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ABSTRACT Laboratory studies were conducted on the effect of temperature and host instar on
lifetime and age-specific fertility of honey-fed and starved adults of Venturia canescens Gravenhorst
(Hymenoptera: Ichneumonidae) parasitizing larvae of Ephestia kuehniella Zeller (Lepidoptera: Pyrali-
dae). The relationships between the number of progeny produced with adult longevity and body size
also were investigated. Highest mean fertility of honey-fed wasps was recorded at 20°C, followed, in
decreasing order, by 25, 30, and 15°C, with most offspring emerging during the first 5 d. In contrast,
temperature did not have a strong effect on progeny production in the case of starved adults. Provision
of adult parasitoids with honey resulted in a significant increase in production of total offspring at all
temperatures. Wasps that parasitized second-instar hosts produced significantly fewer descendants
than those that oviposited in third- to fifth-instar hosts, which produced similar numbers of offspring.
Interactions between temperature and feeding were significant. The total number of offspring
produced by honey-fed adults increased with longevity and body size, regardless of temperature or
host instar. Conversely, number of progeny produced by starved wasps was correlated only with body

size.
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FecunpITY (total number of laid eggs) and fertility
(number of viable progeny) are variable features of an
insect, influenced by a plethora of intrinsic and ex-
trinsic factors. The evaluation of a natural enemy as
biocontrol agent requires a thorough study of the main
effects and possible interactions of such factors on
these characteristics (Jervis and Copland 1996). In the
case of endoparasitoids, however, fecundity is rela-
tively difficult measure, because the eggs are laid in-
side the bodies of multiple hosts. Moreover, fertility is
a more reliable criterion for evaluation anyway, rep-
resenting the net number of progeny, after elimination
of individuals that fail to complete development
(Jervis and Copland 1996). Thus it is preferable to
study fertility rather than fecundity in endoparasi-
toids.

Venturia canescens is a thelytokous, koinobiont, sol-
itary endoparasitoid of lepidopterous larvae. Its host
range includes many moth species, mainly pyralids,
whose larvae are pests of stored products (Salt 1976).
The number of progeny it produces has been the
subject of very few studies (Beling 1932, Kurstak
1966). The most complete ones are those of Ahmad
(1936) and Harvey et al. (2001), who provide some
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experimental data on the effects of temperature, adult
nutrition, and host density.

This study deals with the main effects and interac-
tions of temperature, adult feeding, and host instar on
lifetime and age-specific fertility of V. canescens. The
relationship of number of progeny to adult longevity
and body size also was investigated.

Materials and Methods

Host and Parasitoid Cultures

Larvae of the Mediterranean flour moth, Ephestia
kuehniella Zeller (Lepidoptera: Pyralidae), were used
as hosts. The host species was reared in incubators at
25°C and 65 = 5% RH under a 16:8 L:D photoperiod.
Host eggs (250-300) were placed in clear plastic boxes
(17 by 11 by 5 cm) containing 200-250 g of semolina,
which provided excess food throughout larval life.

The original population of the parasitoid was col-
lected in flour mills near Athens, Attiki Co., Greece. V.
canescens also was reared in plastic boxes as described
for E. kuehniella. Approximately 200 fourth-fifth in-
stars from the host culture were placed in each box
together with 10 adult wasps. This procedure was
repeated every 4 d. Boxes were left until adult wasps
eclosed. To segregate parasitoids for experiments, par-
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Table 1. Range of head capsule width of second to fifth instars
of E. kuehniella

Head capsule width (mm)

Host instar N
Min Max
2 25 0.26 0.38
3 25 0.48 0.61
4 25 0.71 0.83
5 25 0.96 1.31

N, no. of individuals examined.

asitized host pupae were removed from the culture
and placed individually in petri dishes at 20°C.

Effect of Temperature, Host Instar, and Adult
Feeding

Instars were distinguished by the criterion of max-
imum head capsule width, according to the method of
Harvey and Thompson (1995a). Preliminary experi-
ments were conducted to estimate the range of max-
imum head capsule widths for our moth population.
Moth larvae were reared individually from egg to
pupation and daily observations were made to record
molts (head slippage) as verification of instar change.
Measurements of maximum head width of 25 larvae
each of second, third, fourth, and fifth instars were
taken under a calibrated stereomicroscope (Table 1).

Larvae of the same instar were placed in groups of
100 into a large modified petri dish (12 cm diameter).
Air circulation was achieved through a hole (4 cm
diameter) in the lid, covered with nylon mesh. The
dishes were left undisturbed for 24 h before being
presented to parasitoids to permit release of mandib-
ular secretions (e.g., silk), which contain kairomones
that elicit probing behavior by V. canescens (Corbet
1971).

The following day, newly emerged adults were col-
lected and placed individually in a dish and either
were given no access to food or were provided with
honey ad libitum smeared on the inside of the dish,
depending on the experimental design. Each parental
wasp was transferred daily to another petri dish iden-
tical with the previous one. Larvae in the previous dish
were transferred at 25°C to large glass jars containing
excess food medium to complete development, and
emerging adult parasitoids or moths were counted.
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The procedure was carried on until the parental wasp
died. Longevity (days from eclosion until death) and
body size of parental wasps of all cohorts at death were
measured. Body size was indexed by measuring hind
tibia length under a calibrated stereomicroscope.

To study the main effects and interactions of honey-
feeding and temperature on the number of progeny
produced, the offspring of 10 honey-fed and 10 starved
adults, supplied daily with 100 full-grown host larvae,
were counted at four constant temperatures (15, 20,
25, and 30°C). The effect of host instar was measured
by counting the number of progeny produced by 10
honey-fed wasps supplied daily with100 host larvae of
the same instar (second, third, fourth, or fifth) at 25°C.

Statistical Analysis

Effects of Adult Longevity and Body Size. Data were
subjected to analysis of variance (ANOVA) at a
0.05. Means were separated using the Tukey-Kramer
honestly significant difference (HSD) test (Sokal and
Rohlf 1995), and all statistical analyses were per-
formed using the statistical package JMP v.4.0.2 (SAS
Institute 1989). To determine the relationship be-
tween number of progeny and longevity or body size,
correlation coefficients were calculated for all pairs of
data. The coefficients’ values were tested for depar-
ture from zero using a two-tailed ¢-test at n-2 df (Sokal
and Rohlf 1995).

Effects of Temperature, Host Instar, and Adult
Feeding. Data were subjected to two-way ANOVA at
a = 0.05 to determine the significance of main effects
and possible interactions. The main effects were tem-
perature, presence or absence of food, and host instar.
Comparisons of means were performed as above.

Results
Effect of Temperature

Feeding Adults. Temperature had a significant ef-
fect on fertility of honey-fed wasps (Table 2). The
number of progeny differed significantly among tem-
peratures (F = 43.32; df = 3, 36; P < 0.0001). The
highest mean fertility was recorded at 20°C, followed,
in decreasing order, by 25, 30, and 15°C.

In the case of age-specific fertility, most offspring
were produced during the first five days at 20, 25, and

Table 2. Mean no. progeny produced by female V. canescens at various constant temperatures, supplied daily with 100 full-grown

larvae of E. kuehniella (65 = 5% RH, 16:8 L:D)

No. progeny
Temperature (°C) n Honey-fed Starved
Mean * SE* Range Mean * SE* Range
15 10 35.7 = 3.62aA 22-58 20.3 = 0.82a”B 16-25
20 10 108.6 + 6.89bA 78-136 24.0 = 0.73bB 19-26
25 10 82.9 = 4.58cA 67-108 23.1 = 0.54bB 19-25
30 10 51.8 = 3.51dA 36-71 24.4 = 1.14bB 20-30

N, no. of parental females.

“Values followed by the same lowercase letter are not significantly different; means in a row followed by the same capital letter are not

significantly different (Tukey-Kramer HSD test, & = 0.05).

"Differences proved to be significant but were minor and biologically meaningless.
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Fig. 1.

Age-specific fertility of honey-fed V. canescens adults supplied daily with 100 full grown larvae of E. kuehniella at

various constant temperatures (n = 10 adults, 65 = 5% RH, light period:16:8 L:D).

30°C (50.6, 80.6, and 94.6% of total progeny, respec-
tively). In contrast, progeny emergence at 15°C did
not vary notably with parental age (Fig. 1). The re-
lationship between temperature and number of prog-
eny of V. canescens is described satisfactorily by a
simple second-degree equation (R> = 0.8627; Fig. 2).

Starved Adults. The influence of temperature on
progeny production differed significantly when adults

were deprived of food (F = 4.81;df = 3,36; P = 0.006).
However, the differences concerned only adults who
lived at 15°C (Table 2). Fertility was similar among
wasps held at higher temperatures (20-30°C).

The effect of temperature on age-specific fertility of
starved adults was similar to that of honey-fed ones
(Fig. 3). The rate of offspring emergence declined
with age, with most offspring being recorded during
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Fig. 2. Effect of temperature on total progeny produced by honey-fed V. canescens adults supplied daily with 100 full
grown larvae of E. kuehniella (n = 10 adults, 65 *= 5% RH, 16:8 L:D; bars represent SEM).
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Fig. 3. Age-specific fertility of starved V. canescens adults supplied daily with 100 full grown larvae of E. kuehniella at
various constant temperatures (n = 10 adults, 65 * 5% RH, 16:8 L:D).

the first day at 20, 25, and 30°C (61.7, 75.3, and 96.7%
of total progeny, respectively) and 85-100% having
emerged by the second day. In contrast, the trend was
constant at 15°C.

Effect of Adult Feeding

Feeding on honey resulted in a remarkable increase
in offspring over those starved at 15 (75.8%), 20
(352.9%), 25 (258.8%), and 30°C (112.3%). The dif-
ferences in number of progeny among fed and starved
wasps were significant at all temperatures (Table 2;
15°C: F = 18.71; df = 1,18; P = 0.0004, 20°C: F = 149.02;
df = 1,18; P < 0.0001, 25°C: F = 167.64; df = 1,18; P <
0.0001, 30°C: F = 55.02; df = 1,18; P < 0.0001).

Effect of Host Instar

Number of progeny of V. canescens varied signifi-
cantly among different host instars (F = 42.51; df =
3,36; P < 0.0001). Wasps that parasitized second-instar
hosts produced significantly fewer descendants than
those that oviposited in third- to fifth-instar hosts (Ta-
ble 3). Mean number of progeny produced per day
decreased with age irrespective of host instar (Fig. 4);
58.6, 66.2, 74.3, and 80.6% of the total offspring from
second, third, fourth, and fifth host instars, respec-
tively, were recorded by the fifth day.

A two-way ANOVA was performed on the data sets
in Tables 2 and 3 to determine the effects of temper-
ature, food access, and host instar on number of prog-
eny. It revealed that fertility varied significantly with

all factors. In addition, the interaction between tem-
perature and feeding was significant (Table 4).

Effect of Adult Longevity and Body Size

The total number of offspring produced by honey-
fed adults increased with parent longevity as well as
with its body size, regardless of temperature and host
instar (Table 5). The respective correlations were
significant (P < 0.05). In contrast, the number of
progeny produced by starved wasps was correlated
only with body size (Table 5).

Discussion
Effect of Temperature

Temperature had a significant effect on the number
of progeny produced by V. canescens only in the case

Table 3. Mean no. progeny produced by honey-fed V. cane-
scens females supplied daily with 100 fifth-instar larvae of E. kueh-
niella (25°C, 65 * 5% RH, 16:8 L:D)

No. of progeny

Host instar n

Mean * SE* Range
2 10 28.5 * 1.34a 21-34
3 10 86.8 = 4.45b 67-116
4 10 73.2 £5.01b 54-97
5 10 82.9 *+ 4.58b 67-108

n, no. parental adults.
“Values followed by the same letter are not significantly different
(Tukey-Kramer HSD test, & = 0.05).
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Fig.4. Age-specific fertility of honey-fed V. canescens adults supplied daily with 100 larvae of E. kuehniella of various instars

(temperature: 25°C, n = 10 adults, 65 + 5% RH, 16:8 1:D).

of honey-fed adults. Ahmad (1936) did not record
significant variation in production of offspring by V.
canescens with temperature, either in feeding or
starved adults. This can be attributed to a high overall
reduction in progeny (mean, 31.1-38.7), because Ah-
mad supplied 300 host larvae once without replenish-
ment. Consequently, there was a great loss of offspring
because of superparasitism, a common phenomenon
in V. canescens and a significant cause of “egg waste”
(e.g., Simmonds 1943, Harvey et al. 1993, Sirot 1996).

The total number of progeny per female ranged
from 20.3 to 108.6 depending on feeding regimen and
temperature. There are contradictory experimental
data concerning this feature of V. canescens in the
literature. Ahmad (1936) claimed that maximum total
offspring per female reached 75 with E. kuehniella as
host, whereas it exceeded 400 in a recent study with
Plodia interpunctella (Hiibner) (Lepidoptera: Pyrali-
dae) (Harvey et al. 2001). The maximum in this study
was 136.

Total offspring of honey-fed adults averaged 251 *
45 on Cadra cautella (Walker) (Lepidoptera: Pyrali-
dae) (35 larvae/d) at 27° C (Trudeau and Gordon

Table 4. Two-way ANOVA for main effects and interactions of
temp (T), feeding (Fd), and host instar (I) on no. progeny produced
by V. canescens (a = 0.05; df = 102)

Main effects Interactions

Fd I T FdXT
df 1 3 3 3
F 164.94 25.49 20.45 3.12
P <0.0001 <0.0001 <0.0001 <0.0001

1989), 53.8 on E. kuehniella (200 larvae/d) at 23°C
(Ahmad 1936), and almost 260 on P. interpunctella
(200 larvae/d) at 25 = 2°C (Harvey et al. 2001). When
adults were deprived of food, the respective numbers
were 52.25 (Ahmad 1936) and almost 50 (Harvey et al.
2001). Our data differ substantially from some of the
results referred to above. The differences may be
credited to external (host species, temperature, host
habitat, and others) or internal factors (genetic vari-
ation among populations of V. canescens of different
origins), which can affect parasitoid fertility (Godfray
1994, Jervis and Copland 1996).

Age-specific fertility did not change appreciably
with temperature except at 15°C. Rate of offspring
emergence was highest during the first days of the
adult life, and declined thereafter, irrespective of food
presence. It should be noted that this decline started
from the first day. A similar trend of age-specific fer-
tility in V. canescens has been noted in other studies as
well (Ahmad 1936, Trudeau and Gordon 1989, Harvey
et al. 2001). The exception at 15°C, where emergence
rate did not change with time, can be attributed to the
greatly reduced number of progeny and indicates that
this temperature is extreme for V. canescens. A re-
markably low number of progeny at 15°C was also
reported by Ahmad (1936) (2-5 progeny/d/female).

The relationship of fertility of V. canescens with
temperature is well described by a simple second-
degree equation. Lower values were observed at ex-
treme temperatures (15 and 30°C), whereas the larg-
est numbers of progeny emerged at moderate
temperatures (20 and 25°C). This is a common pattern
for the relationship between temperature and parasi-
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Table 5.

at various constant temperatures (65 = 5% RH, 16:8 L:D)
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Correlation of total no. V. canescens progeny produced by honey-fed and starved adults with adult longevity and body size

Longevity (days)

Body size (hind tibia length in mm)

Temperature (°C)

Mean * SE r P Mean = SE r P

Honey-fed

15 36.10 = 2.79 0.89 <0.001 1.76 = 0.03 0.80 <0.01

20 15.20 = 1.68 0.76 <0.02 1.81 = 0.03 0.77 <0.01

25 8.70 = 0.70 0.74 <0.02 1.81 = 0.03 0.76 <0.02

30 6.00 = 0.53 0.74 <0.02 1.77 £ 0.03 0.76 <0.02
Starved

15 144 *1.14 0.37 0.28 1.77 £ 0.03 0.73 <0.02

20 4.50 = 0.50 0.24 0.49 1.82 = 0.03 0.71 <0.05

25 3.00 = 0.37 0.28 0.43 1.74 = 0.04 0.70 <0.05

30 1.60 = 0.16 0.04 0.92 1.79 = 0.03 0.62 <0.05

r, correlation coefficient; n = 10 parental wasps.

toid fertility (e.g., Force and Messenger 1964, van
Lenteren et al. 1987), and is consistent with the gen-
eral presumption that insects cannot mature their eggs
or are unable to oviposit outside a range of tolerable
temperatures (Force and Messenger 1964, Greenfield
and Karandinos 1976).

This is the first time the effect of temperature on the
number of progeny produced by starved V. canescens
adults has been studied. Many synovigenic species,
like V. canescens, emerge with a small number of eggs
stored in their lateral oviducts. However, feeding on
nonhost food such as nectar and honey is necessary to
compensate for the increased metabolic requirements
of further ovigenesis (Flanders 1942, Jervis and Cop-
land 1996). Previous studies have shown that oogen-
esis in V. canescens is a nutrient-limited process and is
triggered only when sufficient nourishment is avail-
able (Kurstak 1966, Harvey et al. 2001, 2003). This may
explain the nonsignificant effect of temperature on the
fertility of starved adults, in that they would not have
had any eggs available for oviposition beyond those
present at emergence. This is supported by the con-
currence of the number of progeny produced by
starved adults (6-30) with the egg load of newly
emerged wasps reported by Kurstak (1966) (20 eggs),
Trudeau and Gordon (1989) (23.7 = 1.1 eggs), Harvey
etal. (1994) (=30 eggs), and Eliopoulos (2003) (5-49

eges).

Effect of Feeding

Wasps with access to honey produced significantly
more progeny than starved ones. Similar conclusions
have been made not only for V. canescens (Harvey et
al. 2001) but for many other synovigenic parasitoids
(e.g., Wickers 1996, Wiickers et al. 1998, Schmiile et al.
2001). Beling (1932) was the first to suspect the im-
portance of adult feeding on V. canescens when she
observed newly emerged wasps leaving and then re-
turning to the host habitat with nectar droplets in their
mouthparts.

Adult feeding (on sugar or hosts) can have strong
effects on parasitoid fitness parameters such as lon-
gevity, lifetime fecundity, survival, searching effi-
ciency, overall activity, and other related parameters

(e.g., Godfray 1994, Jervis et al. 1996, Jervis and Kidd
1999). This has been verified not only for V. canescens
(e.g., Ahmad 1936, Harvey et al. 2001, Eliopoulos
2003), but also for many other parasitoids of stored
product pests, such as Uscana lariophaga Steffan
(Trichogrammatidae) (van Huis et al. 1990), Anisopte-
romalus calandrae Howard (Wiickers 1996, Wiickers et
al. 1998, Schmiile et al. 2001), Dinarmus basalis Ron-
dani (Schmiile et al. 2001) (Pteromalidae), Heterospi-
lus prosopidis Viereck (Wickers et al. 1998, Schmiile et
al. 2001), and Habrobracon hebetor Say (Nickle and
Hagstrum 1981) (Braconidae).

These conclusions, and knowing that lack of suit-
able carbohydrate food sources has long been sus-
pected as an important cause of poor performance of
many biocontrol agents (Wolcott 1942), may justify
the use of food supplements in suitable release sites to
augment the efficacy of released parasitoids and other
natural enemies (Wickers et al. 1998, Schéller et al.
1997, Schéller 1998). Such food supplements promise
substantial improvement in biological control efficacy
in storage ecosystems.

Effect of Host Instar

Wasps that oviposited in second-instar hosts pro-
duced significantly fewer progeny than those that par-
asitized more mature hosts. This might be attributed
to several reasons: the wound from the oviposition
hole sometimes cannot be healed by a very young host
(Harvey et al. 1994); normally high mortality of E.
kuehniella during this instar (Harvey and Vet 1997);
low acceptance of small larvae by the wasp for para-
sitism, given the preference of V. canescens for ovi-
positing in larger hosts (e.g., Harvey et al. 1994, Harvey
and Thompson 1995b, Harvey and Vet 1997). Similar
behavior has been observed in many koinobiont para-
sitoids of lepidopterous larvae (Beckage and Temple-
ton 1985, Wani et al. 1994, Harvey 2000, Harvey et al.
2000). Our results establish that progeny production
by V. canescens is not significantly influenced by host
instar when older than second instar.

Host instar did not have much effect on age-specific
fertility of V. canescens. In all cases (except 15°C), a
decline in the rate of offspring emergence was re-
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corded from the first day. Most lifetime progeny pro-
duction had been recorded by the second day.

Effect of Body Size and Longevity

Larger wasps produced more progeny than their
smaller conspecifics. The same results were observed
when V. canescens parasitized larvae of P. interpunc-
tella (Harvey et al. 2001). Fertility also was positively
correlated with adult longevity. Longer-lived parasi-
toids had more time to access and parasitize host
larvae and consequently produced more progeny. A
positive correlation between number of progeny and
longevity was reported previously for V. canescens
(Harvey et al. 2001), as well as for other parasitoids of
stored products pests (Wiickers 1996, Wickers et al.
1998, Schmiile et al. 2001).

It should be noted that fertility was positively cor-
related with body size but not with longevity when
wasps were deprived of food. Longer-lived, but
starved, adults were unable to use their extra time
because they ran out of mature eggs soon after emer-
gence and could not replace them.

Our study shows conclusively that production of
progeny by V. canescens is significantly enhanced, not
only when wasps are supplied with honey and/or with
mature hosts, but also by mild temperature conditions
(20-25°C). These findings are of crucial importance
when V. canescens is reared indoors or released as a
classical biocontrol agent against lepidopterous pests
of stored products.
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