (Howard 1937; Bonnemaison 1972). The parasitoids did not enter diapause in eggs 
of the two factitious host species, or in eggs of C. furniferana. Populations of T. rninutum 
apparently overwintered without diapause in eggs of E. kuehniella in New Jersey (Peterson 
1930) and in eggs of Peridrorna saucia (Hiibner) (Lepidoptera: Noctuidae) in Missouri 
(Parker and Pinnell 1971). These two host species do not overwinter in the egg stage; 
E. kuehniella does not have an overwintering stage and P. saucia overwinters as a pupa 
(Metcalf et al. 1962). Houseweart et al. (1984) forund T. rninuturn that had parasitized eggs 
of Malacosoma disstria Hiibner in the fall were in diapause, and we were successful in 
inducing diapause of T. rninuturn in eggs of L. fiscellaria. Individuals of L.fiscellaria 
overwinter in diapause in the egg stage (Rose and Lindquist 1977; Singh and Moore 1985) 
and those of M. disstria overwinter as diapause larvae inside the egg (Rose and Lindquist 
1982; Stehr and Cook 1968). We concluded that diapause in our population of T. rninuturn 
was induced when the parasitoids attacked host eggs that were themselves in a diapause 
state. This phenomenon has been observed for several other species of egg parasitoids 
(Boivin 1994). 

Photoperiod and temperature are thought to be major factors influencing diapause 
induction in many species of egg parasitoids (Boivin 1994). Trichogramrna minutum did not 
enter diapause when held in eggs of L.fiscellaria at 25OC, 16L:8D, indicating that short days 
or low temperatures, or both, interacted with the host species characteristics to promote 
diapause induction in T. minutum. 

Fewer eggs of either E. kuehniella or S. cerealella blackened when the parasitized host 
eggs were put outside 1 day after parasitism (treatment 111) relative to being put out 26 days 
after parasitism (treatment IV). Because all eggs were exposed simultaneously to a single 
group of parasitoids, we expected that similar numbers of eggs were parasitized in all 
treatments. Therefore, most of the parasitoids in the eggs of the factitious host species in 
treatment I11 must have died before they developed sufficiently to turn the host eggs black. 
In the same treatment, however, parasitoids in eggs of L. fiscellaria survived well, even 
though they had not developed to the diapause (prepupal) stage prior to being placed outside 
for the winter. Some factor in the eggs of L.fiscellaria allowed the parasitoids to survive at 
low temperatures or it is possible that the ability to overwinter in eggs of L. fiscellaria is a 
result of some other attribute, such as their greater relative resistance to desiccation. 

Embryonic diapause in the Lepidoptera has been most extensively studied in the 
silkworm, Bornbyx mori L. (Lepidoptera: Bombycidae). A diapause hormone, produced in 
the subesophageal ganglion of the mother, exerts its influence on the developing ovaries, 
causing the oijcytes to take up high levels of glycogen (Yamashita and Yaginuma 1991). At 
the initiation of diapause, glycogen is converted into the cryoprotectants, sorbitol and 
glycerol (Yamashita and Yaginuma 1991). We speculate that the diapause eggs of 
L. fiscellaria contain cryoprotectants similar to those found in eggs of B. rnori; the presence 
of these compounds allows T. minuturn to survive long periods at low temperatures in these 
eggs. The cryoprotectants of the host may be a factor in triggering diapause of the parasitoid, 
or they may allow the immature parasitoids to survive low-temperature conditions long 
enough to receive the sufficient photoperiodic or temperature, or both, cues to induce 
diapause. 

Emergence levels below 50% were recorded for parasitoids held in eggs of L.fiscellaria 
at 15"C, 12L:12D, for 14, 28, or 42 days without subsequent exposure to 2OC, OL:24D 
conditions. If held for at least 28 days at 2OC, OL:24D, the emergence rates were generally 
above 80%. These findings suggest that a cold period of 28 days was sufficient to complete 
diapause development for T. rninuturn. 
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We observed that the parasitoids developed to the prepupal stage while being held at 
10°C in the laboratory. These results suggest that the developmental threshold of ca. 10°C, 
calculated for T. minutum by Peterson (1930) and Yu et al. (1984), is too high. 

Our results suggest that it may not be possible to induce diapause in T. minutum when 
E. kuehniella and S. cerealella are used as hosts. The use of these hosts may preclude the 
long-term storage of parasitized host material, an important consideration for economical 
mass production of the parasitoid. 

Lambdinafiscellaria can be reared on both natural and artificial diets (Singh and Moore 
1985), yet it may be too expensive to keep in culture relative to the commonly used factitious 
host species. Producers of T. minutum should compare the cost of occasional production of 
L.fiscellaria, to allow storage of T. minutum in diapause, with the potential saving that could 
be accrued if year-round culture of the parasitoid and the factitious host species could be 
avoided. Alternatively, using L.$scellaria as the principal host species in a rearing program 
would allow producers to stockpile parasitoids for release in the field season. This ability, 
combined with the fact that T. minutum produced from eggs of L.fiscellaria are superior in 
their reproductive performance compared with those produced from E. kuehniella or 
S .  cerealella (Comgan and Laing 1994), may more than compensate for the greater cost of 
culture of L. fiscellaria. 

Acknowledgments 
The authors thank J. Martin, J.S. Zubricky, L. Fielding, and N. Otten for technical 

assistance and M.J. Tauber, C.A. Tauber, P. J. Newton, and two anonymous reviewers for 
reviewing the manuscript. We thank R.J. West, Forestry Canada, St. John's, Nfld., and 
B. McCron, Forest Pest Management Institute, Sault Ste. Marie, Ont., for supplies of host 
material. We gratefully acknowledge Ciba-Geigy Canada and the Ontario Premier's Council 
Technology Fund for financial support of the Trichogramma project at the University of 
Guelph. 

References 
Askew, R.R. 1971. Parasitic Insects. American Elsevier, New York, NY. 316 pp. 
Beck, S.D. 1968. Insect Photoperiodism. Academic Press, New York, NY. 288 pp. 
Bigler, F., J. Baldinger, and L. Luisoni. 1982. L'impact de lam6thode d'6levage et de l'h6te sur la qualit6 intrinskque 

de Trichonramma evanescens Westw. Les Collo~ues de l'lnstitut National de la Recherche Agronomique 9: 
167-180.- 

Boivin, G. 1994. Overwintering strategies of eggparasitoids. pp. 219-244 in Wajnberg, E., and S.A. Hassan (Eds.), 
Biological Control with Egg Parasitoids. C.A.B. International, Wallingford, England. 

Bonnemaison, L. 1972. Diapause et superparasitisme chez Trichogramma evanescens Westwood. Bulletin de la 
Societt Entomologique de France 5: 123-132. 

Conigan, J.E., and J.E. Laing. 1994. Effects of the rearing host species and the host species attacked on performance 
by Trichogramma minutum Riley (Hymenoptera: Trichogrammatidae). Environmental Entomology 23: 
755-760. 

Flanders, S.E. 1937. Notes on the life history and anatomy of Trichogramma. Annals of the Entomological Society 
of America 30: 304-308. 

Houseweart, M.W., D.T., Jennings, S.H. Pease, and R.K. Lawrence. 1984. Alternate Insect Hosts and 
Characteristics of Forest Stands Supporting Native Populations of Trichogramrna minutum Riley. University 
of Maine Miscellaneous Report 300: 32 pp. 

Howard, L.O. 1937. Resum6 and conclusions to Paul Marchal's extended paper on the Trichogrammas. Annals of 
the Entomological Society of America 30: 551-557. 

Laing, J.E., and G.M. Eden. 1990. Mass-production of Trichogramma minutum Riley on factitious host eggs. 
pp. 10-24 in Smith, S.M., J.R. Carrow, and J.E. Laing (Eds.), Inundative Release of the Egg Parasitoid, 
Trichogramma rninutum (Hymenoptera: Trichogrammatidae), against Forest Insect Pests such as the Spruce 
Budworm, Choristoneura fumiferana (Lepidoptera: Tortricidae): The Ontario Project 1982-1986. Memoirs 
of the Entomological Society of Canada 153: 87 pp. 

Lopez, J.D., and R.K. Morrison. 1980. Overwintering of Trichogrammapretiosum in central Texas. Environmental 
Entomology 9: 75-78. 

https://doi.org/10.4039/Ent127103-1 Published online by Cambridge University Press

https://doi.org/10.4039/Ent127103-1


110 THE W A D I A N  ~ M O L O F I S T  JanuaryFebruary 1995 

Marchal, P. 1936. Recherches sur la biologie et le dkveloppement des Hymtnoptkres parasites: les Trichogrammes. 
Annales des Epiphyties et de Phytoge'ne'tique 2: 447-550. 

Metcalf, C.L., W.P. Flint, and R.L. Metcalf. 1962. Destructive and Useful Insects, 4th ed. McGraw-Hill, New York, 
NY. 478 pp. 

Parker, F.D., andR.E. Pinnell. 1971. Overwintering of some Trichogramma spp. in Missouri. Journal ofEconomic 
Entomology 64: 80- 8 1. 

Peterson, A. 1930. A Biological Study of Trichogramma minutum Riley an Egg Parasite of the Oriental Fruit Moth. 
USDA Technical Bulletin 215: 21 pp. 

1931. Refrigeration of Trichogramma minutum and other notes. Journal of Economic Entomology 24: 
1070-1074. 

Quednau, W. 1957. h e r  den Einfluss von Temperatur und Luftfeuchtigkeit auf den Eiparasiten Trichogramma 
cacoeciae Marchal. Mitteilungen der Biologischen Bundes-(Reichs) Anstalt fuer Land- und Forstwirtschaft 
90: 1-63. 

Rose, A.H., and O.H. Lindquist. 1977. Insects of Eastern Spruces, Fir and Hemlock. Forestry TechnicalReport 23: 
159 pp. 

1982. Insects of Eastern Hardwood Trees. Forestry Technical Report 29: 304 pp. 
SAS Institute. 1985. SAS/STAT Guide for Personal Computers: Version 6 Edition. SAS Institute, Cary, NC. 
Schread, J.C., and P. Garman. 1934. Some effect of refrigeration on the biology of Trichogramma in artificial 

breeding. Journal of the New York Entomological Society 42: 263-283. 
Singh, R.R., and R.F. Moore (Eds.). 1985. Handbook of Insect Rearing, Vol. 2. Elsevier, Amsterdam. 514 pp. 
Stehr, F.W., and E.F. Cook. 1968. A Revision of the Genus Malacosoma Hiibner in North America (Lepidoptera: 

Lasiocampidae): Systematics, Biology, Immatures, and Parasites. United States National Museum Bulletin 
276: 321 pp. 

Tauber, M. J., C.A. Tauber, and S. Masaki. 1986. Seasonal Adaptations of Insects. Oxford University Press, 
New York, NY. 41 1 pp. 

Telenga, N.A. 1956. Studies on Trichogramma evanescens Westw. and T. Pallida Meyer [Hymenoptera, 
Trichogrammatidae] and their use in the USSR. Entomologicheskoye Obozreniye 35: 599-610. 

Voegelt, J. 1976. La diapause et I'htttrogtntitt du dtveloppement chez les Aelia [Heteroptera, Pentatomidae] et 
les Trichogrammes [Hymenoptera, Trichogrammatidae]. Annales de Zoologic-Ecologie d'Animale 
8: 367-371. 

Voegelt, J., J.Pizzo1, and A. Babi. 1988. The overwintering of some Trichogramma species. Les Colloques de 
I'lnstitut National de la Recherche Agronomique 43: 275-282. 

VoegelC, J., J.Pizzo1, B. Raynaud, and N. Hawlitzky. 1986. La diapause chez les Trichogrammes et les advantages 
pour la production de masse et la lutte biologique. Mededelingen van de Faculteit Diergeneeskunde 
Rijkuniversiteit Gent 51: 1033-1039. 

Yamashita, O., and T. Yaginuma. 1991. Silkworm eggs at low temperatures: Implications for senculture. 
pp. 424-445 in Lee, R.E., and D.L. Denlinger (Eds.), Insects at Low Temperature. Chapman and Hall, 
New York, NY. 513 pp. 

Yu, D.S.K., E.A.C. Hagley, and J.E. Laing. 1984. Biology of Trichogramma minutum Riley collected from apples 
in southern Ontario. Environmental Entomology 13: 1324-1329. 

Zaslavski, V.A., and T. Ya. Umarova. 1981. Photoperiodic and temperature control of diapause in Trichogramma 
evanescens Westw. [Hymenoptera, Trichogrammatidae]. Entomologicheskoye Obozreniye 60: 721-731. 

-1990. Environmental and endogenous control of diapause in Trichogramma species. Entomophaga 
35: 23-29. 

(Date received: 25 March 1994; date accepted: 11 August 1994) 

https://doi.org/10.4039/Ent127103-1 Published online by Cambridge University Press

https://doi.org/10.4039/Ent127103-1



