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Effect of Experience on Response of Trichogramma buesi Voeg.
and 7. principium Sug. et Sor. (Hymenoptera, Tricho-
grammatidae) Females to Different Ages of Host Eggs
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Abstract—Laboratory experiments have demonstrated that patterns of distribution of 7. principium and T. buesi
females by the number of mature ovarial eggs is strongly dependent on the age of the host (Sitotroga cerealella)
eggs offered for parasitization. The approximate percentage of parasitizing females estimated from these distribu-
tions was 1.5-2 times higher for females offered young host eggs than for those offered “old” eggs, that had devel-
oped for six days at a temperature of 20°C. In both species, females more often oviposited in old (non-preferred)
eggs when they had previously experienced fresh (preferred) eggs. This result contradicts the widely accepted as-
sumption that in insect parasitoids, experience of parasitizing a preferred host decreases the probability of parasitiz-
ing a non-preferred host. One might expect that under natural conditions, a rather long time interval also precedes
parasitization of less preferred host eggs by Trichogramma females, and duration of this interval may be also de-

pendent on availability of other host species.
DOI: 10.1134/S0013873807010010

The host age (more correctly, the stage of the host
embryo development) is one of the most important
factors determining the specificity of egg parasitoids
of the genus Trichogramma Westw. Usually, the per-
centage of parasitizing females, the number of hosts
parasitized, the proportion of larvae completed their
development, and the fecundity of emerging adults
decrease with the host embryo development, al-
though more complicated pattern of dependence was
also recorded (Kochetova, 1969; Reznik and Uma-
rova, 1985; Pak, 1986; Schmidt, 1994; Reznik et al.,
1997; Olson, 1998; Monje et al., 1999; Honda and
Luck, 2000).

Earlier (Reznik et al., 1997) we have demonstrated
that the prior experience of parasitizing of freshly laid
eggs of the Angoumois grain moth, Sitotroga ce-
realella Oliv. (Lepidoptera, Gelechiidae) by Tricho-
gramma principium Sug. et Sor. females increased the
probability of parasitization of “old” (i.e., developed
during six days at 20°C) eggs of the same host species.
This effect had not previously been observed in any
other Trichogramma species. Moreover, just the oppo-
site dependence was revealed in most of the studied
insect parasitoids: the prior experience of parasitizing
of a “good” host decreased the probability of a “bad”
host acceptance (Vinson, 1985; Reznik, 1993;
Turlings et al., 1993).

In the above experiments, parasitization by individ-
ual females was directly recorded, which was an exact
but very time-consuming method. The present work
was conducted with two Trichogramma species:
T. principium and T. buesi Voeg. by the method of
mass parasitization. The first aim of this study was to
compare results obtained with the same species
(T. principium) using two different methods. The sec-
ond aim was to conduct the experiments with the other
Trichogramma species, to ensure that the earlier ob-
served effect was not unique property of the studied
species.

MATERIALS AND METHODS

The experiments were conducted with the labora-
tory strains of T. principium and T. buesi, originated
from females reared from Noctuidae eggs collected,
correspondingly, in Chimkent Province (Kazakhstan)
and in Saratov Province (Russia) and then reared dur-
ing 15-20 years on the grain moth eggs. The insects
were identified by Dr. E.S. Sugonyaev (Zoological
Institute) and Dr. A.P. Sorokina (Institute of Plant
Protection, St. Petersburg, Russia). Voucher speci-
mens are stored in the insect collection of the Zoologi-
cal Institute.

The mass parasitization method which was used in
the present study was based on the fact that parasitiz-



2 REZNIK, VAGHINA

ing females usually had in their oviducts much less
eggs than those refusing to parasitize (Chumakova,
1968; Pak et al., 1985; Pavlik, 1993; Volkoff and Dau-
mal, 1994; Bai et al., 1995; Reznik et al., 1998, 2001).
This method, although it is not perfectly precise, was
repeatedly used both for Trichogramma (Honda and
Luck, 2000; Mansfield and Mills, 2002), and for other
insect species (e.g., Veenstra and Byrne, 1998). Our
previous studies have demonstrated the mean number
of mature ovarial eggs in females parasitizing “old”
eggs of the grain moth (9-10 eggs/female, depending
on the treatment) was somewhat higher than that in
females parasitizing young eggs (3—4 eggs/female),
but still much lower that that in females refusing to
parasitize (about 20-27 eggs/female). Based on the
other research carried out with 7. principium (Reznik
et al., 1998) the threshold could be roughly estimated
as 15 eggs/female. In the present study, this boundary
is evident when the wasps refusing to parasitize consti-
tuted about half of the sample and the distribution
became bimodal (Figs. 2 and 3, treatments O, O—O,
0—-—0).

The laboratory lines were reared and all experi-
ments were conducted under constant conditions
(20°C, L : D = 18 : 6). In each experiment, a standard
sample of several hundred individuals emerged during
the given day were placed in a glass test tube (3 cm in
diameter, 10 cm in length). Honey (50% aqueous solu-
tion) was streaked on the glass to feed adults. The
grain moth eggs glued to paper cards were offered to
females according to the design of the experiment, the
parasitoid : host ratio was about 1 : 20. In our experi-
ments, we used “young” (stored at 20°C for no more
than 1-2 days) and “old” (developing during 5-6 days
at the same temperature) grain moth eggs.

If several portions of host eggs were sequentially
provided, they were replaced simultaneously in all
treatments of the experiment. At the end of each ex-
perimental period, a random sample of females was
selected. These females were dissected, the number of
mature eggs in their ovaries was counted, and the ap-
proximate percentage of parasitizing females in a sam-
ple was estimated from the frequency distribution of
females by the number of mature eggs. Particular ex-
perimental designs and sample sizes are given below.

The experimental results are presented as frequency
distributions of females over classes with a different
number of mature ovarial eggs (Figs. 1-3). As the
distribution patterns were not normal, the data were
averaged with medians and quartiles and the signifi-

cance of differences was estimated by the Kolmo-
gorov-Smirnov test. As mentioned above, the total
proportion of individuals of the first 3 classes (less
than 15 eggs/female) was taken for the approximate
percentage of parasitizing females. All calculations
were made using SYSTAT 10.2.

RESULTS AND DISCUSSION
The First Experiment

In the first experiment, females have no possibility
to parasitize, as they were provided with carbohydrate
food, but not with host eggs. On the 1st, the 3rd, the
4th, and the 5th day of the experiment (7. buesi) and
on the Ist, the 3rd, and the 7th day of the experiment
(T. principium) part of the females were dissected. On
the 1st day of the experiment (Figs. 1A, 1D) emerging
T. principium and T. buesi females had in their ova-
ries, correspondingly, 23 (19-28) and 24 (18-29) ma-
ture eggs (hereafter medians and quartiles are given).
Similar results were obtained by various authors for
different Trichogramma species: ca 15 mature ovarial
eggs at emergence in 7. cacoeciae Marchal, ca 20 eggs
in T. maidis Pint. et Voeg., 3040 eggs in T. brassicae
Voeg. and in 7. evenescens Westw. (Chumakova,
1968; Pak et al., 1985; Volkoff and Daumal, 1994).
Note that in both species emerging females which had
less than 10 eggs ready to be laid constituted no more
than 5% of the sample. Thus, practically all the fe-
males were ready to parasitize several hours after
emergence, as had been earlier demonstrated for many
other Trichogramma species (e.g., Telenga and
Shchepetilnikova, 1949; Sorokina, 1983; Rusnak,
1988; Takada et al., 2000). On the 3rd day of the ex-
periment (Figs. 1B, 1E) the number of mature eggs in
females which had no possibility to parasitize signifi-
cantly (p < 0.001, Kolmogorov-Smirnov test) in-
creased up to 34 (29-39) and 34 (28-39) in T. princip-
ium and in T. buesi, correspondingly, and then became
stable (Figs. 1C, 1F-1G). An increase in the number
of mature eggs was earlier shown for 7. platneri Na-
garcatti females deprived of the host during two days
(Hohmann et al., 1988).

As seen from Figs. 1B, 1C, and 1E-1G, in spite of
the increase in the average values, in certain females
prevented from parasitization, the number of mature
eggs is less than 15, although these females constituted
not more than 5-7% of the sample. It is known
(Raabe, 1986) that the presence of mature, but not yet
laid eggs may inhibit vitellogenesis. Several authors
(Flanders, 1942; Pak et al., 1985; Jervis and Kidd,
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Fig 1. Distribution of Trichogramma females deprived of hosts by the number of the mature ovarial eggs. Abscissa: number of eggs
(means for classes); ordinate: percentage of females. Age of females (in parenthesis, sample size is given): Trichogramma principium:
(A) emerging (n = 539), (B) 3 days (n = 317), (C) 7 days (n = 206); T. buesi: (D) emerging (n = 307), (E) 3 days (n = 278), (F) 4 days

(n=269), (G) 5 days (n = 245).

1986; Fleury and Bouletreau 1993; Wang and Mess-
ing, 2003) suggested that in non-parasitizing females,
the number of mature ovarial eggs is determined by
the balance of two concurrent processes, i.e., oogene-
sis and oosorption. Thus, it is conceivable that the
number of mature ovarial eggs gradually increases in
females with predominating oogenesis and decreases
in females with predominating oosorption.

The Second Experiment

Trichogramma principium. In the second experi-
ment, females were provided with “young” and/or
“old” grain moth according to a definite pattern. In
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treatments “Y” and “O” (Fig. 2) T. principium females
were offered, correspondingly, young or old host eggs
during 48 h and then (on the 3rd day of the experi-
ment) all females were dissected and the mature
ovarial eggs were counted. In treatments “Y—A” and
“O—A” the periods of contact with the host were the
same, but the females were dissected on the 5th day of
the experiment (during the 3rd and the 4th days the
host eggs were absent). In treatments “Y—Y,”
“Y—0,” “O0—0,” and “O—Y” females were sequen-
tially offered two portions of young or old host eggs in
four possible combinations. Each portion was offered
during 48 h and then (on the 5th day of the experi-
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Fig 2. Distribution of Trichogramma principium females offered young (fresh) or old (developed during 6 days at 20°C) eggs of the
grain moth by the number of the mature ovarial eggs. In the upper right corner, approximate percentage of parasitizing females at dissec-
tion is indicated. For other designations, see Fig. 1. Treatments (in parenthesis, sample size is given): Y, young eggs offered for two
days, dissection on the 3rd day (n = 783 ); O, old eggs offered for two days, dissection on the 3rd day (n = 602); Y—A, young eggs
offered for two days followed by host deprivation during two days, dissection on the 5th day (n = 200); O—A, old eggs offered for two
days followed by host deprivation during two days, dissection on the 5th day (n = 154); Y—Y, young eggs offered for two days followed
by a new portion of young eggs for the next two days, dissection on the 5th day (n = 416); O—Y, old eggs offered for two days followed
by a portion of young eggs for the next two days, dissection on the 5th day (n = 351); Y—O, young eggs offered for two days followed
by a portion of old eggs for the next two days, dissection on the 5th day (n = 436) O—0, old eggs offered for two days followed by a
new portion of old eggs for the next two days, dissection on the 5th day (n = 340); Y—>—Y, young eggs offered for two days followed
by a 2-days-long interval of host deprivation and by a new portion of young eggs for the next two days, dissection on the 7th day
(n =332); 0——Y, old eggs offered for two days followed by a 2-days-long interval of host deprivation and by a portion of young eggs
for the next two days, dissection on the 7th day (n = 268); Y——0, young eggs offered for two days followed by a 2-days-long interval
of host deprivation and by a portion of old eggs for the next two days, dissection on the 7th day (n = 203); O——0, old eggs offered for
two days followed by a 2-days-long interval of host deprivation and by a new portion of old eggs for the next two days, dissection on the
7th day (n = 159).

ment) the wasps were dissected. Treatments long interval of host deprivation was inserted between

G‘Y_)_)Y,?? G‘Y_)_)O”’ “OHHO” and “O_)_)Y’?
were conducted with the same design, but a two day

two exposures of host eggs (during host deprivation,
females were offered honey solution, but no hosts
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were provided) and females were dissected on the 7th
day of the experiment.

As seen from Fig. 2 (treatments “Y” and “0”), even
on the 3rd day of the experiment, the distribution
T. principium females by the number of mature eggs
significantly (p < 0.001) depended on the age of the
offered host eggs. As could be expected, the approxi-
mate percentage of parasitizing individuals estimated
from these distributions with the young hosts was
twice as high as that with the old hosts. However, after
two days of oogenesis in the absence of the host the
difference between distributions partly leveled, al-
though it was still significant (p < 0.01), medians and
quartiles being 19 (13-23) and 23 (18-29) in treat-
ments “Y—A” and “C—A,” correspondingly.

When two portions of host eggs were sequentially
offered, the reaction markedly depended on their or-
der. Particularly, treatments “Y—Y” and “O—Y”
were practically indistinguishable, but in treatments
“Y—0” and “O—0” the results significantly de-
pended not only on the age of the second portion of
host eggs (which was offered just before the dissec-
tion), but also on the age of the first portion of the host
eggs. When one portion of the old hosts was provided
(treatment “O”) the number of mature eggs was 19 (9—
29), and after the second portion (treatment “OQ—0”)
the results were practically the same. But if fresh, host
eggs were provided after the much more preferred six-
days-old eggs (treatment “O—Y”), the number of eggs
ready to be laid drastically (p < 0.001) decreased to
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4 (2-8.5) suggesting a rather high proportion of parasi-
tizing females. The most interesting were the results of
treatment “Y—Q,” confirming a high stability of the
“parasitization state:” when the older hosts were of-
fered after the younger hosts, the average number of
mature ovarial eggs significantly (p < 0.01) increased
from 6 (2-11) to 8 (4-13), but the difference between
treatments “Y—0” and “O—0,” was also significant
(p < 0.001) and much more pronounced: 8 (4—13) and
18 (9-27), correspondingly (Fig. 2). These data clearly
supported the earlier conclusion made from experi-
ments with individual females (Reznik et al., 1997):
the parasitization of the fresh eggs markedly increased
the willingness to parasitize the less preferred old eggs
of the grain moth.

This tendency was also revealed in the next experi-
ment, conducted by the same design but with a two-
day-long interval of host deprivation, when females
were fed, but the hosts were not provided. Dissections
(Fig. 2, treatments “Y——0O” and “O——0") sug-
gested that in this case, 6 days old eggs of the grain
moth were much more voluntary parasitized if they
had been preceded by other (young) eggs. The ap-
proximate proportions of parasitizing females consti-
tuted ca 75% and 40%, and the numbers of eggs ready
to be laid, 4 (2-15) and 21 (3-31) in the two treat-
ments, correspondingly.

Noteworthy also are the typical differences between
the results of the present study and the data earlier
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Fig. 3. Distribution of Trichogramma buesi females offered young (fresh) or old (developed during 5 days at 20°C) eggs of the grain
moth by the number of the mature ovarial eggs. For the designations, see Fig. 2. Treatments (in parenthesis, sample size is given): Y,
young eggs offered for two days, dissection on the 3rd day (n = 404 ); O, old eggs offered for two days, dissection on the 3rd day
(n =377); Y—A, young eggs offered for two days followed by host deprivation during two days, dissection on the 5th day (n = 233);
0—A, old eggs offered for two days followed by host deprivation during two days, dissection on the 5th day (n = 230); Y—Y, young
eggs offered for two days followed by a new portion of young eggs for the next two days, dissection on the 5th day (n = 316); O—Y, old
eggs offered for two days followed by a portion of young eggs for the next two days, dissection on the 5th day (n = 257); Y—O, young
eggs offered for two days followed by a portion of old eggs for the next two days, dissection on the 5th day (n = 311) O—O, old eggs
offered for two days followed by a new portion of old eggs for the next two days, dissection on the 5th day (n = 275); Y—>—Y, young
eggs offered for one day followed by a 1-day-long interval of host deprivation and by a new portion of young eggs for the next day,
dissection on the 4th day (n = 446); O——Y, old eggs offered for one day followed by a 1-day-long interval of host deprivation and by
a portion of young eggs for the next day, dissection on the 4th day (n = 324); Y—>—O0, young eggs offered for one day followed by
a 1-day-long interval of host deprivation and by a portion of old eggs for the next day, dissection on the 4th day (n = 333); 0——0, old
eggs offered for one day followed by a 1-day-long interval of host deprivation and by a new portion of old eggs for the next day, dissec-
tion on the 4th day (n = 383).

obtained for 7. principium females by means of the
method of individual parasitization. Under mass para-
sitization, parasitizing females constituted more than
80% and about 40% when they were offered fresh and

six day old eggs, correspondingly (Fig. 2). Under indi-
vidual parasitization, these indexes were ca 40% and
ca 20%, respectively (Reznik et al., 1997). These dif-
ferences could be due to the fact that the higher num-
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ber of hosts (several thousand under mass parasitiza-
tion vs. several tens under individual parasitization)
provided a much stronger stimulus for parasitization,
although the mean number of hosts per female under
mass parasitization was not higher than that under
individual parasitization.

Trichogramma buesi. Experiments conducted ac-
cording to the same design with 7. buesi gave practi-
cally the same results (Fig. 3). The percentage of para-
sitizing wasps was also dependent on the host age: the
difference between treatments “Y” and “O” was sig-
nificant (p < 0.001, Kolmogorov-Smirnov test): the
number of ovarial eggs ready to be laid was 9 (4-18)
and 16 (7-26), correspondingly. However, when the
parasitization was prevented during two days this dif-
ference was almost leveled off: 22 (17-27) and
24 (20-30) in treatments “Y—A” and “C—A,” corre-
spondingly. When young eggs were offered after old
eggs, females voluntary started parasitization. The
difference between treatments “Y—Y” and “O—-Y”
was not significant (p = 0.66), the number of eggs
ready to be laid being 4 (1-10) and 4 (2-12), corre-
spondingly. Similarly to 7. principium, parasitization
induced by more preferred hosts was continued even
when less preferred hosts were provided: the differ-
ence between treatments “O—Q0” and “Y—O0” was
significant (p = 0.001), the number of eggs ready to be
laid being 17 (6-26) and 9 (3-24), correspondingly.
On the other hand, treatment “Y—Q” was signifi-
cantly (p < 0.001) different from treatment “Y—Y,”
suggesting that certain females terminated parasitiza-
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tion or at least decreased its intensity. When a one-
day-long interval of host deprivation was inserted be-
tween two host exposures, the same differences were
revealed (Fig. 3, treatments “Y——Y,” “O——-Y,”
“Y——0,” and “0——0").

We conclude that both 7. principium and T. buesi
females which started to parasitize fresh eggs of the
grain moth, continued the parasitization even if the
second portion consisted of old (usually rejected)
eggs. This “stability of parasitization” was still high
even when one- or two-day-long interval of host dep-
rivation was inserted between the two host exposures.
Thus, in two Trichogramma species previous experi-
ence of parasitization of the more preferred hosts in-
creased the probability of parasitization of less pre-
ferred hosts. In all insect parasitoids studied earlier, as
far as we know, either previous parasitization experi-
ence did not influence the probability of parasitization
of other hosts, or the contact with the more preferred
host caused an increase in the number of females re-
fusing to parasitize the less preferred host (Vinson,
1985; Kaiser et al.,, 1989; Turlings et al., 1993;
Reznik, 1993). The latter was clearly demonstrated,
e.g., for learned discrimination of overparasitized
hosts (Klomp et al. 1980; Alphen and Dijken, 1988).

In certain insects, the so called “cross induction”
was revealed, when an experience of a stimulus
changed the reaction to another stimulus (Jaenike,
1983; Papaj et al., 1989; Barron and Corbet, 2000).
However, in this case the contact with a “good” host
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decreased the probability of a “bad” host acceptance
(Papaj and Prokopy, 1989; Courtney et al., 1989;
Reznik, 1993), i.e., the reaction was the opposite of
that revealed in the present study. Yet, priming (a spe-
cial form of learning) may induce a positive reaction
to an unsuitable substrate after contact with a suitable
substrate. For example, certain Lepidoptera females
tended to lay eggs on unsuitable host plants after the
contact with a suitable host plant (Traynier, 1979;
Thibout et al., 1985).

However, the results of our long-term experimental
studies (Reznik et al., 1998, 2001) suggest that induc-
tion of parasitization is based not only on learning but
also on neuroendocrine mechanism. Generally, instant
release of a hormone caused by host- or food-related
stimuli can also induce sharp stable changes in behav-
ior, similar to those caused by sensitization, by prim-
ing, or by conditional response (Barton Browne,
1993). For example Nicrophorus orbicollis Say (Sil-
phidae) females show a twofold increase in the level
of the juvenile hormone 10 min after locating an ani-
mal carcass, which, in turn, causes not only sharp in-
crease in oogenesis intensity, but also corresponding
behavioral changes (Trumbo et al., 1995; Trumbo,
1997).

Whatever the mechanism, it may function not only
in the laboratory but also under the natural conditions,
where it may well be that a parasitoid female could
sequentially locate different host species or different
stages of the host development. In this case, although
emerging Trichogramma females have a significant
number of eggs ready to be laid, a rather long period
of time can precede the onset of parasitization of a less
preferred host, and the duration of this period may
depend on the presence of other host species.

CONCLUSIONS

(1) Experiments conducted with 7. principium fe-
males by individual and by mass parasitization meth-
ods gave similar results. Thus, the applicability of
mass parasitization method for studies on host selec-
tion by Trichogramma and, possibly, by other insect
parasitoids was experimentally supported.

(2) When T. principium and T. buesi females were
deprived of the host, the number of mature eggs
slightly but significantly increased and then became
stable.

(3) The pattern of the distribution of 7. principium
and T. buesi females by the number of eggs ready to be

laid strongly depended on the age of the offered grain
moth eggs. When fresh eggs of the grain moth were
offered, the approximate percentage of parasitizing
individuals estimated from these distributions was
twice or half as high as that with old eggs, developed
during 5-6 days at 20°C.

(4) In both the studied species previous experience
of parasitization of the fresh grain moth eggs markedly
increased the tendency to parasitize the less preferred
old eggs.

(5) It is possible that under natural conditions rather
a long period of time can precede the onset of parasiti-
zation of a less preferred host by Trichogramma fe-
males, the duration of this period being dependent on
the presence of eggs of other host species.

ACKNOWLEDGMENTS

This work was partly supported by the Programme
of the Department of Biological Sciences of RAS
“Fundamental Bases of Biological Resources Man-
agement.”

REFERENCES

1. Alphen, J.J.M. van and Dijken, M.J. van., “Host Dis-
crimination: the Learning Hypothesis Revisited,” Coll.
INRA, No. 48, 35-36 (1988).

2. Bai, B., Cobanoglu, S., and Smith, S.M., “Assessment of
Trichogramma Species for Biological Control of Forest
Lepidopteran Defoliators,” Entomol. Exp. Appl. 75 (2),
135-143 (1995).

3. Barron, A.B. and Corbet, S.A., “Behavioural Induction
in Drosophila: Timing and Specificity,” Entomol. Exp.
Appl. 94 (2), 159-171 (2000).

4. Barton Browne, L., “Physiologically Induced Changes
in Resource-Oriented Behavior,” Ann. Rev. Entomol.
38, 1-25 (1993).

5. Chumakova, B.M., “Comparative Anatomy and Biology
of Trichogramma evanescens Westsw. (Hymenoptera,
Trichogrammatidae),” Trudy VIZR 31, 164-182 (1968).

6. Courtney, S.P., Chen, G.K. and Gardner, A., “A General
Model for Individual Host Selection,” Oikos 55 (1),
55-65 (1989).

7. Flanders, S.E., “Oosorption and Ovulation in Relation to
Oviposition in the Parasitic Hymenoptera,” Ann. Ento-
mol. Soc. Amer. 35 (3), 251-266 (1942).

8. Fleury, F. and Bouletreau, M., “Effect of Temporary
Host Deprivation on the Reproductive Potential of
Trichogramma brassicae,” Entomol. Exp. Appl. 68 (3),
203-210 (1993).

9. Honda, J.Y. and Luck, R.F., “Age and Suitability of
Amorbia cuneana (Lepidoptera: Tortricidae) and Sabu-
lodes aegrotata (Lepidoptera: Geometridae) Eggs for

ENTOMOLOGICAL REVIEW Vol. 87 No. 1 2007



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

ENTOMOLOGICAL REVIEW Vol.

EFFECT OF EXPERIENCE ON RESPONSE 9

Trichogramma platneri (Hymenoptera: Trichogram-
matidae),” Biol. Contr. 18 (1), 79-85 (2000).

Hohmann, C.L., Luck, R.F., Oatman, E.R. and Plat-
ner, G.R., “Effects of Host Availability on the Repro-
duction of Trichogramma platneri Nagarkatti (Hymeno-
ptera, Trichogrammatidae),” Ann. Soc. Entomol. Brasil.
17 (1), 197-207 (1988).

Jaenike, J., “Induction of Host Preference in Drosophila
melanogaster,” Oecologia 58 (3), 320-325 (1983).
Jervis, M.A. and Kidd, N.A., “Host-feeding Strategies
in Hymenopteran Parasitoids,” Biol. Rev. Cambridge
Phil. Soc. 61 (4), 395-434 (1986).

Kaiser, L., Pham-Delegue, M.H., Bakchine, E., and
Masson, C., “Olfactory Responses of Trichogramma
maidis Pint. et Voeg.: Effects of Chemical Cues and Be-
havioral Plasticity,” J. Insect. Behav. 2 (5), 701-712
(1989).

Klomp, H., Teerink, B.J., and Wei, Chun Ma., “Dis-
crimination between Parasitized and Unparasitized
Hosts in the Egg Parasite Trichogramma embryopha-
gum: a Matter of Learning and Forgetting,” Neth. J.
Zool. 30 (2), 254-277 (1980).

Kochetova, N.I., “Adaptations to Parasitism in Certain
Egg Parasitoids of the Genus Trichogramma (Hymeno-
ptera, Trichogrammatidae),” Zool. Zh. 48 (12), 1816—
1823 (1969).

Mansfield, S. and Mills, N.J., “Host Egg Characteris-
tics, Physiological Host Range, and Parasitism Follow-
ing Inundative Releases of Trichogramma platneri
(Hymenoptera, Trichogrammatidae) in Walnut Or-
chards,” Environ. Entomol. 31 (4). P. 723-731 (2002).
Monje, J.C., Zebitz, C.P.W., and Ohnesorge, B., “Host
and Host Age Preference of Trichogramma galloi and
T. pretiosum (Hymenoptera: Trichogrammatidae)
Reared on Different Hosts,” J. Econom. Entomol. 92
(1), 97-103 (1999).

Olson, D.M., “Oviposition and Offspring Survival
within Eggs of European Corn Borer: Discrimination of
the Host Embryo by Female Trichogramma nubilale,”
Entomol. Exp. Appl. 87 (1), 79-84 (1998).

Pak, G.A., “Behavioural Variations among Strains of
Trichogramma spp. A Review of the Literature on Host-
age Selection,” J. Appl. Entomol. 101 (1), 55-64
(1986).

Pak, G.A., Van Halder, I., Lindeboom, R., and
Stroet, J.J.C., “Ovarian Egg Supply, Female Age and
Plant Spacing as Factors Influencing Searching Activity
in the Egg Parasite Trichogramma sp.,” Med. Fac.
Landbouwwet. Rijksunivers. Gent. 50 (2), 369-378
(1985).

Papaj, D.R. and Prokopy, R.J., “Ecological and Evolu-
tionary Aspects of Learning in Phytophagous Insects,”
Ann. Rev. Entomol. 34, 315-350 (1989).

Papaj, D.R., Opp, S.B., Prokopy, RJ., and
Wong, T.T.Y., “Cross-induction of Fruit Acceptance by
the Medfly Ceratitis capitata: The Role of Fruit Size

87 No. 1 2007

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

and Chemistry,” J. Insect Behav. 2 (2), 241-254 (1989).
Pavlik, J., “Variability in the Host Acceptance of Euro-
pean Corn Borer, Ostrinia nubialis Hbn. (Lepidoptera,
Pyralidae) in Strains of the Egg Parasitoid Tricho-
gramma spp. (Hymenoptera, Trichogrammatidae),” J.
Appl. Entomol. 115 (1), 77-84 (1993).

Raabe, M., “Insect Reproduction: Regulation of Succes-
sive Steps,” Adv. Insect Physiol. 19, 30-154 (1986).
Reznik, S.Ya., “Learning in Food Selectivity in In-
sects,” Trudy Zool. Inst. Ross. Akad. Nauk 193, 5-72
(1993).

Reznik, S.Ya. and Umarova, T.Ya., “Reaction of
Trichogramma cacoeciae (Hymenoptera, Trichogram-
matidae) Females to the Duration of the Host Egg De-
velopment,” Zool. Zh. 64 (5), 709-714 (1985).

Reznik, S.Ya., Umarova, T.Ya., and Voinovich, N.D.,
“The Influence of Previous Host Age on Current Host
Acceptance in Trichogramma,” Entomol. Exp. Appl. 82
(2), 153-157 (1997).

Reznik, S.Ya., Umarova, T.Ya., and Voinovich, N.D.,
“Egg Retention in the Presence of a Host in Tricho-
gramma females,” J. Appl. Entomol. 122 (9-10),
555-559 (1998).

Reznik, S.Ya, Voinovich, N.D., and Umarova, T.Ya.,
“Long-term Egg Retention and Parasitization in Tricho-
gramma principium (Hymenoptera, Trichogrammati-
dae),” J. Appl. Entomol. 125 (4), 169-175 (2001).
Rusnak, A.F., “Certain Aspects of Genetics and the
Strategy of Trichogramma Mass Rearing,” in Tricho-
gramma in Plant Protection (Moscow, 1988), pp. 22-35
[in Russian].

Schmidt, J.M., “Host Recognition and Acceptance by
Trichogramma,” in Biological Control with Egg Para-
sitoids (Wallingford, 1994), pp. 165-199.

Sorokina, A.P., “A Competition between Trichogramma
evanescens Westw. and Trichogramma euproctidis Gir.
at Their Mass Rearing,” Entomol. Obozr. 62 (2), 252—
258 (1983).

Takada, Y., Kawamura, S., and Tanaka, T., “Biological
Characteristics, Growth and Development of the Egg
Parasitoid Trichogramma dendrolimi (Hymenoptera:
Trichogrammatidae) on the Cabbage Armyworm Ma-
mestra brassicae (Lepidoptera: Noctuidae),” Appl. En-
tomol. Zool. 35 (3), 369-379 (2000).

Telenga, N.A. and Shchepetilnikova, V.A., Work Man-
ual of Trichogramma Rearing and Using for the Con-
trol of Insect Pests (Kiev, 1949) [in Russian].

Thibout, E., Auger, J., and Dokkouni, M., “Conserva-
tion a court terme de I’information chimique issue de la
plant-héte lors de la ponte chez la leigne de poireau,”
Compt. Rend. Acad. Sci. Ser. 3. 300 (13), 489-492
(1985).

Traynier, R M.M., “Long Term Changes in the Oviposi-
tion Behavior of the Cabbage Butterfly, Pieris rapae,
Induced by Contact with Plants,” Physiol. Entomol. 4
(1), 87-96 (1979).



10

37.

38.

39.

40.

REZNIK, VAGHINA

Trumbo, S.T., “Juvenile Hormone—Mediated Repro-
duction in Burying Beetles: from Behavior to Physiol-
ogy,” Arch. Insect Biochem. Physiol. 35 (4), 479-490
(1997).

Trumbo, S.T., Borst, D.W., and Robinson, J.E., “Rapid
Elevation of Juvenile Hormone Titer during Behavioral
Assessment of the Breeding Resource by the Burying
Beetle, Nicrophorus orbicollis,” J. Insect Physiol. 41
(6), 535-543 (1995).

Turlings, T.C.J., Wickers, F.L., Vet, LEM,,
Lewis, W.J., and Tumlinson, J.H., “Learning of Host-
finding Cues by Hymenopterous Parasitoids, in Insect
Learning (New York, 1993), pp. 51-78.

Veenstra, K.H. and Byrne, D.N., “The Effects of
Physiological Factors and Host Plant Experience on the

41.

42.

43.

Ovipositional Activity of the Sweet Potato Whitefly,
Bemisia tabaci,” Entomol. Exp. Appl. 89 (1), 15-23
(1998).

Vinson, S.B., “The Behavior of Parasitoids,” in Com-
prehensive Insect Physiology, Biochemistry and Phar-
macology (Oxford, 1985), Vol. 9, pp. 417-469.

Volkoff, A.N. and Daumal, J., “Ovarian Cycle in Imma-
ture and Adult Stages of Trichogramma cacaeciae and
T. brassicae (Hym.: Trichogrammatidae),” Entomo-
phaga 39 (3-4), 303-312 (1994).

Wang, X.G. and Messing, R.H., “Egg Maturation in
the Parsitoid Fopius arisanus (Hymenoptera, Braconi-
dae): Do Host-associated Stimuli Promote Ovarian
Development?” Ann. Entomol. Soc. Amer. 96 (4),
571-578.

ENTOMOLOGICAL REVIEW Vol. 87 No. 1 2007



