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A study on five sampling methods of parasitic hymenopterans in rice ecosystem
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ABSTRACT: For insect diversity studies to be of value, the sampling methods employed must produce samples representative of the community
or taxon selected for the investigation. However, as yet, few evaluations on the variability and effectiveness of sampling methods have been
undertaken. The survey was carried out in the rice fields during 2015-16 in Paddy Breeding Station, Tamil Nadu Agricultural University,
Coimbatore. From this study a total of 1,019 parasitoid individuals were collected. Among six different collection methods employed for
sampling hymenopteran parasitoids in rice ecosystem, the yellow pan trap at ground level was found to be the most effective method in trapping
the parasitoids (27.2 + 2.56 parasitoids per day) followed by sweep net method (12.1 + 1.03 parasitoids per day). The next best sampling
method is yellow pan trap erected at canopy level which recorded a mean of 9.2 + 2.26 parasitoids per day. The other three traps viz., malaise
trap, suction trap and light trap were found to collect less number (<1.5) of parasitoids per day.
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INTRODUCTION

Rice fields harbour a rich and varied fauna than any oth-
er agricultural crop (Heckman, 1979; Fritz et al., 2011). The
fauna is dominated by micro, meso and macro arthropods in-
habiting the soil, water and vegetation sub-habitats of the rice
fields. The different communities of terrestrial arthropods in
the rice field include pests, their natural enemies (predators
and parasitoids) and other neutral insects that inhabit or visit
the vegetation as tourists (Heong et al., 1991). Recently, bio-
diversity in agricultural land has received growing attention
because it plays a significant role in agro-ecosystem function
by keeping pest populations under check (Jervis et al., 2007).
Most parasitic hymenopterans are keystone species and the
removal of keystone species will result in cascade effect in
the ecosystem (La-Salle and Gauld, 1993). Despite their
importance, our understanding of their taxonomy and diver-
sity is clearly wanting. Therefore, more emphasis should be
given for the identification, conservation and use of parasitic
Hymenoptera in insect pest management programmes. This
will render high economic returns to the farmers besides sus-
tainable ecofriendly pest management. For insect diversity
studies to be of value, the sampling methods employed must
produce samples representative of the community or taxon
selected for the investigation. However, as yet, few evalu-
ations on the variability and effectiveness of sampling
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methods have been undertaken. Literature concerning meth-
ods of sampling Hymenoptera are relatively limited (Noyes,
1989). It is a well known fact that each group of insects re-
quires its own specialized technique and apparatus for trap-
ping. If the wrong technique is used, the catch/collection may
be very poor and the results must be misleading, apart from
tiresome and time taking efforts of the workers. Hence, trap-
ping efficiency of different traps has to be an integral part
of any diversity study. In this context, the present study was
undertaken.

MATERIALS AND METHODS

Site of collection

The survey was carried out in the rice fields during
2015-16 in the western agro climatic zone of Tamil Nadu
State (District representation: Coimbatore at, Paddy Breeding
Station, Coimbatore, 427 m, 10°59'43.24" N 76° 54'59.22"E).
Collections were made for 20 consecutive days. The time of
sampling was during August 16" to September 04" of 2015.
The crop was in vegetative phase during the survey.

Methods of collection

A total of six different collecting devices viz., sweep net,
yellow pan trap kept at ground level, yellow pan trap erected
at canopy levels, Malaise trap, suction trap and light trap were
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employed for the collection of parasitoids from rice ecosys-
tems of Tamil Nadu. All the six collecting devices were em-
ployed continuously for 20 days.

Sweep net

The net employed for collecting was essentially similar
to an ordinary insect net with 673 mm mouth diameter and a
1076 mm long aluminum handle. The net bag was made up of
thin cotton cloth. Sweeping of vegetation was as random as
possible from ground level to the height of the crop. Sweep-
ing was done in early morning and late evening hours for
about half an hour per day which involved 30 sweeps. One to
and fro motion of the sweep net was considered as one sweep.

Yellow pan traps kept at ground level

This trap was based on the principle that many insects are
attracted to bright yellow colour. Yellow pan traps are shallow
trays of 133 mm x 195 mm and 48 mm deep and was of bright
yellow in colour. Altogether, twenty yellow pan traps were
installed at ground level in each site on the bunds, half- filled
with water containing a few drops of commercially available
detergent (to break the surface tension) and a pinch of salt
(to reduce the rate of evaporation and to prevent rotting of
trapped insects). The spacing between traps was standardized
as 1.5 m. The traps were set for a period of 24 hours (Exam-
ple: traps set at 10 AM on one day was serviced at 10 AM on
the following day).

Yellow pan traps erected up to canopy level

Erected yellow pan traps were installed at the crop can-
opy by means of polyvinyl chloride pipes fitted below, with
a screw attachment and were installed in 10 numbers per site
in the same fashion as yellow pan trap kept at ground level.

Malaise trap

This trap makes use of the negatively geotactic and posi-
tively phototactic behavior of insects. This is a tent like trap
made of fine-mesh (108 x 32 mesh/square inch) terylene gauze
with a specially adapted collecting bottle at the top. The bottle
has a capacity to hold 500 ml. The trap is about 6 feet wide,
3 feet and 6 inches high at one end and 6 feet and 6 inches high
at other end. The parasitoids fly into the sides of the trap by
chance, crawl up to the roof (negatively geotactic behaviour),
where they enter a collecting bottle (situated in a direction of
sunlight-positively phototactic behaviour) containing 70 per
cent alcohol. This trap was emptied once in 5 days.

Suction trap

Suction trap is otherwise called as Dietrick vacuum sam-
pler, or D-Vac (Model 1A), which was designed specifically
for sampling arthropods in grasslands and agricultural crops.
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The insects are drawn down a gauze cone into a collecting tube
by a ventilating fan mounted with the blades in a horizontal
plane. The suction action was achieved by a diesel operated
motor. As the trap is heavy, it is harder to operate more than
15 min. per day. It was operated along the bunds, grassy borders
and harvested fields.

Light trap

A solar operated light trap was utilized so as to document
the parasitoid activity during night. The operating voltage of
the trap is 6V DC, with a solar PV cell of 3W/6V, consisting a
battery 6V, 4.5AH. This enables the solar light trap to operate
continuously for 3 hours per day (i.e., the trap was operated
form 7.00 PM to 10 PM each day). This ready made trap is
very easy to install and was installed on the bunds. It consists
of a collecting vessel, where insects got trapped, which will
be emptied the next day morning.

Preservation and identification of the specimens up to
family level

The Parasitoids thus collected were preserved in 70%
ethyl alcohol. The dried specimens were mounted on pointed
triangular cards and studied under a Stemi (Zeiss) 2000-C and
Photographed under Leica M 205-A stereo zoom microscopes
and identified through conventional taxonomic techniques by
following standard keys of Narendran (1994), Jonathan (2006),
Rajmohana (2006) and Sureshan (2008) and Noyes (2017).
In addition, help was also taken from already identified col-
lection of parasitoids at Parasitoid Taxonomy Lab, Annamalai
University, Chidambaram. Identified collections are deposited
at Insect Biosystematics lab, Department of Agricultural Ento-
mology, Tamil Nadu Agricultural University, Coimbatore.

Statistical analysis

The statistical test ANOVA was also used to check
whether there was any significant difference in the collec-
tions from different traps. The data on population number
were transformed into X + 0.5 square root before statistical
analysis. The mean individuals caught from six different traps
were analyzed by adopting Randomized Block Design (RBD)
to find Least Significant Difference (LSD). Critical Differ-
ence (CD) values were calculated at five per cent probability
level. All these statistical analyses were done using Microsoft
Excel 2016 version and Agres software version 3.01.

RESULTS AND DISCUSSION

Evaluation of six collection methods for hymenopteran
parasitoids in rice ecosystem

From this study a total of 1,019 parasitoid individuals
were collected. Among six different collection methods em-
ployed for sampling hymenopteran parasitoids in rice ecosys-
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tem, the yellow pan trap at ground level was found to be the
most effective method in trapping the parasitoids (27.2 £2.56
parasitoids per day) followed by sweep net method (12.1+1.03
parasitoids per day). The next best sampling method is yel-
low pan trap erected at canopy level which recorded a mean
of 9.2 + 2.26 parasitoids per day. The other three traps viz.,
malaise trap, suction trap and light trap were found to collect
less number (<1.5) of parasitoids per day (Table 1).

Table 1. Hymenopteran parasitoids collected by different
collection methods in rice ecosystem

Mean No. of parasitoids

Collecting devices

collected/day

Sweep net

12.1 +1.03 (3.45)

Yellow pan trap (ground level)

27.2 +£2.56 (5.16)"

Yellow pan trap (erected)

9.2 +2.26 (2.80)

Malaise trap

1.25+0.23 (1.26)¢

Suction trap 0.7 £0.19 (1.03)¢
Light trap 0.5 +0.28 (0.99)¢
S.E.D 0.26
C.D (p=0.05) 0.52

Figures in parentheses are square root transformed values.
In a column, means followed by a common letter(s) are not significantly
different by LSD (p = 0.0)

Efficiency of traps in collecting different super families of
parasitic Hymenoptera

The following super families of parasitic Hymenoptera
viz., Apoidea, Chrysidoidea, Vespoidea, Ceraphronoidea,
Chalcidoidea, Cynipoidea, Diaprioidea, Evanioidea, Ichneu-
monoidea, Platygasteroidae and Proctotrupoidea were col-
lected by adopting six different sampling methods. In case
of Apoidea, a mean of 0.05 £ 0.05 was caught only in sweep
net per day and not in any other collecting devices (Table 2).
No collecting device was found superior in collecting Chry-
sidoidea and a mean of 0.20 + 0.13 chyrsidoids per day was
caught in sweep netting as well as in light trap. No chrysidoids
was caught in suction trap. Sweep net was found to be the best
in collecting Vespoidea which recorded a mean collection of
0.20 £ 0.11 vespoids per day, which is statistically superior to
all other methods of collection. Yellow pan trap at ground level
was found to perform well over other methods in trapping cer-
aphronoids with a mean of 3.60 + 0.81 per day. For collecting
chalcidoids, both sweep net and yellow pan trap kept at ground
level were found significantly superior and on par with each
other with a mean collection of 3.95 £+ 0.66 and 5.05 + 0.88
chalcidoids, respectively followed by yellow pan trap (erected)
(1.30 £ 0.65 chacidoids per day). Cynipoids were trapped only
in yellow pan trap (ground level) with a mean of 0.10 = 0.10
cynipoids per day. In case of Diaprioidea, yellow pan trap

Table 2. Efficiency of traps in collecting parasitic hymenopteran superfamilies

. Traps CD
Superfamilies - - - S.ED B
Sweep Net YPT-1 YPT-2 Malaise Trap | Suction Trap | Light Trap (p=0.05)
Avoidea 0.05£0.05 [0.00£0.00 [0.00£0.00 [0.00£000 |0.00£0.00 [0.00£0.00 |,
P (0.73) (0.71) (0.71) (0.71) (0.71) (0.71) : NS
Chrvsidoidea 020£0.13 [005£0.05 [005£005 [0.15£008 [0.00£0.00 [020£020 |, o
y (0.79) (0.73) (0.73) (0.78) (0.71) (0.78) : NS
. 020+0.11 [0.00+£0.00 |0.00+0.00 [0.00+0.00 |0.00+0.00 [0.00+0.00
Vespoidea (0.80) .71y 0.71y 0.71y 0.71y 0.71y 0.03 10.06
. 0204020 [3.60+£081 [0.65+035 [0.10£0.06 |025+0.09 [0.00+0.00
Ceraphronoidea b . b b b ) 0.15 0.31
(0.77) (1.77) (0.94) (0.75) (0.83) (0.71)
e 3954066 |505+0.88 [1.30+£0.65 [0.10£0.10 |0.35+0.16 [0.00+0.00
Chalcidoidea . . Y be b b 0.18 0.35
(1.97) (2.19) (1.10) (0.75) (0.86) (0.70)
Cominoidea 0.00£0.00 [010£0.10 [0.00£0.00 [0.00+£000 [0.00£0.00 [0.00£0.00 |,
ymp (0.71) (0.75) (0.71) (0.71) (0.71) (0.71) : NS
. 130+£048 [485+137 [1.50+£059 [055+022 [0.10+£0.10 [0.20+0.20
Diaprioidea (1.16)" (1.90)* (1.20)° (0.94)® (0.75)® (0.77)® 0.23 1045
Evanioidea 025+020 [0.00+0.00 [0.00+0.00 [0.00+£0.00 [0.00+0.00 [0.10£0.10 [0.04
(0.80) (0.71) (0.71) (0.71) (0.71) (0.75) NS
. 490+0.68 |1.60+0.63 [0.85+035 |0.00+£0.00 [0.00+0.00 |0.00+£000 [0.16 [0.32
Ichneumonoidea | 3 19y: (1.21) (1.05)" .71y .71y .71
. 1054026 |11.554235 [485+2.16 [035+0.10 |0.00£0.00 [0.00+0.00 [0.29 [0.59
Platygasteroidae | ; 5, GB.11)e (1.78)° (0.88) ¢ 0.71)¢ 0.71)°
Proctotrunoides | 0:00£0.00 [0.40£0.18 10005000 0002000 0005000 [0.00£0.00 [0.04 [0.09
P (0.71)® (0.89)* (0.71)® (0.71)® (0.71)® (0.71)®

Sweep net - 400 min.; YPT-1- yellow pan trap (ground level) 351 trap days; YPT-2- yellow pan trap (erected) 199 trap days; Malaise trap — 20 trap days;

suction trap - 200 min and light trap 3600 min.
NS- Non Significant
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(ground level) can be regarded as the best method with a mean
collection of 4.85 + 1.37 diaproids per day. Evanoids were
caught only in sweep netting and light traps with a mean of
0.25 £+ 0.20 and 0.10 + 0.10 evanoids per day, respectively. For
the collection of Ichneumonidea, sweep net was found to be
statistically superior method over other methods with a mean
of 4.90 + 0.68 ichneumonoids per day. Yellow pan traps both
at ground level and erected were also found to trap ichneumo-
noids and are on par with each other. Among the super families
collected, Platygasteroidae outnumbered with 11.55 + 2.35 in-
dividuals per day under the sampling method, yellow pan trap
at ground level followed by yellow pan trap erected at cano-
py levels (4.85 + 2.16 platygastroids per day). Sweep netting
captured 1.05 + 0.26 platygastroids whereas the Malaise trap
caught 0.35 + 0.10 platygastroids per day. For the collection
of Proctotrupoidea, yellow pan trap ground level was found to
be the best method which recorded a mean of 0.40 £ 0.18 in-
dividuals per day. No proctotrupoids were collected using the
the other five methods that were employed in the present study.

Evaluation of effficiencies of different parasitoid collect-
ing devices

The study revealed yellow pan trap kept at ground level
as the most effective method with 27.2 parasitoids/ day i.e.,
53 per cent of total parasitoids that were collected in the pre-
sent study. The reason for the attraction of certain groups to
yellow colour is not clear, although Kirk (1984) suggested
that parasitoids would show a positive response to yellow.
Moreover, for many hymenopterans, the attraction may be
more to the water in the trap that to yellow itself. It is also
reported that the species that are rarely swept can often be
collected by yellow pan trap (Kennedy et al., 1961; Holling-
worth et al., 1970). The results obtained in the present study
is in accordance with the results of Campbell and Hanula
(2007) who assessed the effectiveness of malaise trap to col-
lect hymenopteran pollinators against yellow coloured pan
traps and concluded that yellow pan traps as the most effec-
tive. It is also reported that the yellow pan trap was more ef-
ficient than malaise trap or any other flight intercept traps
in capturing non formicid-hymenopterans (Wells and Decker,
2006). Daniel and Ramaraju, 2017 found that yellow pan trap
kept at ground level trapped a mean 2.45 pteromalids per day.
For the pteromalid, Trichomalopsis thekkadiensis, yellow pan
trap kept at ground level was the best method of trapping,
which recorded a mean of 0.35 pteromalids per day which
was found to be statistically superior than the efficiencies of
all other collecting devices which they have employed.
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The second best gadget is the sweep net, 24 per cent of
total parasitoids collection in the study was contributed by
sweep net method (Figure 1). This is in conformity with the
results obtained by Noyes (1989) who studied parasitic hyme-
noptera capture rates of different traps claiming sweep net as
one of the effective collecting device. Sweep net is generally
considered as the simplest and effective method to collect in-
sects especially the parasitic hymenopterans (Narendran,
2001). Daniel and Ramaraju, 2017 concluded that Sweep net
sampling is found to be the most effective method of sam-
pling Brachymeria euploeae and Antrocephalus nasutus
(Chalcididae: Hymenoptera) than yellow pan trap kept at
ground level and yellow pan trap erected. Further, they have
found out that sweep net is statistically superior in trapping
these species with a mean number of 0.25 B. euploea per day
and 4.70 A. nasutus per day.

N

N

Sweep net - 24%

Lgnttrap-1%

—=—

Yellow pan trap kept at
ground level - 53%

Fig. 1. Per cent catches of parasitic hymenopterans different
collecting gadgets.

The main advantage of sweeping over pan trapping is
that it is possible to sample a larger area, whereas yellow pan
trap has a distinct advantage that the effort put by the collec-
tor is comparatively less. Moreover, in wet conditions (Rainy
days) sweeping may be much difficult. It is observed that big-
ger parasitic groups viz., ichneumonoids, vespoids and bigger
chalcidoids were caught more in numbers (98, 4 and 79, respec-
tively) by sweeping. One possible explanation for the trap-
ping of more number of bigger parasitic group using sweep
net is that the coarse mesh of the sweep net allows smaller
parasitoids to pass through it or escape before they enter the
collecting head. This may be the reason why yellow pan trap
kept at ground level stood first in collecting more number of
smaller parasitoid groups such as ceraphronoids (72), smaller
chalcidoids (101), platygastroids (231), diaproids (97) and
proctotrupoids (8) (Figure 2).
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Fig. 2. Parasitic hymenopteran super families trapped in differ-
ent collecting gadgets.

The next best sampling method is yellow pan trap erect-
ed at canopy level which contributed 18 per cent of total
parasitoid collections. In the present study, yellow pan trap
was also erected at canopy levels considering the fact that
the yellow pan trap kept at ground level may get disturbed
by the movement of birds in rice ecosystem and by man or
even by wind. Moreover, we thought that if yellow pan traps
are installed in the standing crop of rice at its canopy level,
more number of parasitoids may get attracted towards it right
from the foliage than to those kept at ground level. But it was
found wrong through this study where, minimum number of
parasitoids (lesser than yellow pan trap kept at ground level)
got trapped in yellow pan trap kept at plant canopy. However,
certain strong fliers in the family Braconidae were found to
be trapped in yellow pan trap erected at canopy levels.

The other three traps viz., malaise trap, suction trap and
light trap were found to collect less number (< 3%) of parasi-
toids. But this is in contrast with the results of Shweta and Ra-
jmohana (2016) who studied parasitic hymenoptera capture
rates of sweep net, malaise trap and yellow pan traps claim-
ing malaise trap as the most efficient collection gadget over
sweep net and yellow pan trap. The studies of Devigne and
De-Biseau (2014) on the effectiveness of traps to capture in-
sects from six different locations also concluded that malaise
trap was the most effective in capturing various orders of in-
sects. Effectiveness of traps was studied in detail by Darling
and Packer in 1988 and suggested malaise trap with different
mesh types to be the most effective in capturing hymenop-
terans. Usually taxonomists employ malaise trap for the col-
lection of parasitoids. Though malaise trap is one of the the
best option, for parasitoid collection in forest areas (Noyes,
1989; Shweta and Rajmohana, 2016), its installation in the
standing rice crop is difficult and the results of current study
also prove that.
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The varying success rates of the different methods may
have been influenced by vegetation as well as by differences
in abundance, or perhaps the behavior of the parasitoids at
the sites. When detailed information on the behavior of tar-
get group is known, it would be possible to employ a single
most suitable method of capture (Spafford and Lortie, 2013),
effectively saving time and effort. It is difficult to point out
the exact reason for the preference of the parasitoids to get
caught by each trap. Additional studies on the natural history
and bio ecological aspects of the species could reveal more on
the possible reasons for such results as rightly pointed out by
Shweta and Rajmohana (2016). Such studies should be car-
ried out for different groups of parasitoids over a longer pe-
riod of time so as to re confirm the results. It is a well known
fact that each group of insects requires its own specialized
technique and apparatus for trapping. If the wrong technique
is used, the catch may be very poor and the results must be
misleading, apart from tiresome and time taking efforts of the
workers.

CONCLUSION

Based on the present study it is suggested that surveys
of parasitoids in rice ecosystems should be conducted using
wide variety of methods as possible, because every method is
undoubtedly having some advantage over other. Hence, to get
a diverse collection of parasitoids, the use of as many collect-
ing devices as possible is recommended.
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