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Research Article

Overwintering of Aenasius arizonensis (Girault) (=Aenasius bambawalei Hayat)
(Hymenoptera: Encyrtidae) under screen house/semi-natural conditions
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ABSTRACT: Overwintering studies were carried out by placing newly emerged adults of the parasitoid, Aenasius ari-
zonensis (Girault) (=Aenasius bambawalei Hayat) (Hymenoptera: Encyrtidae) and one day old mummies of Phenacoccus
solenopsis Tinsley (Hemiptera: Pseudococcidae) (i.e. parasitoid in pupal stage) during winter season under screen house conditions in 2012-
13. Maximum mean pupal period of male and female parasitoids was 86.47 and 92.67 days, respectively, when mummies were exposed on
5" December followed by 73.69 and 82.83 days, respectively. When exposed on 20" December the emergence of parasitoid adults from
the overwintering mummies seemed to be well synchronized with ambient weather conditions. This implies that there is no diapause in
A. arizonensis. There was no adult emergence until 10" standard week due to prevailing low temperature conditions during December and
January with average maximum and minimum temperatures of 20.9, 6.4°C and 17.1, 4.1°C, respectively. Emergence of parasitoid adults
from overwintering mummies of different exposure dates viz., December 05 and December 20, 2012; January 04, January 19, February
03 and February 18, 2013 started from 11" standard week (first week of February), reached maximum in 14" standard week (first week
of March) and continued until 16" standard week (third week of March). Maximum temperature ranged between 20.3 and 29.6°C and
minimum between 6.6 and 12.5°C during the period of adult emergence. Adult parasitoids successfully overwintered when provided with
honey. Males survived for 52-84 days (69.33 days) and females survived for 69-103 days (83.40 days) during winter season in absence of
host, when exposed on 5" December, 2012. Our results demonstrate that the parasitoid is able to successfully overwinter as pupa and adult
via combination of slow development and increased adult longevity. This information seems to be useful in enhancing population of this
parasitoid in spring when A4. arizonensis can suppress solenopsis mealybug on cotton crop.
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INTRODUCTION tal but also a fortunate phenomenon since the pests carry
along with them the beneficial species to the new areas
(Nechols, 2003). Survival of parasitoids during winter
season particularly in the absence or shortage of hosts is
an important aspect to continue the life cycle. Mansingh
(1971) stated that overwintering strategies allow insects
to survive in environments unfavourable for continuous
reproduction and normal metabolic functions. Overwin-
tering parasitoids can be used to initiate mass-culture for
use in biological control programmes against insect pests.
Most of the parasitoids generally overwinter as immature
stages within their host. Unlike other insects, parasitoids
are unable to directly choose protected locations for over-
wintering and rely on physiological changes to success-
fully survive unfourable environment conditions (Boivin,
1994). These changes may involve a state of dormancy
that involves diapause or quiescence (Tauber et al., 1986).

Solenopsis mealybug, Phenacoccus solenopsis Tin-
sley (Hemiptera: Pseudococcidae), an exotic species, is a
serious sucking pest of cotton in Haryana. The parasitoid,
Aenasius arizonensis (Girault) (=Aenasius bambawalei
Hayat) (Hymenoptera: Encyrtidae) was fortuitously found
parasitizing cotton mealybug in India in 2008. Now, the
solenopsis mealybug is heavily parasitized (37.6-72.3%)
by A. arizonensis on cotton crop in Haryana (Ram et al.,
2009). This is the most successful example of biological
control of mealybug (Tanwar et al., 2011). Fallahzadeh et
al. (2014) synonymised with A. arizonensis as they found
the type of A. arizonensis at the Smithsonian Institution
National Museum of Natural History (SI-NMNH) collec-
tion was identical to Hayat’s description of 4. bambawalei.
The fortuitous biological control is not only as an acciden-
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Most studies on overwintering in parasitoids have focused
on the genus Trichogramma (Hymenoptera: Trichogram-
matidae) (Lopez and Morrison, 1980; Rundle and Hoff-
man 2003; Ozder and Saglam, 2005). But no information is
available on the overwintering strategies of 4. arizonensis.
Thus, the present study was planned to unravel the over-
wintering ability of the parasitoid by considering adult
survival and temperature dependent development of the
immature stages, thereby testing whether diapause occurs
in A. arizonensis when held in screen house conditions
during winter season.

MATERIALS AND METHODS

Survival of Aenasius arizonensis pupae under screen
house conditions during winter season

Survival of 4. arizonensis under screen house condi-
tions from December, 2012 to February, 2013 was recorded
by placing 10 parasitoid pupae (one day old mummies) rep-
licated three times, in glass vials at 15 days interval. The
parasitoid pupae were placed in six batches (30 mummies/
batch) at respective exposure dates viz., December 05 and
December 20, 2012; January 04, January 19, February 03
and February 18, 2013. The glass vials carrying pupae were
plugged and placed in the screen house in shady area avoid-
ing direct exposure from rain and solar radiation. The pu-
pae were examined daily for adult emergence. Observations
were recorded on time taken to emerge from mummies both

for males and females (days), per cent emergence, emer-
gence pattern and sex of emerged individual. The mummies
from which parasitoids failed to emerge were kept in petri
dishes provided with moist filter paper at the base for 24
hours for softening and then dissected under stereo zoom
binocular microscope to record the stage of the parasitoid
(pupa or adult) as a measure of mortality. Data on tempera-
ture, relative humidity, rainfall etc., were obtained from the
Meteorological Observatory of the Department of Agrome-
teorology, CCS HAU, Hisar and used to calculate the effect
of temperature on survival and emergence of overwintering
parasitoids. The weekly data recorded for the purpose are
given below:

Survival of Aenasius arizonensis adults under screen
house conditions during winter season

Likewise, survival of 4. arizonensis during adult stage
was recorded by placing 10 parasitoid adults (i.e. 5 males
and 5 females) in glass vials, replicated three times, at 15
days interval from December, 2012 to February, 2013. The
parasitoid adults were placed in six batches (30 adults/
batch) at respective exposure dates viz., December 05 and
December 20, 2012; January 04, January 19, February 03
and February 18, 2013. The adults were provided honey
streak as food on a piece of paper which was replaced every
third day. The glass vials carrying adults were plugged and
placed in the screen house in shady area avoiding direct

Table 1. Average weather data of Hisar during the experiment season 2012-2013

Standard Week (SW) Temperaturfe (°C) Relative Humidity (%) Total Rain-
Max.  Min. Avg. Morn. Even.  Avg. fall (mm)
1. (Nov. 26-Dec. 02) 24.2 06.5 15.4 92 46 69.0 0.0
2. (Dec. 03-09) 24.5 05.4 15.0 92 47 69.5 0.0
3. (Dec. 10-16) 22.1 10.4 16.3 92 62 77.0 55
4. (Dec. 17-23) 22.1 04.4 13.3 93 50 71.5 0.0
5. (Dec. 24-31) 15.0 04.5 09.7 95 75 85.0 0.0
6. (Jan. 01-07) 11.6 01.6 06.6 98 82 90.0 0.0
7. (Jan. 08-14) 18.8 04.0 11.4 96 48 72.0 0.0
8. (Jan. 15-21) 18.4 07.2 12.8 95 63 79.0 6.1
9. (Jan. 22-28) 19.7 03.5 11.6 92 42 67.0 0.0
10. (Jan. 29-Feb. 04)  22.6 08.1 15.4 95 59 77.0 0.6
11. (Feb. 05-11) 20.3 06.6 13.5 98 53 75.5 1.5
12. (Feb. 12-18) 21.4 08.9 15.2 96 63 79.5 0.9
13. (Feb. 19-25) 21.1 09.7 15.4 97 67 82.0 1.7
14. (Feb. 26-Mar. 04) 24.3 08.5 16.4 92 43 67.5 0.0
15. (Mar. 05-11) 29.6 10.9 20.3 90 41 65.5 0.0
16. (Mar. 12-18) 28.2 12.5 20.4 98 58 77.0 4.4
17. (Mar. 19-25) 30.3 14.6 225 88 45 66.5 0.0
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exposure from solar radiations and rain. The adults were
examined till their death for recording male and female lon-

gevity (days).

Statistical analysis

The data obtained were tabulated and subjected to
analysis of variance and standard error by using one fac-
tor completely randomized design (CRD). The differences
were compared using critical difference (CD) at P=0.05
level of significance. Wherever necessary, the data were
subjected to angular or square root transformation to ap-
proach normality and homogeneity of variance. Wherever
there is 100 in the data it was replaced by 100-0.5=99.5. In-
stead of zeros, 0.5 was taken as the observation for angular
transformation.

RESULTS AND DISCUSSION

Survival during pupal stage

Pupal period of Aenasius arizonensis in the overwinter-
ing mummies of Phenacoccus solenopsis

The data revealed that there were significant differenc-
es in the pupal period of both male and female parasitoids
(Table 2). Pupal period of 4. arizonensis decreased signifi-
cantly as the exposure duration decreased. It was found that
female parasitoids took longer time to emerge out from the
overwintering mummies than the male parasitoids. Maxi-
mum pupal period of male and female parasitoids was
86.47 and 92.67 days, respectively, when one day old mum-
mies were exposed on 5" December followed by 73.69 and
82.83 days, respectively, when one day old mummies were
exposed on 20" December. In line with the findings, Rundle
and Hoffman (2003) reported that maximum and minimum
mean development times were 84 and 63.6 days, respec-
tively, for eggs parasitized by overwintering Trichogramma
funiculatum Carver in early winter and 72.6 and 51.5 days,
respectively, for eggs parasitized in mid-winter. The pupal
period was shortest for both males and females i.e. 5.61
and 8.75 days, respectively, at 27°C (control). Hence it was
found that 4. arizonensis survived in pupal stage in mum-
mies of P solenopsis during winter season.

Similarly, Jones et al. (2005) and Santolamazza-Car-
bon et al, (2008) studied the overwintering abilities of Ly-
siphlebus testaceipes (Cresson) and Anaphes nitens Girault,
respectively and reported that these parasitoids overwinter
as pupae inside their hosts. In addition, Curl and Burbutis
(1977) found that Trichogramma nubilale Ertle and Davis
overwinters in pupal stage in eggs of the European corn
borer Ostrinia nubilalis (Hubner).

Table 2. Pupal period of Aenasius arizonensis in the
overwintering mummies of Phenacoccus solenopsis

Pupal period (days)

Date of Expo- Male Female
sure

Mean Range Mean Range
Dec. 05,2012 86.47(9.35) 71-93  92.67(9.67) 85-95
Dec. 20,2012 73.69 (8.64) 60-78  82.83(9.15) 76-85
Jan. 04,2013  50.69 (7.18) 44-58  56.92(7.61) 54-62
Jan. 19,2013  27.88(5.36) 16-39  35.50(6.04) 21-42
Feb. 03,2013  18.83(4.45) 08-28 21.68(4.75) 11-29
Feb. 18,2013  12.39(3.65) 06-19  16.25 (4.15) 09-20

Control (27°C) 05.61 (2.56) 04-08  08.67 (3.10) 06-10
CD (P=0.05)  (0.42) (0.37)

Figures in parentheses are means of square root transformations

Emergence of Aenasius arizonensis adults from the
overwintering mummies of Phenacoccus solenopsis

High emergence of parasitoid adults from overwinter-
ing mummies indicated that the parasitoid survived during
winter season in the pupal stage by decreased temperature
dependent development inside the host mummies which is
supported by the work of Keller (1986) on Trichogramma
exiguum Pinto and Platner. Among different exposure dates,
per cent adult emergence increased as the exposure dura-
tion decreased. Least emergence of the parasitoid adults oc-
curred from the mummies exposed to winter conditions on
5" December (76.67%) followed by those exposed on 20%

December (90%).
Table 3. Emergence of Aenasius arizonensis adults

from the overwintering mummies of Phenacoccus
solenopsis

Date of Exposure Emergence (%)

Dec. 05, 2012 76.67 (61.20)
Dec. 20, 2012 90 (73.61)
Jan. 04, 2013 100 (85.91)
Jan. 19, 2013 100 (85.91)
Feb. 03,2013 100 (85.91)
Feb. 18,2013 100 (85.91)
Control (27°C) 100 (85.91)
CD (P=0.05) (08.03)

Figures in parentheses are means of angular transformations

The emergence of the parasitoid adults from mum-
mies exposed on dates 4™ January, 19" January, 3" Feb-
ruary and 18" February was 100 per cent and comparable
with the control. Similarly, Daane et al. (2004) and Ozder
and Saglam (2005) reported that per cent adult emergence
increased as the exposure dates advanced because of rise in
average temperature (Table 3).
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Emergence of Aenasius arizonensis adults from over-
wintering mummies of Phenacoccus solenopsis with re-
spect to the exposure dates

Emergence of the parasitoid adults from the overwin-
tering mummies of P solenopsis occurred between 11"
standard week and 16" standard week. Similarly, Ozder and
Saglam (2005) reported that emergence of Trichogramma
brassicae Bezd. and Trichogramma cacoeciae Marchall for
the five exposure dates occurred during spring months in
the same year. From the mummies that were exposed on
5% December, 20" December, 4" January and 19" January,
emergence of the parasitoids occurred during 12%* stand-
ard week to 16" standard week and the adult emergence
was at peak during 14" standard week. From the mummies
that were exposed on 3 and 18" February, adults emerged
much earlier than those exposed during December-January
because of increase in temperature and hence faster devel-
opment (Fig. 1).

Emergence of Aenasius arizonensis adults from the
overwintering mummies of Phenacoccus solenopsis ir-
respective of exposure dates

The emergence of parasitoid adults from the overwin-

tering mummies of P solenopsis (irrespective of the dates
when they were exposed to outdoor winter conditions)
seemed to be well synchronized with ambient weather con-
ditions. Similarly, Daane et al., (2004) during his studies on
Anagyrus pseudococci (Girault) found that the emergence
of A. pseudococci from the overwintering mummies was
concentrated over a 15 day period in early May, regardless
of when vine mealybugs were exposed. There was no adult
emergence until 10" standard week due to prevailing low
temperature conditions during December and January with
average maximum and minimum temperatures of 20.9,
6.4°C and 17.1, 4.1°C, respectively. Emergence of parasit-
oid adults started from 11" standard week, attained peak in
14" standard week and continued until 16" standard week
when all the parasitoid adults had emerged. Maximum tem-
perature ranged between 20.3 and 29.6°C and minimum be-
tween 6.6 and 12.5°C (average 13.5 to 20.4°C) during the
period of adult emergence.

Therefore, parasitoids emerged during 11" standard
week and 16" standard week because of increase in the
average minimum and average maximum temperature dur-
ing this period as compared to prevailing low temperature
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Fig. 1. Emergence of Aenasius arizonensis adults from overwintering mummies of

Phenacoccus solenopsis with respect to the exposure dates.
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conditions (average maximum and average minimum) dur-
ing December (20.9, 6.4°C) and January (17.1, 4.1°C), re-
spectively (Fig. 2). Our findings are supported by Lopez
and Morrison (1980) who reported that emergence of over-
wintering Trichogramma pretiosum Riley from parasitized
eggs of Siiotroga cerealella (Olivier) was least in January
but maximum in February and March because of increase
in temperature that regulated faster development and adult
emergence.

Survival during adult stage

Longevity of overwintering Aenasius arizonensis adults

The data on the longevity of male and female parasi-
toids of 4. arizonensis when exposed for different durations
under screen house conditions revealed that the parasitoid
also survives in adult stage during the winter season (Ta-
ble 4). In line with the findings, Keller (1986), Rundle and
Hoffman (2003) and Jones ef al. (2005) investigated that
parasitoids could overwinter by prolonged adult longevity.
Longevity of the adult parasitoids decreased as the expo-
sure period increased. Longevity of the adult parasitoids
exposed at different durations under winter conditions
was higher as compared to the control. In general, males
were short-lived (69.33-18.43 days). Among the exposure
dates, longest male longevity was observed when the males
were exposed on 5™ December (69.33 days) while shortest
was observed when males were exposed on 18" February
(36.93 days).

Table 4. Longevity of overwintering male and female
Aenasius arizonensis parasitoids

Longevity (days)

Date of Expo- Male Female
sure

Mean Range Mean Range
Dec. 05,2012 69.33 (8.38) 52-84 83.40(9.18) 69-103
Dec. 20,2012 67.33 (8.26) 47-81  80.60 (9.03) 65-100
Jan. 04,2013  59.47 (7.64) 39-71 68.20 (8.32) 62-077
Jan. 19,2013  51.26 (7.36) 37-68 61.70(7.92) 51-068
Feb. 03,2013  43.40 (6.88) 32-55 55.20(7.49) 40-067
Feb. 18,2013  36.93 (6.15) 21-45 40.13 (6.41) 33-054
Control (27°C) 18.43 (4.39) 7-22 32.50(5.78) 14-038
CD (P=0.05)  (0.38) (0.29)

Figures in parentheses are means of square root transformations

Similarly, for females, among the exposure dates
longest female longevity was observed when the females
were exposed on 5" December (83.40 days) while shortest
was observed for females exposed on 18" February (40.13
days). Similarly, Santolamazza-Carbon et al. (2008) inves-
tigated that honey-fed (without hosts) females of Anaphes
nitens had the highest longevity (53 days). No significant
differences were observed in male longevity for exposure
dates 5™ December (69.33 days) and 20" December (67.33
days). Differences were also not observed in female lon-
gevity for exposure dates 5" December (83.40 days) and
20" December (80.60 days). Both males and females were
short-lived in the control (27°C) i.e. for 18.43 and 32.50
days, respectively.
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Fig.2. Emergence of Aenasius arizonensis adults from the overwintering mummies of
Phenacoccus solenopsis irrespective of exposure dates.
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Thus, it can be concluded from the present studies that
A. arizonensis overwinter as pupae as well as adults by a
combination of sluggish development in the host mummies
and prolonged adult longevity, respectively, under cold con-
ditions during winter season. The capability of overwinter-
ing might ensure a greater profitability for survival under
variable and often extreme winter environment conditions.

ACKNOWLEDGEMENT

We are grateful to Dr. R. K. Saini, Professor and Head,
Department of Entomology, COA, CCSHAU, Hisar for pro-
viding necessary facilities to carry out the research work
and his critical review of an earlier version of the manu-
script. We also feel grateful to the other faculty members of
the department for their needful help and comments.

REFERENCES

Boivin C. 1994. Overwintering strategies of egg para-
sitoids, pp. 219-244. In: Wajnberg E, Hassan SA
(Eds.). Biological control with egg parasitoids. CAB
International, Wallingford, England.

Curl GD, Burbutis PP. 1977. The mode of overwintering
of Trichogramma nubilale Ertle and Davis. Environ
Entomol. 6(5): 629—632.

Daane KM, Malakar-Kuenen RD, Walton VM. 2004.
Temperature dependent development of Anagyrus
pseudococci (Hymenoptera: Encyrtidae) as a parasitoid
of the vine mealybug, Planococcus ficus (Homoptera:
Pseudococcidae). Biol Contr. 3: 123—132.

Fallahzadeh M, Japoshvili G, Abdimaleki R, Saghaei N.
2014. New records of Tetracneminae (Hymenoptera,
Chalcidoidea, Encyrtidae) from Iran. Turk J Zool. 38:
515-518.

Jones DB, Giles KL, ChenY, Shufran KA. 2005. Estimation
of hymenopteran parasitism in cereal aphids using
molecular markers. J Econ Entomol. 98(1): 217-221.

Keller MA. 1986. Overwintering of Trichogramma exiguum
in North Carolina. Environ Entomol. 15(3): 659-661.

Lopez JD, Morrison RK. 1980. Overwintering of
Trichogramma pretiosum in central Texas. Environ
Entomol. 9: 75-78.

Mansingh A. 1971. Physiological classification of dorman-
ciesininsects. Canadian Entomologist 103: 983—1009.

Nechols JR. 2003. Biological control of the spherical
mealybug on Guam and in the Northern Marianas
Islands: a classic example of fortuitous biological
control. pp. 324-329. In: I* International symposium
on biological control of arthropods. USDA-Forest
Service FHTET-03-05.

Ozder N, Saglam O. 2005. Overwintering of the egg para-
sitoids Trichogramma brassicae and T cacoeciae
(Hymenoptera: Trichogrammatidae) in the Thrace
region of Turkey. J Pest Sci. 78(3): 129-132.

Ram P, Saini RK, Vijaya. 2009. Preliminary studies on field
parasitization and biology of solenopsis mealybug

parasitoid, Aenasius bambawalei Hayat (Encyrtidae:
Hymenoptera). J Cotton Res Dev. 23: 313-315.

Rundle BJ, Hoffmann AA. 2003. Overwintering of
Trichogramma funiculatum Carver (Hymenoptera:
Trichogrammatidae) under semi-natural conditions.
Environ Entomol. 32(2): 290-298.

Santolamazza-Carbon S, Nieto MP, Otero RP, Vazquez
PM, Rivera AC. 2008. Winter and spring ecology of
Anaphes nitens, a solitary egg parasitoid of the snout-
beetle, Gonipterus scutellatus. BioControl 54(2):
195-209.

Tanwar RK, Jeyakumar RP, Amar Singh, Jafri AA,
Bambawale OM. 2011. Survey for cotton mealybug,
Phenacoccus solenopsis (Tinsley) and its natural ene-
mies. J Environ Biol. 32: 381-384.

Tauber MJ, Tauber CA, Masaki S. 1986. Seasonal adapta-
tions of insects. Oxford University Press, New York.

10



