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ABSTRACT

Perception of odors and orientation of parasitoids in the direction of food sources are
essential for good performance. | investigated the olfactory and behavioral responses of
naive female Cotesia vestalis (Haliday), a larval parasitoid of the diamondback moth, Plutella
xylostella (L.) (Lepidoptera: Plutellidae), to honey and honey-beebread using Y-tube
olfactometer. Moistened air was blown over the food sources to carry odor in choice tests
and behavior of each tested parasitoid was observed inside the olfactometer for 10 min. The
diet chosen was also documented in each case. The newly emerged (i.e., < 24 h old)
parasitoids responded to odor sources by antennating and making a series of movements.
Tested females chose honey-beebread more quickly and more often than honey, which itself
was chosen significantly faster and more often than moistened air (Control). The homing
behavior of the parasitoids (i.e., entrance into the odor chamber) occurred more quickly with
honey-beebread compared to honey, and no female wasp entered the chamber containing
air alone. The results obtained in this study suggest that honey-beebread is more attractive
to C. vestalis. This is an indication that if incorporated into the rearing program of C. vestalis,
beebread would not have an adverse effect on the detection and movement of parasitoids
towards available diet.

Keywords: Antennation; honey-beebread; odor cues; olfactometer; orientation
1. INTRODUCTION

Cotesia vestalis (Haliday) [= C. plutellae (Kurdjumov)] (Hymenoptera: Braconidae) is the
most common solitary larval endoparasitoid of the diamondback moth (DBM), Plutella
xylostella (Linnaeus) (Lepidoptera: Plutellidae) in South Africa [1], and several parts of the
world [2]. The DBM is a well-known destructive insect pest of Brassica crops in many parts
of the world [3], capable of causing total crop loss [4]. The biology of C. vestalis and its
laboratory rearing method are well documented [5]. Female C. vestalis actively searches the
host patch, and lays eggs in suitable host instars preferably second and third instar DBM
larvae [5,6]. After hatching, the immature parasitoid starts to feed and grow within the DBM
larva until the final larval instar of the parasitoid egress from a still-living fourth instar DBM
larva to pupate externally, irrespective of the host instar at oviposition [6]. The parasitized
host larvae are able to survive one or two more days, but they are unable to feed, and then
die [7]. Adult parasitoids usually emerge from the cocoons with some mature eggs and can
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immediately start the next generation by actively searching and parasitizing suitable hosts
within minutes of eclosion [5].

The need to mass-produce parasitoids for classical biological control, augmentative or
inundative releases as a tactic to suppress pest species has necessitated the formulation of
suitable supplementary diets that could be used in the rearing facilities [8]. In the wild, adult
parasitoids feed primarily by foraging for plant-derived food sources such as floral and extra
floral nectar, plant sap or leached phloem sugars and homopteran honeydew [9,10]. In
addition, a number of parasitoid species feed on host hemolymph to obtain dietary protein
for maximizing egg production [11]. These species are said to be synovigenic, emerging
with fewer than the total number of eggs they might lay in their lifetime and they, therefore,
continue to mature eggs for some time in their adult life [12]. Although C. vestalis is weakly
synovigenic, its females do not need supplementary protein sources to initiate and sustain
post-eclosion egg maturation [13].

Parasitic wasps can accurately locate hosts or food by using olfactory cues, visual signals,
contact stimuli and perceived sound. These cues can be used either singly or in an
interactive manner to enhance precision in target location [14]. Olfaction is the primary sense
used by insects to detect and locate food resources [15]. Odor signals enhance food-
foraging efficiency by reducing searching time and energy expended. Information about food
odor is encoded by olfactory receptor cells located in several types of cuticular sensilla.
Roux et al. [16] suggested that C. vestalis use Sensilla coeloconica Type | (on
antennomeres 6-15) and the numerous S. placodea (on all antennomeres) for odor
detection. The behavioral significance of odor sources can be evaluated in the laboratory
using the olfactometer [17]. When formulating a supplementary food for adult parasitoids, it
is imperative to ensure that emitted cues attract the target parasitoid and that the parasitoid
shows a clear preference for the diet in a choice situation. These expectations were borne in
mind in the present study where beebread was crushed in honey to make a protein-rich adult
food referred to as honey-beebread.

Honey is a sweet and flavourful product, produced by bees from nectar and/or honeydew. It
is well established that aroma of bee honey is highly dependent on volatile fraction
composition, which in turn depends on nectar composition and floral origin [18]. Sugars are
the major components of honey and the concentration of volatile compounds in the diet is
very low. Kaskoniené et al. [19] characterized the volatile profiles of 15 honey samples of
different botanical origin and one beebread sample. In total 93 compounds in honey and 32
in beebread were identified. They included different classes of chemical compounds such as
alcohols, ketones, aldehydes, acids, terpenes, hydrocarbons, benzene, and furan
derivatives. The composition of volatile compounds of beebread was slightly different from
the composition of volatiles in honey. The difference may be influenced by the unique
composition of the beebread. Beebread is a mixture of honey and pollen, therefore it is likely
that pollen volatile compounds may play more important role for beebread than for honey.
Unlike honey which is mostly sugars, beebread is rich in essential amino acids,
carbohydrates, fatty acids, vitamins, minerals, trace elements, enzymes and hormone
precursors [20].

The main task of the current study is to compare olfactory and behavioral responses of C.
vestalis to honey and honey-beebread odor cues with a view to determining the acceptability
of beebread in the diet of adult wasps. It is believed that the nutrients in beebread would
enhance fitness traits in C. vestalis. The parasitoid species is known to respond positively to
honey cues and subsequently feed on the food source but the parasitoid’s response to a
mixture of honey and beebread has not been assessed.
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Provide a factual background, clearly defined problem, proposed solution, a brief literature
survey and the scope and justification of the work done.]

2. MATERIAL AND METHODS
2.1 Insect culture

The culture of C. vestalis was established from individuals that emerged from P. xylostella
larvae and parasitoid cocoons collected from cabbage fields at Alice (3246' S 26%50' E,

altitude 540 m) in the Eastern Cape Province of South Africa. The parasitoid culture was
maintained on second and third instar DBM larvae inside laboratory rearing cages (53 x 53 x
53 cm) at 25 + 1 C, 65 = 5% r.h., and L15:D9 photo period. Honey was streaked thinly on
the interior top surface of the cages to serve as a source of energy for emerging
diamondback moth and water was provided in glass vials (2.5 x 6.0 cm) with a cotton wick at
the mouth. Fresh cabbage seedlings grown in a compost medium were regularly supplied in
the rearing cages to serve as host plant food for the larvae. Parasitoid cocoons were
collected from the rearing cages and they were monitored daily for adult eclosion. Freshly
emerged female parasitoids (< 24 h) were isolated in separate glass jars and they were
provided with water as described earlier.

2.2 Odor sources

Honey produced by Apis mellifera L. from Karoo wildflowers was obtained from
Speelmanskop Honey, Cradock, South Africa. Beebread was collected from honeycombs
that were donated by Makana Meadery, Grahamstown, South Africa (www.ighilika.co.za).
One part of the cake-like beebread was crushed in three parts of honey (w/w) to give honey-
beebread.

2.3 Olfactory trials

Preference of water-satiated freshly emerged but mated C. vestalis females for odor cues
from honey and honey-beebread was tested in a Y-tube olfactometer following the method of
Rossbach et al. [21]. The glass olfactometer had the following dimensions: main arm 29.5
cm, side arms 15.5 cm, inner diameter 2.3 cm and angle between two side arms
approximately 90°. Each side arm had a detachable bulbous component which served as
container for odor sources. Prior to the trials, wasps were kept in glass receptacles around
the test area for them to acclimatize to the environment. Tests were conducted in a climate-
controlled room at 25 + 2 °C and four fluorescent tubes provided a steady illumination for the
test area. The fluorescent tubes had a luminous flux of 2250 Im at 25 °C and an emphasis at
the blue and red ends of the spectrum which made it ideal for promoting photo-biological
processes in plants. In two-choice bioassays, female parasitoids were exposed to different
combinations of the following stimuli:

(1) honey: approximately 2 g in a suspended glass vial;

(2) honey-beebread: approximately 2 g in a suspended glass vial; and

(3) moistened air (control): compressed air flowing from a cylinder and passed through a
water-containing jar before entering odor chambers.

Humidified air was pushed into odor chambers at 0.09-0.10 m/s to carry volatiles via the side
arms into main arm of the olfactometer. A naive female (i.e. without a previous food
experience) was then introduced at the base of the main arm and its behavior inside the
olfactometer was observed for 10 min. Parasitoids that went beyond the intersection and
remained in one of the side arms for at least 20 s were recorded as having made a choice.
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Females that remained in the main arm or spent less than 20 s in one of the side arms were
recorded as showing no response. Those that switched between the two arms without
initially spending more than 20 s in one of the arms were recorded as not having made a
definite choice. Each wasp was tested only once in the olfactometer. To avoid bias, odor
sources were switched between the left and right arms of the Y-tube after every 5 trials and
a new set of glassware was used each time. After testing a given odor combination, the
olfactometer was washed, rinsed with acetone and dried in an oven at 70 °C for at least 24
h. At least 60 parasitoids were tested for each treatment.

Behavioral activities of introduced wasps were monitored throughout the 10 min mark using
a stopwatch. In the course of responding to odor cues from a diet, some wasps went as far
as entering the detachable bulbous component which housed the food. This behavior is
referred to as homing. Time taken by the wasps to choose an odor source and time taken to
make a homing behavior were recorded.

2.4 Statistical analysis

Data from olfactometer assays were subjected to Chi-Square analysis [22] to determine
significant differences in the number of insects that chose either of the two test odors. Time
taken by the wasps to choose each treatment and the time taken to make homing behavior
were subjected to one-way Analysis of Variance (ANOVA), followed by Tukey’s Studentized
Range Test for comparison of treatment means (P = .05). Non-responsive wasps were not
included in the analyses. Series of movements associated with parasitoids that made a
choice and those that did not make any choice were outlined separately.

3. RESULTS AND DISCUSSION

Newly emerged C. vestalis, without previous food experience, showed innate ability to
distinguish between air and food odor and they responded by moving toward the food
sources. In separate trials, C. vestalis chose honey cues (Fig. 1A: y* = 4.50, P = .034) and
honey-beebread cues (Fig. 1B: ¥*= 8.91, P = .003) over that of moistened air. The ability to
discriminate between food and non-food sources in a Y-tube olfactometer suggests that
olfaction plays a key role in foraging activities of C. vestalis. Perception of food odor in the
airstream and movement in the direction of such are crucial for optimum longevity and thus,
maximal parasitism rates in C. vestalis. However, in choice experiment involving honey and
honey-beebread, C. vestalis showed preference for cues from the latter (Fig. 1C: x*= 3.95, P
= .047). This is an indication that a constituent of beebread might have provided the extra
attracting cues. Kaskoniené et al. [19] identified dimethyl sulphide, pentanenitrile, furfural,
benzaldehyde, nonanal, benzylnitrile, and decanal in both beebread and honey but a higher
concentration of dimethyl sulphide and furfural was recorded in beebread. Beebread also
differs from honey by containing a considerably high amount of volatile compounds that are
not present in honey such as acetic acid, nonane, 1-heptadecene, 1-phenylpropan-2-ol, 3-
furaldehyde, 2-heptanone, 4-ethyl-4-methyl-1-hexene, 5-hydroxymethyl furfural, tridecane
and 1-heptadecene. Although the effect of each volatile compound on the behavior of C.
vestalis is beyond the scope of this study, it is more likely that one or more of these
compounds made honey-beebread more preferable to the parasitoid. Another promising way
of explaining the preference for honey-beebread is to consider the volatile compounds that
are common in both the parasitoid host (P. xylostella larvae) and honey-beebread. Roux et
al. [23] detected forty volatile compounds in cuticular lipids of P. xylostella larvae using GC
and GC-MS analyses. These compounds act as semiochemicals that mediate host-
recognition and host-acceptance by the specialist parasitoid, C. vestalis. In comparison to an
earlier study [24], four of the detected compounds (n-tricosane nC,3, n-pentacosane nC,s, n-
heptacosane nC,; and n-nonacosane nC,g) were found to be common in both P. xylostella



-

*
Honeyv
5k

s
A m
. = = N S
- « o “ — =
— N o)
[=7a] =) @)
o ©0 I
I I “
= = -
A L] L] L] L] L] B L L] L] L] L] C w % m m m 0
S o <o = o S o o o o o
S ® Y T o~ S ®w © T a -
i A SHpIsas *) Jo ISUod s JudIId
SHpIs24 <) Jo Isuodsoa Juddun g $pIsas + Jo dsuodsod Juadad, |

191
192

193



194

195

196

197

198

199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240

Fig. 1. Olfactory responses of naive water-satiated Cotesia vestalis females toward
moistened air, honey and honey-beebread. @ N = number of female wasps tested per

odor combination. The number of wasps that did not respond is indicated in

parentheses.

* ** Sjgnificant y*-test at 0.05 and 0.01 levels of probability, respectively.
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larvae and beebread. N-nonacosane was the most dominant volatiie compound in P.
xylostella constituting 21.4% of the total cuticular lipid extract [23]. The stimuli that lead
female parasitoids to host locations and to oviposition might also play an important role in
leading them to food sources that emit similar chemical signals. Dyer [25] reported that
emitted tricosane and pentacosane led honey bees to nectar- and pollen-producing flowers
which served as food sources.

Time taken by the parasitoid for decision making varied with the degree of preference.
Generally, wasps took less time to choose the side arm containing a preferred odor and a
longer time to choose a less preferred source. It took C. vestalis an average of 3, 3.5 and 5
min to choose the olfactometer arm containing odor cues from honey-beebread, honey and
moistened air, respectively (Fig. 2A). In a similar trend, female wasps took less time (approx.
2 min) to come in contact with honey-beebread inside the odor chamber (homing behavior)
and they took an average of 4.5 min to get to honey. None of the females entered the odor
chamber containing moistened air alone (Fig. 2B). This is a clear indication that C. vestalis
has the ability to orientate in the direction of and locate preferred odor sources more easily
without wasting much energy. The type and intensity of odor may, however, be responsible
for the rate at which odors are perceived, interpreted and responded to by insects.

Olfactory perception in insects is usually followed by orientation behavior which eventually
leads to target location. Decision making prior to target location entails movement of different
parts of the body in order for the insect to interpret perceived odor. In the present study, a
complex series of movement of the antennae, wings, tarsi and other parts of the body was
observed either when the insect was moving or when stationary inside the olfactometer. This
is an indication that antennae alone may not be sufficient in making foraging decisions in C.
vestalis. The pattern of movements observed in females that made a definite choice was
different from those of females that did not make a choice. Generally, females that made a
definite choice spent < 15 s in the receptacle (with antennae waving in an elevated position)
before entering the main arm. Then, they walked rapidly along the main arm with their
antennae held in U-shape position and the dorsal side of apical antennomeres (or
sometimes only the tips) touching the glass. Such females also stopped once or twice for 1-3
s to either groom or preen their wings. Some of the parasitoids completed their decision-
making process before they got to the intersection. These ones entered the chosen arm
without hesitating at the intersection and time taken from introduction into the olfactometer to
positive choice was about 35 s. A large number of these early-deciding wasps showed
homing behavior. For other females with definite choice, there was a brief stop at the
intersection with the antennae moving in all directions before they decided to enter one of
the side arms. Some females hesitated midway into the side arm, antennated for a few
seconds before going further into the side arm. On the contrary, few wasps left for the
second arm without spending up to 20 s in the arm previously chosen. Very few of the late-
deciding wasps showed homing behavior and time taken from introduction to final choice
ranged from 3-5 min. Female C. vestalis that did not make a definite choice either remained
in the receptacle for more than 5 min or left after about 2 min but walked slowly along the
main arm of the olfactometer. Some of these females went back to the receptacle and
remained there till the expiration of 10 min. However, some wasps reached the intersection
and chose to remain stationary, antennating occasionally. Such wasps either returned to the
main arm or kept on moving from one side arm to the other without spending at least 20 s in
any of them. Generally, female C. vestalis were more active and agile when exposed to odor
cues from a preferred food source.
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4. CONCLUSION

The laboratory assays showed that honey-beebread attracted C. vestalis more than honey,
indicating that beebread could be incorporated into the feeding programme of C. vestalis
without the fear of masking effect. Food sources that are highly attractive are more likely to
be visited more often than food sources that are less attractive. For an understanding of how
honey-beebread would influence the foraging behavior of C. vestalis and improve its fithess
in nature, it might be necessary to apply the mixture as a ‘sugar spray’ under semi-field
conditions.

COMPETING INTERESTS

The author has declared that no competing interests exist.

REFERENCES

1.

10.

11.

12.

Mosiane MS, Kfir R., Villet MH. Seasonal phenology of the diamondback moth,
Plutella xylostella (L.) (Lepidoptera: Plutellidae), and its parasitoids on canola,
Brassica napus (L.), in Gauteng Province, South Africa. African Entomology. 2003;
11: 277-285.

Talekar NS, Shelton AM. Biology, ecology, and management of the diamondback
moth. Annual Review of Entomology. 1993; 38: 275-301.

Sarfraz M, Dosdall, LM, Keddie BA. Diamondback moth-host plant interactions:
implications for pest management. Crop Protection. 2006; 25: 625-639.

Verkerk RHJ, Wright DJ. Multitrophic interactions and management of the
diamondback moth: A review. Bulletin of Entomological Research. 1996; 86: 205-
216.

Nofemela SR. Studies on parasitoids of the diamondback moth, Plutella xylostella
(L.) (Lepidoptera: Plutellidae), in South Africa [Master’s thesis]. Rhodes University,
South Africa; 2004.

Shi Z, Liu S, Li Y. Cotesia plutellae parasitizing Plutella xylostella: Host-age
dependent parasitism and its effect on host development and food consumption.
Biocontrol. 2002; 47: 499-511.

Chiu SC, Chien CC. Observations on Apanteles plutellae Kurdjumov, a larval
parasite of diamond-back moth (Plutella xylostella Linnaeus). Plant Protection
Bulletin. 1972; 14: 145-152.

Carpenter JE, Greany PD. Comparative development and performance of artificially
reared versus host-reared Diapetimorpha introita (Cresson) (Hymenoptera:
Ichneumonidae) wasps. Biological Control. 1998; 11: 203-208.

Wackers FL. Suitability of (extra-) floral nectar, pollen, and honeydew as insect food
sources. In: Wackers FL, van Rijn PCJ, Bruin J, editors. Plant-provided Food for
Carnivorous Insects: A Protective Mutualism and its Applications. Cambridge
University Press, Cambridge; 2005.

Onagbola EO, Fadamiro HY, Mbata GN. Longevity, fecundity, and progeny sex ratio
of Pteromalus cerealellae in relation to diet, host provision, and mating. Biological
Control. 2007; 40: 222-229.

Jervis MA, Kidd NAC. Host-feeding strategies in hymenopteran parasitoids.
Biological Reviews. 1986; 61: 395-434.

Jervis MA, Heimpel GE, Ferns PN, Harvey JA, Kidd NAC. Life-history strategies in
parasitoid wasps: a comparative analysis of ‘ovigeny’. Journal of Animal Ecology.
2001; 70: 442-458.



409

362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Soyelu OJ, Waladde SM. Effect of beebread on the reproductive performance of
Cotesia vestalis. New Zealand Journal of Crop and Horticultural Science. 2013; 41:
78-85.

Fischer S, Samietz J, Wackers FL, Dorn S. Interaction of vibrational and visual cues
in parasitoid host location. Journal of Comparative Physiology A. 2001; 187: 785-
791.

Pernal SF, Currie RW. Discrimination and preferences for pollen-based cues by
foraging honeybees, Apis mellifera L. Animal Behaviour. 2002; 63: 369-390.

Roux O, van Baaren J, Gers, C, Arvanitakis L, Legal L. Antennal structure and
oviposition behavior of the Plutella xylostella specialist parasitoid: Cotesia plutellae.
Microscopy Research and Technique. 2005; 68: 36-44.

Tamo C, Roelfstra, L, Guillaume S, Turlings TCJ. Odour-mediated long-range
avoidance of interspecific competition by a solitary endoparasitoid: a time-saving
foraging strategy. Journal of Animal Ecology. 2006; 75: 1091-1099.

Cuevas-Glory LF, Pino JA, Santiago LS, Sauri-Duch E. A review of volatile analytical
methods for determining the botanical origin of honey. Food Chemistry. 2007; 103
(3): 1032-1043.

Kaskoniené V, Venskutonis PR, Ceksteryte V. Composition of volatile compounds of
honey of various floral origin and beebread collected in Lithuania. Food Chemistry.
2008; 111: 988-997.

Food and Agriculture Organization (FAO). Value-added products from beekeeping.
FAO Agricultural Services Bulletin No. 124. Accessed 25 November 2013.

Available: http://www.fao.org/docrep/w0076e/w0076e00.htm#con

Rossbach A, Lohr B, Vidal S. Generalism versus specialism: responses of
Diadegma mollipla (Holmgren) and Diadegma semiclausum (Hellen), to the host
shift of the diamondback moth (Plutella xylostella L.) to peas. Journal of Insect
Behavior. 2005; 18: 491-503.

SAS Institute. SAS/STAT User’'s Guide, Release v 9.1. SAS, Cary, North Carolina,
USA; 2002.

Roux O, Gers C, Tene-Ghomsi JN, Arvanitakis L, Bordat D, Legal L. Chemical
characterization of contact semiochemicals for host-recognition and host-
acceptance by the specialist parasitoid Cotesia plutellae (Kurdjumov).
Chemoecology. 2007; 17: 13-18.

Nilsson M, Ryhage R, von Sydow E. Constituents of pollen II: Long-chain
hydrocarbons and alcohols. Acta Chemica Scandinavica. 1957; 11: 634-639.

Dyer FC. The biology of the dance language. Annual Review of Entomology. 2002;
47:917-949.

DEFINITIONS

Grooming : Female wasps rub their antennae against their forelegs, and rub hindlegs

against the abdomen.

Preening : Female wasps rub their wings with the hindlegs and then rub the tarsi of the legs

together.

Antennation : Vigorous movement of the antennae in different directions.



