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until after the pair fell to the ground or into vegetation. Even then the males would
often take a few seconds to clasp the female’s genitalia. One male unsuccessfully
tried to clasp a female’s genitalia for 205 seconds before the female few of.

After mating begins, the pair sometimes fies to a vertical position on a grass stem
in the shade of surrounding vegetation, approximately 30-60 cm above the ground.
Either both sexes hold onto the stem or one holds onto the stem with its head up and
the other hangs free with its head down.

When one mating pair had been in the tail-to-tail position for 39 minutes, another
male landed on the female (Fig. 4). He then proceeded to try and mate with the
female and in the process clasped and unclasped both the mating male’s and female’s
genitalia. After 27.5 minutes, the second male few of.

Fig. 4. Mating pair of Proctacanthus gracilis in tail-to-tail position with another male attempting to mate
with the female (Photograph: D.S. Dennis, 08.08.2013, 10:59 AM).

The asilids’ wings are generally closed during mating. One male had his left wing
slightly open during mating. Another male opened and closed his wings slightly after
approximately 112 minutes of mating, and after 118 minutes of mating opened and
closed his wings to a 45° angle and then a 30° angle. The female of this same mating
pair held onto a grass stem below the male and after both 93.5 and 114 minutes of
mating released the grass stem, swung up and grasped the male so that the she briefy
faced the male and then resumed her position holding onto the grass stem below the
male. The female unsuccessfully tried to grab the male again after 125 and 135.5
minutes of mating, after which the male released the female and both asilids few of.

During mating, P. gracilis usually move very little, except when exposed to the sun.
Then they relocate to a position in the shade where it is slightly cooler. Mating occurs
when the air temperature at the height of mating in the sun range from 30.0-36.0°C
(average 33.7°C; n=10) and in the shade range from 30.5-34.0°C (average 32.8°C; n=7).

At the completion of mating, male P. gracilis unclasp the female’s genitalia and
both asilids fy of or the pair fy into the air in the tail-to-tail position and then separate.
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The author observed four complete matings of P. gracilis that lasted 66.0 to 135.5
minutes with an average of 94.0 minutes. Proctacanthus brevipennis mated for 78.0 to
111.0 minutes with an average of 90.0 minutes (Dennis, 2012); P. fulviventris mated for 30.0
to 63.5 minutes with an average of 40.6 minutes (Dennis, 2015); P. longus mated for 106.0
to 116.0 minutes with an average of 111.0 minutes (Dennis, 2019); and P. micans mated
for 23.0 to 66.0 minutes with an average of 42.0 minutes (Dennis and Lavigne, 1975).

Oviposition behavior

One oviposition was observed at 11:03 AM (19.07.2011) in a road that consisted
of compacted sugar sand (fne silt made up of ultrafne mineral sand mixed with a
large percentage of organic granules). The female was in the shade of surrounding
vegetation and inserted her ovipositor in the sand approximately 6 mm. She had her
wings closed over her slightly curved abdomen and oviposited for 53 seconds. Then
the female quickly withdrew her ovipositor from the sand and swept the sand with the
tip of her ovipositor for 27 seconds, and few of. Sand was collected and examined
for eggs, but none were found.

The air temperature above the oviposition site was 30.0°C; the sand surface
temperature was 29.5°C, and just below the surface, the temperature was 29.0°C.

At a later date (15.08.2014), a female was observed probing the ground with her
ovipositor at 11:01 AM when the sky was overcast. The air temperature was 29.5°C
and the surface temperature of the ground was 32.5°C.

Grooming behavior

Proctacanthus gracilis, like Holopogon snowi (Dennis, 2018) and H. phaeonotus
(Dennis, 2014), did not frequently groom themselves. This may be because these
asilids occupy various heights on vegetation and do not frequently land on or spend
much time on the ground. When P. gracilis did groom it was in much the same way
as reported for other species of Proctacanthus and other robber fies (Dennis, 2019).
They always use the fore legs to groom their heads, and the hind legs to groom their
wings and abdomen. Grooming of the head follows feeding, and grooming of the
abdomen follows mating, although P. gracilis also frequently groom while resting and
between foraging fights.

Grooming of the head is sometimes preceded by rubbing together of the fore tarsi.
When grooming the head, P. gracilis uses the distal part of the fore femora (Fig. 5),
the entire tibiae, and the proximal part of the tarsi, or only the tibiae and/or tarsi. Also,
they often turn their head while grooming.

Proctacanthus gracilis sometimes rub the hind tarsi together before curving the
abdomen down and grooming 1/4 to 1/2 of the abdomen and 1/4 to 1/3 of the wings.
One female pulled her abdomen down to a 90° angle with her hind legs before grooming
her abdomen and wings. Grooming of the wings and abdomen always proceeded
from anterior to posterior with the hind tibiae and/or tarsi. When the wings are closed,
only the top surface is groomed; when the wings are spread at a 30-45° angle to the
body, both the tops and bottoms of the wings are groomed outward.
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Fig. 5. Male Proctacanthus gracilis grooming head (Photograph: D.S. Dennis, 28.08.2014, 9:01 AM).

Daily rhythm of activity

Proctacanthus gracilis exhibit a diurnal or daily rhythm of activity between 9:00
AM and 3:00 PM for feeding and mating, with most activity between 9:00 AM and
12:00 noon (84.8% of feedings and 92.4% of matings). As indicated above, only one
oviposition was observed at 11:03 AM.

The number of feeding P. gracilis peaked in the morning between 10:00-11:00 AM
(37.0%) and then tapered of until the last feedings were observed between 1:00-3:00
PM (4.4%). The number of mating P. gracilis initially peaked between 9:00-10:00 AM
(38.5%) and continued through the peak feeding period between 10:00-11:00 AM (38.5%).
There was a second small mating peak in the afternoon between 2:00-3:00 PM (7.7%).

In the MCCA and a nearby storm water drainage basin, the peak P. brevipennis
period of feeding (10:00-11:00 AM) was before the peaks for mating (1:00-2:00 PM)
and ovipositing (2:00-3:00 PM) (Dennis, 2012). For P. fulviventris these behaviors
in the MCCA had similar patterns and all peaked between 10:00-11:00 AM, with
ovipositing having the largest peak (Dennis, 2015). Proctacanthus longus had a peak
period of feeding from 10:00-11:00 AM, which was between the peak periods of mating
(9:00-10:00 AM) and ovipositing (11:00 AM-12:00 noon) (Dennis, 2019).

Forster, Nitabach, & Holmes (2011) reported that, “Insects display an impressive
variety of daily rhythms, which are most evident in their behaviour. Circadian timekeeping
systems that generate these daily rhythms of physiology and behaviour all involve three
interacting elements: the timekeeper itself (i.e., the clock), inputs to the clock through
which it entrains and otherwise responds to environmental cues such as light and
temperature, and outputs from the clock through which it imposes daily rhythms on
various physiological and behavioural parameters.” Lavigne, Dennis, & Gowen (2000)
indicated that a number of environmental variables (e.g., temperature, wind, cloudy
weather) afect the behavior of robber fies, with temperature one of the most important.
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Temperature appears to afect the behavior of the diferent species of Proctacanthus
studied in the MCCA. With the lower average spring temperatures (Table 3), P.
brevipennis has peak periods of feeding, mating and ovipositing that occur throughout
the day. Whereas, as the average temperature increases during the summer, in
particular in the afternoon, P. fulviventris, P. gracilis, and P. longus exhibit the major
peak periods of these behaviors in the morning.

Table 3. Months with most behavioral observations, peak periods of behaviors, and air temperatures for
Proctacanthus brevipennis, P. fulviventris, P. gracilis, and P. longus in the MCCA.

Species Benmir::; \évli)lge'l\'/\ll(;?i;ns Major Peak Periods of Behaviors ArTemperature (°€)
Range Average (n)
P. brevipennis April through May 10:00 AM-3:00 PM 17.5-35.8 30.3 (42)
P. fulviventris June through August 10:00-11:00 AM 27.8-39.0 32.6 (104)
P. gracilis June through August 9:00-11:00 AM 28.0-36.0 32.5(21)
P. longus June through July 9:00 AM-12:00 noon 28.0-37.0 31.8 (54)

Depending on the species, the behaviors include feeding, mating, and ovipositing.

Predators and parasites

One male P. gracilis captured a female in fight and inserted his proboscis between
the female’s dorsal and left posterolateral side of her thorax. Cannibalism is often
reported for robber fies (Lavigne et al, 2000).

Afemale Promachus bastardii (Macquart, 1838) was found feeding on a male P. gracilis.

Campsomeris plumipes (Drury, 1770) (Scoliidae) wasps repeatedly hover around
P. gracilis while they are on vegetation feeding on prey. This causes the robber fies
to move up to 1.5 m from their previous location to avoid the wasps. One female P.
gracilis feeding on a grasshopper (Spharagemon cristatum) moved eight times.

There are a number of ants (Formicidae, Formica spp. and Solenopsis invicta
Buren, 1972) in the same habitats as P. gracilis. Sometimes the ants disturb the asilids
while they are feeding, causing the asilids to move to a new location.

Mites are found on the sides of the thorax of P. gracilis. According to Lavigne et
al (2000), mites are often found on the thoraxes of robber fies.

The six-lined racerunner [Cnemidophorus sexlineatus (Linnaeus, 1766)] is a
common lizard in the MCAA. One crawled under a female P. gracilis resting on
vegetation and this resulted in the female fying to a new location. Although racerunners
are known to be insectivorous, none preyed on P. gracilis.

CONCLUSIONS

The stripes and spots on the mesonotum are one morphological characteristic
that can be used to separate P. gracilis from other species of Proctacanthus in the
MCCA. Proctacanthus gracilis rests on live vegetation and forages from both live
and dead vegetation. They capture prey in fight, and prey consists of Othoptera
(63.0%), Diptera (8.8%), Coleoptera and Hymenoptera (each 6.5%), Hemiptera and
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unidentifed (each 4.3%), and Lepidoptera, Neuroptera and Odonata (each 2.2%).
During feeding, P. gracilis crawls on prey and manipulates it with a combination of tarsi
or manipulates it while hovering above the feeding site. Males search for receptive
females with which to mate, but there is no courtship prior to mating. Mating occurs
in the tail-to-tail position. Females oviposit in the ground. Peak period for feeding and
mating is from 9:00 to 11:00 AM. Grooming is in much the same manner as other
asilids. Proctacanthus gracilis exhibits cannibalism and is preyed upon by Promachus
bastardii. Mites are found on the sides of the thorax of P. gracilis.
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The scatter plot showed that male weevil populations within the eight localities
from Malaysia clustered together but formed a distinct cluster with weevils from
Cameroon (Fig. 7). Meanwhile, non-distinguishable clusters were observed with the
female weevil populations (Fig. 8).

Based on CDA, fve canonical functions were extracted. For the male weevil
populations, Canonical Discriminant 1 (CD1) had an eigenvalue of 3.918 with the
range of loading values between 0.046 to 9.155 accounting for 86.6% of the variance,
while Canonical Discriminant (CD2) with an eigenvalue of 0.400 accounted for 8.9%.
The two canonical discriminants explained by 95.5% of the total variance (Table 7).

The scatter plot generated between CD1 and CD2 revealed a clear separation
between the male weevil populations from Malaysia and Cameroon in Africa (Fig. 9).
For the female weevils, the Canonical Discriminant 1 (CD1) had an eigenvalue of
2.927, accounting for 69.9% of the variance, while Canonical Discriminant 2 (CD2)
with an eigenvalue of 0.851 represented 20.3% of the total variance. The two canonical
discriminants together covered 90.2% of the total variance (Table 8). The scatter
plot of the female weevil populations based on the component scores showed clear
clustering between the populations from Malaysia and Cameroon (Fig. 10).

In this study, both the result of PCA and CDA conducted showed little variation
between the eight localities for male and female weevil populations in Malaysia
respectively. Weevil population from Cameroon, Africa was treated as an outgroup
and was distinctly separated from the weevil populations in Malaysia. The properties
of soil, plant cover and anthropogenic impact in ecosystems are some factors that
may infuence the morphology in ground beetles (Blake, Foster, Eyre, & Luf, 1994,
Giglio, Giulianini, Zetto, & Talarico, 2011; Sukhodolskaya, 2013). However, there
was no indication of soil properties or palm age to have afected the weevil size as
shown in the weevil population. This shows healthy traits and that the morphological
characters are stable (Schluter, 2000; Schauble, 2004).

CONCLUSIONS

The present study allows morphometric characters of male and female weevil
populations to be evaluated, to reveal their reaction towards the present condition in
oil palm plantations. It is evident that there is very little variation in the body size of
the weevils between the diferent localities in Malaysia, however, a distinct separation
is observed with the weevil population from Cameroon, Africa. This is an indication
that the weevil population in Malaysia exhibit slight diferences in their morphological
characters. Future studies should focus on management practices and other possible
biotic factors (ie. parasitism, nematode infestation) that may lead to body size variation.
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Table 1. Sampling locations in Malaysia.

Localities GPS Coordinates Soil type

Malaysia
L1 FELDA Chuping 2, Perlis 6°30'14" N, 100°11'50” E Mineral
L2 FELDA Jerantut, Pahang 4°21'22" N, 102°23'34" E | Mineral
L3 MPOB Teluk Intan, Perak 4002'51" N, 101°01'08" E ﬁg:t"ow
L4 ¥ePrSnts:rl1ﬂ Paka, 403314 N, 103°11'16" E | Mineral
L5 Yong Peng, Johor 2°04'11" N, 103°04'09” E | Mineral
L6 UPM Plantation, Selangor 2°59'45" N, 101°42'56" E | Mineral
L7 MPOB Lahad Datu, Sabah 5°06'12" N, 118°37°05" E | Mineral
L8 MPOB Sessang, Sarawak 1°55'35" N, 111°13'32" E Deep peat

Africa

Cameroon, West Africa 7°22'11" N, 12°20'41" E Kaolisols
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Table 2. The average values in millimeters (mean + standard deviation) of the morphometric characters
of male and female weevils in eight diferent localities in Malaysia and one locality from Africa.

State Perlis Pahang Perak Terengganu Johor
Gender ¢ 9 ¢ ? 9 ¢ ¢ ¢ 9
TL 2.62+0.32 | 2.46x0.16 | 3.07+0.38 | 2.70+0.17 | 3.28+0.38 | 2.92+0.20 | 3.05+0.25 | 2.56+0.19 | 3.45+0.38 | 3.03+0.20
EL 1.75+0.24 | 1.62+0.13 | 2.09+0.30 | 1.81+0.13 | 2.24+0.32 | 1.94+0.17 | 2.11+0.14 | 1.80+0.16 | 2.43+0.30 | 2.11+0.16
PL 0.63+0.12 | 0.65+0.10 | 0.74+0.13 | 0.69+0.11 | 0.80+0.13 | 0.78+0.08 | 0.69+0.26 | 0.60+0.13 | 0.77+0.17 | 0.72+0.12
BW 0.81+0.07 | 0.77+0.08 | 0.93+0.09 | 0.82+0.07 | 1.00+0.08 | 0.91+0.06 | 1.11+0.12 | 0.99+0.13 | 1.12+0.14 | 0.98+0.08
SL 0.76+0.12 | 1.01+0.06 | 0.81+0.13 | 1.15+0.08 | 0.80+0.12 | 1.19+0.07 | 0.89+0.13 | 1.10+0.16 | 0.84+0.11 | 1.21+0.09
State Selangor Sabah Sarawak Cameroon

Gender g 9 7 9 9 5 9

TL 3.22+0.36 | 2.84+0.16 | 3.06+0.39 | 2.82+0.22 | 3.38+0.21 | 2.94+0.20 | 3.60+0.18 | 2.92+0.14

EL 2.11+0.32 | 1.85+0.10 | 2.12+0.31 | 1.92+0.15 | 2.35+0.21 | 1.93+#0.13 | 2.57+0.18 | 2.02+0.09

PL 0.86+0.21 | 0.78+0.11 | 0.69+0.13 | 2.01+0.15 | 0.78+0.17 | 0.81+0.12 | 0.82+0.07 | 0.80+0.18

BW 1.07+0.13 | 0.92+0.08 | 1.05+0.17 | 0.93+#0.12 | 1.04+0.11 | 0.89+0.08 | 1.51+0.06 | 1.26+0.05

SL 0.81+0.13 | 1.20+0.11 | 0.77+0.10 | 1.10+0.10 | 0.73+0.09 | 1.09+0.14 | 1.09+0.11 | 1.30+0.08

TL: Total body length; EL: Elytra length; HL: Pronotum length; BW: Body width; SL: Snout length.
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Table 3. One-way ANOVA between localities and sex of weevils with each of fve morphological

variables in Malaysia. Signifcant diferences were only shown for morphological characters for male
and female weevil populations between the eight localities in Malaysia respectively.

Variables Male Female
df SS MS F P df SS MS F P
TL 7 13.9 | 1.986 | 17.08 | P<0.0001 | 7 7.38 | 1.054 | 29.42 | P <0.0001
EL 7 890 | 1.271 | 17.00 | P<0.0001 | 7 4.19 | 0.598 | 29.39 | P <0.0001
PL 7 1.10 | 0.157 | 5.34 | P<0.0001 | 7 1.07 | 0.153 | 12.50 | P <0.0001
BW 7 222 | 032 | 2332 | P<00001 | 7 1.01 | 0.14 | 12.89 | P<0.0001
SL 7 0.53 | 0.075 | 5.63 | P<0.0001 | 7 1.17 | 0.167 | 20.96 | P <0.0001

TL: Total body length; EL: Elytra length; PL: Pronotum length; BW: Body width; SL: Snout length.

Table 4. Comparison on morphological variables between male and female weevils using t-test.

Variables t df P-value

Total body length | 11.26 | 398.9 | <0.0001

Elytra length 11.13 | 384.5 | <0.0001

Body width 1.98 | 429.6 | 0.0489

Pronotum length | 29.17 | 478.0 | <0.0001

Snout length 9.61 | 442.9 | <0.0001

Table 5. Coefcient component principal of male weevils using Principal Component (PC) analysis.

Parameter PC1 PC2 PC3 PC4
TL 0.562 -0.241 0.118 -0.267
EL 0.520 -0.044 0.524 -0.296
PL 0.354 -0.459 -0.754 -0.019
BW 0.490 0.298 0.022 0.819
S 0.219 0.800 -0.376 -0.412
Eigenvalue 2.8475 1.1026 0.7199 0.3264
% Variation 57.0 221 14.4 6.5
% Cumulative Variation 57.0 79.0 93.4 99.9
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Table 6. Coefcient component principal of female weevils using Principal Component (PC) analysis.

Parameter PC1 PC2 PC3 PC4
TL 0.540 -0.215 -0.356 0.009
EL 0.498 0.212 -0.594 0.021
PL 0.351 -0.807 0.339 0.018
BW 0.407 0.378 0.470 0.685
S 0.413 0.339 0.430 -0.728
Eigenvalue 2.9669 0.8616 0.6017 0.5358
% Variation 59.3 17.2 12.0 10.7
% Cumulative Variation 59.3 76.6 86.6 99.3

Table 7. Coefcient component principal of male weevils using Canonical Discriminant (CD) analysis.

Table 8.

Parameter CD1 CD2 CD3 CDh4 CD5

TL -1.991 1.922 -1.837 -1.872 -9.155
EL 0.860 -0.598 1.790 0.493 4.554
PL 1.572 -0.592 1.410 2.108 7.415
BW 0.935 -0.283 -0.393 -0.526 -0.046
S 0.536 -0.202 0.513 0.558 -0.350
Eigenvalue 3.918 0.400 0.102 0.075 0.029
% Variation 86.6 8.9 2.3 1.7 0.6

% Cumulative Variation 86.6 95.5 97.7 99.4 100.0
Canonical Correlation 0.893 0.535 0.304 0.264 0.167

CoeTfcient component principal of female weevils using Canonical Discriminant (CD) analysis.

Parameter CDA1 CDA2 CDA3 CDA4 CDA5
TL -0.865 0.847 0.371 -0.371 -2.761
EL 0.228 -0.003 0.426 -0.442 1.693
PL 0.500 0.284 -0.919 0.321 2.205
BW 1.022 -0.355 -0.084 -0.272 -0.169
S 0.302 0.070 0.669 0.775 -0.032
Eigenvalue 2.927 0.851 0.270 0.133 0.008
% Variation 69.9 20.3 6.5 3.2 0.2

% Cumulative Variation 69.9 90.2 96.7 99.8 100.0
Canonical Correlation 0.863 0.678 0.461 0.342 0.086
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Fig. 7. Scatter plot based on the Principal Component Analysis of Principal Component 1 against Principal

Component 2 for male weevil population at eight localities in Malaysia and one locality in Africa.
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INTRODUCTION

Aphelinoidea a cosmopolitan genus of the family Trichogrammatidae. Some
members of which are known as egg parasitoids of various leafhoppers (Hemiptera:
Cicadellidae) and thus they can be important for biological control (Trjapitzin
1995; Walker, Zareh, Bayoun, & Triapitsyn, (1997); Walker, Bayoun, Triapitsyn, &
Honda, (2005); Bayoun, Walker, & Triapitsyn, (2008). Walker, Bayoun, Triapitsyn
& Honda (2005) reviewed the species of egg parasitoids attacking N. tenellus in
California. Triapitsyn (2018) synonymized A. gwaliorensis Yousuf & Shafee under A.
(Lathromeroides) neomexicana (Girault), and A. retiruga Lin, was synonymized under
A. (Aphelinoidea) longiclavata Yousuf & Shafee. So, presently the genus Aphelinoidea
Girault includes 39 described (including three Indian species: A. gwaliorensis Yousuf
& Shafee (revalidated), A. yousuf Khan & Anis, A. longiclavata Yousuf, & Shafee)
valid species in the world (Noyes, 2019). Here we have described two new species
A. almoraensis lkram, & Yousuf sp. nov and A. rudrapurensis Ikram & Yousuf sp.
nov.ofthe genus Aphelinoidea Girault collected from Uttarakhand region in India.
Anupdated key to the Indian species of Aphelinoidea Girault and re-description
of Aphelinoidea gwaliorensis Yousuf & Shafee are also provided. Aphelinoidea
gwaliorensisYousuf & Shafee is being revalidated, which was synonymized with
Aphelinoidea (Lathromeroides) neomexicana (Girault, 1915) by Triapitsyn (2018).

MATERIAL AND METHODS

All specimens were collected from the forestry and adjoining agro-forestry areas
of Haryana, Uttarakhand and Punjab (India) by sweep net. Screened out specimens
from insect samples were preserved in 70% alcohol. Later specimens were dissected
and kept in a drop of euparol under coverslips. Only body lengths of specimens were
measured in millimeters, rest parts of measurements were taken from the divisions
of a linear scale micrometer placed in the eye piece of a Nikon Digital Sight attached
with Optiphot Microscope, at 10X, 20X and 40X (objective lens) for slide-mounted
parts. Scales are placed on photographs of slide mounted parts and measurement
was taken with the help of NIS-ELEMENT software in micrometer (um). Photographs
of slide-mounted specimens were taken with digital camera “Nikon Digital Sight
attached with Optiphot Microscope (Japan)” ftted over a compound microscope
(Leica’s LeitzLabor Lux S). All the specimens including types are deposited at NFIC
(National Forest Insect Collection), Forest Protection Division, Forest Research
Institute, Dehradun, Uttarakhand (India).

The following abbreviations are used: OOL= Ocello-ocellar length; POL=
Post-ocellar; C1 & C2= Club segments 1 & 2; FWW= Fore wing width; STV= Stigmal
vein; MV= Marginal vein; PM= Pre marginal vein.
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RESULTS

Taxonomy

Key to Indian species of Aphelinoidea Girault, based on females
1. Forewingsless than 2.5X as1ong asWide ..........cccocveriiiiienicnie e 2

- Fore wings 2.5X as long as wide; marginal fringe about one ffth of wing width;
antennae with scape more than 3X as long as wide, pedicel about 2X as long as
WIE e 1. A. gwaliorensis Yousuf & Shafee

2. Antennae with club about4X aslongaswide ...............ccoeeii i3
- Antennae with club always less than 4X aslongaswide ........cccccccceeneviiiiinnnen. 4

3. Fore wings with discal setae restricted to apical half of disc; antennae with scape
more than four times as long as ..........cccccvvvvveeeee e v 2. A. yousuf Khan & Anis

- Fore wings with disc densely setose after venation, covering two third of disc
............................................................................ 3. A. longiclavata Yousuf & Shafee

4. Antennae with club less than 3X as long as wide, scape more than 3.5 times
as long as wide; fore wings with marginal fringe about one-sixth of wing width
..................................................................................... 4. A. almoraensis sp. n.

- Antennae with club more than 3X as long as wide; scape less than 3.5X as long
as wide; fore wings with marginal fringe about than one-tenth of wing width ..............
............................................................................................ 5. A. rudrapurensis sp. n.

Aphelinoidea gwaliorensis Yousuf & Shafee (Figs. 1-5)
Aphelinoidea gwaliorensis Yousuf & Shafee, 1985: 303.
Aphelinoidea gwaliorensis Yousuf & Shafee, 1988: 105.

Aphelinoidea (Lathromeroides) neomexicana (Girault): Trjapitzin 1995: 301. Syn.
quoted by Triapitsyn, 2018: 61.

Female. Length. 0.50 mm. Head with fronto-vertex light yellow; facial area from
ventral margin of toruli to mouth margin of the eye gena light brown; eyes and ocelli
red; Mandibles golden yellow with tip brown. Antennae with scape and pedicel light
brown except club with brownish. Mid-lobe of mesoscutum light golden yellow except
light dorsellum and propodeum parts with light yellow. Fore and hind wings hyaline
except infuscation beneath marginal vein.

Head: (facial view) (Fig. 1) 1.14X as broad as long (176: 154). Eyes 1.4X as long as
malar space; mandibles with tri-denticles. Antennae (Fig. 2) with scape 3.52X as long
as broad (67: 19); pedicel 2X as long as broad (44: 22); one anellus present; funicle
absent; club three-segmented (C1, C2 and C3), about 2.3X as long as broad (90: 40).

Mesosoma: (Fig. 4) Midlobe of mesoscutum about 1.2X wider than long (92: 78)
with 2 pairs of setae present on dorsal surface; midlobe of scutellum 1.5X wider than
long (92: 61) with 2 pairs of setae, dosrsellum 0.61X as long as propodeum (13: 21). Fore
wings (Fig. 3), 2.6X as long as broad (501: 194); disc densely setose; STV rudimentary.



296
IKRAM, M., KHAN, S., & YOUSUF, M.

Metasoma: (Fig. 5) longer than mesosoma; ovipositor very long, arising from base
of 2" tergite of mesothorax and cover the entire length of gaster slightly exserted,
2.8X as long as hind tibia (230: 82).

Male. Unknown.
Host. Unknown.

Material examined: INDIA: Haryana: Karnal, 1¢ (on slide), 03.09.2014; Yamunanagar, Kamain
chowk, 1¢ (on slide), 16.02.2015, by sweeping, S. Khan; Yamunanagar, Bhelpur, 12 (on slide),
09.iii.2016, R.B. Singh, by sweeping; Hisar, Alipur, 1¢ (on slide), 30.12.2015; Bhiwani, Raigarh, 1¢ (on
slide), 30.12.2015, by sweeping, S. Khan. PUNJAB: Taran Tarn, Aladdinpur, 1¢ (on slide), 11.09.2013;
Jalandhar, Jandusingha, 1¢ (on slide), 11.09.2013, S. Khan, by sweeping.

Distribution: India: Andhra Pradesh, Arunachal Pradesh, Haryana (New record),
Himachal Pradesh, Jammu & Kashmir, Madhya Pradesh, Odisha, Punjab (New
record), Uttar Pradesh, West Bengal.

Discussion: Aphelinoidea gwaliorensis was described by Yousuf & Shafee (1985),
based on female characters. During present study additional morphometric characters
(Midlobe of mesoscutum about 1.2X wider than long (92: 78) with 2 pairs of setae
present on dorsal surface; midlobe of scutellum 1.5X wider than long (92: 61) with 2
pairs of setae, dosrsellum 0.61X as long as propodeum (13: 21) have been studied.

Aphelinoidea gwaliorensis Yousuf & Shafee was synonymized with Aphelinoidea
(Lathromeroides) neomexicana (Girault, 1915) by Triapitsyn (2018) but several
specimens of A. gwaliorensis collected during the present study, have been studied
in detail and following key characters make it distinct from A. (Lathromeroides)
neomaxicana. Therefore A. gwaliorensisis being treated as valid distinct species and
hence, it is being revalidated as Aphelinoidea gwaliorensis Yousuf & Shafee, 1985.

100 um
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Fig. 1-5. Aphelinoidea gwaliorensis Yousuf & Shafee (Female). 1. Head, 2. Antenna, 3. Fore wing, 4.
Mesosoma, 5. Ovipositor & hind tibia.
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Table 1. Comparative characters of A. (Lathromeroides) neomaxicana Girault and A. gwaliorensis Yousuf

& Shafee.

Key characters

A. (Lathromeroides) neomaxicana (Girault, 1915)

A. gwaliorensis Yousuf & Shafee (1985) (n=5)

Body size 0.60-1.10 mm 0.50-0.56 mm
Face brown, Mesoscutum mos_tly orange; gaster Face dark yellow with pale yellow vertex; gaster
Body colour generally dark brown or sometimes with several N .
N dark yellow with brown transverse strips.
pale or orange transverse strips.
Club: 2.2-3.1x 2.1-2.6x
Antennae -
(Length/ width) Pedicel: 3x 2.0-2.5%
Scape: About 4x 3.7-4.4x
Fore wings . .
(Length/ width) 2.3-2.4x as long as wide 2.5-2.7x as long as wide
Ovipositor: Hind tibia About 4x 2.5-3.0%
Ovipositor: Meta tibia 3.0-3.9x 2.8-3.0x

Genitalia arising from 2"tergite of mesothorax

3tergite of mesothorax

Aphelinoidea almoraensis sp. nov. (Figs. 6-11)

Holotype, 1¢ (on slide), INDIA: Uttarakhand, Almora, 06.02.2018, R. B. Singh,
by sweeping.
Paratype: 1¢ (on slide) same data as holotype.

Description

Female. Length 0.85 mm. Head with vertex pale yellow; gena brownish; eyes
and ocelli red. Mandibles dark brown. Antennae with scape, pedicel and club light
brown. Mesosoma with pronotum, mesoscutum and scutellum brown; metanotum and
propodeum pale brown. Gaster uniformly dark brown with several pale transverse
stripes.

Head: (facial view) (Fig.6) 1.14X as broad as high (153: 134); front-vertex with
prominent setae; vertex with rugose sculpture. Eyes reddish , about 1.55X as long
as malar space (70: 45); mandible with three denticles (Fig. 10). Antennae (Fig. 7)
with scape broad at the base, 3.8X as long as broad (65: 17); pedicel 2X as long as
broad (44: 22); one anellus present; club three-segmented (C1, C2 and C3), 2.7X as
long as broad (92: 34), C3 longest, more than 2X longer than pedicel.

Mesosoma: Fore wings (Fig. 11), hyaline except infuscation beneath venation, 2.4X
as long as broad (484: 201), fore wings disc with dens setose not arranged in rows,
STV rudimentary and marginal fringe short. Hind wings about 11X as long as wide
(396: 37) with 3 rows of discal setae, marginal fringe long, about 1/5" of wing width.

Metasoma: Gaster longer than mesosoma; ovipositor 1.3X as long as hind tibia
(175: 131) (Figs. 8, 9).

Host: Unknown

Distribution: INDIA: Uttarakhand.
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Etymology: The name of the species is derived from collection site ‘Almora’ district
in Uttarakhand.

Remarks: Aphelinoidea almoraensis sp. nov. is very close to Aphelinoidea
longiclavata Yousuf & Shafee (1988a) but can be separated by having antennae
with scape 3.8X as long as broad; pedicel 2X as long as broad; club 2.7X as long as
broad. Fore wings, 2.4X as long as broad.

In Aphelinoidea longiclavata, antennae with scape 4X as long as broad; pedicel
2.5X as long as broad; club long, about 4X as long as broad. Fore wings, slightly
more than 2X as long as broad.

Fig. 6-11. Aphelinoidea almoraensis sp. nov. (Female) 6. Head, 7. Antenna, 8. Hind tibia, 9. Ovipositor,
10. Mandibles, 11. Fore wing.

Aphelinoidea rudrapurensis sp. nov. (Figs. 12-19)

Holotype, 1¢ (on slide), INDIA: Uttarakhand, Udham Singh Nagar. Rudrapur,
06.02.2018, R. B. Singh, by sweeping.

Description

Female. Length.0.79 mm. Head with fronto-vertex bright yellow; facial area from
ventral margin of toruli upto mouth margin of the eye gena light brown; eyes and ocelli
red; Mandibles golden yellow with tip brown.Antennae with scape, pedicel and club brown.
Midlobe of mesoscutum light golden yellow, except dorsellum and propodeum parts with
light yellow. Fore and hind wings hyaline except light infuscation beneath venation.

Head: (facial view) (Fig. 12) 1.2X as broad as high (191: 162). Eyes 2.3X as long
as malar space; mandibles with tri-denticles (Fig. 14). Antennae (Fig. 13) with scape
broad at the base, 3.25X as long as broad (78: 24); pedicel 2.4X as long as broad
(53: 22); one anellus present; funicle absent, club three-segmented (C1, C2 and C3),
3.3X as long as broad (119: 36), C3 longest.
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Mesosoma: (Fig. 15) Midlobe of mesoscutum 1.14X wider than long (124: 108)
with 2 pairs of setae present on dorsal surface; midlobe of scutellum 1.52X wider than
long (116: 76), having 2 pairs of setae, dosrsellum as long as propodeum. Fore wings
(Fig. 16), 2.30X as long as broad (578: 251); disc densely setose, STV rudimentary;
marginal fringe about 1/10" of FWW. Hind wings (Fig. 17) 11X as long as wide (452:
41), 2 rows of setae present. Metasoma: Gaster longer than mesosoma; ovipositor very
long, arising from base of and cover the entire length of gaster and slightly exserted,
2.3X as long as hind tibia (421: 181) (Figs. 18-19).

Host: Unknown
Distribution: Uttarakhand.

Etymology: The name of the species is derived from collection site ‘Rudrapur’
district in Uttarakhand.

Remarks: Aphelinoidea rudrapurensis sp. nov. is very similar to Aphelinoidea
yousuf Khan & Anis (2016) but can be separated by having antennae with scape
3.25X as long as broad; club 3.3X as long as broad. Midlobe of mesoscutum 1.14X
wider than long; midlobe of scutellum 1.5X wider than long. Fore wings, 2.30X as
long as broad; disc densely setose upto the margin of stigmal vein. Ovipositor very
long, arising from base, and cover the entire length of gaster and slightly exserted,
2.3X as long as hind tibia.

In Aphelinoidea yousuf antennae with scape broad at the base, 4.44X as long
as broad, club about 4X as long as broad. Midlobe of mesoscutum 1.23X wider than
long; midlobe of scutellum 2.25X wider than long. Fore wings, 2.2X as long as broad;
discal setae restricted to apical half. Ovipositor short, arising from Ill"of the gaster,
about 1.47X as long as hind tibia.

100pm
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Fig. 12-17. Aphelinoidea rudrapurensis sp. nov. (Female) 12. Head, 13. Antenna, 14. Mandibles, 15.
Mesosoma, 16. Fore wing, 17. Hing wing, 18. Hind tibia, 19. Ovipositor.
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ABSTRACT

The genus Trichogramma Westwood comprises as egg parasitoids attacking lepidopterous insect
pests of important forestry and agro-forestry tree species. Survey was conducted in forest areas of
Thano range, Dehradun, India, for collection of parasirized eggs. In the present paper, a new species
Trichogramma hayati sp. nov. is decribed from an unknown lepidopterous egg from poplar tree.
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INTRODUCTION

Trichogramma species are well known natural egg parasitoids which have been
used as biocontrol agents against various insect pests of important forest tree species
including the key defoliators of teak, poplar and shisham. Nagarkatti & Nagaraja (1977)
compiled the information on 48 species of Trichogramma. Yousuf, Joshi, & Kulkarni
(2004) enlisted 142 species of Trichogramma, distributed worldwide. About 250 species
of genus Trichogramma have been recorded all over the world of which twenty eight
species have been recorded from India (Yousuf, Ikram, & Faisal, 2015). Recently,
some researchers have also made contribution in taxonomic study of Trichogramma
(Khan, Yousuf, Ikram, & Singh, 2017; Khan, Yousuf, & Ikram, 2018; Yousuf, Khan, &
Ikram, 2018) from India. Currently, Trichogramma comprises worldwide 251 species
with 29 species from India including the species described in this paper from unknown
lepidopterous egg on Populus deltoides.

MATERIAL AND METHODS

Survey of important forestry and agro-forestry areas of Thano range, Dehradun
(Uttarakhand), India was conducted for collection of egg bunches of insects. Collected
samples of eggs were reared for the emergence of egg parasitoids (Fig. 3.). Specimens
(¢ o & ¢ ¢) of Trichogramma were emerged out from unknown lepidopterous egg on
Populus deltoides. Emerged Trichogramma specimens were preserved in 70% ethanol,
after following the course of dehydration the speciemens were dissected out in clove
oil under microscope and dissected body parts were mounted on a slide in drop of
Euparol. All measurements and photographs were taken from Leica wild M10-MDG.
Type specimens have been deposited in the National Forest Insect Collection, Forest
Entomology Discipline, Forest Protection Division of the Forest Research Institute,
Dehradun, India.

The following abbreviations are used in the text:

DEG - Dorsal expansion of gonobase; CS - Chelate structure; GF - Gonoforceps;
RS1-Radial sector 1.

Trichogramma hayati sp. nov.
Description

Male: Body length 0.52 mm. Body honey yellow to dark brown; ocelli and eyes dark
red. Antennae light to dark brown except scape pale yellow. Mesosoma (Fig. 1D) light
brown, forewing (Fig. 1C) hyaline, lightly infuscated behind stigmal vein and sub marginal
vein, RS1 vein track having 4 setae. Legs light yellow, genitalia light to dark brown.

Head wider than long (219: 149) (Fig. 1A); eye length slightly shorter than malar
sulcus (93:87); mandible three denticles; scape 3.6x(84:23) as long as wide (Fig. 1B);
pedicel 2.1x(42: 20) as long as wide; 35 to 40 pointed fagellar hairs, longest hair of
antennae about 2.7x (77:28) maximum width of fagellum.

Mesosoma: Fore wing about 2x (540:283) as long as wide (Fig. 1C); discal setae
arranged in rows, RS1 vein track with 4 setae, marginal fringe on tornus long, about
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1/8 (32: 283) of forewing width.

Metasoma: Genitalia with DEG having broadly rounded lobes with notches (Fig.
1E); GF below the level of CS. Aedeagus longer than apodemes, both together slightly
shorter than entire; about 1/2 of hind tibia (Fig. 1F).

Fig. 1A-F. Trichogramma hayati sp. n. (Male). A. Head, B. Antenna, C. Forewing, D. Mesosoma, E.
Genitalia, F. Hind tibia.

Female: Body length 0.53mm. Body yellow to dark brown in ocelli and eyes dark
red. Antennae yellowish. Forewing (Fig. 2C) hyaline, lightly infuscated behind stigmal
vein and sub marginal vein, with RS1 having 5 setae. Legs light yellow, ovipositor
dark brown in colour.

Head 1.3x longer than wide (230: 175) (Fig. 2A); eye 1.2x shorter than malar
sulcus (117:101); mandible tridentate; antennal scape about 3.4x as long as wide
(206:60) (Fig. 2B); pedicel 2.3% as long as wide (91:39); funicle two and club single
segment 3x (177:74) as long as wide.

Mesosoma: 2.1x (553:263) as long as wide (Fig. 2C); discal setae arranged in
rows, with vein track RS1 having 5 setae, marginal fringe on tornus, about 1/7 (36:
263) wing width.

Metasoma: Ovipositor (Fig. 2D) slightly longer than hind tibial length (219: 201) (Fig. 2E).

Host: Unknown lepidopterous egg

Material examined: Holotype <. INDIA: UTTARAKHAND: Dehradun, Thano range, 29.09.2019, coll.
A. K. Mishra. Paratpye 25 ¢, ¢ ¢ same data as holotype.

Distribution: India: Uttarakhand
Etymology: The species is named for Dr Mohd. Hayat, Aligarh Muslim University,
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Aligarh, in recognition of his contribution to the taxonomy of Chalcidoidea.
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Fig. 2A-E. Trichogramma hayati sp. n. (Female). A. Head, B. Antenna, C. Forewing, D. Ovipositor, E.
Hind tibia.

Fig. 3. A. Lepidopterous egg on poplar leave, B. Parasitized egg with emergence hole.

DISCUSSION

T. hayati sp. nov. is very close to T. evanescens Westwood but can be separated
by having its antennal scape 3.6x as long as wide; pedicel 2.1x as long as wide; fore
wings with RS1 having 4 setae in males and 5 setae in females; Male genitalia with tip
of DEG reaching the base of CS; basal notch of DEG broadly rounded and reaching
almost side lobes of Genital capsule; central ridge restricted up to mid of GC; GF
below the level of CS. In T. evanescens, antennal scape 4x as long as wide; pedicel
1.5% as long as wide; forewing with RS1 having 5 setae; DEG reaching beyond level
of CS; basal notch of DEG narrowly rounded and not reaching wall of GC; Central
ridge reaching beyond mid of GC; GF far below level of CS.
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INTRODUCTION

The genus Tachysphex Kohl, 1883 belongs to the family Crabronidae and to the
tribe Larrini Latreille, 1810. The world fauna of this genus is presented by 453 species;
thus, presenting approximately 34% and 9.36% of species of the tribe Larrini and
of the subfamily Crabroninae respectively (Putawski, 2020). Tachysphex species
are found all over the world. They are terricolous, digging their nests in the ground
and the female supply its nests generally by prey of orthopteroids species (Bohart &
Menke, 1976). Prey of Palearctic Tachysphex are members of the families Acrididae,
Tettigoniidae and Mantidae and genera of Oecanthus Audinet-Serville, 1831 and
Ectobius Stephens, 1835 (Putawski, 1971).

Systematic studies of the genus started with Kohl (1885) who studied Palearctic
fauna by describing 23 species. Additional studies over the genus appeared later
in time, especially that of de Beaumont (1936) who revised this genus in France
by dividing it into groups of species to facilitate its study. The same author (1940,
1947a) studied in details the Egyptian fauna and his studies are considered as the
frst and the only one treating properly the fauna of a single Northern African country.
However, Putawski in his review of the genus in Eastern and Western Palearctic region
(1971) and in Africa and Arabia (2007) described new species from North Africa and
cited several new records from North African countries. In this sense and with the
exception of some records included in older labours such as these of Graefe (1906)
and of von Schulthess (1926) and in the recent studies Putawski (1971, 2007), the
Tunisian fauna of Tachysphex looks like to be still poorly investigated and a focused
over this area study lacks at present. This paper aims to establish a complete list of
Tachysphex species in Tunisia as well as to contribute to the knowledge of this fauna
in the country with original data.

MATERIAL AND METHODS

The checklist is established on records mentioned in diferent sources of literature
and on materials newly collected using entomological nets in Tunisia during spring
and summer between 2017 and 2019. Collecting localities with their geographical
coordinates are presented in Table 1. For each taxon, current name species,
distribution in Tunisia and in the world is presented. Species and subspecies valid
names are followed by a reference to the original description, including the name
under which it was originally described and the year and page of description. ‘Tunisia
(no specifc locality)’ is cited if the province is not mentioned.

Newly collected specimens were identifed frstly by the frst author using keys
proposed in the literature mainly Putawski (1971, 2007) and then confrmed or
re-identifed by Dr. Jakub Straka (Charles University, Faculty of Science, Department
of Zoology, Czech Republic) and Dr. Toshko Ljubomirov (Institute of Biodiversity
and Ecosystem Research, Bulgarian Academy of Sciences Bulgaria). Identifed
materials are deposited a part in the Collection Ben Khedher at the Laboratory of
Entomology and Insect Ecology in Regional Research Centre for Horticulture and
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Organic Agriculture (CRRHAB) in Chott Meriem, Sousse, Tunisia and a part in Atattirk
University Biodiversity Science Museum (ABBM), Erzurum, Turkey.

Table 1. Collection localities for Tachysphex Kohl, 1883 wasps in Tunisia during 2017-2019 years, with
geographical coordinates.

Province ‘ Locality ‘ Latitude ‘ Longitude ‘ Climate
North east region
Nabeul | Mida, Libna [ 36°4227.5'N__ [ 10°55'34.E | Sub Humid-Semi Arid
North west region
South Mjez Elbeb 36°38'14.7"N 9°35'54.3"E
Beja Slouguia 36°35'24.6"N 9°31'8.9°E Semi Arid
Testour, Chambou 36°32'47.5"N 9°24'26.0"E
Testour, Elghanima 36°33'08.8"'N 9°23'35.2'E
Le Kef Western Le Kef, Semmena 36°6'11.6"N 8°43'21.3"E Semi Arid
Siliana Kisra 35°47'46.9"N 9°21'10.0"E Semi Arid
East center region
Bouficha, Salloum 36°18'12.3"N 10°28'29.1"E
Sousse Semi Arid- Arid
Kalaa Kbira, Belaoum 35°54'14.0"N 10°23'37.5"E
Ksour Essef, Alya 35°19'26.5"N 11°02'32.6"E
Ksour Essef, Salakta 35°22'11.4"N 11°01'53.1"E
Ksour Essef, Route Ksour Essef-Sidi Alouane 35°23'54.9"N 10°58'23.5"E
Sidi Alouane, Ghlalba 35°22'49.6"N 10°49'50.6"E
Sidi Alouane, Rmadhnia 35°21'23.9"N 10°51'16.3’E
Sidi Alouane, West Oued Beja, Ecole primaire Amel 35°20'39.8"N 10°50'25.6"E
Sidi Alouane, Saada 35°22'0.2"N 10°49'52.1"E
Sidi Alouane, Saguiet Khadem 35°22'36.2"N 10°52'30.9’E
Sidi Alouane, Aouled Kloula 35°22'9.4’N 10°51'22.6"E
Sidi Alouane, Sidi Alouane 2 35°22'04.4"N 10°55'16.3"E
Sidi Alouane, Lemsanaa 35°19'44.5"N 10°54'51.3"E
Mahdia Semi Arid- Arid
Sidi Alouane, Oued Beja 35°20'34.0"N 10°53'19.9"E
Zelba 35°13'48.8"N 10°51'30.1"E
Rejich 35°26'35.8"N 11°00'51.4’E
Elijem, Achaba 35°18'53.3"N 10°47'31.1"E
Eliem, Aouled Lahmar 35°19'59.0"N 10°47'18.9E
Elejem,Tlelsa 35°20'44.2"N 10°47'20.6"E
Eljem, Touahria 35°20'04.4"N 10°47'43.9'E
Elijem, Zghabna 35°20'57.6"N 10°49'09.0"E
Elijem, Ababsa 35°22'20.4"N 10°47'16.7"E
Elijem, Athamnia 35°20'20.5"N 10°46'54.3"E
Elijem, Zouazi 35°20'11.1"N 10°49'00.0"E
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Table 1. Continued.

Province Locality Latitude Longitude Climate
West center region

Chbika, Aouled Zair 35°36'42.4°"N 9°53'29.8"E

Kairouan South Kairouan, Ragada 35°34'46.2"N 10°3'06.1"E Semi Arid- Arid
South Kairouan, Barouta 35°34'28.1"'N 10°2'44.3'E
East Sidi Bouzid, Elhachria 34°53'56.2"N 9°26'11.6"E
West Sidi Bouzid, Zaafria 35°01'39.8"N 9°17'18.3"E

Sidi Bouzid Arid
Rgueb, Aouled Ayouni 34°49'14.5"N 9°51'7.7"E
Aouled Hafouz center 35°5'07.4"N 9°53'55.2"E
Sbeitla, Athar, CFPA 35°13'18.7"N 9°05'26.8"E

Kasserine Sbeitla, Athar, Oued Nakhil 35°14'41.6"N 9°05'40.5"E Semi Arid- Arid
Sbeitla, Athar, Route Fej Ettin 35°13'20.07"N 9°05'58.7"E

South region

Hamma Ejrid 33°59'52.9"N 8°9'57.9"E
Temghza, Cascade 2 34°22'34.0"N 7°54'42.7T'E

Tozeur Dguech, ElImanachi 33°58'41.5"N 8°12'33.1"E Dry
Nefta, Nefta oasis 33°52'39.1"N 7°52'34.9"E
Tozeurcenter, Tibebsa oasis 33°55'27.3"N 8°8'44.5"E
Janouara, RassElain 33°42'02.3"N 8°59'26.4"E

Kebili Dry
South Kebili, Errahmat 33°39'01.8"N 8°58'27.4"E

Tataouine North Tataouine, Oued Tlelet 33°2'41.8"'N 10°28'24.0'E Dry

RESULTS

Family Crabronidae Latreille, 1802
Subfamily Crabroninae Latreille, 1802
Tribe Larrini Latreille, 1810

Genus Tachysphex Kohl, 1883

Tachysphex adjunctus Kohl, 1885

Tachysphex adjunctus Kohl, 1885: Verhandlungen der kaiserlich-koniglichen
Zoologisch-Botanischen Gesellschaft in Wien, 34: 362.

Distribution in Tunisia: Nabeul (Putawski, 1971).

General distribution: Algeria, France, Morocco, Portugal, Spain, Tunisia (Putawski,
2020).

Tachysphex agnus Putawski, 1971

Tachysphex agnus Putawski, 1971. Panstwowe Wydawnictwo Naukowe.
Wroclaw: 152,

Distribution in Tunisia: Medenine (Putawski, 1971); Gabes, Gafsa, Jendouba,
Kairouan, Kasserine, Medenine, Tataouine, Tozeur (Putawski, 2007).
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General distribution: Algeria, Egypt, Israel, Morocco, Saudi Arabia, Tunisia, Turkey,
Yemen (Gadallah, 2020).

Tachysphex albocinctus (Lucas, 1849) (Fig. 1A)

Tachytes albocincta Lucas, 1849. Exploration scientifque de I'Algérie pendant les
années 1840, 1841 et 1842 publiée par ordre du gouvernement et avec le concours
d’'une commission académique, Sciences physiques, Zoologie, 3. Histoire naturelle
des animaux articulés, 3. Insectes: 250.

Material examined. Kairouan: South Kairouan, Barouta, 95 m, 27.8.2018, 1 ¢; Mahdia: Eljem,
Athamnia, 70 m, 22.7.2019, 1 ¢, Tlelsa, 70 m, 13.8.2019, 2 ¢ ¢, Ksour Essef, Alya,1 m, 03.8.2018, 2 ¢ 7,
Salakta, 1 m, 03.8.2018, 1 &, Sidi Alouane, Saada, 74 m, 18.6.2019, 1 ¢, 1 ¢, Zelba, 49 m, 17.6.2019, 2
¢ ¢; Tataouine: North Tataouine, Oued Tlelet, 170 m, 12.5.2018, 2 ¢ ¢.

Distribution in Tunisia: Gabes, Jendouba, Kebili, Tozeur (Putawski, 2007).

General distribution: Africa to Southwestern Europe, western and central Asia to
India, United Arab Emirates, Yemen (Gadallah 2020).

Tachysphex atlanteus de Beaumont, 1955

Tachysphex atlanteus de Beaumont, 1955: Bulletin de la Société des Sciences
Naturelles et Physiques du Maroc, 34: 177.

Distribution in Tunisia: Kasserine (Putawski, 2007).
General distribution: Morocco, Tunisia (Putawski, 2007).

Tachysphex brevipecten de Beaumont, 1955 (Fig. 1B)
Tachysphex brevipecten de Beaumont, 1955. Bulletin de la Société des Sciences
Naturelles et Physiques du Maroc, 34: 179.

Material examined. Kasserine: Sheitla, Athar, Route Fej Ettin, 545 m, 05.9.2018, 1 <; Tozeur: Nefta,
Nefta oasis, 56 m, 28.6.2018, 1 7.

Distribution in Tunisia: Tozeur (Putawski, 1971); Sfax, Tozeur (Putawski, 2007).
General distribution: North Africa to Jordan, United Arab Emirates (Gadallah, 2020).

Tachysphex brevipennis Mercet, 1909 (Fig. 1C)

Tachysphex brevipennis Mercet, 1909: Boletin de la Real Sociedad Espafiola de
Historia Natural, 9: 197.

Material examined. Mahdia: Ksour Essef, Route Ksour Essef - Sidi Alouane, 33 m, 01.7.2019, 1 ¢,
Sidi Alouane, Ghlalba, 09.9.2019, 1 ¢; Tozeur: Tozeur center, Tibebsa oasis, 35 m, 27.6.2018, 1 2.

Distribution in Tunisia: Sfax (de Beaumont, 1947a); Gabes, Gafsa, Kasserine,
Kebili, Medenine, Tozeur (Putawski, 2007).

General distribution: Africa, Arabian Peninsula, Iberian Peninsula, Southwestern
Europe north to Hungary and Romania, Azerbaijan and Turkey to Israel, Transcaspia,
Pakistan and India (Gadallah, 2020).
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Fig. 1. General view of: A- Tachysphex albocinctus (¢2); B- Tachysphex brevipecten (<); C- Tachysphex
brevipennis (2); D- Tachysphex consocius (¢); E- Tachysphex denisi (¢); F- Tachysphex erythropus
(¢); G- Tachysphex gracilicornis (¢); H- Tachysphex gujaraticus (¢); I- Tachysphex incertus ().

Tachysphex brullii (F. Smith, 1856)

Tachytes Brullii F. Smith, 1856. Catalogue of hymenopterous insects in the
collection of the British Museum. Part IV. Sphegidae, Larridae, and Crabronidae: 296.

Distribution in Tunisia: Kairouan (von Schulthess, 1926).

General distribution: Albania, Austria, Azerbaijan, Bulgaria, Croatia, France,
Greece, Hungary, Iran, Italy, Portugal, Romania, Spain, Russia, Switzerland, Tunisia,
Turkey, Ukraine, Yugoslavia (Putawski, 2020).

Remark: This species was identifed from Tunisia by von Schulthess (1926) as the
synonym Tachysphex rufpes (von Aichinger, 1870).

Tachysphex consocius Kohl, 1892 (Fig. 1D)
Tachysphex consocius Kohl, 1892: Annalen des kaiserlich-koniglichen
naturhistorischen Hofmuseums. Wien, 7: 217.

Material examined. Le Kef: Western Le Kef, Semmena, 555 m, 25.4.2018, 1 <; Kebili: South Kebili,
Errahmat, 30 m, 17.5.2018, 1 ¢, 18.5.2018, 1 <.

Distribution in Tunisia: Tozeur (Putawski, 1971, 2007).

General distribution: Africa, Arabian Peninsula (Oman, Saudi Arabia, United Arab
Emirates), Southern Europe to Central Asia, India, Sri Lanka (Gadallah, 2020).
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Tachysphex costae (De Stefani Perez, 1882)
Tachytes costae De Stefani Perez, 1882: Il Naturalista Siciliano, 1: 42.
Distribution in Tunisia: Nabeul (Putawski, 2007).

General distribution: Mediterranean basin, north to southern France, Romania
and Hungary, East to Kazakhstan, Transcaspian region, Western Pakistan, China,
South to South Africa, Arabian Peninsula (Oman, United Arab Emirates, Yemen)
(Gadallah, 2020).

Tachysphex denisi de Beaumont, 1936 (Fig. 1E)

Tachysphex denisi de Beaumont, 1936: Annales de la Société Entomologique de
France, 105: 197.

Material examined. Siliana: Kisra, 809 m, 27.4.2018, 2 ¢ 2.

Distribution in Tunisia: Nabeul (Putawski, 1971).

General distribution: Algeria, Canary Islands, Egypt, France, Libya, Morocco,
Portugal, Spain (Putawski, 2020).

Tachysphex detritus Arnold, 1924

Tachysphex schonlandi var. detritus Arnold, 1924: Annals of the Transvaal Museum,
11: 69.

Distribution in Tunisia: Medenine (Putawski, 1971, 2007).

General distribution: Arabian Peninsula (Bahrain, United Arab Emirates), South
Africa to North Africa, Israel, Tajikistan, Tajikistan, Turkmenistan (Gadallah, 2020).

Remark: This species was identifed by Putawski (1971) from Tunisia as the
synonym Tachysphex maidli de Beaumont, 1940.

Tachysphex erythropus (Spinola, 1839) (Fig. 1F)

Lyrops erythropus Spinola, 1839. Annales de la Société Entomologique de France,
7:479.

Material examined. Kasserine: Sbeitla, Athar, CFPA, 560 m, 03.9.2018, 1 <; Kebili: Janouara, Rass
Elain, 56 m, 16.5.2018, 1 ¢; Mahdia: Eljem, Athamnia, 70 m, 22.7.2019, 1 <, Ksour Essef, Alya, 1 m,
03.8.2018, 3 ¢ ¢, Salakta, 1 m, 03.8.2018, 1 ¢, Rejich, 3 m, 18.9.2018, 1 <, Sidi Alouane, Lemsanaa,
41 m, 01.6.2018, 1 &, Saada, 74 m, 18.6.2019, 2 ¢ ¢; Nabeul: Mida, Libna, 20 m, 05.9.2017, 1 <; Sidi
Bouzid: Rgueb, Aouled Ayouni, 142 m, 18.7.2017, 1 ¢, West Sidi Bouzid, Zaafria, 394 m, 25.7.2018, 3

Jd,
Distribution in Tunisia: Kairouan (von Schulthess, 1926); Jendouba, Kebili
(Putawski, 2007).

General distribution: Africa, Arabian Peninsula (Oman, Saudi Arabia, United Arab
Emirates), Southern Europe to Central Asia, India, China (Gadallah, 2020).

Remark: This species was identifed by von Schulthess (1926) from Tunisia as the
synonym Tachysphex heliopolites Morice, 1897.
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Tachysphex fugax (Radoszkowski, 1877)

Tachytes fugax Radoszkowski, 1877. Izvestiya Imperatorskobo Obshchestva
Lyubiteley Estestvoznaniya, Antroplogii i Etnografi pri Imperatorskom Moskovskom
Universitete, 26: 30.

Distribution in Tunisia: Bizerte, Kasserine, Kebili, Sfax, Tozeur (Putawski, 2007).

General distribution: Africa, Southern Europe, Middle East and southern Caucasus,
Kazakhstan, Tajikistan, Turkmenistan, Uzbekistan (Putawski, 2007).

Tachysphex fulvitarsis (A. Costa, 1867)

Tachytes fulvitarsis A. Costa, 1867. Annuario del Museo Zoologico della R.
Universita di Napoli, 4: 86.

Distribution in Tunisia: Jendouba (Putawski, 2007).

General distribution: Africa, Azerbaijan, Europe, Kazakhstan, Middle East, Pakistan,
Russia, Transcaspia (Putawski, 2020).

Tachysphex gracilicornis Mercet, 1909 (Fig. 1G)
Tachysphex gracilicornis Mercet, 1909. Boletin de la Real Sociedad Espafiola de
Historia Natural, 9: 194.

Material examined. Beja: Slouguia, 60 m, 17.8.2018, 1 ¢; Kairouan: Chbika, Aouled Zair, 136 m,
29.8.2018, 2 ¢ ¢, South Kairouan, Ragada, 92 m, 28.8.2018, 1 J; Kasserine: Sbeitla, Athar, Oued
Nakhil, 562 m, 04.9.2018, 1 ¢, 1 ¢, Route Fej Ettin, 545 m, 05.9.2018, 1 ¢; Mahdia: Eljem, Tlelsa, 70
m, 13.8.2019, 1 ¢, 1 ¢, Ksour Essef, Alya, 1 m, 03.8.2018, 2 ¢ ¢, Sidi Alouane, Sidi Alouane 2, 69 m,
09.8.2018, 1 ¢, 2 ¢ ¢, Zelba,49 m, 11.8.2018, 1 ¢; Sidi Bouzid: East Sidi Bouzid, Elhachria, 326 m,
24.7.2018, 3 ¢ ¢; Tozeur: Hamma Ejrid, 52 m, 27.6.2018, 1 ¢.

Distribution in Tunisia: Gafsa (von Schulthess, 1926); Kairouan (Putawski, 1971);
Bizerte, Gabes, Jendouba, Kairouan, Medenine, Tataouine, Tozeur, Zaghouan
(Putawski, 2007).

General distribution: Morocco to Mediterranean coast of Egypt and Sinai, south
to Mauritania (Putawski, 2007).

Remark: This species was identifed by von Schulthess (1926) from Tunisia as the
synonym Tachysphex eduardi Morice in E. Saunders, 1910.

Tachysphex gracilitarsis Morice, 1910

Tachysphex gracilitarsis Morice in E. Saunders, 1910. The Transactions of the
Entomological Society of London, 1910: 527.

Distribution in Tunisia: Kairouan, Sfax (von Schulthess, 1926).
General distribution: Algeria, Libya, Morocco, Spain, Tunisia (Putawski, 2020).

Tachysphex graecus Kohl, 1883
Tachysphex graeca Kohl, 1883. Deutsche Entomologische Zeitschrift, 27: 174.
Distribution in Tunisia: Kairouan (von Schulthess, 1926).
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General distribution: Azerbaijan, Bulgaria, Greece, Iraq, Israel, Lebanon, Tunisia,
Turkey, Yugoslavia (Putawski, 2020).

Tachysphex grandissimus Gussakovskij, 1933

Tachysphex grandissimus Gussakovskij, 1933. Travaux de l'Institut Zoologique
de I'’Académie des Sciences de 'URSS, 1: 382.

Distribution in Tunisia: Kebili, Tozeur (Putawski, 2007).

General distribution: Arabian Peninsula (Kuwait, Saudi Arabia, United Arab
Emirates), Sahara from Morocco to Egypt in the North, and from Mali to Chad in the
south, India, Iran, Israel, Pakistan, Tajikistan, Turkmenistan (Gadallah, 2020).

Tachysphex gujaraticus Nurse, 1909 (Fig. 1H)
Tachysphex gujaraticus Nurse, 1909. The Journal of the Bombay Natural History
Society, 19: 516.

Material examined. Tozeur: Nefta, Nefta oasis, 56 m, 28.6.2018, 1 <.

Distribution in Tunisia: Kebili (Putawski, 2007).

General distribution: Arabian Peninsula (Oman, Saudi Arabia, United Arab
Emirates, Yemen), North Africa south to Mali, Nigeria and Sudan, India, Israel, Sri
Lanka, Tajikistan, Turkmenistan (Gadallah, 2020), Iran (Fallahzadeh et al, 2018).

Tachysphex horus de Beaumont, 1940

Tachysphex horus de Beaumont, 1940. Bulletin de la Société Fouad I°
d’Entomologie, 24: 168.

Distribution in Tunisia: Tataouine (Putawski, 2007).

General distribution: Arabian Peninsula (Oman, Yemen, Saudi Arabia), Burkina
Faso, Egypt, Israel, Tunisia (Gadallah, 2020).

Tachysphex incertus (Radoszkowski, 1877) (Fig. 11)

Tachytes incerta Radoszkowski, 1877. Izvestiya Imperatorskobo Obshchestva
Lyubiteley Estestvoznaniya, Antroplogii i Etnografi pri Imperatorskom Moskovskom
Universitete, 26: 28.

Material examined. Beja: Mjez Elbeb, South Mjez Elbeb, 53 m, 17.8.2018, 1 <, Testour, Chambou,
81m, 16.8.2018, 1 <.

Distribution in Tunisia: Sfax, Tozeur (von Schulthess, 1926); Ben Arous (de
Beaumont, 1947b); Jendouba, Tozeur (Putawski, 2007).

General distribution: Arabian Peninsula (Oman, United Arab Emirates, Saudi
Arabia), Europe north to southern France, northern Italy, Hungary, Slovakia, Ukraine,
Russia, Africa south to southern Egypt to Mali, Asia north to Turkey, Kazakhstan, east
to Pakistan (Gadallah, 2020).

Remark: This species was identifed by von Schulthess (1926) and de Beaumont
(1947b) from Tunisia as the synonym Tachysphex pygidialis Kohl, 1883.
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Tachysphex julliani Kohl, 1883 (Fig. 2A)
Tachysphex julliani Kohl, 1883. Deutsche Entomologische Zeitschrift, 27: 177.

Material examined. Tozeur: Temeghza, Cascade 2, 247 m, 27.6.2018, 1 <.

Distribution in Tunisia: Jendouba, Monastir, Sfax, Tozeur (Putawski, 2007).

General distribution: Algeria, Arabian Peninsula (Oman, Saudi Arabia, United
Arab Emirates, Yemen), Bulgaria, Cyprus, Egypt, France, Greece, Iran, Israel, Italy,
Kazakhstan, Lebanon, Libya, Morocco, Pakistan, Portugal, Spain, Tajikistan, Tunisia,
Turkey, Turkmenistan, Ukraine, Uzbekistan (Gadallah, 2020).

Tachysphex mauretanus Putawski, 1971 (Fig. 2B)
Tachysphex mauretanus Putawski, 1971. Panstwowe Wydawnictwo Naukowe,
Wroclaw: 366.

Material examined. Mahdia: Sidi Alouane, Lemsanaa, 41 m, 26.5.2018, 1 ¢.

General distribution: Algeria, Morocco (Putawski, 2007).
Remark: This species is new for Tunisian fauna.

Tachysphex mediterraneus Kohl, 1883
Tachysphex mediterranea Kohl, 1883. Deutsche Entomologische Zeitschrift, 27: 173.
Distribution in Tunisia: Jendouba (Putawski, 2007).

General distribution: Europe north to southern France, Hungary and Rostov area
in Russia, Africa south to northern South Africa, Israel, Turkey, India, Iran, Azerbaijan,
Kazakhstan, Sri Lanka, Tajikistan, Turkmenistan, Uzbekistan (Putawski, 2007).

Tachysphex mocsaryi Kohl, 1884

Tachysphex mocsaryi Kohl, 1884. Verhandlungen der kaiserlich-kdniglichen
zoologisch-botanischen Gesellschaft in Wien, 33: 367.

Distribution in Tunisia: Tunisia (no specifc locality) (de Beaumont, 1947b).

General distribution: West Africa, Mediterranean area to southern Central Asia
(Gadallah, 2020).

Remark: This species was cited by de Beaumont (1947b) from Tunisia as the
synonym Tachysphex mocsaryi maroccanus de Beaumont, 1947.

Tachysphex mycerinus de Beaumont, 1940 (Figs. 2C-D)
Tachysphex mycerinus de Beaumont, 1940. Bulletin de la Société Fouad [°
d’Entomologie, 24: 166.

Material examined. Kairouan: Chbika, Aouled Zair, 136 m, 29.8.2018, 1 ¢, South Kairouan, Ragada,
92 m, 28.8.2018,1 <.

Distribution in Tunisia: Tozeur (de Beaumont, 1947a); Tataouine (Putawski, 2007).

General distribution: Morocco, to Egypt, south to Mali and Niger, Israel, Jordan (Putawski,
2007), Arabian Peninsula (Saudi Arabia, United Arab Emirates) (Gadallah, 2020)
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Fig. 2. General view of: A- Tachysphex julliani (¢); B- Tachysphex mauretanus (¢); C- Tachysphex
mycerinus (¢); D-Tachysphex mycerinus (¢); E- Tachysphex palopterus (¢); F,G- Tachysphex
panzeri (2); H- Tachysphex sericans gracilis (¢); I- Tachysphex unicolor ().

Tachysphex nitidior de Beaumont, 1940

Tachysphex nitidior de Beaumont, 1940. Bulletin de la Société Fouad ¢
d’Entomologie, 24: 175.

Distribution in Tunisia: Bizerte, Gabes, Jendouba (Putawski, 2007).

General distribution: Mediterranean area to Central Asia and Mongolia, India,
Korea, Senegal, United Arab Emirates (Gadallah, 2020).

Tachysphex nitidus (Spinola, 1805)

Astata nitida Spinola, 1805. Faunnae [sic] Ligusticaee fragmenta. Decas prima.
Genuae, Typis Petri Cajetani Api: 17.

Distribution in Tunisia: Gafsa, Kairouan, Kasserine, Sfax, Tunis (von Schulthess, 1926);
Nabeul, Tunis (Putawski, 1971); Gabes, Medenine, Tataouine, Tozeur (Putawski, 2007).

General distribution: Arabian Peninsula (Kuwait, Oman, United Arab Emirates,
Saudi Arabia), Canary Islands, Europe, Israel, Kazakhstan, North Africa, Syria,
Turkmenistan, Uzbekistan (Gadallah, 2020).

Tachysphex notogoniaeformis Nadig, 1933

Tachysphex notogoniaeformis Nadig, 1933. Jahresbericht der Naturforschenden
Gesellschaft Graubtndens, 71: 80.
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Distribution in Tunisia: Gafsa (de Beaumont, 1947b)
General distribution: Morocco to Libya (Putawski, 2007).

Tachysphex palopterus (Dahlbom, 1845) (Fig. 2E)

Tachytes palopterus Dahlbom, 1845. Hymenoptera Europaea praecipue borealia;
formis typicis nonnullis Specierum Generumve Exoticorum aut Extraneorum propter
nexum systematicus associatis; per Familias, Genera, Species et Varietates disposita
atque descripta. Tomus: Sphex in sensu Linneano. Fascicle 3: 470.

Material examined. Kasserine: Sbeitla, Athar, CFPA, 560 m, 03.9.2018, 1 ¢; Kebili: South Kebili,
Errahmat, 30 m, 17.5.2018, 1 ¢; Mahdia: Rejich, 3 m, 18.9.2018, 1 ¢; Sidi Bouzid: Aouled Hafouz center,
207 m, 26.7.2018, 1 ¢; Tozeur: Hamma Ejrid, 52 m, 27.6.2018, 3 ¢ <.

Distribution in Tunisia: Tunisia (no specifc locality) (de Beaumont, 1940, 1947a).

General distribution: Arabian Peninsula (Oman, Saudi Arabia, United Arab
Emirates, Yemen), North Africa, to Gambia, Israel, Niger, Sudan (Gadallah, 2020).

Tachysphex panzeri (Vander Linden, 1829) (Figs 2F-G)

Tachytes panzeri Vander Linden, 1829. Nouvelles Mémoires de I'’Académie Royale
des Sciences et Belles Lettres de Bruxelles, 5: 22.

Material examined. Beja: Mjez Elbeb, South Mjez EIBeb, 53 m, 17.8.2018, 3 ¢ ¢, Slouguia, 60 m,
17.8.2018, 2 ¢ ¢, Testour, Chambou, 81 m, 16.8.2018, 2 ¢ ¢, 3 ¢ ¢, Elghanima, 84 m, 16.8.2018, 1 <;
Kairouan: Chbika, Aouled Zair, 136 m, 29.8.2018, 1 ¢, 3 ¢ 2; South Kairouan, Barouta, 95 m, 27.8.2018,
1 ¢, Ragada, 92 m, 28.8.2018, 1 +, 3 ¢ ¢; Kasserine: Sbeitla, Athar, CFPA, 560 m, 03.9.2018,2 ¢4, 1
¢, Route Fej Ettin, 545 m, 05.9.2018, 4 ¢ ¢, 5 ¢ 2, Oued Nakhil, 562 m, 04.9.2018, 1 2; Kebili: South
Kebili, Errahmat, 30 m, 17.5.2018, 1 ¢, 18.5.2018, 1 ¢; Mahdia: Eljem, Ababsa, 70 m, 14.8.2019, 4
¢¢,2 ¢2,Achaba, 101 m, 02.7.2019, 4 ¢, Aouled Lahmar, 99 m, 18.6.2019, 1 ¢, 27.8.2019, 5 ¢ <,
2 ¢ ¢, Athamnia, 70 m, 22.7.2019, 5 ¢ ¢, 28.8.2019,5 ¢, 2 ¢ 2, Tlelsa, 70 m, 13.8.2019, 4 ¢ 4,6 ¢ ¢,
Touahria, 74 m, 22.7.2019,3 ¢ ¢, 4 ¢ ¢, 26.8.2019, 11 ¢ ¢, 1 ¢, Zghabna, 74 m, 12.8.2019,5 ¢ 4,5 ¢ ¢,
Zouazi, 74 m, 16.6.2019, 5 ¢ ¢, 5 ¢ ¢, Ksour Essef, Alya, 1 m, 03.8.2018, 1 ¢, Route Ksour Essef - Sidi
Alouane, 33 m, 01.7.2019, 4 ¢ ¢, 3 ¢ 2, Rejich, 3 m, 18.9.2018, 10 ¢ ¢, 7 ¢ ¢, Sidi Alouane, Ghlalba, 48
m, 19.6.2019, 2 ¢ ¢, 2 ¢ 2,09.9.2019, 2 ¢ ¢, Rmadhnia, 74 m, 03.9.2019, 4 ¢ 7, 2 2 ¢, West Oued Beja,
Ecole primaire Amel, 74 m, 22.6.2019,6 ¢ ¢,5 ¢ ¢,10.9.2019,3 ¢ ¢, 1 ¢, Saada, 74 m, 18.6.2019,7 ¢ ¢,
3 99,04.9.2019, 2 ¢ 5, Saguiet Khadem, 53 m, 29.6.2019,4 ¢ ¢,2 ¢ ¢,24.7.2019,7 ¢, 1 ¢,02.9.2019,
14,1 ¢, Sidi Alouane 2, 69 m, 09.8.2018, 2 ¢ ¢, Oued Beja, 75 m, 21.5.2017, 1 ¢, 1 ¢, Zelba, 49 m,
11.8.2018, 1 ¢, 17.6.2019, 8 ¢, 4 ¢¢,03.7.2019,5 ¢4, 2 ¢ 2, 23.7.2019, 11 5 <, 4 ¢ ¢; Sidi Bouzid:
West Sidi Bouzid, Zaafria, 394 m, 25.7.2018, 1 ¢, East Sidi Bouzid, Elhachria, 326 m, 24.7.2018, 1 ¢;
Siliana: Kisra, 809 m, 27.4.2018, 2 ¢ 2; Sousse: Boufcha, Salloum, 5 m, 11.9.2017, 1 ¢, Kalaa Kbira,
Belaoum, 45 m, 29.7.2017, 1 ¢, 1 ¢; Tataouine: North Tataouine, Oued Tlelet, 170 m, 12.5.2018, 1 ¢;
Tozeur: Dguech, Elmanachi, 63 m, 29.6.2018, 2 ¢ ¢, Hamma Ejrid, 52 m, 27.6.2018, 3 ¢ ¢, Nefta, Nefta
oasis, 56 m, 28.6.2018, 1 ¢, Temeghza, Cascade 2, 247 m, 27.6.2018, 2 ¢ ¢.

Distribution in Tunisia: Tunis (Graefe, 1906); Kairouan, Monastir, Tozeur, Tunis
(von Schulthess, 1926); Tozeur (Putawski, 1971); Gabes, Gafsa, Jendouba, Kasserine,
Kebili, Medenine, Monastir, Nabeul, Sfax, Sousse, Tozeur (Putawski, 2007).

General distribution: Albania, Algeria, Armenia, Austria, Belgium, Botswana,
Bulgaria, Burkina Faso, Canary Island, Chad, China, Croatia, Cyprus, Czech
Republic, Egypt, Ethiopia, France, Gambia, Germany, Greece, Hungary, India, Iran,
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Israel, Italy, Kazakhstan, Latvia, Libya, Lithuania, Mali, Malta, Mauritania, Mongolia,
Morocco, Netherlands, Niger, Pakistan, Poland, Portugal, Romania, Russia, Senegal,
Slovakia, Spain, Sri Lanka, Sudan, Tajikistan, Tunisia, Turkey, Turkmenistan, Ukraine,
Uzbekistan, former Yugoslavia, Arabian Peninsula (Bahrain, Oman, Qatar, Saudi
Arabia, United Arab Emirates, Yemen) (Gadallah, 2020).

Remark: This species was identifed by von Schulthess (1926) and Putawski
(1971) from Tunisia as the synonym Tachysphex panzeri oraniensis (Lepeletier de
Saint-Fargeau, 1845).

Tachysphex psammobius (Kohl, 1880)

Tachytes psammobius Kohl, 1880. Zeitschrift des Ferdinandeums fir Tirol und
Vorarlberg, 3: 235.

Distribution in Tunisia: Tunis (von Schulthess, 1926).

General distribution: Azerbaijan, Canada, Europe, Iran, Kazakhstan, Russia, Syria,
Tajikistan, Turkey, Turkmenistan, Uzbekistan (Putawski, 2020).

Tachysphex pseudofasciatus Putawski, 2007

Tachysphex pseudofasciatus Putawski, 2007. Proceedings of the California
Academy of Sciences (Fourth Series) 58, Supplement 1: 506.

Distribution in Tunisia: Tozeur (Putawski, 2007).
General distribution: Algeria, Egypt, Israel, Tunisia (Putawski, 2007).

Tachysphex schmiedeknechti Kohl, 1883
Tachysphex schmiedeknechti Kohl, 1883. Deutsche Entomologische Zeitschrift, 27: 170.
Distribution in Tunisia: Kebili, Tozeur (Putawski, 2007).

General distribution: Arabian Peninsula (Oman, Saudi Arabia, United Arab
Emirates, Yemen), Africa south to Ghana and Kenya, Cyprus, Greece, Iran to Central
Asia, southern Spain, Syria, Turkey, India (Gadallah, 2020).

Tachysphex sericans gracilis Putawski, 1971 (Fig. 2H)

Tachysphex sericans gracilis Putawski, 1971. Paristwowe Wydawnictwo Naukowe,
Wroclaw: 326.

Material examined. Kebili: South Kebili, Errahmat, 30 m, 17.5.2018,2 ¢4, 1 2.

Remark: This subspecies is new for Tunisian fauna.
General distribution: Algeria, Egypt (Putawski, 2020).

Tachysphex speciosissimus Morice, 1897

Tachysphex speciosissimus Morice, 1897. The Transactions of the Entomological
Society of London, 1897: 309.

Distribution in Tunisia: Gabes (Putawski, 2007).
General distribution: North Africa, Israel, Syria, Iran, Pakistan (Putawski, 2007).
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Tachysphex tarsinus (Lepeletier de Saint-Fargeau, 1845)

Tachytes tarsinus Lepeletier de Saint-Fargeau, 1845. Histoire naturelle des
Insectes. Hyménoptéres. Tome Troisiéme: 243.

Distribution in Tunisia: Tozeur (Putawski, 2007).

General distribution: Algeria, Austria, Belarus, Bulgaria, China, Croatia, Czech
Republic, Egypt, France, Germany, Greece, Hungary, Iran, Israel, Italy, Kazakhstan,
Lebanon, Libya, Mauritania, Morocco, Poland, Portugal, Russia, Slovakia, Slovenia,
Spain, Switzerland, Tajikistan, Tunisia, Turkey, Ukraine, Arabian Peninsula (Oman,
Saudi Arabia, United Arab Emirates) (Gadallah, 2020).

Tachysphex unicolor (Panzer, 1809) (Fig. 2I)

LARRA unicolor Panzer, 1809. Faunae Insectorum Germanicae initia oder
Deutschlands Insecten. Hundert und sechsten Hefts: 16.

Material examined. Mahdia: Sidi Alouane, Aouled Kloula, 64 m, 06.4.2018, 1 <.

General distribution: Afghanistan, China, Europe, Kazakhstan, North Africa,
Lebanon, Mongolia, Palestine, Russia, Turkey, Turkmenistan (Putawski, 2020).

DISCUSSION

In this checklist 38 species and subspecies of the genus Tachysphex are presented
in Tunisia. Because of its complexity and the problematic that it poses in systematical
studies and to facilitate its study, the genus Tachysphex is divided into species groups
(de Beaumont, 1936; Putawski, 1971, 2007). According to Putawski (2007), there are
18 Tachysphex species groups. Taxa present in this study belong to 11 species groups
(Table 2). T. panzeri and T. pompiliformis species groups are the most diversifed with
11 and 12 taxa respectively.

T. mauretanus Putawski, 1971 and T. sericans gracilis Putawski, 1971 are newly
recorded from Tunisia. Geographically, these two taxa are distributed in Algeria and
Morocco for the frst species and in Algeria and Egypt for the second (Putawski, 2020).
Therefore, Tunisia is added as a third distribution area for these two taxa.

According to de Beaumont (1940, 1947a) T. palopterus (Dahlbom, 1845) was
recorded in Tunisia but without specifc locality. With this study, the presence of this
species is confrmed with six new provincial records (Kasserine, Kebili, Mahdia, Sidi
Bouzid and Tozeur provinces). While, T. mocsaryi Kohl, 1884 was cited in Tunisia
by de Beaumont (1947b) under the synonym T. mocsaryi maroccanus but without a
specifc locality; further study is so needed to confrm its presence in Tunisian territory.

The fauna of Tozeur province located in southern Tunisia is the most diversifed
with 17 records followed by Kebili with 11, Kairouan and Jendouba with 10 records
(Fig.3). In other provinces, records vary between one and nine records with three
provinces (Mannouba, Ariana, Ben Arous) are without records.
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Number of species and subspecies presented in this checklist estimated by 38
species can be considered relatively low compared with that of other countries in
North Africa such as the Egyptian fauna of Tachysphex estimated by 56 species
(Roche, 2007). In addition to that, the absence or the reduced number of records in
provinces suggests to conduct other entomological surveys to contribute better to the
knowledge and evaluate this fauna in Tunisia. Discover of new country and provincial
records and new species for the science is highly possible.

Table 2. Distribution of species and subspecies in species groups.

Species group Species and subspecies

Tachysphex albocinctus group T. albocinctus

Tachysphex bicolor group T. adjunctus, T. denisi, T. graecus

Tachysphex brevipennis group T. brevipennis

Tachysphex brullii group T. brullii

Tachysphex erythropus group T. costae, T. detritus, T. erythropus, T. grandissimus
Tachysphex geniculatus group T. horus

Tachysphex julliani group T. julliani, T. mauretanus

T. atlanteus, T. brevipecten, T. gracilicornis, T. gracilitarsis, T.
Tachysphex panzeri group incertus, T. mocsaryi, T. mycerinus, T. notogoniaeformis, T.

palopterus, T. panzeri, T. sericans gracilis

Tachysphex plicosus group T. mediterraneus

T. agnus, T. consocius, T. fugax, T. fulvitarsis, T. gujaraticus,
Tachysphex pompiliformis group T. nitidus, T. nitidior, T. psammobius, T. pseudofasciatus, T.

speciosissimus, T. tarsinus, T. unicolor

Tachysphex schmiedeknechti group T. schmiedeknechti

Total | 11 species groups 38 species and subspecies

ACKNOWLEDGEMENTS

We would like to thank Dr. Jakub Straka (Charles University, Faculty of Science,
Department of Zoology, Czech Republic) and Dr. Toshko Ljubomirov (Institute
of Biodiversity and Ecosystem Research, Bulgarian Academy of Sciences) for
confrmation of species identifcation or re-identifcation and to Dr. Claire Villemant,
curator of Hymenoptera Collection in the Muséum Nationale d’'Histoire Naturelle
(MNHN), Paris for facilitating access to old documents hosted in MNHN. We
are also grateful to directors of Agriculture Vocational Training centers (CFPA)
of Sheitla-Kasserine, Testour-Beja and Ghordhab- Tataouine and directors of:
Regional Center for Research in Horticulture and Organic Agriculture of Chott Meriem
(CRRHAB)- Sousse, Institute of Arid Regions (IRA) — Regional Direction of Kebili
and Regional Center for Research in Oasian Agriculture (CRRAQ) Deguache-Tozeur
(Tunisia) for their signifcant collaboration and help in collection of specimens from
diferent regions of Tunisia.



322

BEN KHEDHER, H., YILDIRIM, E., BRAHAM, M.

aouinold Jad Jaquinu Splodal Mau pue ainjelall| ul SpJoday
elol SploJ2IMONm  2INMeldll| Ul SpIodaY m
saounoid
@ & @@
o> o LSRN & v & K
/Oo@, /O&o %O SN &«o( ¥l ﬁ&@ 00& oo«/ c %\@ @O% @Oo& N @x/.x& 000 > ‘%vmv oo/y %W o«u @/M& Ooo OO(
R I AR ORI R IR O P I L > MR AR GNP S
| ] [ | ] [ | 0
—— _ 4 o _ —H _ of lo No_ 07 10 Nmo 0 —H o_ 07 H_ 000 000 000 o_ .
A qm €€ v €e v
S S S 9
99 g
88 8 6 8 88 88 o1
1 0t 010T z1
vT
9T
ot 81

"¢ "B

Jaqwinu saloads



323
First Checklist of Tachysphex Kohl, 1883 of Tunisia

REFERENCES

Bohart, R.M & Menke, A. (1976). Sphecid wasps of the world: A generic revision. University of California
Press, London.

Costa, A. (1893). Miscellanea entomologica. Memoria quarta (Entomological miscellany. Fourth memory).
Atti della Reale Accademia delle Scienze Fisiche e Matematiche di Napoli, 14, 1-30.

de Beaumont, J. (1936). Les Tachysphex de la faune francaise (Hymenoptera: Sphecidae). Annales de
la Société Entomologique de France, 105, 177-212.

de Beaumont. J. (1940). Les Tachysphex de la faune égyptienne (Hymenoptera: Sphecidae). Bulletin de
la Société Fouad I d’Entomologie, 24, 153-179.

de Beaumont, J. (1947a). Nouvelle étude des Tachysphex de la faune égyptienne (Hymenoptera:
Sphecidae). Bulletin de la Société Fouad I* d’Entomologie, 31, 141-216.

de Beaumont, J. (1947b). Contribution a I'étude du genre Tachysphex (Hymenoptera). Mitteilungen der
Schweizerischen Entomologischen Gesellschaft, 20, 661-677.

Fallahzadeh, M., Ljubomirov, T., Tavakoli Roodi, T., & Saghaei, N. (2018). A further contribution to the
Crabronidae fauna (Hymenoptera, Apoidea, Spheciformes) of Southern Iran. Transactions of the
American Entommological Society, 144(3), 625-636.

Gadallah, N.S. (2020). Biodiversity of the aculeate wasps (Hymenoptera: Aculeata) of the Arabian
Peninsula (Spheciformes), Crabronidae. Zootaxa, 4754(1), 20-73.

Graefe, E. (1906). Beitrage zur Insekten fauna von Tunis. Verhandlungen der kaiserlich-koniglichen
Zoologisch-Botanischen Gesellschaft in Wien, 56, 446-470.

Kohl, F.F. (1885). Die Gattungen und Arten der Larriden Autorum. Verhandlungen der kaiserlich-koniglichen
Zoologisch-Botanischen Gesellschaft in Wien, 34, 171-268 & plates VIII-1X & 327-454 & plates XI-XII.

Putawski, W. (1971). Les Tachysphex Kohl (Hymenoptera: Sphecidae) de la région Paléarctique
occidentale et centrale. Panstwowe Wydawnictwo Naukowe, Wroclaw.

Putawski, W. (2007). The wasp genus Tachysphex Kohl, 1883 of Sahara, sub-Saharan Africa, the Arabian
Peninsula, and Madagascar (Hymenoptera: Apoidea: Crabronidae). Proceedings of the California
Academy of Sciences (4th Series), 58, Supplement 1, 1-698.

Putawski, W. (2020, May 14). Catalog of Sphecidae sensulato. California Academy of Sciences. Retrieved
from https://www.calacademy.org/scientists/projects/catalog-of-sphecidae.

Roche, C.G. (2007). The sphecid wasps (Hymenoptera: Ampulicidae, Sphecidae, and Crabronidae) of
Egypt. Part 2: Checklist. Egyptian Journal of Natural History, 4, 1-9.

von Schulthess, A. (1926). Contribution a la connaissance de la faune des Hyménoptéres de I'Afrique du
Nord. Deuxiéme Partie - (Fossores). Bulletin de la Société d’Histoire Naturelle de I'Afrique du Nord,
17, 206-220.

Received: June 03, 2020 Accepted: October 28, 2020






J. Entomol. Res. Soc., 22(3): 325-337, 2020 Research Article
Print ISSN:1302-0250 Online ISSN:2651-3579

Mitochondrial Genomic Analysis of the Tea Geometrid, Ectropis
grisescens Warren, 1894 (Lepidoptera: Geometridae) and Its
Phylogenetic Implications

Hongling LIU? Zhiteng CHEN? Chao LIU? Xinglong WU* Kejun XIAO®
Jianhui MAQ® Degiang PU™

134567Key Laboratory of Integrated Pest Management of Southwest Crops, Institute of Plant
Protection, Sichuan Academy of Agricultural Sciences, Chengdu 610066, CHINA
2School of Grain Science and Technology, Jiangsu University of Science and Technology,
Zhenjiang 212004, CHINA
e-mails: 1249290155@qq.com, 2741208116@qq.com, 2982581726@qqg.com,
4709968745@qg.com, 5470865680@qg.com, %449305413@qg.com,
*pdgpudegiang@163.com
ORCID IDs: *0000-0001-7960-009X, 20000-0002-6331-8978,
30000-0001-8697-5543, “0000-0002-2295-6228, 50000-0001-9911-8380,
60000-0002-0508-6320, "0000-0002-3215-814X

ABSTRACT

Ectropis grisescens Warren, 1894 is a major pest species only feeding on tea plants but lacks sufcient
molecular data to clarify its genetic characters. Complete mitochondrial genome of the tea geometrid
Ectropis grisescens is sequenced for the frst time. The mitogenome of E. grisescens is 16,575 bp in
length, with an A+T content of 81.2%. The typical set of 37 genes (13 PCGs, 22 tRNA genes and two rRNA
genes) are all identifed. Most PCGs have standard ATN start codons and TAN stop codons. Most tRNA
genes exhibite cloverleaf secondary structures, whereas the dihydrouridine (DHU) arm of trnSer (AGN)
is reduced into a small loop. Poly-T stretch, tandem repeats and stem-loop (SL) structures are predicted
in the control region, which is long (1550 bp) and highly biased toward A+T nucleotides (92.3%). The
mitochondrial phylogenetic analyses using the Bayesian inference (Bl) and maximum likelihood methods
(ML) consistently recover the generic relationships within Geometridae. E. grisescens is correctly grouped
with its congener and the monophyly of Ennominae and Larentiinae are both supported.

Key words: Lepidoptera, Geometridae, Ectropis grisescens, Mitochondrial genome.
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tea geometrid, Ectropis grisescens Warren, 1894 (Lepidoptera: Geometridae) and its phylogenetic
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326
LIU, H., CHEN, Z. LIU, C., WU, X., XIAQO, K., MAO, J., & PU, D.

INTRODUCTION

Mitochondrial genome (mitogenome) has become one of the most popular
molecules used in recent phylogenetic studies. The advantages of using mitogenomic
data in phylogenetic studies include low cost, sufcient genetic information for higher
taxa, and low rate of rearrangement, etc (Boore, 1999). Meanwhile, the mitochondrial
cytochrome oxidase subunit | (cox1) gene is widely used for DNA barcoding in species
delimitation and intraspecifc genetics (Hebert, Cywinska, Ball, & deWaard, 2003).
Structures of animal mitogenomes are usually conserved with 37 typical set of genes,
includingl13 protein-coding genes (PCGs), 22 transfer RNA (tRNA) genes and two
ribosomal RNA (rRNA) genes (Simon, Buckley, Frati, Stewart, & Beckenbach, 2006).

Lepidoptera is the second largest insect order with about 15,7000 species, and
many of them are major economic pests (Stork, 2018; Mullen & Zaspel, 2019).
Geometridae is one of the largest families in Lepidoptera, comprising over 21,000
species usually harmful to the agriculture and forestry and about 2000 of which
are found in China (Scoble, 1999; Gu & Xin, 2018). Among the considerable large
number of geometrids, only 12 species have sequenced mitogenomes available
from GenBank. The limited mitogenomes are out of proportion to the large number
of species in Geometridae.

Ectropis grisescens Warren, 1894 also known as the tea geometrid, is an
economically important pest species in Asia and is especially widely distributed in the
tropical and subtropical areas of China (Warren, 1894, Jiang et al, 2014). Larvae of E.
grisescens prefer to damage the bud and leaves of the tea plants, causing considerable
economic loss in the tea industry of China (Ge, Yan & Xiao, 2015). Accumulation of
genetic data of E. grisescens is warranted to fnd new control strategies for this pest
from a molecular view. However, the mitogenome of E. grisescens is still undetermined,
hindering our understanding of the relationship between E. grisescens and other
lepidopteran pests. In this study, the complete mitogenome of E. grisescens is
sequenced and described for the frst time. The mitogenomic structure, nucleotide
compositions, codon usages of PCGs, secondary structures of tRNA genes and the
control region are investigated to better understand the genetic characters of this
important pest.

MATERIALS AND METHODS

Sampling and DNA extraction

Adult specimens of E. grisescens were collected from Wolong Town, Qionglai City,
Sichuan Province of China in May of 2019. The specimens were identifed by Sichuan
Academy of Agricultural Sciences and preserved in 100% ethanol. Total genomic DNA
was extracted using the E.Z.N.A.® Tissue DNA Kit (OMEGA, America) and stored at
-20 °C until used for mitogenome sequencing.
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Mitogenome sequencing, assembly and annotation

After DNA extraction, 1.0 ug of purifed DNA was fragmented and used to construct
lllumina TruSeq short-insert libraries (insert size = 450 bp) following the manufacturer’s
instructions, then sequenced on the Illumina Hiseq 4000 (Shanghai BIOZERON Co.,
Ltd). Raw reads were fltered prior to assembly. The reads with adaptors, with a low
quality score below 20, with over 10% “N” bases, or with very few nucleotides were
removed. High-quality reads were used for de novo and reference-guided assembling
according to the following steps: 1) Firstly, the fltered reads were assembled into contigs
using SOAPdenovo2.04 (Luo et al, 2012); 2) Secondly, the contigs were aligned to the
reference mitogenome of Abraxas suspecta Warren, 1894 (GenBank accession number
KY095828) using BLAST; the aligned contigs (=80% similarity and query coverage)
were ordered according to the reference mitogenome; 3) Finally, the clean reads were
mapped to the assembled draft mitogenome to calibrate the wrong bases, and the gaps
were flled by GapFiller v2.1.1 (https://sourceforge.net/projects/gapfiler/).

The complete mitogenome sequence of E. grisescens was deposited into GenBank
under the accession number MN792921. Location and secondary structures of the
tRNA genes were predicted by MITOS (Bernt et al, 2013). PCGs and rRNA genes were
annotated using homology alignments. Open reading frames of PCGs were examined
and adjusted by ORF fnder (https://www.ncbi.nlm.nih.gov/orfnder/). CGView Server
(http://stothard.afns.ualberta.ca/cgview_server/) was used to illustrate the mitogenome
of E. grisescens (Grant & Stothard, 2008). Nucleotide composition and codon usage
were calculated by MEGAV.6.0 (Tamura, Stecher, Peterson, Filipski, & Kumar, 2013).
The two formulas AT-skew = [A-T]/[A+T] and GC-skew = [G-C]/[G+C] were used in
the composition skew analysis (Perna & Kocher, 1995). Secondary structures in the
control region were predicted by Tandem Repeats Finder (http://tandem.bu.edu/trf/
trf.advanced.submit.html) and DNAMAN v6.0.3.

Phylogenetic analyses

PCGs derived from 13 moths of Geometridae, including E. grisescens sequenced in
this study, were used in the phylogenetic analyses (Table 1). Another moth, Cameraria
ohridella Deschka & Dimic 1986 from family Gracillariidae (GenBank accession number
KJ508042) was used as the outgroup. Each of the 13 PCGs was respectively aligned
by MAFFT, then concatenated into a combined dataset using SequenceMatrix v1.7.8
(Katoh & Standley, 2013). PartitionFinder v2.1.1 was used to determine the optimal
nucleotide substitution models and partitioning schemes with the Bayesian Information
Criterion (BIC) and a greedy search algorithm (Lanfear, Frandsen, Wright, Senfeld,
& Calcott, 2016). Two phylogenetic inferences were conducted, including Bayesian
inferences (Bl) and Maximum likelihood (ML) analysis. Bl analysis was conducted by
MrBayes v3.2.6, running 20 million generations, sampling every 1000 generations and
executing one cold chain and three hot chains with a burn-in of 25% trees (Ronquist &
Huelsenbeck, 2003). All runs of Bl analysis were examined by Tracer v.1.5 (Rambaut
& Drummond, 2019). ML analysis was performed with RAXML v8, with 1000 bootstrap
replicates (Stamatakis, 2014). Both Bl and ML trees were depicted with FigTree v1.4.2.
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Table 1. Species of Lepidoptera used in the phylogenetic study.

Family Species GenBank accession number
Abraxas suspecta KY095828
Apocheima cinerarium KF836545
Biston panterinaria JX406146
Biston perclara KU325536
Biston suppressaria KP278206
Biston thibetaria KJ670146

Geometridae Celenna sp. KM244697
Dysstroma truncata KJ508061
Ectropis grisescens KY095828
Ectropis obliqua KX827002
Jankowskia athleta KR822683
Operophtera brumata KP027400
Phthonandria atrilineata EU569764

Gracillariidae Cameraria ohridella KJ508042

RESULTS AND DISCUSSION

Mitogenome structure and nucleotide composition

The complete mitogenome of E. grisescens is a double-strand circular molecule
with a length of 16,575 bp, longer than all available mitogenomes of Geometridae.
The typical set of 37 genes, including 13 PCGs, 22 tRNA genes and two rRNA genes
were all identifed in the mitogenome. Among these genes, nine PCGs and 14 tRNA
genes are encoded by the majority strand (J-strand); the remaining four PCGs, eight
tRNA genes and two rRNA genes are on the minority strand (N-strand) (Fig. 1, Table
2). The mitochondrial gene arrangement of E. grisescens difers from the putative
ancestral mitogenome of Drosophila yakuba Burla, 1954 by showing the trnMet-trnlle-
trnGIn tRNA cluster, which is a very common rearrangement pattern in Lepidoptera
(Chen & Du, 2016). The mitogenome of E. grisescens has 41 overlapping nucleotides
in seven gene pairs; the longest overlap is found between trnPhe and nad5, which
is 17-bp long. There are also 238 intergenic nucleotides (IGNs) scattered in 13 gene
gaps, indicating a loose mitogenomic structure of E. grisescens.

The whole mitogenome of E. grisescens is biased toward A+T nucleotides
(81.2%) with a positive AT-skew and negative GC-skew as commonly found in most
other insects (Table 3) (Wei et al, 2010). The A+T contents are similarly high in the
concatenated PCGs, PCGs on J-strand, PCGs on N-strand, tRNA genes and rRNA
genes (Table 3). All codon positions of the concatenated PCGs have reversal of strand
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PCGs, tRNA and rRNA genes

No rearrangement or variations were found in the 13 PCGs of E. grisescens. Most
PCGs start with the standard ATN codon, including ATA start codon in nad2, nad3
and nad6, ATG in cox2, cox3, cyth, atp6, nad4 and nad4l, ATT in atp8 and ATC in
nad5 (Table 2). However, coxl uses the special start codon CGA, and nadl uses
another special start codon TTG. Ten of the PCGs have the complete stop codon
TAA, whereas cox1, cox2 and nad4 contain an incomplete stop codon T, which is
common in other lepidopteran species (Garey & Wolstenholme, 1989). The relative
synonymous codon usage (RSCU) of the 13 PCGs indicate that TTA (Leu), TCT (Ser)
and CGA (Arg) are the most frequently used codons whereas CTG (Leu), CCG (Pro)
and AGG (Ser) are the least (Fig. 2).

The regular set of 22 tRNA genes are all found in the mitogenome, while the
ancestral trnlle-trnGIn-trnMet tRNA cluster is rearranged into trnMet-trnlle-trnGIn.
The 22 tRNA genes have a total length of 1471 bp and an A+T content of 81.6%;
each tRNA gene ranges in size from 64 to 72 bp (Table 2). Twenty-one of the tRNA
genes can fold into typical cloverleaf secondary structures (Fig. 3), however, the TWC
arms of trnPhe and trnThr are somewhat reduced, and the dihydrouridine (DHU) arm
is reduced into a small loop, which is very common in other metazoans (Garey &
Wolstenholme, 1989). In these tRNA genes, 12 mismatched base pairs are detected
and all of them are G-U pairs. The anticodon (AC) arm of trnSer2 forms two loops, which
is uncommon in other lepidopteran species. The anticodons of the 22 tRNA genes of
E. grisescens are all identical with other sequenced lepidopterans (Yang, Wei, Hong,
Jiang, & Wen, 2009).

Two rRNA genes were identifed in the conserved locations between trnLeul and
the control region of E. grisescens, with a total length of 2140 bp and an A+T content
of 84.8% (Table 3). The large ribosomal RNA (rrnL) gene is 1375-bp long, with an
A+T content of 84.5%. The small ribosomal RNA (rrnS) gene is 765-bp in size with
an A+T content of 85.4%.

Ectropis grisescens
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Fig. 2. Relative synonymous codon usage (RSCU) of PCGs in Ectropis grisescens. Full codon families
are indicated below the X-axis.
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Fig. 3. Secondary structures of tRNA genes in the mitogenome of Ectropis grisescens. The tRNA genes
are labelled with their corresponding amino acids. Structural elements are illustrated as for trnV.
Modifed arms are indicated with red arrows. Mismatched pairs are indicated with red circles.
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Table 3. Nucleotide composition of the mitogenome of Ectropis grisescens.

Regions A% T% G% | C% A+T% | G+C% | AT SkeW | GC Skew
Whole mitogenome 41.2 | 400 | 7.7 1.1 | 812 18.8 0.015 -0.181
PCGs 344 | 444 | 111 | 101 | 78.8 21.2 -0.127 0.047
1%t codon position 36.3 | 446 | 9.7 9.4 80.9 19.1 -0.103 0.016
2" codon position | 34.3 | 445 | 11.9 | 9.3 78.8 21.2 -0.129 0.123
3" codon position 326 | 441 | 116 | 11.7 | 76.7 23.3 -0.150 —0.004
PCGs-J 359 | 419 | 101 | 121 | 77.8 22.2 -0.077 —0.090
1%t codon position 373 | 406 | 11.2 | 109 | 779 22.1 —-0.042 0.014
2" codon position | 32.6 | 425 | 11.1 | 13.8 | 75.1 24.9 -0.132 —-0.108
3 codon position 377 | 425 |81 11.7 | 80.2 19.8 —0.060 —-0.182
pcGs-N 320 |485 | 125 | 7.0 80.5 19.5 -0.205 0.282
1% codon position 436 | 39.7 | 6.7 10.0 | 83.3 16.7 0.047 —-0.198
2" codon position 38.9 42.8 55 12.8 | 817 18.3 —0.048 -0.399
3 codon position 411 45.0 3.3 106 | 86.1 13.9 —-0.045 -0.525
tRNA genes 416 | 400 | 83 10.1 | 81.6 18.4 0.020 —-0.098
tRNA genes-J 419 | 386 | 101 | 94 80.5 19.5 0.041 0.036
tRNA genes-N 41.2 425 5.2 111 83.7 16.3 —-0.016 -0.362
rRNA genes 43.9 40.9 4.9 10.3 | 84.8 15.2 0.035 -0.355
Control region 414 50.5 3.0 5.1 91.9 8.1 —-0.099 -0.259

Control region

The longest non-coding sequence of the E. grisescens mitogenome is the control
region located between rrnS and trnMet as in other lepidopterans (Fig. 1, Table 2). The
control region of E. grisescens is 1550-bp in size, longer than all sequenced control
regions of Geometridae. The A+T content of the control region is 91.9%, which is very
high but still lower than trnGlu (92.3%).

As the most variable region in a mitogenome, the control region of E. grisescens
contains some secondary structures (Fig. 4): a poly-T leading stretch (15,069-15,088)
near the 5’ end; seven complete and a partial tandem repeats (15,095-16,502) with a
consensus size of 192 bp; three continuous stem-loop (SL) structures (16510-16575)
near the 3' end of the control region. The large tandem repeat region is the main reason
for the large size of the control region in E. grisescens. The tandem repeats and SL
structures can act as regulators during the mitogenomic replication and transcription
processes (Crozier & Crozier, 1993). However, exact functions of the control regions
of Lepidoptera are still unclear.
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showing their nucleotides. Other sequences with high A+T content are shown as red lines.

Phylogenetic analyses

The two phylogenetic trees respectively generated by the Bl and ML analyses have
almost identical topological structures (Figs. 5-6). The overall generic relationships
recovered by both phylogenetic inferences are (((((Biston + (Apocheima + Jankowskia))
+ Ectropis) + Abraxas) + Celenna) + Phthonandria) + (Dysstroma + Operophtera).

In both trees, the two subfamilies Ennominae and Larentiinae are recovered as
monophyletic with high support (posterior probability = 1, bootstrap value = 100). The
four species of genus Biston are grouped together, but B. panterinaria is clustered with
B. thibetaria in the Bl tree and with B. perclara in the ML tree. In Ectropis, E. grisescens
sequenced herein is correctly supported as the sister group of E. obliqua. The sister
group relationships are recovered between genera Apocheima and Jankowskia, and
also between Dysstroma and Operophtera. In Ennominae, Phthonandria is supported
as the basal group of its subfamily, but this conclusion is only reliable before further
mitogenomes of Ennominae are sequenced.

The phylogenetic results of this study are generally identical with previous
mitochondrial phylogenetic studies (Liu, Xue, Cheng, & Han, 2014; Xu, Chen, Wang,
Peng, & Li, 2016; Sun et al, 2017; Li, Wang, Chen, & Han, 2018; Zheng et al, 2018).
The mitogenomic data has been widely used in Lepidoptera during recent years
and considerable eforts have been spent on the molecular phylogeny of diverse
lepidopterans, however, very few attention was paid for Geometridae, leaving only nine
genera with sequenced mitogemones, which is far from inferring a robust mitochondrial
phylogeny of Geometridae. Additional sampling and mitogenome sequencing of each
geometrid genus are vital works to clarify the phylogeny and evolution of this biodiverse
and economically important insect group.
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Fig. 5. Phylogenetic relationships within Geometridae inferred by Bayesian inference. Numbers at the
nodes are posterior probabilities. The subfamily names are listed after the species. The tree was
rooted with the outgroup Cameraria ohridella.
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Fig. 6. Phylogenetic relationships within Geometridae inferred by maximum likelihood analysis. Numbers
at the nodes are bootstrap values. Subfamily names are shown after the species. The tree was rooted
with the outgroup Cameraria ohridella.
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