
 ISSN 1302-0250

Journal 
of  the  Entomological  Research

  Society
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Volume: 19                     Part: 1	         		                  2017



JOURNAL OF THE ENTOMOLOGICAL RESEARCH SOCIETY
Published by the Gazi Entomological Research Society

  

Editor (in Chief)  
Abdullah Hasbenli

		  Managing Editor                                         Associate Editor 
     	  Zekiye Suludere                                            Selami Candan  

Review Editors 
Damla Amutkan

Doğan Erhan Ersoy
Nurcan Özyurt Koçakoğlu

Subscription information
Published by GERS in single volumes three times (March, July, November) 

per year. The Journal is distributed to members only. Non-members are able 
to obtain the journal upon giving a donation to GERS. 

One issue price:	     Annual subscription price (3 issues,about 300 pp.)
5   (Turkey)	     20   (Turkey)
US$ 20.00 	                US$  60.00

Papers in J. Entomol. Res. Soc. are indexed and abstracted in Biological 
Abstract, Zoological Record, Entomology Abstracts, CAB Abstracts, Field 
Crop Abstracts, Organic Research Database, Wheat, Barley and Triticale 
Abstracts, Review of Medical and Veterinary Entomology, Veterinary Bulletin, 
Review of Agricultural Entomology, Forestry Abstracts, Agroforestry 
Abstracts, EBSCO Databases, Scopus and in the Science Citation Index 
Expanded.

Publication date: August 05, 2017

 © 2017 by Gazi Entomological Research Society

Printed by Hassoy Ofset
Tel:+90 3123415994   www.hassoy.com.tr

















8
JING, T., HU, X., HU, C. et al.

Fig. 5. Host preference of X. rusticus. (A) Box-plot of preference for diameter on breast height ( DBH). 
(B) Box-plot of preference for height on the trunk. (C) Bar-plot of preference for poplar lines. “n” 
represents the total number of trees surveyed from each poplar line. The lowercase letters above 
bars in (C) show the significant differences. If two bars have a same letter, there are no significant 
differences in attack percentages between them and vice versa. The abbrevations of poplar line 
names see the Materials section in the text. 

Sex ratio is a basic characteristic of an insect population. Manipulation of sex 
ratio can be a method to control pests. We collected all the specimens of X. rusticus 
from 30 logs to calculate the sex ratio, equivalent to collecting beetles from the whole 
flight season. Our results showed that the sex ratio of the population in Shuangcheng 
was biased 2:1 toward males. The natural mortality of this beetle (excluding the 
stages of egg and adult after emergence) was low (4%). Lower mortality is a primary 
characteristic of an insect with K-selected history strategy (Pianka, 1970). The natural 
mortality of X. rusticus is even lower than that of another poplar-boring longhorn beetle, 
Anoplophora glabripennis (Motschulsky, 1853) (28%) (Zhao et al., 1993). The reason 
for this difference may be due to the galleries of X. rusticus being filled with frass and 
dust, while the frass is extruded from the galleries of A. glabripennis. Blocked galleries 
prevent the entrance of natural enemies (especially parasitoids) and lead to difficulty 
in controlling insects. This reason also accounted for that none of parasitoids were 
observed in the field survey. Although the ground mortality was low for X. rusticus, the 
mortality of the larvae was as high as 50%. These results suggested that parasitoids 
are probably not an effective factor to control larvae or pupae of X. rusticus, while 
pathogens may be effective, especially for the larvae control. Unfortunately, the 
pathogens were not determined further.

Our investigation showed that the DBH of attacked poplar trees ranged from 10-42 
cm, suggesting that the beetle does not attack young trees. In this study, the larvae 
crowded in tree trunks at the height of 3-5 m (Fig. 5B). We also cut 100 poplar trees 
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into 50 cm-long logs, labeled the height on the trunk of each log, and then investigated 
the frequency of the attacked logs (Hu et al., 2004). The results showed that the 
height of 1-4 m above the ground on the trunk was attacked the most. These results 
showed that the larvae do not disperse to distribute uniformly on the trunk, even in 
high densities (the maximum was over 100 insect specimens per m; Fig. 5B). This 
habit led to the trees being broken by wind at the locations where the larvae were 
assembled. Meng et al. (1983) investigated the deposition heights on 62 trunks. In 
total, 186 egg clusters were found, 32% of which were on the lower parts of the trunks, 
43% on the middle parts and 25% on the upper parts. These results suggest that 
the height of the infestation on the trunk is determined by the adults and the larvae 
disperse in quite a limited range. 

Silviculture is an important part of an integrated pest management program. Both 
stand structures and tree species composition are two primary factors determining the 
forest susceptibility to a forest insect pest (Loreau et al., 2001). The majority of poplar 
stands in China are single-species stands. It is well known that single-species stands 
are more susceptible to insects than mixed-species forests of more than 2-3 species 
(Loreau et al., 2001). It seems a good idea to afforest single-species stands with a 
less susceptible poplar species to insects. It is readily apparent from Fig. 5C that the 
natural attack percentages among the poplar lines were significantly different. The 
percentages of attack on P. × xiaohei and P. simonii lines were below 40%, suggesting 
that they are less susceptible to the beetle than the other lines and could be candidate 
species to afforest or reforest cutting blank. However, the preference of the insect for 
the host is relative. Planting a species susceptible to the insect (P. suaveolens or P. 
pseudosimonii × nigra), as a bait, together with less susceptible species (P. × xiaohei 
or P. simonii) will also be reasonable afforesting strategy. 

To sum up, X. rusticus has a potential expanding trend on the context of economic 
globalization, although it was not worldwide distributed for now. In this paper, we have 
presented data on the life history and host preference of this beetle, which are helpful 
to monitor and control this beetle globally.
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Review of the Phaonia consobrina Group (Diptera: Muscidae) from 
China, with Descriptions of Three New Species
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ABSTRACT
The P. consobrina group from China is studied, and three new species are described: P. curvisetata, 

sp. n., P. niximountaina, sp. n. and P. subpilipes, sp. n.. A key to the identification of males of the 19 
species of Palaearctic and Oriental zoogeographic regions and distributions are also given.

Key words: China, Diptera, Muscidae, P. consobrina group, new species, key.

INTRODUCTION
Robineau-Desvoidy (1830) established Phaonia, with P. viarum as the type species. 

The Phaonia species from the Palaearctic Region have been divided into 21 groups 
(Ringdahl, 1949; Hennig, 1963; Zinovjev, 1981). Ma et al. (2002) divided Chinese 
species of the genus Phaonia into 38 groups. P. angelicae group, firstly presented by 
Ringdahl (1949), was divided into three subgroups by Zinovjev (1981) and Xue (2006) 
revised P. consobrina subgroup as P. consobrina group. P. consobrina group is similar 
to P. angelicae group, but species of P. consobrina group are different from the latter 
that cerci are deeply concave in the middle. So P. consobrina group is distinguished 
by its basisternum of prosternum being bare; majority of male frons is narrower than 
twice of postpedicel width, without ors; epistoma protruded from frontal angle in profile; 
scutellum is black, without yellow area; notopleuron with hairs; mid tibia with 2 rows 
of p, hind tibia without apical pv; abdomen without yellow area; the male cerci are 
concave deeply in posterior view (Fig. 1), specialization distinct.

Genus Phaonia has more than 820 species that are known all over the world. The 
habitat of most species in Phaonia consobrina group are found at alpine and cold 
areas, also a small group, consisting of only 19 species are found in Palaearctic and 
Oriental zoogeographic regions, including 17 species in China. In this paper, three 
new species are descriped, as well ass the key for these species and the distribution 
of known species are put forward.

MATERIALS AND METHODS
The specimens for this paper by were examined sweeping brushwood in mountainous 

regions of northeast, southeast and central China. Genital structures were detached 

J. Entomol. Res. Soc., 19(2): 11-22, 2017                                                       ISSN:1302-0250
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from the body, cleared by warming in a 10% NaOH solution (approximately 120°C) 
for several minutes, placed in a droplet of glycerol and observed under a compound 
light microscope. The type specimens of three new species are all deposited in the 
Institute of Entomology, Shenyang Normal University, Shenyang, China.

Fig. 1. The characteristic of male cerci of Phaonia consobrina group in posterior view.

The morphological terminology follows that of McAlpine (1981). Absolute 
measurements are used for the body length in millimeters (mm). The following 
abbreviations are used for characters: ors (orbital setae), fr (frontal setae), prst acr 
(presutural acrostichal setae), acr (acrostichal setae), dc (dorsocentral setae), post 
dc (postsutural dorsocentral setae), ial (intra-alar setae), pra (prealar setae), av 
(anteroventral setae), ad (anterodorsal setae), pd (posterodorsal setae), p (posterior 
setae), pv (posteroventral setae), v (ventral setae), r-m (radio-medial cross-vein), dm-cu 
(medio-cubital cross-vein), R4+5 (branch of radius), M (medial vein), Mt. (Mountain).

Key to species of P. consobrina group from Palaearctic and Oriental (♂♂)
1. Hind tibia without additional pd subbasally…………….……….....…………2
-Hind tibia with additional pd subbasally………………….…….…...........….…14
2. Post dc 3……………………………………………………………………3
-Post dc 4…………...…………………………………………………………8
3. Katepimeron bare……….…………….…Phaonia subnudiseta Xue, 1996
-Katepimeron with hairs……………………………………………………4
4. Frons slightly wider than anterior ocellus…………………………………
….……………………………………Phaonia angustinudiseta Xue, 1996
-Frons at least as wide as postpedicel……………………………………5
5. Eyes sparsely covered with ciliae, fronto-orbital plate upper with 2 ors…
………………………………………….…Phaonia grunnicornis Xue, 1996
-Eyes covered with thick ciliae, fronto-orbital plates without ors…………6
6. Frontal vitta twice as wide as fronto-orbital plates; hind tibia with 3 av …
……………………………………………Phaonia nudiseta (Stein, 1907)
-Frontal vitta disappeared in the middle, with a sew only; hind tibia with 4 av......7
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7. Calypters white and slightly yellow, halter brown yellow; fore tibia 
with 1-2 p, mid tibia with 2 ad………………Phaonia hirtirostris (Stein, 1907)

-Calypters blackish, margin of calypter and halter black; fore tibia with 
6-7 p, mid tibia with 4 ad…Phaonia nigrinudiseta Xue and Zhang, 1996

8. Fore tibia without medial p, hind tibia red-brownish, half of distal hind 
tibia with 2 pd, which are equal in length……………………………………

……………………………………Phaonia dupliciseta Ma and Cui, 1992
-fore tibia with medial p, hind tibia black, with 1 pd or absent……………9
9. the longest arista hair at most half of postpedicel width………………10
-the longest hair length at least two thirds of postpedicel width………12
10. Mid tibia without ad, frons subequal in width to anterior ocellus…………
.................................................... Phaonia niximountaina Xue and Yu, sp. n.
-Mid tibia with ad 1, frons at least twice as wide as anterior ocellus.…11
11. The longest arista hair length one fifth of postpedicel width, frons 

twice as wide as anterior ocellus, calypters white to light yellow, halter brown, 
hind tibia with 3 av………….……Phaonia curvisetata Xue and Yu, sp. n.

-The longest arista hair length half of postpedicel width, frons subequal 
in width to outer margin of posterior ocellus, calypters yellow, halter 
orange, hind tibia with 2 av……Phaonia paucispina Feng and Cui, 1988

12. parafacial slightly wider than postpedicel; calypters brown………………
………………………………Phaonia cercoechinata Fang and Fan, 1986
-parafacial 1.5 times as wide as postpedicel, calypters dirt white………
……………………………Phaonia cercoechinatoida Feng and Ma, 2002
13. Halter yellow, fronto-orbital plate adjoined in medial…............................
…...............................................Phaonia consobrina Zetterstedt, 1838
-Halter brownish black, fronto-orbital plate not adjoined in medial…......................
.........................................……….Phaonia cercoechinatoida Feng and Ma, 2002
14. Post dc 3………………......………………Phaonia subpilipes Xue and Yu, sp. n.
-Post dc 4………….………….........………………….……………………15
15. Fore tibia with 1 medial p…..………Phaonia pilipes Ma and Feng, 1986
-Fore tibia with 2-3 medial p……………........…………………………16
16. Scutum only with one inconspicuous medial vitta....................................
……...........................………..Phaonia spuripilipes Fang and Fan, 1992
-Scutum covered with 4 distinct black vittae…………............…………17
17. Frons about equal to postpedicel in width................................................
..........................................................Phaonia gergetica Zinovjev, 1994
-Frons about equal to half of postpedicel in width….............................18
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18. Frons equal in width to anterior ocellus, prementum 4 times as long 
as height, abdomen sparsely covered with pruinosity…...............................

……….......................................Phaonia holcocerca Feng and Ma, 2000
-Frons equal in width to or slightly narrower than twice of anterior 

ocellus, prementum 3 times as long as height, abdomen covered with 
dense pruinosity……………………..……..Phaonia hesperia  feng, 2004

Descriptions of new species 

Phaonia curvisetata Xue and Yu, sp. n. (Figs. 2-5)

Figs. 2-5. Phaonia curvisetata Xue and Yu, sp. n. (holotype). 2. Male abdomen (dorsal view). 3. Male 
sternite 5 (ventral view). 4. Male cerci (posterior view). 5. Male terminalia (profile view). Scales: 2, 1.0 
mm; 3, 0.5 mm; 4, 0. 5 mm; 5, 0. 5 mm. Male: Body length 7.1-8.1 mm.

Head: Eyes covered with thick medium long brownish-yellow ciliae; frons about 
twice as wide as anterior ocellus, fronto-orbital plates touching, frontal vitta just situated 
one third of prementum; fr 10-11 pairs, expending to both sides of anterior ocellus, 
the upper 3-4 pairs short and small, without ors; fronto-orbital plate and gena covered 
with light grey pruinosity, parafacial wide, covered with copper-grey pruinosity, about 
1.5 times as wide as postpedicel; antenna black, postpedicel 1.8-2.0 times as long as 
width, arista short haired, the longest hairs shorter than basal diameter of arista; facial 
carina low, vibrissal angle situated in front of frontal angle in profile; anterior margin 
of gena with 1-2 rows of subvibrissal setae, gena as high as about two fifths of eye, 
genal and postgenal hairs entirely black; proboscis long, prementum sparsely covered 
with pruinosity, 5.0 times as long as wide, palpus thin and long, slighty shorter than 

2 3

4 5
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the length of prementum, labellum long, about twice as long as prementum, without 
distinct prestomal teech.

Thorax: Black in background color, covered with light-grey pruinosity; scutum with 
4 black vittae, the inner vittae not reaching scutoscutellar suture; scutellum black; acr 
0+1, dc 2+4, ial 0+2, pra long and strong, about twice as long as posterior notopleural 
seta; notopleuron and katepimeron with hairs, the lower and flank of scutellum, 
basisternum of prosternum and meron all bare; katepisternal setae 1+2, spiracle big, 
anterior spiracle brown, posterior spiracle dark brown.

Wings: Brownish, with basal of wings brown, wing veins fuscous, basicosta black, 
costal spine slightly shorter than length of r-m, dorsal and ventral of radial node bare, 
R4+5 and M straight in terminal, the surroudings of r-m and dm-cu not clouded; calypters 
white to light-yellow and haltere brown.

Legs: Entirely black; fore tibia with 2 medium p and 1-2 pv, mid femur without 
distinct av, pv row complete, 5-6 setae strong on basal half, mid tibia with 1 ad and 
3-5 pd, sub-medium pv 1; hind femur with complete av row, becoming long and strong 
apically, 5-6 long and strong pv on basal half; hind tibia with 3 av, 5-6 ad in basal two 
thirds, 2 setae strong in distal, 1 pd in sub-basal, 5-7 setae behind the medium of hind 
tibia, without apical pv; claws and pulvillus long and strong, subequal in length to fifth 
tarsomere, middle and hind legs slightly short, subequal in length to fourth tarsomere. 

Abdomen: Black, sparsely covered with blue-grey pruinosity, tergite 3 with wide 
laddered patches, tergite 4 with black regular triangled patches, tergite 5 with black 
medial vitta, both sides without shining patch, vitta gloss black, sternite 1 bare.

Female: Unknown.
Etymology: The specific name refers to the male cerci with most setae curve.
Diagnosis: This new species is similar to P. paucispina Feng and Cui, 1988, but 

differs from it in male characters: frons about twice as wide as anterior ocellus (frons as 
wide as outer margin of posterior ocellus in P. paucispina); wing brown on base (wing 
yellow on base in P. paucispina); halter brown (halter red yellow in P. paucispina); 
hind femur with 5-6 long and strong pv on basal half (hind femur with a row of pv 
completely in P. paucispina), cerci setae fringe-shaped curve (cerci setae stright in 
P. paucispina), anterior margin of cersus being curved backward in profile (anterior 
margin of cersus slightly stright in profile in P. paucispina), distal of free part wide (distal 
of free part thin and long in P. paucispina), inner margin without hair (inner margin 
with hairs in P. paucispina), posterior margin of surstylus curve in profile (posterior 
margin of surstylus stright in profile in P. paucispina). This new species is also similar 
to P. niximountaina, sp. n., but it differs from the latter in male characteristics: frons 
about twice as wide as anterior ocellus (frons subequal in width to anterior ocellus in 
P. niximountaina), gena about two fifths of eyes in height (gena about one fourth of 
eyes in height in P. niximountaina), prementum 5.0 times as long as width (prementum 
4 times as long as width in P. niximountaina), calypters white to light yellow (calypters 
yellow in P. niximountaina), mid femur without distinct av (mid femur with av row in 
P. niximountaina), mid tibia ad 1 (mid tibia without ad in P. niximountaina), hind tibia 
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with 5 to 6 ad in basal two thirds (hind tibia with 2 ad in P. niximountaina), distal of 
cersus wide (distal of cersus narrow in P. niximountaina), anterior margin of cersus 
being curved backward in profile (anterior margin of cersus slightly stright in profile 
in P. niximountaina), posterior of surstylus without hairs (posterior of surstylus with 
hairs in P. niximountaina).

Material examined: Holotype. 1♂ (IESNU), China, Mount Moirigkawagarbo (27.0237º N, 99.2607º 
E; 2500 m), Yunnan Province, 2500 m, 30.05.2013, Yu Teng. Paratypes. 20♂♂ (IESNU), same data as 
holotype; 9♂♂ (IESNU), China, Mount Baimang, Yunnan Province, 4400 m, 30.05.2013, Sun Hongkui; 8 
♂♂ (IESNU), China, Mount Baimang, Yunnan Province, 4400 m, 30.05.2013, Zhang Xiang.

Phaonia niximountaina Xue and Yu, sp. n. (Figs. 6-13)

Figs. 6-13. Phaonia niximountaina Xue and Yu, sp. n. (holotype). 6. Male abdomen (dorsal view). 7. Male 
sternite 5 (ventral view). 8. Male cerci (posterior view). 9, Male terminalia (profile view). 10. Female, 
spermatheca. 11. Female, sternites 1-5. 12. Female, ovipositor (dorsal view). 13. Female, ovipositor 
(ventral view). Scales: 6, 1.0 mm; 7, 0.5 mm; 8, 0.5 mm; 9, 0.5 mm; 10, 0.2 mm; 11, 1.0 mm; 12, 1.0 
mm; 13, 1.0 mm.

Male: Body length: 7.8-8.2 mm.
Head: Eyes covered with thick long brown ciliae, frons subequal in width to  anterior 

ocellus, fronto-orbital plate touching in middle, fr 11-12 pairs, reaching level of anterior 
ocellus, 5 short pairs of fr on upper half, subequal in length to ciliae of eyes, without 
ors; fronto-orbital plate, parafacial and gena covered with brown pruinosity, parafacial 
with a big golden-yellow patch at base of antenna, parafacial about 1.5 times as wide 
as flagellomere 1; antenna black entirely, flagellomere 1 about 1.8-2.0 times as long 

6 7 8

9 10 11 12 13
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as wide, arista with short ciliae, longest hairs about 1.5 times as long as width of basal 
diameter of arista; epistoma situated in front of frontal angle, anterior margin of gena 
with 2-3 rows of subvibrissal setae; gena about one fourth of eye height, hairs on 
dorsal occiput and postgena black; prementum pruinose, 4.0 times as long as wide; 
palpus black, longer than prementum.

Thorax: Black in background, sparsely covered with grey pruinosity, scutum with 
4 wide black vittae, 0+1 acr, 2+4 dc, 0+2 ial, pra subequal to posterior notopleural 
seta, scutellum black, lateral and lower scutellum bare, notopleuron and katepimeron 
with hairs, basisternum of prosternum, anepimeron and meron all bare, spiracles dark 
brown, 1+2 katepisternal.

Wings: Veins brown, basicosta black; costal spine short and small, radial node 
bare, surrouding of r-m and m-m distinctly clouded; r4+5 and m1+2 straight, calypter 
yellow and halter dark brown.

Legs: Entirely black, fore tibia without long ventral hair, 2 p, 2 pv, apical pv strong, 
as long as two thirds of tibia length, mid femur with haired av row, pv row complete 
and long, mid tibia without ad, but with 4 p, 1-3 pv; hind femur with av complete row 
of av, pv row on basal half, hind tibia with 3 av, 2 ad, 1 pd, without apical pv.

Abdomen: Black, oviform in dorsal view, covered with yellow pruinosity, tergite 
3 with black laddered patches, tergite 4 with black medial triangled patches, tergite 
5 with black medial vittae, posterior margin of tergite 3, 4 and distal half of tergite 5 
without patch, abdomen with thick long hairs, without spark patch, sternite 1 bare.

Female: Forns two fifths of head width, or 1, fronto-orbital plates with small setae; 
both fore and mid tibia with 2ad, tergite 3-5 medial to both sides with wide and oblate 
triangled patches, other characters same as male.

Etymology: The specific name refers to the type locality.
Diagnosis: This new species is similar to P. paucispina Fang and Cui, 1988, but 

differs from it in male characters: the longest arista hairs 1.5 times as long as the 
arisa basal diameter (the longest arista hairs length half of postpedicel width in P. 
paucispina), gena about one fourth of eyes in height (gena about half of eyes in 
height in P. paucispina), veins brown (veins brownish in P. paucispina), halter fuscous 
(halter red yellow in P. paucispina), mid tibia without ad (mid tibia with 1 ad in P. 
paucispina), hind femur with pv row on basal half (hind femur with pv row completely 
in P. paucispina), hind tibia with 3 av (hind tibia with 2 av in P. paucispina), posterior 
of surstylus with hairs (posterior of surstylus without hairs in P. paucispina), surstylus 
protuberant backward distinctly (surstylus protuberant backward in P. paucispina).

Material examined: Holotype. 1♂ (IESNU), China, Yunnan Province, Mount Luquan (25.0458º N, 
102.7100º E; 4100 m), 04.06.2000, Li Fuhua. 1♀ (IESNU), same data as holotype. Paratypes. 4♂♂ 
(IESNU), 1♀ (IESNU), same data as holotype.

Phaonia subpilipes Xue and Yu, sp. n. (Figs. 14-21)
Male. Body length 6.5-7.3mm.
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Head: Eyes covered with long ciliae; frons about 2.5 times as wide as anterior 
ocellus, frontal vitta black, wider than fronto-orbital plate; 9-10 pairs of fr, expending to 
both sides of anterior ocellus, upper 4 pairs short and small, without ors; fronto-orbital 
plate, parafacial and gena with grey pruinosity; parafacial about 1.3 times as wide as 
flagellomere 1; antenna black, flagellomere 1 about 2.5 times as long as wide; arista 
long plumose, longest hairs about 1.3 times as long as flagellomere 1 wide; facial 
carina low, vibrissal angle situated in front of frontal angle in profile; anterior margin of 
gena with 2-3 rows of subvibrissal setae; gena about one third of eyes height, genal 
and postgenal hairs all black; proboscis short, prementum ruinose, about 2.5 times 
as long as wide; palpus black, subequal in length to prementum, labellum large.

Figs. 14-21. Phaonia subpilipes Xue and Yu, sp. n. (holotype). 14. Male abdomen (dorsal view). 15. Male 
sternite 5 (ventral view). 16. Male cerci (posterior view). 17. Male terminalia (profile view). 18. Female, 
spermatheca. 19. Female, sternites 1-5. 20. Female, ovipositor (dorsal view). 21. Female, ovipositor 
(ventral view). Scales: 14, 1.0 mm; 15, 0.5 mm; 16, 0.2 mm; 17, 0.2 mm; 18, 1.0 mm; 19, 1.0 mm; 20, 
1.0 mm; 21, 1.0 mm.

Thorax: Black in background color, covered with grey pruinosity; scutum with 4 
black vittae; scutellum black; 0+1 acr, 2+3 dc, 0+2 ial, pra long and strong, about 2.5 
times as long as posterior notopleural seta; notopleuron and katepimeron with hairs, 
lateral and lower margin of scutellum, basisternum of prosternum and meron bare; 
1+2 katepisternal setae; anterior spiracles brown, posterior spiracles dark-brown.

Wings: Slightly hyaline, veins brown, basicosta black; costal spine distinct; radial 
node entirely bare in dorsal and ventral view, r4+5 and m1+2 straight; surroudings of r-m 
and m-m not clouded; calypters white to light-yellow and halteres yellow. 

Legs: Entirely black; fore tibia with 2 medium p; mid femur without distinct av, a row 
of long and large pv on basal half; mid tibia with 3 p, 2 pv; hind femur with complete 

14 15 16 17

18 19 20 21
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av row, becoming long and strong apically, without pv; hind tibia with 6-7 av, complete 
ad row, distal part 2-3 setae slightly long and strong, with 1 ad in distal quarter, with 
1-2 additional short subbasal ad, without apical pv; claws and pulvilli short and small, 
tarsi longer than tibiae. 

Abdomen: Black, oviform in dorsal view, covered with blue-grey pruinosity, without 
distinct shifting patch; tergite 3-5 with black medial vitta, both sides of vittae with large 
medial patch, sternite 1 bare.

Female. Body length 6.5-7.5 mm. Frons about one third of head in width, frontal 
vitta about 4.0 times as wide as fronto-orbital plates, fr 5-6 pairs, ors 2 hypsokinesis, 
frontal triangle reaching one third lower of frons, parafacial about 1.3 times as wide 
as flagellomere 1; gena about two fifths of eye in height; katepimeron without hair or 
without hair on one side; fore tibia with 1 medium p, mid femur without av row, with 
thin and long pv on basal half, mid tibia with 1 pv; mid tibia with 4-5 av, 3-4 ad. Other 
main characters same as male.

Etymology. The specific name refers to similar P. pilipes Ma and Feng, 1986.
Diagnosis. This new species is similar to P. pilipes Ma and Feng, 1986, but it 

differs from the latter in having 3 posterior dc  (4 posterior dc in P. pilipes); hind femur 
without pv (with a row of pv in P. pilipes); hind tibia with a row of ad (2 rows of ad in P. 
pilipes), abdomen medial vitta 1.5 times as wide as tibia diameter width (half of tibia 
diameter width in P. pilipes); free part of cerci with 2 pairs of long setae (free part of 
cerci with a pair of long setae in P. pilipes), anterior lateral margin of cerci distinct 
bend forward in lateral view (anterior lateral margin of cerci slightly straight in lateral 
view); the inner margin of cerci distinct projecting in lateral view (the inner margin of 
cerci indistinct projecting in lateral view).

Material examined:  Holotype. 1♂ (IESNU), China, Mount Duoxiongla (29.4919º N, 94.9283º E; 
3600-4200 m), Tibet, 3600-4200 m, 08.08.2003, Wang Mingfu. Paratypes. 24♂♂ (IESNU), 14♀♀ 
(IESNU), same data as holotype.

Species distributions

Phaonia angustinudiseta Xue, 1996

Material examined: Holotype. 1♂, China, Hejing, Xinjiang, 2350 m, 22.05.1960, Wang Shuyong. 
Paratypes. 2♂♂, same data as holotype; 1 ♂, Mt. Tianshan, Xinjiang, 02.05.1960, Wang Shuyong.

Distribution: China: Xinjiang Uygur Autonomous Region (type locality: Hejing).

Phaonia cercoechinata Fang and Fan, 1986

Material examined: Holotype. 1♂, China, Mt. E’mei, Sichuan, 22.06.1984, Wu Jianyi, Paratypes. 1 
♂, Daocheng, Sichuan, 3950 m, 06.06.1982; 2 ♂♂, Xiangcheng, Sichuan, 3900-4000 m, 04.07.1982; 3 
♂♂, Mt. Moirigkawagarbo, Deqin, Yunnan, 4100 m, 29.07.1982; 1♂, Mt. Zhiben, yunlong, Yunnan, 3150 
m, 23.06.1981.

Distribution: China: Sichuan (type-locality: Mt. E’mei), Yunnan.
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Phaonia cercoechinatoida Feng and Ma, 2002

Material examined: Holotype. 1♂, China, Mt. Jiaoding, Hanyuan, Sichuan, 22.06.1987, Fengyan. 
Paratypes. 9♂♂, 3♀♀, same data as holotype; 3♂♂, Mt. E’mei, Sichuan, 02.06.1984, Fengyan; 4♂♂, Mt. 
Jiaoding, Sichuan, 26.06.1989, Li guangshi.

Distribution: China: Sichuan (type-locality: Hanyuan, Mt. E’mei), Tibet Autonomous   
Region.

Phaonia dupliciseta Ma and Cui, 1992

Material examined: Holotype. 1♂, China, Gulian, Mohe, Heilongjiang, 01.06.1979. Cui Changyuan.

Distribution: China: Heilongjiang (type-locality: Gulian). 

Phaonia grunnicornis Xue, 1996

Material examined: Holotype. 1♂, China, Xinghai, Mt. E’la, Qinghai, 4500 m, 03.06.1964, Wang 
Shuyong. 

Distribution: China: Qinghai (type-locality: Mt. Ela).

Phaonia hesperia Feng, 2004

Material examined: Holotype. 1♂, China, Mt. Jiaoding, Shuanyuan, Sichuan, 3550 m, 11.07.1988, 
Fengyan. Paratypes. 2♂♂, same data as holotype; 1♂, Mt. Tuanbao, Hanyuan, Sichuan, 2800 m, 
10.07.1988, Fengyan. 

Distribution: China: Sichuan (type-locality: Mt. Jiaoding).

Phaonia hirtirostris (Stein, 1907)

Material examined: Authors didn’t see specimens. (Hennig, 1964)

Distribution: China: Ningxia, Sichuan, Tibet Autonomous Region (type-locality: 
Amdo); Russia, Uzbekistan, Kyrghyzstan.

Phaonia holcocerca Feng and Ma, 2000

Material examined: Holotype. 1♂, China, Mt. Erlang, Sichuan, 2790 m, 01.07.1988, Feng Lifu.

Distribution: China: Sichuan (type-locality: Mt. Erlang), Yunnan.

Phaonia nigrinudiseta Xue and Zhang, 1996

Material examined: Holotype. 1♂, China, Mt. Geladandong, Qinghai, 5080, 13.06. 1990, Zhang 
Xuezhong.

Distribution: China: Qinghai (type-locality: Mt. Geladandong). 

Phaonia nudiseta (Stein, 1907)

Material examined: Authors didn’t see specimens. (Hennig, 1963) 

Distribution: China: Tibet Autonomous Region (type-locality: Amdo). 
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Phaonia paucispina Feng and Cui, 1988

Material examined: Holotype. 1♂, China, Huzhong, Heilongjiang, 12.07.1978, Cui Changyuan.

Distribution: China: Heilongjiang (type-locality: Huzhong). 

Phaonia pilipes Ma and Feng, 1986

Material examined: Holotype. 1♂, China, Mt. Erlang, Sichuan, 3100 m, 11.07. 1983, Fengyan.

Distribution: China: Sichuan (type-locality: Mt. Erlang).

Phaonia spuripilipes Fang and Fan, 1992

Material examined: Holotype. 1♂, China, Mt. Moirigkawagarbo, Deqin, Yunnan, 3350 m, 22.07.1982, 
Zhang Xuezhong.

Distribution: China: Yunnan (type-locality: Mt. Moirigkawagarbo). 

Phaonia subnudiseta Xue, 1996
Material examined: Holotype. 1♂, China, Batang, Yushu, Qinghai, 4600 m, 14. 

06.1964, Wang Shuyong.
Distribution: China: Qinghai (type-locality: Yushu, Batang). 

Phaonia consobrina Zetterstedt, 1838

Material examined: Authors didn’t see specimens. (Zetterstedt, 1838)

Distribution: Sweden (type-locality: Västerbotten, Lapland), Denmark, Russia.

Phaonia gergetica Zinovjev, 1994

Material examined: Authors didn’t see specimens. (Zinovjev, 1994) 

Distribution: Russia (type-locality: Caucasus), Georgia.
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ABSTRACT
Urbanization generally leads to reduced biodiversity of insects, mainly native species. Knowing the 

structure of natural enemy communities is important because of the significant role they play as biological 
control agents of herbivores. Here, we evaluated the influence of urbanization on the complex of natural 
enemies of the aphid Aphis gossypii (Hemiptera Aphididae), which feeds on the flowers of jacaranda 
(Jacaranda mimosifolia, Bignoniaceae). Seven sites with different urbanization levels were selected in 
the city of Córdoba (central Argentina) and three jacaranda trees with aphids were sampled in each site. 
Diversity, a and relative contribution of native and alien species were estimated. In general, the results 
indicate that urbanization did not have a significant effect on the community of natural enemies, with 
species richness showing a marginally significant increase with increasing urbanization levels. Although a 
similar richness of native and alien species was recorded across sites, 80% of natural enemy abundance 
belonged to alien species. Aphid populations were found to increase with increasing level of urbanization, 
but this variable did not have an influence on natural enemies. The dominance of alien and/or generalist 
species resistant to disturbances might account for the lack of relationship between urbanization and 
structure of natural enemy communities.

Key words: Aphids, parasitoids, predators, hyperparasitoids, urbanization.

INTRODUCTION
Urban environments are complex heterogeneous and disturbed systems, 

characterized by reduced and isolated natural habitats, high pollution levels, elevated 
temperatures, compacted soils and great amounts of concrete, among other features 
(Pickett et al., 2011; Jones and Leather, 2012). In general, these conditions have 
negative effects on different groups of terrestrial animals (McKinney, 2008), including 
insects (Kotze et al., 2011; Jones and Leather, 2012), causing declines in abundance 
and species richness and producing changes in community structure, such as 
increased dominance of alien (McKinney, 2002; McDonald et al., 2013), opportunistic 
and generalist species (Faeth et al., 2005). Alien species sometimes replace native 
ones faster than they are lost (McKinney, 2008); hence, urbanization may favor an 
increase in biodiversity at the local scale (Frankie and Ehler, 1978; Niemelä, 1999). 
The process of replacement of local biotas by nonindigenous and locally expanding 
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species that can co-exist with humans is known as biotic homogenization (McKinney and 
Lockwood, 1999). This process promotes the geographical expansion of some species, 
the “winners”, and the geographical reduction of others, the “losers” (Baskin, 1998).

Natural enemies, predators and parasitoids, play a fundamental role in the control 
of insect herbivores in urban habitats (Losey and Vaughan, 2006; Kotze et al., 2011). 
However, little is known about the effects of urbanization on parasitoids (reviewed 
in Fenoglio and Salvo, 2010) as well as on predatory species belonging to families 
other than Carabidae (Denys and Schmidt, 1998; Zanette et al., 2005; Ferrante et al., 
2014) and, to date, there is no evidence of the impact of urbanization on secondary 
parasitoids (hyperparasitoids). Natural enemies, belonging to higher levels of the 
food chains, are particularly sensitive to habitat fragmentation (Hunter, 2002), even 
to that resulting from urbanization. Primary parasitoids may be negatively affected by 
urbanization or not affected at all (reviewed in Fenoglio and Salvo, 2010), whereas 
predatory carabid beetles might exhibit declines in species richness with increasing 
urbanization (Martinson and Raupp, 2013). 

In the present research we assessed the effects of urbanization on the complex of 
natural enemies (predators, parasitoids and hyperparasitoids) of the aphid Aphis gossypii 
Glover, 1877 (Hemiptera Aphididae) present on Jacaranda mimosifolia D. Don, 1822 
(Bignoniaceae) trees in Córdoba city, Argentina. Many aphid species are considered 
pests of crops and ornamental plants and their abundance, as in other herbivores, often 
increases with increasing levels of urbanization (Raupp et al., 2010). Among their natural 
enemies, the alien species ladybird Harmonia axyridis (Pallas) has shown great potential 
as a biological control agent of A. gossypii (Flores Macías et al., 2010). However, H. 
axyridis has been categorized as an invasive alien species in different parts of the world 
because it displaces native species (Martins et al., 2009; Roy et al., 2012), which may be 
happening also in Argentina (Saini, 2004). Therefore, studying the community structure of 
natural enemies of aphids in cities is important in order to develop managing strategies 
of pest herbivores but also for conservation of beneficial native insects.

Here we evaluated α-diversity of natural enemies and the proportion of native and 
alien species, and examined possible differences in species composition (β-diversity) in 
relation to the urbanization level in a city. To discard possible indirect effects of urbanization 
(mediated through changes in herbivore abundance) on natural enemy communities 
(Koricheva, 1994), we also estimated the effect of urbanization level on aphid abundance 
and, therefore, its impact on the third trophic level. We expect a higher a-diversity of natural 
enemies in sites with lower urbanization due to a higher dominance of native species. 
In addition, we expect a decrease in b-diversity at higher levels of urbanization mainly 
due to a higher presence of few alien species resistant to environmental disturbances.

MATERIALS AND METHODS

Study area
The present study was conducted in the city of Córdoba, located in central Argentina 

(31° 20’ S 64° 10’ W, 440 masl). The city covers an area of 562 km² (Dirección de 
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Catastro Córdoba, 2007) and has a population of 1,330,023 inhabitants (INDEC, 2010). 
Seven sites with different urbanization indices, located along a 10-km northwest to 
southeast transect, were selected from 18 sites previously used by Fenoglio et al. 
(2009). The selection of sites was based on two criteria: 1) that represented an effective 
gradient of urbanization based on the index (Fig. 1), 2) that jacaranda trees were 
infected with aphids at the period of the sampling. The urbanization index corresponds 
to the inverse of the first ordination axis of a Principal Component Analysis (PCA) 
based on several urbanization variables (distance from the city core, vehicular traffic, 
garden surface, vegetation coverage, ground temperature), which accumulated 74% 
of the variance. The index corresponding to the sites here used varied from -1.84 
(least urbanized) to 4.16 (most urbanized).

Fig. 1. Location of sampling sites arranged in increasing order of urbanization (sites 1 to 7) in Córdoba 
city (Argentina).

Study system
The host plant J. mimosifolia, commonly known as “jacaranda”, is a subtropical 

tree widely present in cities, with deciduous foliage and large blue-violet flowers, 
grouped in panicles, which bloom in October in the study area (Dimitri, 1980). The 
aphid A. gossypii is a polyphagous herbivore with cosmopolitan distribution (Delfino 
et al., 2007; Flores Macías et al., 2010), which attacks crops and ornamental plants 
(Margaritopoulos et al., 2006). In Córdoba city, it is associated with jacaranda trees, 
among several other plant species (Delfino and Buffa, 2008). Aphids have a varied 
fauna of natural enemies, comprising predators (Coleoptera, Neuroptera and Diptera) 
and primary parasitoids and hyperparasitoids (Hymenoptera).

Sampling
During October and November 2012, three jacaranda trees attacked by A. gossypii 

were selected at each site, with the exception of two sites where only one and two 
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jacaranda trees with aphids were found. The selected trees were similar on their age 
and architecture (estimated as trunk diameter at breast height, ranging from 100 to130 
cm, and a height between 3-5 m), and no chemical treatment was applied to them. In 
cases where more than three attacked trees were observed, focal trees were selected 
based upon their foliage accessibility (canopy height not longer than the length of 
the pruning scissor which was of 7 m), and separated from each other by a distance 
equal to or greater than 100 m. In each tree, 20 inflorescences of about 30 cm in 
length were selected at random around the outline of trees, located between 1 and 7 
m in height, to account for the abundance of aphids and their natural enemies. Aphid 
colonies are aggregated; hence, to facilitate quantification of A. gossypii abundance, 
an index proposed by Yokomi and Tang, (1996) was used. Thus, aphid samples were 
classified as follows: 0 = no aphids; 1 = 1-20 aphids; 2 = 21-50 aphids; 3 = 51-100 
aphids; 4 = 101-200 aphids; 5 => 200 aphids. Then, the abundance of aphids was 
estimated in each sample using the midpoints of the above categories: 0, 10, 35, 75, 
150 and 300, respectively, following Yokomi and Tang (1996).

To determine species richness and abundance of natural enemies, other five 
inflorescences of about 30 cm in length were randomly taken, placed in labeled plastic 
bags and transported to the laboratory where material was bred. The inflorescences 
were placed in a vase containing water to keep them hydrated, all inside a plastic 
container of 30 cm in height and 30 cm in diameter covered with a plastic mesh to allow 
proper ventilation. The immature stages of natural enemies were maintained at 18°C 
-22°C temperature, 55%- 68% R.H., and 12L:12D photoperiod, and were fed daily 
with A. gossypii individuals, until they reached the adult stage. Adults were placed in 
tubes with 70% ethanol. Species were identified using dichotomous keys (Gonzalez 
2006; Zumoffen et al., 2015) and the assessment of a specialist (Dr. Leticia Zumoffen, 
INTA Rafaela). The origin and the feeding habit of natural enemies were obtained from 
literature (Weems 2004; Gonzalez 2006; López et al., 2012) and the assessment of 
a specialist (Dr. Leticia Zumoffen, INTA Rafaela). The specimens were deposited in 
the Collection of Entomology Department, National University of Córdoba, Argentina. 

The following variables related to natural enemies were estimated for each site: 
α-diversity measured through species richness (total number of species found in the 
period sampled), abundance (total number of individuals found in the period sampled) 
and Shannon index; relative richness of native species; relative abundance of native 
species and β-diversity estimated by the quantitative Sorensen index. The δ-diversity 
was measured as the total number of natural enemies found throughout the study sites. 

Statistical analyses
The effect of urbanization on the natural enemies of the aphid A. gossypii 

was evaluated using simple linear regression analyses, considering the index of 
urbanization as the independent variable and a-diversity, relative richness and 
abundance of native species as dependent variables. Richness was estimated using 
the rarefaction method with the package vegan in R 2.9.2 statistical software (R 
Core Team, 2010), which enables the comparison of samples with different numbers 
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of individuals (Magurran, 2004). Moreover, to discard possible indirect effects of 
urbanization on natural enemies due to changes in resource availability, we first 
examined whether aphid abundance varied according to the urban gradient and then 
if/how resource abundance influenced indicators of diversity. It was not possible to 
perform multiple linear regression analysis due to the limited number of degrees of 
freedom available and multicollinearity problems (Graham, 2003). In all cases, a was 
of 0.05, although probability values ranging between 0.05 and 0.1 were considered 
marginally significant.

The effect of urbanization on the composition of natural enemies in different sites 
was evaluated using a partial Mantel test (Legendre and Legendre, 1998) between the 
distance matrix of Sorensen, expressed as the additive inverse (1 - Sorensen index) 
and the Euclidean matrix of urbanization distances (expressed as the differences 
between sites in terms of their urbanization index), controlling for geographical 
distances between sites (expressed in km). This analysis was performed using the 
vegan package in R software.

RESULTS
The 90 jacaranda inflorescences sampled held 230 individuals corresponding to 14 

species of natural enemies (δ-diversity) associated with the aphid A. gossypii (Table 
1). Predators made the greatest contribution (72%) to the species richness of natural 
enemies. In terms of abundance, primary parasitoids and hyperparasitoids together 
were the group most abundant with 66% of all natural enemies (Table 1). Among the 
predators, H. axyridis was the dominant species. The species richness of natural 
enemies associated with A. gossypii showed a slight increasing trend at sites with 
high urbanization level (Table 2 and Fig. 2a). The same trend was observed for the 
richness corrected by rarefaction (Table 2). On the other hand, neither abundance nor 
Shannon index of natural enemy community changed with the urban gradient (Table 
2). Although abundance of aphids significantly increased as the level of urbanization 
increased (Table 2 and Fig. 2b), none of the variables indicative of a-diversity were 
related to aphid abundance (Table 2).

In terms of richness, a similar proportion of native and alien species associated 
with A. gossypii was recorded (Table 1 and Fig. 3); however, when considering the 
abundance, more than 80% of individuals belong to alien species (Fig. 3). Moreover, 
most of these alien species were present in a high proportion of the studied sites 
(Table 1). Both relative richness and abundance of native natural enemies per site 
were less than 41% and showed no significant changes in relation to the urbanization 
index or the abundance of aphids (Table 2).

The Partial Mantel test showed that species composition of natural enemies 
evaluated through β-diversity (Sorensen distances) was independent of the level of 
urbanization (rM = 0.22, p = 0.19).
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Table 2. Parameters of the regression analyses performed for different variables of the natural enemy 
community associated with A. gossypii in relation to the urbanization index and aphid abundance. 
Significant and marginally significant P-values are in bold.

Response variable
Urbanization index Aphid abundance

F 1,5 P R F1,5 P R

Species richness 4.32 0.09 0.46 2.03 0.21 0.29

Rarefied species richness 4.79 0.08 0.49 - - -

Species abundance 0.32 0.59 0.06 <0.01 0.99 <0.01

Shanon index 2.61 0.17 0.34 0.16 0.70 0.03

Relative richness of native species 3.30 0.13 0.40 0.98 0.37 0.16

Relative abundance of native species 1.05 0.35 0.17 <0.01 0.98 <0.01

Abundance of aphids 11.96 0.02 0.71 - - -
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DISCUSSION AND CONCLUSION
Overall, our results show that urbanization does not have significant effects on the 

natural enemy community of the aphid A. gossypii. Two of the indicators here used to 
determine a-diversity of natural enemy communities (abundance and Shannon index) 
showed no significant changes along the urban gradient (urbanization index), which is 
in disagreement with our predictions. However, species richness showed a marginally 
significant increase with increasingly urbanized sites of the city, regardless of aphid 
abundance. Generalist and/or alien natural enemy species, such as those found in 
our study (Table 1), tend to have higher tolerance to disturbance than specialists 
and/or native ones (Forbes and Kendle, 1998) and therefore are likely to prevail in 
areas of increased urbanization (Kotze et al., 2011, Burkman and Gardiner, 2014). 
Moreover, studies focusing on other group of predators such as carabid communities, 
found an increment of species richness in urban habitats, which was attributed to the 
dominance of generalist and open-habitats species (Magura et al., 2004, 2010; Elek 
and Lovei, 2007). In our study, all the found natural enemies are generalist species 
(i.e. they consume more than one host/prey genus), which could explain the increase 
in species richness at sites of increased urbanization.

Native species are usually the most negatively affected by increasing urbanization, 
whereas alien species may even be benefited by urban environments (McKinney, 
2006). In our system, alien natural enemies were clearly dominant, mainly represented 
by all parasitoid and hyperparasitoid species, and most of predator species of the 
Coccinellinae subfamily. In a literature review, Faeth et al., (2005) found that in urban 
environments the relative abundance of most of the alien species show a tendency to 
increase at the expense of the native ones. In our work, the values ​of relative richness 
and abundance of native natural enemies were low (less than 41% in both cases) 
and similar across sites, revealing that alien species were dominant even in those 
city sites with low levels of urbanization. In line with these results, the similarity of the 
complexes of A. gossypii natural enemies between sites represented by b-diversity 
did not depend on the level of urbanization.

In the particular case of ladybirds, the dominance of alien species was even more 
evident, since highly competitive alien species were present in all sites. Species like 
H. axyridis may be displacing (Alyokhin and Sewell, 2004; Saini, 2004; Roy et al., 
2012) native species such as C. ancoralis and S. rubicundus, which were present 
at very low abundances in only one and two sites, respectively. Available evidence 
suggests that H. axyridis is an intraguild predator (Roy et al., 2012) that would cause 
detrimental effects on smaller species, like the native ones mentioned above (Mirande 
et al., 2015). Moreover, notably Eriopis connexa Germar (Coleoptera: Coccinellidae) 
has not been found in any of the sites, although individuals of this species were 
frequently collected in the city of Córdoba in previous years (as observed in labels of 
the several specimens deposited in the Collection of the Department of Entomology, 
National University of Córdoba). 
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As expected, the abundance of A. gossypii increased with the level of urbanization; 
indeed, due to the biological characteristics of aphids (small body size, sucking 
mouthparts, limited mobility and multiple generations in the same host plant), and 
to features of the urban environment (e.g. high temperatures, stressed plants and 
pollution), they would benefit from disturbance (Braun and Flückiger, 1985; Raupp 
et al., 2010; Dale and Frank, 2014). However, the increase in prey abundance was 
not related to natural enemy species diversity, but we cannot completely discard an 
effect of urbanization mediated by the availability of resources, since the whole aphid 
community developing in other plant species was not sampled.

In conclusion, the community of natural enemies of A. gossypii was in general 
not affected by urbanization, either directly or indirectly via increased food resources 
in jacaranda trees. The absence of a relationship between indicators of community 
structure and the urban gradient could be explained by the numerical dominance of 
alien species, which are resistant to disturbance in all urban sites. Homogenization 
of the biota could be occurring in the urban environment, where native species are 
replaced by alien ones (McKinney, 2006). However, historical data on biodiversity 
necessary to confirm this hypothesis (Alvey, 2006) are not available for this system.

Beneficial insects play an important role as suppliers of ecosystem services such as 
biological pest control (Burkman and Gardiner, 2014) and have potential as biological 
indicators of environmental disturbance (McIntyre, 2000). Harmonia axyridis was the 
main natural enemy of A. gossypii in Cordoba city, but considering the invasive status 
of this species (Martins et al., 2009; Roy et al., 2012) it would not be suggested as a 
biological control agent from a diversity conservation point of view. We recommend 
continuing this line of research, incorporating a higher number of sampling sites in 
order to corroborate the present results and to provide new tools that improve both 
the management and conservation of these insects in urban environments. 
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Combinations of female-stage flower vs. control, male-stage flower vs. control, 
and female-stage flower vs. male-stage flower were tested for beetle attraction. The 
flow of air was regulated, using flow meters, at 0.5 - 0.7 l / min at the lower end of 
the T-tube. Insects were gently placed in the T-tube from the bottom individually, and 
observed for 5 min. When the insect reached one of the upper ends of the T-tube, 
their choice was recorded and the trial ended. All the flowers and insects were used 
for the experiment only once. The number of trials with each combination was about 
20. The tubes were replaced every time and carefully washed with water and ethanol, 
then dried naturally before the next use. Voucher specimens are deposited in the 
Insect Ecology Laboratory of Mie University. The obtained data were analyzed using 
a binomial test for the difference within the sex of beetle, and by Fisher’s Exact test 
for the difference in behavior between the two sexes of the beetle. The tests were 
performed with R 2.9.2 software (R Development Core Team, 2010).

RESULTS
In five of the total of 117 trials, the insects did not choose either of the two ends of 

the T-tube within 5 min. In consideration of this relatively small number, we omitted 
them from the analyses.

Both male and female individuals were significantly more likely to choose 
female-stage flower to controls (Fig. 3; p < 0.01, p < 0.001, respectively). Although male 
insects made more definitive choices than did the females, there was no significant 
difference between male and female insects.

For male-stage flowers, both male and female insects showed no statistically 
significant choices (Fig. 4). Although male insects were slightly more likely to choose 
flowers, while female insects were more likely to choose the control, there was no 
statistically significant difference in this behavior between the two insect sexes.

Finally, for the test between the flowers in the two stages, female-stage flowers 
were chosen over male-stage flowers by both male and female insects (Fig. 5;                             
p < 0.001, p < 0.05, respectively). There was no difference in this behavior between 
the two sexes of the insect.
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Fig. 3. Results of the choice test by male and female C. marginellus to the odor of a female flower or control.
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Fig. 4. Results of the choice test by male and female C. marginellus to the odor of a male flower or control.
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Fig. 5. Results of the choice test by male and female C. marginellus to the odor of a female flower and 
a male flower.

DISCUSSION
Our results clearly show that C. marginellus adults are attracted to the odor of 

female-stage flowers of atemoya in the evening, but at that time, they are not attracted 
to the odor of late-male-stage flowers. These results are consistent with the previous 
hypothesis, that in the atemoya and its relative’s pollination system, beetles are 
attracted to the flower during the female stage, remain in the flower, and are released 
during the male stage with pollen grains adhering to the surface of their body. The 
released beetles are then assumed to visit a new female-stage flower (Nadel and 
Peña, 1994). However, early male-stage flowers emit a strong odor that can also attract 
beetles (Podoler et al., 1984). Furthermore, Nadel and Peña (1994) noted that beetles 
do not escape from the male flowers immediately after the sexual phase change. Our 
preliminary observations showed the same results (unpublished). Nevertheless, this 
study has shown the conventional hypothesis of pollination for Annona fruit trees to 
be most likely true. Even though a floral odor is emitted from female and male-stage 
flowers from evening to early night, the timing of the disappearance of the odor might 
be slightly different; i.e., emission of odor during the female stage lasts longer, whereas 
that during the male stage ceases sooner. This difference appears to motivate beetles 
to move from male-stage flowers to female-stage flowers. Therefore, breeding and/or 
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cultivation techniques that ensure the disappearance of male odor while the female 
flower emits a strong odor may improve fruit set by beetle pollination.

Some cycad and relatively primitive angiosperms employ a push-pull or similar 
strategy to control insect behavior and achieve effective pollination (Terry et al., 2007; 
Teichert et al., 2011). Protogynous flowers typically emit an attractive odor during the 
female stage and emit a repelling odor at the late female stage, and then emit an 
attractive odor again in the male stage (Terry et al., 2007). In this study, however, we 
found no repellant effect of late male-stage floral odor. Instead, the attractiveness of 
the late male-floral odor was the same as that of the control (ambient air) (Fig. 2). 
We therefore suggest that the strong odor in the early male stage simply fades with 
the elapse of time.

The results of this study support the conventional hypothesis on beetle pollination 
behavior for cherimoya and atemoya (Gazit et al., 1982; Nadel and Peña, 1994). 
However, atemoya flowers seem to emit their odor usually only in the evening to 
the early night (Podoler et al., 1984), and occasionally in the morning (Tsukada, 
unpublished data). The flower apparently provides no rewards such as nectar or 
warmth. On the other hand, Podoler et al. (1985) recorded the longevity of a pollinator, 
Carpophilus hemipterus, to be greater with experience of contact with flowers than 
without. The reason for this has not been clarified. However, if this is applicable for 
all visitors, it might be the reason why the beetles stay for long periods in the flower 
after they have been attracted to the female-stage flowers.

Beetle attraction by floral odor is found also in other genera of the family Annonaceae 
(Andrade et al., 1996; Bernhardt, 2000; Gottsberger, 1977; 1989a; 1989b; 1999; 2012; 
Jürgens et al., 2000; Maia et al., 2012). In Asimina, the flower emits an odor that 
consists chiefly of esters, typical of fruit odors (Goodrich and Raguso, 2009). Since 
most flower-visiting nitidulid beetles found in Annona flowers are frugivorous (George 
et al., 1992; Tsukada et al., 2005), it is likely that flowers chemically mimic the odor 
of rotting fruit to lure frugivorous beetles (Peña et al., 2002; Goodrich et al., 2006).

 We found no significant difference between the two sexes of beetles in terms of 
attraction to the floral odor. Therefore, it is unlikely that males visit the flowers first by 
responding to the odor, and attract other individuals by their aggregation pheromone. 
Rather, beetles are attracted to the floral odor regardless of their sex. This can be 
confirmed by examining the distribution of beetles of each sex in flowers, in the field.

In the family Annonaceae, which are relatively primitive angiosperms, beetle 
pollination is most common, although thrips, flies, cockroaches and other insect 
species also pollinate certain plant species (Jürgens et al., 2000; Nagamitsu and 
Inoue, 1997; Saunders, 2012). Molecular phylogeny shows that pollination by small 
beetles such as nitidulid beetles is an ancestral trait in Annonaceae (Saunders, 2012): 
in the gymnosperm family Cycadaceae, which is a neighbor species to angiosperms 
(Schneider et al., 2002), beetles appear to be the most frequent pollinators (Kono 
and Tobe, 2007; Procheş and Johnson, 2009). Therefore, the sophisticated pollination 
system seen in Annona spp., although not specialized, seems to be common in 
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the early era of angiosperm evolution. However, because atemoya is a hybrid of 
cherimoya and sugar apple (Morton, 1987) that was developed only a century ago, 
natural selection is unlikely to have shaped the flowering behavior of this plant. Careful 
observation of sugar apple and cherimoya should therefore provide more information 
and lead to a better understanding of the evolution of pollination in Annona spp.
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ABSTRACT
Red palm weevil, Rhynchophorous ferrugineus (Olivier, 1790), (Coleoptera: Curculionidae) is the 

most dangerous pest for date palms in the Middle East, especially the Arab Gulf countries. The proboscis 
sensilla in males are studied by using Scanning Electron Microscopy (SEM) to assess the effect of gamma 
irradiation with different doses. Eight types of sensilla have been observed; four types of coeloconic 
sensilla (I, II, III, IV) are distributed on the lateral and frontal cuticular surface of the proboscis with a 
chemoreceptors function. Trichodea sensilla (I, II) and coeloconic sensilla (V) are concentrated on the 
dorsal surface of proboscis and are arranged in two rows to serve an olfactory and mechanosensory 
function. A very few number of squamiform sensilla (I) are scattered on the anterior-lateral side of 
proboscis to perform a mechanoreception function. Such malformation that gave rise to morphological 
structures of sensilla after exposing the pupae to the doses 10, 15, and 20 gray of gamma radiation are 
discussed. Irradiation with dose 10 Gy had a slight effect on the different types of sensilla as compared 
to the control, whereas at the radiation doses (15, 20 Gy) percentage of malformation are increased. The 
information gained from this study shows that the doses 15, 20 Gy have affected most types of sensilla 
and that the coeloconic sensilla (IV) are the only type that is not affected by any dose of irradiation.

Key words: Gamma radiation, R. ferrugineus, proboscis, sensilla.

INTRODUCTION
Infestations of red palm weevil (RPW) have been reported in over 50% of the date 

palm growing countries, sparing none in the Middle East (Faleiro, 2006). Injured trees 
release highly volatile compounds that attract male red palm weevils (Gunawardena 
et al., 1998). After their arrival, males secrete aggregation pheromones that attract all 
males and females. Transfer of date palm offshoots as planting material has played a 
major role in rapid proliferation of the pest in the Middle East (Abraham et al., 1998). 
RPW is considered as a wound parasite because infestation usually starts in the 
wounds. One of the main causes of wounds is the detachment of offshoots from the 
mother tree. Infestations, therefore, mostly occur in the lower part of the trunk, less 
than one-meter above the soil surface (Lukmah and Alquat, 2002).

J. Entomol. Res. Soc., 19(2): 53-65, 2017                                                       ISSN:1302-0250
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Chemical communication between insects and host plants is one of the aspects 
of insect chemoecology. By clarifying the mechanism of chemical communication 
between an insect and its host plant, chemoecological research provides the theoretical 
basis for integrated management. Receptors are the main tools of insect chemical 
communications and are mainly located in the antenna (Liu, 2006). Adult antennae 
of many insect species possess various types of sensilla with different functions that 
play important roles in various behaviors during adult life (Gao et al., 2007). Antennal 
sensilla, detecting various stimuli, are implicated in the recognition of food, hosts, or 
partners (Onagbola et al., 2008). Receptors adjust feeding preferences (De Bore, 
2006), recognize host plant odors (Skiri et al., 2005), and play important roles in insect 
survival. The types of sensilla on head and rostrum of RPW were studied by Sharaby 
and Al-Dosary (2006). They identified three types of sensilla; trichoid sensilla I, II and  
coeloconic sensilla. These sensilla may be recognized as pheromone-receptors or 
mechanoreceptors.

The main purpose of this paper is to describe the divergence in morphological 
characteristics of proboscis sensilla and their socket in males RPW by gamma 
irradiation, as a more careful step to understand the dynamic effect of rays on the 
chemical communication between insect-insect and insect-plant.

MATERIALS AND METHODS

Insects
Red palm weevil adults were obtained from cocoons collected from infested date 

palm trees in the Menasheet El Keram and Tel Bani Tamim-Qalyubia-Egypt. The 
maintained pupae are used in laboratory of Atomic Energy Authority-Inshas-Central 
Labs-Kebab Building, according to the method described by (Mahmoud and Shoman, 
2009). The pupae were transferred in cylindrical plastic dishes (15cm in depth x 37cm 
in diameter) with an amount of moist tissue fibers of sugarcane output from adult and 
larvae feeding. They were also kept at controlled laboratory conditions (27°C and 85% 
RH) and daily inspection was carried out until the adult emergency. The adult weevils 
were transferred into cylindrical glass jars (16cm in depth x 8 cm in diameter) with 
pieces of sugarcane as food, which was renewed almost every two or three days. 
Jars were covered with a network of metal wires.

Irradiated treatments
From 25 to 30 RPW pupae (about 25 days) were kept in plastic containers (11cm 

in depth, 16 cm in diameter) and irradiated with 10, 15, 20 Gy of gamma radiation, 
using gamma cell-40 (cesium-137 irradiation unit), at the National Center for Radiation 
Research and Technology (NCRRT, Cairo).The one-day-old emerged males were 
separated and they fed on reeds. Three males were taken from each group. The dose 
rate was 0.758 rad/sec at the time of the present investigation.
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Scanning electron microscopy studies
As for the examination of the proboscis of freshly killed normal and irradiated adult 

males, RPW of 5 old days were removed from the head cleaned in distilled water, 
immersed in 2.5% glutaraldehyde for 24 hours and then washed three times with 0.1 
M phosphate buffered saline (PBS) (pH 7.4). The samples were fixed in osmic acid 
for 2 hrs and then underwent a series of ethanol concentrations (50, 70, 80, 90, 95, 
and 100%) for 15 mins for each (Kang et al., 2012). The proboscis was attached 
vertically to aluminum stubs and air-dried before getting coated with gold in a vacuum 
evaporator (Hazaa, 2010). The examination was conducted by using the Scanning 
Electron Microscope (SEM) (Joel JSM 5400) with an accelerating voltage of 10 kV.

Statistical analysis
All data obtained were statistically analyzed and the variance ratios were calculated. 

The method of ANOVA is involved by using (SPSS) computer program, ver.15.0, and 
the significance among the samples was calculated at P ≤ 0.05.

RESULTS
The head of red palm weevil is a prognathus type, bearing two large compound eyes 

as photoreception; there is one compound eye at each lateral side at the base of the 
proboscis of the head (Fig. 1). Optical dierentiation between male and female adults 
from the morphological feature of the proboscis and  the hairbrush-like structures at 
the terminal 1/2 of the dorsal side for males, are absent in females. These brush hairs 
may be recognized as pheromone or mechanoreceptors (Fig. 1). There are different 
kinds of sensilla on this proboscis as follows:

Coeloconic sensilla (CI)
Large number of CI is distributed on the lateral and frontal surface of the proboscis 

recorded as 176.7±25 (Fig. 2B and Table 1). Under high magnification, the sensilla 
appear to be formed of multiple straight tubules directed upward and giving a blunt 
shape, opening at the apex with many ridges on the surface wall of the sensilla whether 
they are broad or not. Each one arises from a narrow socket. These sensilla range 
from about 30.7 to 39.8 µm in length, and from about 53 to 63.6 µm in diameter at 
its base (Fig. 2C).

Coeloconic sensilla (CII)
CII located in few numbers on the lateral surface of the proboscis recorded about 

one. The fingers are elongated and taper apically, with some tilt around the other, and 
appear to be directed downwards towards the basal margin of proboscis (Table 1). 
They emerge from a well-defined wide socket (finger-like). These sensilla range from 
about 18.9 to 21 µm in length, and are about 15.4 µm in diameter at its base (Fig. 2D).
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Coeloconic sensilla (CIII)
These sensilla found on the anterior part of the lateral and frontal surface of the 

proboscis recorded about 40.3±0.9 (Table 1). The finger-like processes of the sensilla 
are long and fused together and their tip is blunt. They extend with the same diameter 
and decrease apically in size. Most of the sensilla grow out from wide sockets with 
an amount of cuticular glands attached to some sensilla at bases and are more 
perpendicular on the antenna than other coeloconic sensilla. They outnumber the 
sensilla type CII and extend vertically on the proboscis surface at a different length. 
These sensilla range from about 15 to 26.9 µm in length, and from about 3.7 to 5 µm 
in diameter (Fig. 3A).

Coeloconic sensilla (IV)
The sensilla IV are represented as 5 rows found on the frontal surface and as 

one or two rows around the trichiod sensilla on the lateral surface of the proboscis 
as about 62.3 (Figs. 2A, 3B, Table 1). These immovable hairs resemble sensilla 
CI but have various sizes. In addition, some of their tips are pointed and some are 
broad and long. They grow out from very narrow sockets where their bases of fingers 
occupy all cavities, attached to the margin of socket and are more perpendicular on 
the antenna than other sensilla. They appear pyramidal in shape, and their height 
gradually increases, ranging from about 31.4 to 93 µm, and about 71 µm in diameter 
as illustrated in Fig. 3B.

Squamiform sensilla (SI)
A very few number of SI was found on the anterior lateral surface of proboscis, 

equal to about one sensilla (Fig. 2D, Table 1). The sensilla are smooth-walled hairs, 
arising from cuticular raised glands at its base with wide articulatory socket. Their 
height gradually and slightly increases, with a diameter at the base of about 1.9 µm. 
to be about 6.5 µm and grow less in size to about 4.2 µm at the tip. These sensilla 
are more curved from the base over the whole surface of the proboscis. They arise 
nearly from the center of the fine, broad-tipped, finger-like process at its end base, 
measuring about 6.5 μm in length and about 1.5 µm in diameter.

Trichoid sensilla (TrI, TrII)
The sensilla TrI, TrII with different lengths are illustrated on the dorsal surface 

of proboscis. They are arranged clearly in two rows, with narrow spaces between  
them of approximately 192 μm, and combined the rows from the front, whereas the 
two sides remained as separated posterior (Figs. 2B, 4A). Each row is a set of rows 
ranging in number from three to four. The surface of sensilla appeared striated; they 
consist of fine long tubules that unite together (Fig. 3C). The sensilla seem vertical 
on the proboscis surface, near the base, forming an angle of about 45° and back 
again in a vertical-ascending in curvature; they are adherent to each other and dense. 
They stand aside from an articulatory and prominent socket with an amount of glands 
(Figs. 2B, 3C). They are long or short with blunt tipped sensilla. TrI were recorded at 
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about 21.7±0.8 and ranged from 166 to 216 μm in length, 23 to 26 μm in diameter, 
whereas TrII were recorded about 160.3±1.5 and ranged from 63 to 83 μm in length, 
15 to 21 μm in diameter (Table 1). The shortest sensilla are found in the frontal and 
lateral parts while the longest sensilla are behind them. They are short only in the 
distal row (Fig. 2B).

From the same socket of TrI, TrII arise CV attached to their base (Fig. 5A).Some 
of these sensilla resemble the sensilla (CII) with some differences in size, about 76.1 
μm in length and nearly 30.4 μm in diameter at their base (Fig. 3C). The other parts of 
CV are pyramidal in shape and are 26.6 μm in length and about 29.7 μm in diameter 
at their base (Fig. 5A).

Apodemes
The surface of cuticle in RPW contains a large number of internal processes or 

bands (gab through the cuticle), which appear to be light or dark. Arcuate patterns 
seem to be superimposed in these bands. These bands contain a matrix of tinny 
protrusions (or filaments) on their internal margin that is internally oriented (Figs. 3B, 
D) and meet with the other filaments on the opposite side as funnel in shape. The 
protrusions appeared to be of an open type in the normal state (Fig. 3D). These bands 
are with different size and length along the cuticular surface between the different 
sensilla. Their orientation is in all direction at the anterior and lateral surface while 
most of them are in the dorsal surface between the two rows of Tr that are horizontal 
in direction (Figs. 2B, C).

Glands
A number of glands could be illustrated on the anterior and lateral side of proboscis 

between CI, CII (Fig. 2D). However, they were found among CIII in few numbers. Most 
of them are circular in shape while few are rectangular and vary in their diameters 
(Figs. 2D, 3D).

The Effects of gamma radiation 

Proboscis sensilla
It is obvious that irradiation with dose 10 Gy had a slight effect on the features of 

the different types of sensilla as to with the normal state. Some CI, CIII changed in 
appearance and recorded 27.7±1.9, 5±0.6 (Table 1). The base of sensilla became 
less dense especially in the central part, but it become flattened at the apex, diffused 
and grew less dense and blunt. A number of tubules-like processes of CI and CIV 
became aggregated in two groups and their apical parts were ruptured (Fig. 4B). 
Also some CIII, cuticular glands attached to its bases are disappeared. Whereas the 
tubules of TrI, TrII seemed to be slightly separated  on the terminal part and recorded 
about 8±0.6, 55±2.9 respectively (Fig. 4A).

On the other hand, with the increase of radiation doses (15, 20 Gy), the changes in 
CI are as in dose 10 Gy but with an increase in number of malformations from about 
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42.3±1.5 to 65.3±4.2 (Figs. 5B, 6B). As the sensilla CIII appeared to grow out from 
dipped sockets, small numbers of cuticular glands were attached to the base of sensilla 
and a percentage of malformations increased from about 9±0.6 to 13.3±0.8 (Figs. 5C,  
6C). Additionally, in dose 15 Gy some of TrI, TrII were clearly and drastically affected 
where their tubules were completely separated and some of them were ruptured and 
recorded 15±0.5 and 93±4, respectively, (Fig. 5A). Most  of TrI, TrII lost their normal 
curvature and adherence at the dose level 20 Gy and also recorded about 19±0.3, 
137.7±4.6, respectively, in significant to control at (p≤0.05) (Fig. 6D, Table 1).

Apodemes
The appearance of podemes differed due to the use of different doses of gamma 

radiation. The variances in size and depth were illustrated and increased with the 
increase of the doses (Figs. 4C, 5B, 6C). They appeared to be of an open type in the 
dose 10 Gy (Fig. 4C) and seemed to be few in the dose 15 Gy (Fig. 5C), whereas 
the majority of closed apodemes appeared in the use of doses 15 and 20 Gy (Figs. 
5B, 6B, C).

Table 1. The deformity induced by gamma irradiation on the different types of male proboscis sensilla of 
R. ferrugineus.

Dose (Gy)
Types of Sensilla Mean±SE

CI CIl CIII CIV TrI TrII SI

Control 176.7±14.5 1 40.3±0.9 62.3 21.7±0.8 160.3±1.5 1

10 27.7±1.9* - 5±0.6* - 8±0.6* 55±2.9* -

15 42.3±1.5* - 9±0.6* - 15±0.5* 93±4* -

20 65.3±4.2* - 13.3±0.8* - 19±0.3* 137.7±4.6* -

The mean equals 3 replicate for each group-SE is the stander error-the mean difference is significant at 
the 0.05 level.

Fig. 1. Photograph of male head R. ferrugineus showing the sensilla at the dorsal side of proboscis. 
(antennae=An, proboscis=Pr, compound eyes=Co).
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Fig. 2. (A) Types of sensilla located on the lateral view to normal  proboscis. (B) Type I, II of trichoid sen-
silla (Tr) located on dorsal view. (C) Type I of coeloconic sensilla (C) were distributed on the lateral 
and frontal surface. (D) Type II of coeloconic sensilla and squamiform sensilla (SI) were located in 
very few numbers on the anterior lateral surface (Apodemes=A and the arrows represented different 
size for glands).

Fig. 3. (A) Type III of coeloconic sensilla arising from wide sockets with amount of cuticular glands  
attached to its bases. (B) Type IV of coeloconic sensilla represented as 5 rows found on the frontal 
surface. (C) From the same socket of trichoid sensilla arise type CV of coeloconic sensilla attached 
to their base. (D) The opened apodemes contain matrix of tinny protrusions on its internal margin 
oriented perpendicular internally and the arrows represented different size for glands.
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Fig. 4. Irradiated R. ferrugineus with 10 Gy of gamma rays. (A) A number of tubules TrI, TrII seemed to 
be slightly separated on the terminal part. (B) The fingers of CI became aggregated in two groups 
and their apical parts were ruptured. (C) In most CIII, cuticular glands attached to its bases were  
disappeared. (D) Ruptured to some apical parts of tubules-like processes in CIV.

Fig. 5. Irradiated R. ferrugineus with 15 Gy of gamma rays. (A) Malformation on TrI, TrII. (B) The varying 
in sizes and deep of apodemes. (C) Irregular tubules of CI, CIII.



61
Impact of Gamma Radiation on Male Proboscis of Rhynchophorous ferrugineus

Fig. 6. Irradiated R. ferrugineus with 20 Gy of gamma rays. (A) shrinkage and atrophy of CIV. (B) Highly 
irregular sizes of closed apodemes. (C) increased malformations in CIII. (D) Most of TrI, TrII tubules 
were completely separated and some of them were ruptured and the arrow represented the gland.

DISCUSSION
The obtained results indicated that there were eight different sensilla identified 

along the proboscis of male’s R. ferrugineus. All sensilla observed, in this study 
could be displayed external morphologies similar to those displayed by the previous 
studies performed on antenna (Mahmoud et al., 2011), and ovipositor of (Sharaby 
and Al-Dosary 2006, 2007) of R. ferrugineus. According to Baker and Ramaswamy 
(1990) the striations on the sensilla surface are regarded as one of the characteristic 
features of trichod sensilla. It has been suggested by Merivee et al. (1997) that 
asymmetries in the distribution pattern of olfactory sensilla on antennae might be due 
to the peculiarities of their behavior (waiting, walking, flying, antennal movement), 
which cause certain areas of the antennal surface to catch the wind-borne odour 
molecules more effectively than the others. These results are largely in conformity with 
those results reported in our study; the most numerous trichoid sensilla are arranged 
into two rows that exist on the dorsal surface of proboscis. Each row is a set of rows 
ranging in number from three to four. These sensilla are considered as pheromone 
receptors in the beetles Hylobius abietis (Mustaparta, 1973), and Psacothea hilaris 
(Castrejon-Gomez et al., 1999).

The coeloconic-sensilla distributed along the proboscis of RPW resemble the 
sensilla recorded on the ants and wasps, whose behavior is guided by variations in 
temperature. Coeloconic sensilla are chemoreceptors that respond to air temperature 
changes (Rychty et al., 2009). Interestingly, the coeloconic sensilla  are reported to 
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have receptor neurons that respond to host plants volatile compounds as described 
by Pophof (1997).

In addition, very few mechanoreceptor squamiform sensilla were distributed on 
the anterior lateral surface of proboscis. The same sensilla elucidated on adults of 
rice water weevil, Lissorhoptrus oryzophilus with fluted surfaces, occurring on the 
escape, pedicel and funicular flagellum (Kang et al., 2012). Likewise, squamiform 
sensilla were found on elytra surface of Harmonia axyridis Pallas and was known as 
the micro-hair with a length of 8 μm, which was developed in the depression structure 
and located in the center (Li et al., 2012). The squamiform sensilla I, II were also 
found on the rostrum, antenna, elytra and tibia of Oryzophagus oryzae (Martins et 
al., 2012). In Hix et al. (2003) it was confirmed that its function might have to do with 
in mechanoreceptor and proprioreception.

The microscopic observations of the males R. ferrugineus proboscis revealed a 
number of the glands most of which are circular in shape while few are rectangular. 
These glands defined by Chen et al. (2012) as glandular pores or glands on 
Dendroctonus valens antennal sensilla. Similar glands were also observed in Chilopod 
subtaxa as epidermal glands of differences size, named ‘flexo-canal epidermal glands 
(Müller et al., 2009). These glands have been thought to represent either a kind of 
lubricant for the antennae and their sensilla or appeasement glands or pheromone 
glands (Weis et al., 1999). In this work no significant changes could be observed by 
irradiation in the features of these glands in the treated males. Unfortunately we did 
not find any research performed on the effect of gamma ray on the insect’s proboscis 
but a lot of research papers have examined its impact on the antennae.

In all insects, the rigidity of the exoskeleton is increased by four deep culicular 
invaginations, known as apodemes, which meet internally to form a brace for the 
exoskeleton and for the attachment of muscles (Chapman, 2003). The apodemes 
reported in RPW  have different size and length along the cuticular surface between 
the different sensilla. The trend of the internal protrusions appeared inward (in 
funnel-shaped) with the doses of 15 and 20 Gy and this explains its function which 
may play an important role in regulating the evaporation of water from the body to 
overcome the rise in temperature. It also helps water balance to preserve its life 
where the sensitivity of the RPW to dry conditions was studied by Nirula (1956).These 
apodemes resemble to that illustrated in Drosophila where the muscle has detached 
from one of its apodemes. These effects show that the behavioral studies suggesting 
a dominant suppression are incomplete (Naimi et al., 2001).

Some malformations were observed on proboscis sensilla of RPW male by gamma 
irradiation which increased with the increasing dose rays from 10, 15 to 20 Gy. 
However, only coeloconic sensilla IV were not affected by any dose. Irradiation with 
gamma rays on first generation of Spodoptera littoralis antennal sensilla showed that 
the trichoid sensilla became low in number and also showed the loss of the central 
pegs from some coeloconic sensilla. With the increase of doses some spines of the 
coeloconic were knobbed, plus point, the central pegs were lost (El-Shall et al., 2004). 



63
Impact of Gamma Radiation on Male Proboscis of Rhynchophorous ferrugineus

Furthermore, Hazaa (2010) found that there are no malformations on squamiform or 
coeloconic sensilla by low doses of gamma rayes but the trichoid sensilla showed 
swelling of their base on S. littoralis or slight warping or that they twisted together 
with loss in number. With increase of radiation dose, the malformation of sensilla 
increased as the trichoid sensilla disoriented and collected forming bundles of sensilla 
and the terminal parts nodulations and the coeloconic shrank in many areas. At the 
high doses (150 Gy) the density of trichod sensilla became lower than in control at 
first generation to Galleria mellonella male (El-Kholy and Mikhaiel, 2008). Gharieb 
and El-Degwi (2002) recorded that the length and diameter of trichodea sensilla are 
affected by irradiation in Trogoderma granarium antenna.

Hussien et al. (2001) stated that substerilizing doses of gamma radiation (5-12 
Krad) reduced the density of trichoid sensilla and caused malformation to some of 
them in the antenna of the male moth of black cutworm, Agrotis ipsilon. The authors 
observed that the response of these irradiated males to sex pheromones was lower 
than in control males and its perception decreased with the increasing of the dose 
applied. These radiation effects were more pronounced in the parental generation 
than in F1 generation.

CONCLUSION
This result identified eight different sensilla along the proboscis of R. ferrugineus 

male. Most of the trichoid sensilla are either arranged into two rows or distributed 
with coeloconic and squamiform sensilla along the proboscis. Sensilla can play a role 
as mechanoreceptor, chemoreceptors and pheromone receptors. A large number of 
apodemes with different sizes and lengths was also observed on the integument. These 
apodemes may play an important role in regulating the evaporation of water from the 
body to overcome the rise in temperature and making water balance to preserve its 
life. The effect of the doses 10, 15 and 20 Gy of gamma radiation on the proboscis 
were tested. The percentage of malformations increased with the increase of dose, 
and this may affect feeding behavior and the insect’s plant interaction. Moreover, 
feeding behavior studies are recommended to detect the effect of these deformations 
on the host seeking behavior of irradiated males.
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ABSTRACT
Here, two species of Neotrichoporoides Girault, 1913, are recorded from Georgia (in the Transcaucasia) 

for the first time: N. dispersus Graham and N. viridimaculatus (Fullaway). A difference to separate this 
genus from others in the Tetrastichinae is provided. A list of species in the genus in the Caucasus is given.

Key words: Georgia, Tetrastichinae, Caucasus, Neotrichoporoides.

INTRODUCTION
The Lagodekhi reserve was established in 1912. The Lagodekhi Protected Areas is 

one of the world’s best-preserved, primitive areas, with a diversity of natural landscapes  
and is located in the region of Lagodekhi, in the extreme North-Eastern part of the 
southern slopes of the Caucasus Mountains, the preserve extending from 590-3500 
m. The Lagodekhi Protected Areas include both the Lagodekhi Nature Reserve (19749 
ha) and the Managed Reserve (4702 ha) (Agency of Protected Areas, 2016).

The genus Neotrichoporoides Girault (Hymenoptera: Chalcidoidea, Eulophidae) 
was erected by Girault (1913) based on the material collected in Australia, is a 
monotypic genus, Neotrichoporoides uniguttata Girault. Graham (1986) described 
N. mediterraneus and N. despersus from Spain and Madeira. Later Graham (1987) 
and Bouček (1988) synonymized many genera (=Aprostoceroloides Girault, 1913; 
Tetrastichomorpha Girault, 1913; Trichaporoidella Girault, 1913; Paraprostocetus 
Girault, 1915; Burksia Fullaway, 1955; Dubiostalon Szelenyi, 1981; Neogaleopsomyia 
Narendran, 2005) with Neotrichoporoides Girault and updated the number of species 
assigned to the genus. This large genus has a wide distribution, and is especially 
species rich in Africa, Asia, and Australia (Graham, 1987). According to Noyes (2016) 
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19 species are recorded from Europe. Species belonging to the genus are parasitoids 
of Muscidae and Diopsidae (Diptera) on coarse grasses (Poaceae). 

Few specimens of Neotrichoporoides have been collected; Graham (1987) in his 
revision, found only 139 females and 48 males in European museums and collections. 
Types of eight species are described in the Graham’s monography (Graham, 1987), 
coming from a study of 41 females and 14 males. The most well collected species in 
European museums was N. dispersus Graham, with 37 females and 13 males. Most 
specimens of N. biogradensis Graham (5 females and 3 males) were collected by 
Bouček during a single week (13-19.07.1968) in Dalmatia, Biograd na moru, Croatia. 

In 2003, in plum orchards in Prietokskiy, Georgievskiy district of Stavropolskiy 
Krai (Russia), sweeping netting from mid-July to mid-August by Kostjukov, Kosheleva 
and Khomchenko recovered 129 females and 26 males of following species: 
Neotrichoporoides szelenyii (Erdös), N. viridimaculatus (Fullaway), N. cavigena 
Graham, N. disperses Graham, and N. mediterraneus Graham (Kostjukov et al., 2004). 
Malaise traps set in the same area from June to October (2013), however, failed to 
capture any Neotrichoporoides species. This study represents part of the material 
collected in Lagodekhi reserve, using malaise traps during the whole growing season 
of 2014, to study biodiversity of Hymenopterans in Lagodekhi protected areas.

MATERIAL AND METHODS
To investigate the Hymenoptera biodiversity of the Lagodekhi protected areas in 

George, Malaise traps were used during the entire growing season of 2014 in a range 
of habitats over an altitudinal gradient. Malaise traps (one per site) were set in: (1) low 
altitude forest (450-750 m), (2) middle altitude forest (750-1250 m), (3) high altitude 
forest (1250-1800 m), (4) subalpine forest (1800-2000 m), (5) subalpine fields and 
shrublands (2000-2500 m), and (6) the alpine zone (>2500 m). 

Collecting began on 02.04.2014 and lasted until 07.11.2014, although in alpine and 
subalpine areas collecting was started later (subalpine 05.05.2014; alpine 23.05.2014) 
and completed earlier (06.10.2014), due to climate conditions at those altitudes. 
Collected material was retrieved every 10 (± 2) days and placed at first in 96% Ethanol, 
and later sorted, dried, mounted and labeled according to methods described by 
Noyes (2016). Identification was done by the second, third and fourth authors, using 
modern keys (Graham, 1987) and papers giving original descriptions (Kostjukov, 2004; 
Yegorenkova and Kostjukov, 2006), and the collections of the Zoological Institute of 
the Russian Academy of Sciences (St. Petersburg) and All-Russian Research Institute 
of Biological Plant Protection (Krasnodar).

Malaise traps were obtained from BandN Entomological services (http://www.
entomology.org.uk/). Information about the biology and distribution of species captured 
is given in the Universal Chalcidoidea Database (Noyes, 2016). All voucher specimens 
were deposited in the Entomological collection of Agricultural University of Georgia, 
Tbilisi, Georgia (IEAUG).
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RESULTS

Diagnosis for genus Neotrichoporoides:

Female:
Length: 1.4-3.3 mm.
Thorax weakly arched 1.6-2.1x as long as broad. Pronotum conical, at least about 

half as long as mesoscutum. Scutellum usually at least as long as broad and nearly 
or almost as long as mesoscutum, occasionally a little broader than long or distinctly 
shorter than mesoscutum. Propodeum medially at least very slightly, but often much 
longer than dorsellum; callus with 3-7 setae. 

Forewing 2.5-2.95x as long as broad, with costal cell narrow; SM (Submarginal 
vein) with 3-8 dorsal setae; M (Marginal vein) 5.5-9.5x length of ST (Stigmal vein), 
the latter very short. Antenna with 4 anelli, funicular segments usually moderately to 
strongly elongate (2.8-5.5x as long as broad), rarely short (1.2-1.5x as long as broad). 
Sensilla very numerous in 3-5 rows on each funicular segments.

Fovae of malar sulcus small or moderate, extending 0.33-0.75 length of malar 
space. Body usually with distinct metallic tints on dark parts, but some predominantly 
or completely yellow species without metallic tints.

Male: 
Length: 1.2-2.8 mm. 
Differs from female as follows. Antennae with ventral plaque of scape usually 

extending most of length of scape, occasionally short and placed in upper or lower 
half, or in the middle; funicle with 4 segments; segments of clava, especially C1, 
tending to be separated by strong constriction.   

Differential diagnosis between Neotrichophoroides and other Tetrastichinae is 
given in the table 1.

Species list of Neotrichoporoides from Lagodekhi reserve (Georgia)

Neotrichoporoides dispersus Graham, 1986 

Material examined: Lagdekhi reserve, Mt. Kudigora, 41˚ 54.371’ N, 46˚ 20.004’ E, 2558 m alt, malaise 
trap, 26.07.2014-5.08.2014, 1♀, G. Japoshvili and G. Kirkitadze.

Distribution: Croatia, Italy, Moldova, Portugal (Madeira), Russia (Stavropolski Krai), 
Serbia, Spain (Canary Islands) (Graham, 1987, Kostjukov et al., 2004, Noyes, 2016).

Neotrichoporoides viridimaculatus (Fullaway, 1955) 

Material examined: Lagdekhi reserve, Mt. Kudigora, 41˚ 51.149’ N, 46˚ 17.266’ E, 666 m alt, malaise 
trap, 23.04.2014-03.05.2014, 1♀, G. Japoshvili and G. Kirkitadze.

Distribution: Argentina, Bermuda, Bulgaria, Caribbean, Colombia, Cuba, Czech 
Republic, France, Hawaii, Hungary, India, Italy, Portugal (incl. Madeira), Russia 
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(Krasnodarskii Krai, Stavropolskiy Krai, Karachai-Cherkess AR), Slovakia, Sweden, 
Turkey, USA (Graham, 1987; Kostjukov et al., 2004; Noyes, 2015).
Table 1. Differential diagnosis of Neotrichoporoides and other Tetrastichinae.
The species of genus Neotrichoporoides The other species of subfamily Tetrastichinae

Female Female
1. Length 1.4-3.3mm 1. Length 0.5-4.5mm

2. Pronotum conical, at least about half as long as mesoscutum. 2. Pronotum not conical much shorter than 0.5 length of 
mesoscutum; if pronotum conical then fore tibia with 2 spur 
(Crataepus) or SM with 2 dorsal setae (some Ootetrastichus) or 
funicular segments quadrate (Syntomosphirum) or mid lobe of 
mesoscutum with numerous setae (Melittobia).

3. Antenna with funicular segments usually moderately to strongly 
elongate (2.8-5.5x as long as broad) with sensillae very numerous 
in 3-5 rows on each funicular segments.

3. Antenna with funicular segments transverse, quadrate or 1.1-
2.5x as long as broad, with sensillae in 1-2 rows on each funicular 
segments; if funicular segments moderately or strongly elongate, 
then funicle with 4 segments (Hyperteles) or SM with 2 dorsal 
setae (some Ootetrastycus) or pronotum not conical, scutellum 
broader than long and distinctly shorter than mesoscutum 
(Kolopterna and some Aprostocetus).
Anterior margin of clypeus distinctly bidentate.

4. SM of forewing with 3-8 dorsal setae. 4. SM of forewing with 1-2 dorsal setae; if with 3-8 dorsal setae 
then pronotum not conical or funicular segments not moderately 
to strongly elongate or funicle with 4 segments.

Male Male
1. Length 1.2-2.8 mm 1. Length 0.5-4.0mm

2. Antenna with segments of clava tending to be separated by 
strong constriction.

2. Antenna with segments of clava not separated by strong 
constrictions, often not distinctly segmented, 2 segmented or 
solid; if clava segments separated by strong constrictions then 
malar sulcus with fovea below the eye (Hyperteles, Kolopterna, 
Ootetrastichus, some Aprostocetus).

3. Hosts Muscidae and Diopsidae (Diptera) species on coarse 
grasses (Gramineae). 

3. Hosts Cecidomyiidae (Diptera) species on coarse grasses 
(Gramineae), other insects, Eriophyidae (Arachnida) and gall 
forming Nematodes (Nematoda).

DISCUSSION
These recoveries of specimens within the genus Neotrichoporoides are a first 

record for Georgia; both species found in the Lagodekhi reserve are new for the fauna 
of Trancaucasia. Only one species N. szelenyii (Erdos, 1951) has been recorded 
from Azerbaijan (1♀, Baku, 02.07.1967, Bouček) before our study (Graham, 1987). 
Collections have been made in several locations: (1) The genus Neotrichoporoides 
is most diverse in protected areas of the greater Caucasus Mts. Five species (N. 
cavigena Graham, 1987, N. dispersus Graham, 1986, N. mediterraneus Graham, 
1986, N. szelenyii (Erdos, 1951), and N. viridimaculatus (Fullaway, 1955)), have been 
recorded from around the health resort of Caucasus Mineralnye Vody (Georgievsk, 
Stavropolskiy Krai, Russia) (Kostjukov et al., 2004). (2) Four species, N. dispersus, 
N. mediterraneus, N. viridimaculatus, and N. trjapitzini Kostjukov, 2004 (Kostjukov, 
2004) were collected from the surroundings of city of Sochi. (3) In the territory of the 
All-Russian Research Institute of Biological Plant Protection (Krasnodar, Russia), four 
species (N. cavigena, N. mediterranea, N. szelenyii and N. viridimaculatus) have been 
recorded by the authors and (4) In the reserves of Tersko-Kumskoe Sands (Dagestan, 
Russia), four species were recorded: N. dispersus, N. mediterraneus, N. szelenyii and 
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N. viridimaculatus (Gunasheva et al., 2015). Thus in the Caucasus region, 6 species 
have been recorded.
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ABSTRACT
On western Balkan Peninsula Camponotus lateralis group Emery, 1925 is represented by three 

species: Camponotus lateralis (Olivier, 1791), C. piceus (Leach, 1825) and C. dalmaticus (Nylander, 1849). 
Camponotus lateralis group is founded by ecologically subordinated ants that are dominantly adapted to 
habitats in Mediterranean region. In contrast to Camponotus lateralis and C. dalmaticus, C. piceus is also 
found in the Dinaric region on open hot meadows. In microhabitat level, Camponotus piceus is building 
colonies in ground and open thermophilic Mediterranean and Dinaric grassland habitats. Camponotus 
lateralis and C. dalmaticus are associated with woodland and shrub land habitats in the Mediterranean 
region. Camponotus lateralis construct colonies in dry wood, however 11% of colony findings were under 
stone. Similar to Camponotus lateralis, Camponotus dalmaticus build nests in rotten wood parts, roots 
and tree trunks that were underground. Collected field data indicate that overlap in colony construction 
niche between analysed species is low due to different habitat and nesting site preferences.

Key words: Camponotus, Myrmentoma, ants, nesting preferences, Western Balkan Peninsula.

INTRODUCTION
Ants of Camponotus lateralis group Emery, 1925 belong to the subgenus 

Myrmentoma Forel, 1912. Morphologically Camponotus lateralis group species differ 
from other groups within the subgenus Myrmentoma by flattened dorsal surface of the 
propodeum. The posterior propodeum can be curved in or flat and the dorsal surface 
of the thorax is either with or without mesopropodeal depression (Radchenko, 1997). 

Biosystematic data indicate that the diversity of the Camponotus lateralis group 
on western Balkan Peninsulais is larger than expected: two undescribed species 
provisionally named by Seifert (2007) as Camponotus lateralis sp. 2 and C. piceus 
sp. 2, Seifert (2007) were reported for the investigated area. According to a recent 
unpublished investigation of Seifert, C. lateralis sp. 2 is still a discrete intraspecific 
morph of C. lateralis meanwhile the heterospecificity of C. piceus sp. 2 from 
Camponotus piceus could be clearly confirmed (Seifert pers. comm.).

J. Entomol. Res. Soc., 19(2): 73-82, 2017                                                       ISSN:1302-0250
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Camponotus honaziensis Karaman and Aktaç, 2013 has similarities with 
Camponotus lateralis sp. 2. It is possible that Camponotus honaziensis from 
Montenegro; reported by Bračko et al. (2014); actually represents Camponotus lateralis 
sp. 2. According to Borowiec and Salata (2013) Camponotus honaziensis is equal to 
Camponotus lateralis sp. 2 and it is widely distributed in Mediterranean areas.

Camponotus lateralis group species are a common element in the ant fauna of 
the Mediterranean region, but it is still a less known component of woodland and 
grassland habitats in the western Balkan Peninsula due to their subordinated position 
in ant communities and cryptic nests.

Aside from faunistical investigations, data regarding species autecology and 
general biology of Camponotus lateralis group are scarce (Müller, 1923; Zimmermann, 
1934; Kaudewitz, 1955; Seifert, 2007). With this in mind, the primary goal of the 
current study was to investigate diversity of Camponotus lateralis group in the western 
Balkan Peninsula and to gather general zoological field data which would improve 
the understanding of autecology of Camponotus lateralis group. To determine habitat 
structure parameters that are important for nesting aggregation and habitat preference 
of Camponotus lateralis group on western Balkan peninsula we investigated number 
of colonies in regard to their geographical region, habitat type, habitat structure and 
nesting site microhabitat preferences.

MATERIAL AND METHODS
The researched area of western Balkan Peninsula included: Montenegro, 

Bosnia-Herzegovina and Croatia. In the areas above we investigated presence of 
Camponotus lateralis group species within three regions: Mediterranean, Dinaric 
Alps and Continental region. The field investigations were conducted from May to 
September between 2013 and 2015.

Investigated sites
In Montenegro the investigated areas were: 1-Herceg Novi, Savinjska wood (lat. 

42.453°; lon. 18.552°). In Croatia: 2-Konavle, Lovorno: (lat. 42.547°; E18.361°), 
3-Dubrovnik, Velika and Mala Petka: (lat. 42.650°; lon. 18.071°), 4-Peljesac Peninsula, 
the municipality Janjina (lat. 42.923°; lon. 17.427°), 5-Split (lat. 43.511°; lon. 16.413°) 
and 6-Pula (lat. 44.881°; lon. 13.881°). In Bosnia-Herzegovina field investigations were 
conducted in the Mediterranean part, 7-Neum (lat. 42.924; lon. 17.616), 8-Blagaj (lat. 
43.257°; lon. 17.898°) and in the Dinaric areas: 9-Velez (lat. 43.348°; lon 17.895°), 
10-Diva Grabovica (lat. 43.596°; lon. 17.712°), 11-Sarajevo (lat. 43.858°; lon. 18.447°), 
12-Visegrad (lat. 43.773°; lon.19.274°), 13-Zavidovici (lat. 44.424°; lon. 18.177°), 
14-Sanski Most (lat. 44.767°; lon. 16.668°), 15-Bihac (lat. 44.812°; lon. 15.870°), 
16-Martin Brod (lat. 44.502°; lon. 16.156°), 17-Drvar (lat. 44.379°; lon. 16.384°). In 
Continental region of Bosnia and Herzegovina we examined three localities: 18-Orasje 
(lat. 45.028°; lon. 18.717°), 19-Brcko (lat. 44.863°; lon. 18.831°) and 20-Janja (lat. 
44.663°; lon. 19.258°) (Fig. 1).
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Studied habitats
Mediterranean forest habitats were represented with Quercetalia ilicis and 

Pinion heldreichi forest. Mediterranean scrub lands habitats were represented with: 
Ostryo-Quercetum illicis and Erico-Cistetalia habitats. Mediterranean grassland 
habitats were represented with: Thero-Brachypodietalia, Scorzoneratalia villosae 
meadows.

Dinaric forest and scrub lands habitats were represented by: Pinetum sylvestris 
dinaricum, Ostryo-Fagetum, Carpinion betuli. Dinaric grassland habitats: Arrenateretea, 
Brometalia erecti, Calluno-Festucion capillatae, Festuco-Brometalia, Festucion 
vallesiacae.

Continental forest and scrub lands habitats were represented by: Quercetum 
patraeae-cerris pannonicum, Quercetalia pubescentis. Continental grassland habitats: 
Molinion caeruleae, Deschampsietum cespitosae.

Sampling methods
On 20 locations and 61 sub locations we have applied the active sampling method. 

On each sub locality we investigated on three sites that were recognized as a forest, 
a scrub land and a grassland habitats type. Each of the habitat types was actively 
sampled on10 plots of 7X7 meters and no more than 5 meters between plots. In total 
1830 plots were analyzed.

Sampled ants were stored in 96% ethanol and identified using identification keys 
(Agosti and Collingwood, 1987; Seifert, 2007) then deposited in the Laboratory for 
Animal ecology at the Faculty of Science in Sarajevo. All samples were labelled and 
cross referenced with field protocol numbers.

Habitat structure analysis
The field protocol included information on sample code, municipality, locality, 

date, GPS coordinate, altitude, slope, exposition, region (Mediterranean, Dinaric and 
Continental) and the level of habitat degradation (forest, scrub land and grassland/
ruderal). Ant colony characteristics are: nest type, placement of the nest and height 
of the nest above ground. Analysis of forests sublevels included: percentage of the 
stone coverage and stone diameter, moss height and relative coverage, perennial 
plant level height and relative coverage, bush level height and relative coverage. 
Upper storey, tree level height, relative coverage and average diameter breast height 
were included in the protocol.

The field protocol was applied to record information on newly found colonies and 
on the scouting workers. Transect line intersect method: a 100 meters in length was 
used for the assessment of the relative abundance of habitat structure parameters. 
The transect line was either placed in the center of the colony or where workers were 
found. Along a transect the newly found workers were considered as individuals from 
the same colony if find on 7x7 plots. In case of finding a new colony in the transect 
new data were collected on a separate protocol. Analysed structural parameters 



76
VESNIC, A., SKRIJELJ, R., TROZIC-BOROVAC, S., TOMANOVIC, Z.

were measured five times within the transect (starting point, 25, 50, 75, and 100 m 
of the transect). 

Specimens identification
Camponotus lateralis group species were identified using taxonomical keys Agosti 

and Collingwood (1987), Seifert (2007) and for Camponotus honazienzis we used 
original description according to Karaman and Aktaç (2013). Camponotus piceus sp. 
2 and Camponotus lateralis sp. 2 morphs were identified by morphometric characters 
according to Seifert (2007).

Continuous descriptive data of habitat structures were analysed by descriptive 
statistics, ANOVA and post hoc Newman-Keuls test. Connection between habitat 
structural parameters and number of ant colony findings was tested by linear 
regression.

RESULTS
Field investigations confirmed that three ant species from Camponotus lateralis 

group are present in the investigated area: Camponotus lateralis (Olivier, 1791), C. 
dalmaticus (Nylander, 1849) and C. piceus (Leach, 1825). The distinct hairy morph 
of Camponotus lateralis (“Camponotus lateralis sp. 2” of Seifert, 2007) was collected 
from one colony in Montenegro, Herceg Novi (Savinjska wood), second finding were 
workers sampled in May 2013 from Neum. Morph of Camponotus piceus (“Camponotus 
piceus sp. 2” of Seifert, 2007) was collected from Bosnia-Herzegovina: Mostar (Diva 
Grabovica), Sarajevo (Dariva) and Croatia: Konavle (road from Lovorno to Kuna 
Konavoska) (Fig. 1). On the investigated area we found and collected samples from 
10 colonies of Camponotus piceus sp. 2.

In the investigated areas we have collected 128 colonies: Camponotus dalmaticus 
(17.2% sampled colonies), Camponotus lateralis (38.3%) and Camponotus piceus 
(44.5%).

Most of the Camponotus lateralis group samples were collected in the 
Mediterranean region, 78.3%. In the Mediterranean region we collected 93.4% of 
Camponotus dalmaticus, 94.4% of Camponotus lateralis and 59.1% of Camponotus 
piceus colonies. Due to unequal intensity of sampling between different regions 
and habitat types, relative abundance of Camponotus lateralis group findings was 
separately computed for each analysed category (Table 1).

In the Mediterranean region of 1.050 plots the total number of sampled colonies 
was 104 or 9.9%. In the Dinaric region we investigated 660 plots and the total number 
of positive plots was 24 or (3.6%) (Table 1).

Relative number of colonies shows that Camponotus lateralis and C. dalmaticus are 
more common in the Mediterranean regions, while C. piceus has similar abundancy in 
the Mediterranean and the Dinaric regions (Table 1). On 120 plots in the Continental 
region we did not detect Camponotus lateralis group species. 
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Fig. 1. Camponotus lateralis group distribution map on western Balkan peninsula: The circle with a  
number indicates locations: 1-Herceg Novi and Savinjska wood, 2-Konavle, Lovorno,  
3-Dubrovnik, Velika and Mala Petka, 4-Peljesac, Janjina, 5-Split, 6-Pula, 7-Neum, 8-Blagaj,  
9-Velez, 10-Diva Grabovica, 11-Sarajevo, 12-Visegrad, 13-Zavidovici, 14-Sanski Most,  
15-Bihac, 16-Martin Brod, 17-Drvar, 18-Orasje, 19-Brcko, 20-Janja; letters: L-Camponotus lateralis, 
L2-C. lateralis sp. 2, D-C. dalmaticus, P.-C. piceus, P2-Camponotus piceus sp. 2.

Table 1. Absolute number and percentages of tested plots with Camponotus lateralis group colonies in 
the western Balkan Peninsula.

Region Mediterranean Dinaric

Total number of testing sites = 1830 1050 660

Camponotus lateralis (47) 0.044 (2) 0.30

Camponotus dalmaticus (21) 0.020 (1) 0.10

Camponotus piceus (36) 0.034 (21) 3.20

Relative distribution of Camponotus lateralis group species in the Mediterranean 
and the Dinaric region was analysed in order to determine nesting preferences toward 
habitat type. In the Mediterranean forest habitats colonies of Camponotus lateralis 
and C. dalmaticus had the highest abundance. Colonies of Camponotus piceus were 
dominantly built in the Mediterranean grassland habitats (Table 2).
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Table 2. Absolute number and percentages of positive testing surfaces with Camponotus lateralis group 
colonies: M-mediterranean, D-dinaric, C-continental, f-forest habitat, s-scrub land habitat, g-grass-
land habitat.

Region M f M s M g D f D s D g

Total number of testing sites = 1830 350 350 350 220 220 220

Camponotus lateralis 9.4 3.4 0.5 0.0 0.0 0.9

Camponotus dalmaticus 3.7 2.3 0.0 0.0 0.0 0.5

Camponotus piceus 0.6 3.7 6.0 1.8 2.3 5.5

Absolute frequency

Camponotus lateralis 33 12 2 0 0 2

Camponotus dalmaticus 13 8 0 0 0 1

Camponotus piceus 2 13 21 4 5 12

The findings of Camponotus lateralis group were concentrated in the range of 0-200 
meters above sea level. Within the range of 0-200 meter altitude we collected 91.8% 
(45/49) samples of Camponotus lateralis, 95.5% (21/22) samples of Camponotus 
dalmaticus and 26.3% (15/57) samples of Camponotus piceus (Table 3).
Table 3. Absolute number and percentages of findings of Camponotus lateralis group species in relation 

to altitude.

Altitude 0-100 100-200 200-300 300-400 400-500 500-600 over 600

Number of plots 690 360 360 60 150 150 60

Camponotus lateralis 3.9 5.0 0.6 1.7 0.0 0.7 3.9

Camponotus dalmaticus 1.0 1.4 1.9 5.0 0.0 0.0 1.0

Camponotus piceus 2.6 4.4 1.7 15.0 0.0 4.7 2.6

Absolute frequency

Camponotus lateralis 27 18 2 1 0 1 0

Camponotus dalmaticus 7 5 7 3 0 0 0

Camponotus piceus 18 16 6 9 0 7 1

Due to positively skewed data beside arithmetic, the geometric mean and median 
were calculated (Table 4). Colony construction site preferences in the investigated 
group show that Camponotus piceus build colonies dominantly in ground which 
represents 84.2% of findings and 15.8% in ground under rocks. Camponotus lateralis 
build colonies dominantly in dry dead tree trunks (65.3% of colonies) (Table 5). All of 
the Camponotus lateralis colonies were found either in dry hard dead wood trunks 
or in dry trees branches. The number of Camponotus lateralis colonies built under 
stone was 6.1% (Table 5).

The colonies of Camponotus lateralis that were under rocks were a combination 
of wood and soil in a sort of galleries extending in the ground. However, one colony 
of Camponotus lateralis was built in a concrete wall.
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Table 4. Camponotus lateralis group species average elevation above sea level preferences in Western 
Balkan Peninsula.

Structural parameter in habitat Species (n=number of cases) Average ± standard deviation 
(minimal-maximal value) Geometric mean – Median

Altitude (m)

C. dalmaticus (n=22) 176.6±112.0                            
(15.0, 376.0) 128.8 – 191.5

C. lateralis (n=49) 111.9±96.8                              
(16.0, 568.0) 85.7 – 81.0

C. piceus (n=57) 233.2±195,5                           
(14.0, 725.0) 168.2 – 198.0

Height of colonies built in tree trunks and branches in Camponotus lateralis group 
was analysed. Colonies of Camponotus lateralis were 0-264 cm higher over ground, 
mode = 20. In Camponotus dalmaticus colonies built in tree logs and branches were 
at height 0-20 cm, mode = 5.
Table 5. Absolute and relative numbers of findings of colonies regarding place of colony construction; 

absolute number (A) and percentages (P) of findings.
Dry log Rotten log Dry branch on tree Under bark In ground Under rock

Camponotus lateralis
A 32 4 8 2 0 3

P 65.3% 8.2% 16.3% 4.1% 0.0% 6.1%

Camponotus dalmaticus
A 2 13 2 0 0 5

P 9.1% 59.1% 9.1% 0.0% 0.0% 22.7%

Camponotus piceus
A 0 0 0 0 48 9

P 0.0% 0.0% 0.0% 0.0% 84.2% 15.8%

All three species are building colonies dominantly in habitats in south and south-east 
exposition; Camponotus piceus 53.5%, C. lateralis 51.8% and C. dalmaticus 22.7% 
of detected colonies. The average ground slope in habitats of Camponotus lateralis 
was in range 0°- 60°, mode = 5°, in Camponotus dalmaticus 0°- 40°, mode = 10° and 
in Camponotus piceus 0°- 45°, mode = 15°.

Analysis of structural parameters in habitats where colonies of Camponotus 
lateralis group were constructed indicated that all three species are building colonies 
on moderately rocky substrates. Most of the colonies were found in habitats with 
10%-40% of surface covered with stones; in Camponotus lateralis 73.1% of colony 
findings, C. piceus 73.7% and C. dalmaticus 81.9%.

Trees level shows most consistency and clearly indicates a differentiation between 
analysed Camponotus lateralis species. Linear regression analysis indicated that 
Camponotus piceus has a negative linear correlation with trees level coverage y = 
-0.3014x + 24.571, R² = 0.5258, p < 0,00, while Camponotus lateralis and C. dalmaticus 
show positive regression.

Statistically significant difference by ANOVA and post hoc Newman-Keuls test at 
(p<5%)in tree diameter was detected between Camponotus lateralis and C. piceus 
habitats.
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CONCLUSIONS AND DISCUSSION
In western Balkan Peninsula, we have confirmed the presence of Camponotus 

lateralis sp. 2, and C. piceus sp. 2 morphs. Confirmed morphs had sympatric 
distribution with Camponotus lateralis and C. piceus. Camponotus lateralis sp. 2 was 
represented by colony from Herceg Novi (Savina wood) and samples of Camponotus 
lateralis sp. 2 workers from Neum are representing the northern most findings. 

Nesting preferences of Camponotus lateralis group species can be explained by 
ants’ temperature preferences. The ant nest temperature can significantly affect the 
development time of immature stages (Porter, 1988, Heinrich, 1993). Cold climate 
ants are building ant hills over the ground and construct colonies on sites with higher 
insolation (Brian and Brian, 1951; Pontin, 1960; Lach et al., 2010). Temperate forests 
ants as Camponotus ligniperdus and C. herculeaneus build colonies usually in wood. 
Wood is a good insulator and prevents rapid temperature changes in colonies. North 
temperate ant species also occupy dead logs and stumps that are heating more rapidly 
below bark or in surface galleries (Hölldobler and Wilson, 1990). According to our 
findings Camponotus lateralis and Camponotus dalmaticus are thermophiles species 
with narrower niche in compare to Camponotus piceus. Colonies of Camponotus 
lateralis and C. dalmaticus are aggregated in the Mediterranean habitats on lower 
elevations Colwell et al. (2008) which indicate the thermophilic nature.

In the Mediterranean regions, the main differences between Camponotus 
lateralis group species were in their habitats preferences. In the Mediterranean 
regions Camponotus piceus was building colonies in open grassland habitats while 
Camponotus lateralis and C. dalmaticus were building in forest and scrub land habitats. 
Colonies of Camponotus lateralis were found in habitats with largest tree diameters 
which indicates a preference toward old forests. Compared to other Camponotus 
lateralis group species, Camponotus lateralis shows a variety of micro habitats 
for colony construction and had the broadest ecological niche on western Balkan 
Peninsula. In contrast to our investigations Zimmermann (1934) has discovered nests 
of Camponotus lateralis in south Dalmatia but only in ground. Our data do not indicate 
regional preferences towards soil as nesting place for Camponotus lateralis or local 
intraspecific differences in the investigated area.

The main detected difference in colony construction between Camponotus lateralis 
and C. dalmaticus was in their tree choices of different decay level. Colonies of 
Camponotus dalmaticus were detected in rotten wet tree logs and in dead rotten tree 
roots, these were dispersing in surrounding ground. In total 60% of the Camponotus 
dalmaticus colonies existed in rotten logs or in underground dead tree roots.

In Dinaric regions with sub Mediterranean climate Camponotus lateralis group 
species show similar distribution pattern to the Mediterranean populations. And in 
Dinaric habitats with continental climate influence, only Camponotus piceus was 
present.

Camponotus lateralis and C. dalmaticus inhabit woodland and scrub land habitats 
with very little direct sun radiation. In hot Mediterranean climate Camponotus lateralis 
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and C. dalmaticus are building colonies more often in wood, then in soil. By using wood 
for colonies constructions investigated species were probably compensating lower 
temperatures in shaded woodland habitats. Species using rocks, stumps, or logs as 
nest sites are vulnerable to low humidity and high temperature than those nesting in 
the soil (Gösswald, 1938). Chen et al., (2002) found that shaded, woodland, habitats 
of Camponotus vicinus have lower temperatures and greater humidity in comparison to 
open habitats. In our opinion Camponotus lateralis in woodland habitats build colonies 
more often in wood and over ground to compensate higher humidity in shaded habitats.

Open grassland Mediterranean habitats are characterized by high ground 
temperatures due higher insulations and also by higher temperature variation (Cros 
et al., 1997).

In the Mediterranean and Dinaric regions, we found Camponotus piceus colonies in 
scrub land and grassland habitats. Colonies of Camponotus piceus were built uniformly 
without ant hill and with one inconspicuous opening in ground. In the Mediterranean 
habitats only one colony of Camponotus piceus was built under stone and in the 
Dinaric region six colonies were found under stones. The colonies in ground provide 
protection from high day temperatures in exothermic grasslands that are inhabited 
by Camponotus piceus. In soil, below ground, humidity and temperature have a low 
degree of variability (Hölldobler and Wilson, 1990). In the Dinaric habitats colonies of 
Camponotus piceus were built on grounds with higher inclination, southern expositions 
and often under stone. It is possible that Camponotus piceus also use stones for 
faster colony heating, like some other cold adapted ant species (Hölldobler and 
Wilson, 1990).

Differences in colony construction sites between Camponotus piceus and C. piceus 
sp. 2 were analysed. Data indicate that Camponotus piceus sp. 2 build colonies in 
ground without anthill. Colonies of Camponotus piceus sp. 2 were on habitats with 
larger inclination and with 40% to 80% stone coverage. Camponotus piceus sp. 2 
colonies and workers were more often collected in the Mediterranean regions on higher 
elevations over 300 meters and in the Dinaric regions over 400 meters. Findings of 
Camponotus piceus sp. 2 colony on Mt. Velez was finding of Camponotus piceus with 
highest elevation over 800 meters. In the context of altitudinal and thermal preferences 
within Camponotus lateralis group we find that C. piceus have the widest ecological 
valence. Literature data indicate that Camponotus piceus also has greater northern 
distribution compared to Camponotus lateralis and C. dalmaticus (Radchenko, 1997). 

The results of our studies indicate ecological niche partitioning in the dimension of 
nest construction between three closely related Camponotus lateralis group species. 
Nest constructing differences between analysed species show spatial allocation. In 
the Mediterranean regions the competition between queens of Camponotus lateralis 
group probably maintain detected differences in the place of colony construction. 
In the Dinaric regions the main factor of absence of Camponotus lateralis and C. 
dalmaticus was temperature.
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ABSTRACT
In order to provide a more complete understanding of physiological impacts of IAA on insects, 

we investigated the cytotoxic effects of variable doses of IAA on hemocytes of Achoria grisella Fabr. 
(Lepidoptera: Pyralidae) larvae. The results revealed that addition of IAA (2 to 1,000 ppm) in diet of A. 
grisella larvae resulted in an increase in the total hemocyte counts at all doses tested. The percentage 
of plasmatocytes decreased but granulocytes increased at 2, 5, 100, 200 and 1,000 ppm. Nevertheless, 
the application of IAA did not alter mitotic indices, the percentage of spherulocytes, prohemocytes and 
oenocytoids. The percentage of living cells decreased at all treated doses compared to control interrelated 
with the elevated ratio of early apoptotic hemocytes at 5, 10, 50, 100 and 200 ppm. Significant reductions 
were observed at 2, 10, 50 and 100 ppm in the ratio of necrotic hemocytes, and at 10,100 and 200 ppm 
in the late apoptotic cells in IAA-treated A. grisella larvae. Our findings demonstrate that IAA exhibits 
detrimental effects on the hemocytes of A. grisella larvae that are the main components of insect immunity. 

Key words: Achoria grisella, apoptosis, cytotoxic, hemocyte, indole-3-acetic acid, mitosis.

INTRODUCTION
In the last fifty years, the world population multiplied more rapidly than even before. 

At the same rate, the requirement of agricultural production has increased and the 
application of plant growth regulators (PGRs), which promote agricultural production 
and prevent damage of pests, has become widespread (McDonald et al., 1988; Silva 
et al., 2003; Paulson et al., 2005). Auxins are a class of PGRs which are involved in 
many developmental processes like cell enlargement, cell division, vascular tissue 
differentiation and root initiation (Davies, 1995). Indole-3-acetic acid (IAA) is one 
of the most important natural auxins (Davies, 1995) which affects plant growth and 
development. However, it has also adverse impacts on non-target organisms such 
as insects by altering developmental time, longevity, reproductive potential and 
hemolymph metabolites (Rup et al., 2000, 2002; Kaur and Rup, 2003; Uçkan et al., 
2011; Uçkan et al., 2014; Uçkan et al., 2015).

The known harmful effects of insecticides have led to search for ecologically 
innocent compounds, which can repress pest insects. Authors have suggested 
that PGRs can be used instead of pesticides in Integrated Pest Management (IPM) 
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programs (Posnava, 1974; Kaur and Rup, 2002). However, the effects of these agents 
on different organisms still need to be clarified. The toxicological studies on the effects 
of PGRs including IAA have been conducted on different animals. De Melo et al., 
(1997, 2004) have suggested that IAA is cytotoxic for leukocytes by inducing necrosis 
and apoptosis. The adverse effects of PGRs on insects’ physiology have also been 
reported by using Bactrocera cucurbitae (Kaur and Rup, 2002), Spilarctia obliqua 
(Gupta et al., 2009), Galleria mellonella (Altuntaş et al., 2012; Er and Keskin, 2015), 
Apanteles galleria (Uçkan et al., 2014).

The innate immune system of insects involves cellular and humoral defence 
(Strand, 2008b). Cellular defence system includes phagocytosis, encapsulation, 
nodulation and clotting that are directly mediated by immune cells called hemocytes 
(Lackie, 1988; Strand and Pech, 1995; Irving et al., 2005; Strand, 2008b). Hemocytes 
also play a role in humoral defence by producing soluble effector molecules (Imler 
and Bulet, 2005; Kanost and Gorman, 2008; Strand, 2008b).

Another immune defence in insects is apoptosis, which occurs generally against 
viral infections (Clem, 2005) and can be also induced by several environmentally stimuli 
such as UV-irradiation or chemicals (Sun et al., 1999, Kim et al., 2001). Furthermore, 
cell death caused by toxic agents has a different morphology and is called necrosis 
(Wyllie, 1981). Because hemocytes are so sensitive against environmental impacts, the 
total count of hemocytes and apoptotic indices can be used as indicators for detecting 
cytotoxic effects of chemicals such as PGRs also stated by Altuntaş et al., (2012).

The smaller wax moth, Achoria grisella Fabr. (Lepidoptera: Pyralidae) is ubiquitous 
pest of honey bee colonies. Only A. grisella at its larval stage feeds  on honey combs 
and causes damage in apiculture (Chariere and Imdorf, 1997; Ellis et al., 2013). A. 
grisella larvae can also be used as model organisms model organisms in toxicological 
and immunological studies depending on its properties such as short life cycle, large 
hemolymph amount, easy and relatively cheap rearing conditions.

Therefore, A. grisella larvae were selected as a model organisms to investigate the 
cytotoxic impacts of IAA. To our knowledge this is the first report that demonstrates 
total and differential hemocyte counts, and also mitotic and apoptotic indices of 
hemocytes in A. grisella larvae with and without IAA application. Our study will provide 
a more complete understanding of effects of IAA on insect hemocyte physiology and 
chemically- induced apoptosis.

MATERIALS AND METHODS

Insect rearing
Stock culture of the A. grisella was reared with the temperature of 25± 2ºC, 60± 5% 

RH and 12:12 (L:D) photoperiod in our laboratory. The stock and successive cultures 
of A. grisella were established and maintained according to Uçkan and Gülel (2000) 
and Uçkan et al., (2011).
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Bioassays
Newly hatched A. grisella larvae were reared on IAA-treated artificial diet. Various 

doses (2, 5, 10, 50, 100, 200, 500 and 1,000 ppm) of IAA (Merck 10 g, Darmstadt, 
Germany) were added to distilled water and homogenized with artificial diet (Sak et 
al., 2006). The last instar larvae of A. grisella (45-50 mg) were used in all experiments.

Total and differential hemocyte counts
In order to detect the impacts of various doses of IAA (2- 1,000 ppm) on the total 

hemocyte count (THC), last instars were washed in 70% ethyl alcohol and distilled 
water, and then air dried. After sterilization hemolymph was collected in anticoagulant 
buffer as described by Er et al., (2010). Ten microliters of these hemolymph suspension 
was used to count the total hemocyte number with a Neubauer Hemocytometer. To 
investigate the effects of various doses of IAA on differential hemocyte count (DHC), 5 
µl of pure hemolymph was spread directly on sterile microscope slides and prepared 
for analysis according to Er et al., (2010). THC and DHC were assayed under an 
Olymphus BX51 (Olymphus Corp., Tokyo, Japan). All experiments were replicated 
five times with 3 larvae in each. Four hundred cells per larva were analysed for DHC.

Analysis of cell viability and mitotic indices
The rate of dead and alive hemocytes, and mitotic indices of IAA-treated and 

untreated A. grisella larvae were investigated using acridine orange/ethidium bromide 
(Sigma Chemical Co.) double staining according to Er et al., (2010) and Altuntaş et 
al., (2012). Five microliters of hemolymph per larva and 10 microliters of dye cocktail 
were spread on slides, respectively and instantly examined under an Olymphus BX51 
(Er et al., 2010, Altuntaş et al., 2012). Using double staining method, cell stages were 
identified as living cells, early apoptosis, late apoptosis and necrosis according to 
Cendoroglo et al., (1999) and (Kosmider et al., 2004). Three larvae were examined 
for each experimental group and replicated 5 times. Three hundred cells per larva 
were investigated for apoptotic, and mitotic indices. 

Statistical analysis
IAA-releated differences in the means were analysed using One-way Analysis 

of Variance (ANOVA) and comparison was done by Tukey’s Honestly Significant 
Difference (HSD) test when variances were homogenous; otherwise Tamhane T2 
test. Percentage data were normalized by arcsine transformation prior to analysis. 
All data were analysed by the SPSS software (SPSS 18.0 for windows). Differences 
were considered statistically significant when P < 0.05.

RESULTS
Addition of IAA (2- 1,000 ppm) to diet resulted in an increase in the total hemocyte 

number of A. grisella at all doses but the differences were significant at only 2 and 
100 ppm when compared to the control (F=5.404; df=8, 126; P=0.000) (Table 1). The 
mean percentage of granulocyte of IAA- treated A. grisella increased at 2, 5, 100, 
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200, and 1,000 ppm, but changes were not significant (F=1.758; df=8, 126; P= 0.092) 
(Table 2). On the other side, the percentage of plasmatocyte significantly decreased 
at 5 ppm when compared to the control, 10, 50, and 500 ppm (F= 2.240; df=8, 126; 
P= 0.029) (Table 2). In contrast, the application of IAA did not alter the percentage of 
spherulocytes (F=1.010; df=8, 126; P= 0.432), prohemocytes (F= 1.626; df=8, 126; 
P= 0.124), oenocytoids  (F= 0.921; df=8, 126; P= 0.502) (Table 2) and also mitotic 
indices (F= 0.528; df=8, 126; P=0.833) (Table 1) significantly when compared to control.

The mean percentage of living hemocytes of IAA treated A. grisella larvae declined 
at all tested doses, but the changes were not significant compared to the control 
and other doses (F=0.775; df=8, 126; P= 0.625) (Table 3). The mean early apoptotic 
hemocytes of IAA treated A. grisella significantly increased at 5, 10, 50, 100, and 200 
ppm compared to control (F= 6.629; df=8, 126; P=0.000) (Table 3). However, IAA 
addition in A. grisella diet caused a decrease in the percentage of late apoptosis at 
2, 10, 50, and 100 ppm (F= 3.599; df=8, 126; P=0.001) (Table 3) and necrosis at 5, 
10, 50, and 100 ppm (F= 2.721; df=8, 126; P= 0.008) (Table 3). 
Table 1. IAA-related changes in total hemocyte counts and mitotic indices of A. grisella larvae.

IAA       

(ppm)
Total hemocyte counta

(x106 cell/ml) (Mean± SE)b
Mitotic indices a

(cells/300) (% ± SE)b

0 6.38±0.38a 0.88±0.13a

2 9.55±0.56c 0.72±0.14a

5 6.91±0.42ab 0.92±0.20a

10 6.72±0.32ab 0.95±0.16a

50 7.19±0.31ab 0.75±0.15a

100 8.38±0.44bc 0.97±0.21a

200 8.08±0.45abc 0.80±0.18a

500 7.47±0.44ab 0.88±0.16a

1,000 7.26±0.39ab 0.78±0.16a

aThe mean of 15 last instars per treatment.
bColumns followed by the same letter (a-c) are not significantly different (P>0.05; Tukey’s HSD)

The mean percentage of living hemocytes of IAA treated A. grisella larvae declined 
at all tested doses, but the changes were not significant compared to the control 
and other doses (F=0.775; df=8, 126; P= 0.625) (Table 3). The mean early apoptotic 
hemocytes of IAA treated A. grisella significantly increased at 5, 10, 50, 100, and 200 
ppm compared to the control (F= 6.629; df=8, 126; P=0.000) (Table 3). However, IAA 
addition in A. grisella diet caused a decrease in the percentage of late apoptosis at 
2, 10, 50, and 100 ppm (F= 3.599; df=8, 126; P=0.001) (Table 3) and necrosis at 5, 
10, 50, and 100 ppm (F= 2.721; df=8, 126; P= 0.008) (Table 3). 
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al., 2011; 2015). In order to characterise further effects of IAA on insect immunity, 
IAA induced alterations in THCs, DHCs, mitotic and apoptotic indices of A. grisella 
hemocytes were investigated. 

Five distinct classes of hemocytes have already been identified in different 
Lepidopteran species, such as Manduca sexta (Horohov and Dunn, 1982), 
Poekilocerus bufonius (Al-Robai et al., 2002), Bomby xmori (Ganie et al., 2015), G. 
mellonella (Altuntaş et al., 2012), Spodoptera litura (Sharma et al., 2003), Ostrinia 
furnacalis (Jian et al., 2003), and Spodoptera littoralis (Ghoneim et al., 2015). In 
the present study the former five main hemocyte types were also identified in the 
hemolymph of last instars of A. grisella: prohemocytes, plasmatocytes, granulocytes, 
spherulocytes and oenocytoids. All of the treated IAA doses caused an increase in 
THC of A. grisella. Several reports have suggested that stress, wounding or infection 
can cause an increase in the number of hemocytes in circulation (Ratcliffe et al., 
1985; Lackie, 1988; Strand 2008b). Similarly, Altuntaş et al., (2012) reported that, GA3 
caused a rise in THC in G. mellonella larvae. George and Ambrose announced (2004) 
that exposing to an organophosphate led to an increase in total hemocyte count and 
granulocyte numbers but a decrease in prohemocyte and plasmatocyte numbers of 
Rhynocoris kumarii. Similarly, we found that treatment with IAA in diet of A. grisella 
caused a decrease in the percentage of plasmatocytes whilst an increase in that of 
granulocytes. None of the applied doses led to significant changes in the percentage of 
spherulocyte, prohemocyte, and oenocytoids when compared to the control. Likewise, 
a various botanical originated insecticides such as azadirachtin (Azambuja et al., 
1991; Er et al., 2017) and extract of Artemisia annua (Zibaee and Bandani) also alter 
hemocyte number of insects (James and Xu, 2012). Several reports in Lepidopteran 
demonstrated that the origins of hemocyte population in circulation during larval 
stage are both hemocytes, which can proliferate and differentiate, and hematopoietic 
organs (Strand 2008b).  Our results revealed insignificant fluctuation in mitotic indices 
of hemocytes of IAA-treated A. grisella. Furthermore, the mitotic index fluctuations 
were not synergistic with dose depended increases in THC. Similarly, Altuntaş et al., 
(2012) demonstrated that GA3 treatment in G. mellonella larvae caused an increase 
in mitotic indices, but there was no correlation between induced mitotic indices and 
THC. As a typical Lepidopteran insect, Bombyx mori has four hematopoietic organs, 
which produce hemocytes and continuously release into the hemolymph during 
larval stages (Strand, 2008a, 2008b). It seems likely that, the source of incremental 
THC of IAA-treated A. grisella may be hematopoietic organs instead of mitosis of 
hemocytes already in circulation. Some evidences have suggested that there is a 
bidirectional connection between the immune system and nervous system (CNS) 
in insects (Beckage, 2008). Moreover, CNS regulates directly or indirectly insect 
hormones, which affect immune responses (Niijhout, 1994; Adamo, 2006; Beckage, 
2008). Ecdysteroids and juvenile hormones (JHs) regulate many developmental and 
physiological processes including immune responses (Gade et al., 1997; Rantala et 
al., 2003; Franssens et al., 2006; Flatt et al., 2008). Several reports have suggested 
that the endocrine organs regulate hemocyte populations and differentiation (Riziki, 
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1957, 1962; Hoffman, 1970; Judy and Marks, 1971; PrasadaRao et al., 1984; Ahmad 
and Khan, 1988). Previously, we have demonstrated that IAA treatment led to a 
delay in larval developmental time of G. mellonella and immature developmental 
time of parasitoid P. turionellae, which are regulated by ecdysteroids and JHs. The 
observations presented here and previously described have led us to conclude that 
IAA may alter hormone balance between ecdysteroids and JHs and cause alternations 
in THC and DHC in A. grisella.

As also stated above, the environmentally and internally regulatory stimuli (Kim et 
al., 2001) such as DNA damage, growth factor deprivation, death receptor signaling, 
radiation, chemicals or injury may cause apoptosis or necrosis (Dragovich et al., 1998; 
Sun et al., 1999; Bezabeh et al., 2001; Opferman and Krosmeyer, 2003; Nikoletopoulou 
et al., 2013). Our results indicated that whereas early apoptotic cells increased at low 
doses of IAA, the percentage of late apoptosis and necrosis decreased when compared 
to untreated larvae. Furthermore, there was a significant reduction in the percentage 
of living cells at all treated doses. Apoptosis inductive effect of IAA was also observed 
by Frukawa et al., (2004) in different tissue cells of mice. Altuntaş et al., (2012) also 
reported that GA3 treatment on G. mellonella larvae induced apoptotic and necrotic 
cell death and reduced cell viability when compared to untreated larvae. Microbial 
infections or pollutants/toxins such as UV radiations, pesticides, and ozone trigger 
production of reactive oxygen species (ROS) (Kohen and Nyska, 2002; Poljsak et al,. 
2013). When ROS is not sufficiently reduced by antioxidant enzymes (Turrens, 2003 
; James and Xu, 2012), they may affect adversely on the organism by reacting with 
macromolecules of biological importance (James and Xu, 2012). Increased oxidative 
stress causes death of cells either by necrosis or by apoptosis (Zamzami et al., 1995, 
1996; Tan et al., 1998; Kannan and Jain, 2000; James and Xu, 2012). A wide variety 
of synthetic insecticides are known to supress the activity of antioxidant enzymes 
(James and Xu, 2012). Olivera et al., (2007) reported that, IAA treatment on rat liver 
caused decrease in the activity of catalase and glutathione S- transferase. Likely, 
Çelik and Tuluçe (2006) reported that, IAA and kinetin increased the production of 
lipid peroxidases, and inhibited antioxidant defence in various rat tissues. Therefore, 
IAA treatment on A. grisella may cause a decrease in antioxidant enzyme activity 
and induce apoptosis.

The increased interest to use eco-friendly products to promote agricultural production 
and to prevent damage of pests led us to investigate effects of ecologically innocent 
chemicals such as IAA in the model A. grisella larvae. Our data demonstrated that IAA 
affected THC and DHC, but has not effect on mitotic indices. In addition, IAA treatment 
caused a decrease in the percentage of living cells, late apoptosis and necrosis, but 
an increase in early apoptosis of A. grisella larval hemocytes. IAA showed similar 
effect with synthetic insecticides, which is harmful for target and non-target organism.

Effects of IAA on other physiological parameters of insects such as hemolytic 
and phenoloxidase activity and antioxidant enzyme activity should also be explored 
before suggesting this plant derived compound as a good candidate for pest control 
in IPM programs.
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ABSTRACT
Up to this report, only Minotetrastichus platanellus (Mercet, 1922) had been recorded from Georgia 

and Transcaucasia. We now report Minotetrastichus frontalis (Nees, 1834), Minotetrastichus loxotoma 
(Graham, 1961) and Minotetrastichus treron Graham, 1987 as new to Georgia and Transcaucasia, bringing 
the number of species of Minotetrastichus Kostjukov, 1977 in Georgia up to four. Diagnostic characters for 
distinguishing this genus from other genera belonging to subfamily Tetrastichinae are provided.

Key words: Georgia, Transcaucasia, Tetrastichinae, Diagnosis, Minotetrastichus, Kostjukov.

INTRODUCTION
The Lagodekhi Protected Areas, established in 1912 is one of the world’s 

best-preserved areas of mixed forest with a diversity of natural landscapes. It is 
located in Lagodekhi, in the extreme north-eastern part of the southern slopes of the 
Caucasus and extends across an altitudinal range of 590-3500 m. The Lagodekhi 
Protected Areas includes Lagodekhi Nature Reserve (19749 ha) and Managed 
Reserve (4702 ha) (APA 2016).

Kostjukov (1977), based on the results of a comparative morphological study of the 
subfamily Tetrastichinae, founded 17 subgenera within Tetrastichus Haliday, including 
Minotetrastichus, with the type species Cirrospilus ecus Walker. Later Graham (1987) 
revised genera of the European Tetrastichinae; 28 genera were recognized as valid, 
including Minotetrastichus as a distinct genus. Minotetrastichus currently includes 
ten species: M. citriscapus (Kostjukov), M. curtiventris (Kostjukov) (Kostjukov and 
Kosheleva, 2006), M. frontalis (Nees), M. loxotoma (Graham), M. napomyzae 
(Domenichini), M. pallidocinctus (Gahan), M. platanellus (Mercet), M. prolongatus 
Graham, M. treron Graham and M. zeasmi Narendran (Noyes, 2016). 

Species of Minotetrastichus are parasites of leaf-mining Lepidoptera, Coleptera 
and Hymenoptera.
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This study represents a taxonomic analysis of part of the insect material collected in the 
Lagodekhi protected areas using Malaise traps during the entire growing season of 2014.

MATERIAL AND METHODS
Malaise traps in the Lagodekhi protected areas were set in the following vertical 

zonal sites: 1. Low zone of forest (450-750m), 2. Middle zone of forest (750-1250m), 
3. High zone of forest (1250-1800m), 4. Subalpine forest (1800-2000m), 5. Subalpine 
fields and shrublands (2000-2500m), 6. Alpine zone (above 2500m). Malaise traps 
were obtained from BandN Entomological services (Fres and Fibms, 2017) Containers 
were filled with 80% ethanol and were checked and replaced every ten days. Collecting 
started on April 2, 2014 and lasted until November 7, 2014, although in alpine and 
subalpine areas collecting started later (subalpine 5 May 2014; alpine 23 May 2014) 
and completed earlier (6 October 2014) due to poor climatic conditions. Material 
was collected every 10 (±2) days then it was transferred to the laboratory and was 
critical point dried following Noyes (2016) and mounted on cards. Identification 
was undertaken by the second author, using modern keys and papers of original 
descriptions, and the collections of the Zoological Institute of the Russian Academy 
of Sciences (St. Petersburg) and All-Russian Research Institute of Biological Plant 
Protection (Krasnodar). All voucher specimens are deposited to the Entomological 
collection of the Agricultural University of Georgia, Tbilisi, Georgia.

Information about synonymy and biology is given in Graham (1987) and the 
Universal Chalcidoidea Database (Noyes, 2016). Therefore we did not add these data 
to our paper, unless absent from Graham (1987) and Noyes (2016).

RESULTS

Diagnosis of genus (Table 1)

Female
Length: 1.0-1.9 mm
Anterior margin of clypeus truncated or with a pair of low, rounded lobes. Propodeum 

with spiracles very small or minute, circular or nearly so, separated from hind edge of 
metanotum by their diameter or more. Antenna with funicle and clava each with three 
segments. Mid lobe of mesoscutum usually without a median line. The two longer 
setae of each cercus usually subequal in length, pale straight or slightly curved (in 
loxotoma and prolongatus longest seta is 1.6x times longer than next longest seta). 
Mesoscutum convex. Body with at least weak metallic tints, but in some mainly yellow 
forms of platanellus metallic tints are lacking.

Male
Length: 0.8-1.3 mm 
Differs from female as follows: Antennal scape with a vertical plaque that is situated 

in upper part; antennal flagellum with a 4 segmented funicle and a 3 segmented clava.
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Table 1. Characters for differentiate Minotetrastichus from other Tetrastichinae. 

The species of genus Minotetrastichus The other species of subfamily Tetrastichinae

Female and male

1. Length 0.8-1.9 mm Length 0.4-4.5 mm

2.

Submarginal vein of forewing with 2-5 dorsal 
setae; propodeal spiracles very small subcircular 
or minute, separated by at least 1.5 times their 
diameter from hind edge of metanotum; the setae 
of each cercus are subequal in length

Submarginal vein of forewing with 1 dorsal seta 
or propodeal spiracles moderate-sized, separated 
from hind margin of metanotum by much less 
than their major diameter; if very small or minute 
(Chrysotetrastichus and Ootetrastichus) then one 
seta of each cercus is much longer than the other

3. Anterior margin of clypeus truncate Anterior margin of clypeus bidentate

4. Antenna with scape usually yellow or yellowish Antenna with scape usually black, often with 
metallic tints

Hosts Leaf-mining Lepidoptera, Coleoptera and 
Hymenoptera

Gall-forming insects (usually Cecidomyiidae), 
Acari (Eriophyidae) and Nematoda; free-living 
larvae and eggs of insects

Species list of Minotetrastichus distributed in Lagodekhi reserve (Georgia)

Genus Minotetrastichus Kostjukov, 1977

Species Minotetrastichus frontalis (Nees, 1834)

Material examined: 2 ♂♂, Lagodekhi reserve, Mt Kudigora, 41˚51.351ꞌ N, 046˚17.564ꞌ E, 847 m asl 
(above sea level), malaise trap, 15-25.05.2014, G. Japoshvili and G. Kirkitadze; 1 ♀, Lagodekhi reserve, 
Mt Kudigora, 41˚52.288ꞌ N, 046˚18.692ꞌ E, 1351 m asl, malaise trap, 15-25.05.2014, G. Japoshvili and G. 
Kirkitadze; 2 ♀♀, Lagodekhi reserve, Mt Kudigora,41˚52.288 N, 046˚18.692 E, 1351 m asl, malaise trap, 
4-14.06.2014, G. Japoshvili and G. Kirkitadze; 3 ♀♀, 2 ♂♂, Lagodekhi reserve, Mt Kudigora, 41˚52.288ꞌ 
N, 046˚18.692ꞌ E, 1351 m asl, malaise trap, 15-25.06.2014, G. Japoshvili and G. Kirkitadze; 1 ♀, 1 ♂, 
Lagodekhi reserve, Mt Kudigora, 41˚ 54.371’ N, 46˚ 20.004’ E, 2558m asl, malaise trap, 15-25.06.2014, 
Leg. G. Japoshvili and G. Kirkitadze; 4 ♀♀, 5 ♂♂, Lagodekhi reserve, Mt Kudigora,41˚52.288ꞌ N, 
046˚18.692ꞌ E, 1351 m asl, malaise trap, 25.06-5.07.2014, G. Japoshvili and G. Kirkitadze; 2 ♀♀, 
Lagodekhi reserve, Mt Kudigora, 41˚51.351ꞌ N, 046˚17.564ꞌ E, 847 m asl (above sea level), malaise trap, 
5-15.07.2014, G. Japoshvili and G. Kirkitadze; 6 ♀♀, 6 ♂♂, Lagodekhi reserve, Mt Kudigora, 41˚52.288ꞌ 
N, 046˚18.692ꞌ E, 1351 m asl, malaise trap, 5-15.07.2014, G. Japoshvili and G. Kirkitadze; 2 ♀♀, 1 ♂, 
Lagodekhi reserve, Mt Kudigora,41˚52.288 N, 046˚18.692 E, 1351 m asl, malaise trap, 15-25.07.2014, 
G. Japoshvili and G. Kirkitadze; 1 ♀, Lagodekhi reserve, Mt Kudigora, 41˚ 51.149’ N, 46˚ 17.266’ E, 
666 m asl (above sea level), malaise trap, 25.07-5.08.2014, G. Japoshvili and G. Kirkitadze; 1 ♀, 1 ♂, 
Lagodekhi reserve, Mt Kudigora, 41˚52.288ꞌ N, 046˚18.692ꞌ E, 1351 m asl, malaise trap, 25.07-5.08.2014, 
G. Japoshvili and G. Kirkitadze; 4 ♀♀, 2 ♂♂, Lagodekhi reserve, Mt Kudigora, 41˚52.288ꞌ N, 046˚18.692ꞌ 
E, 1351 m asl, malaise trap, 5-15.08.2014, G. Japoshvili and G. Kirkitadze; 2 ♀♀, Lagodekhi reserve, 
Mt Kudigora, 41˚52.288ꞌ N, 046˚18.692ꞌ E, 1351 m asl, malaise trap, 25.08-4.09.2014, G. Japoshvili 
and G. Kirkitadze; 1 ♀, 3 ♂♂, Lagodekhi reserve, Mt Kudigora, 41˚52.288ꞌ N, 046˚18.692ꞌ E, 1351 m 
asl, malaise trap, 5-14.09.2014, G. Japoshvili and G. Kirkitadze; 2 ♀♀, 3 ♂♂, Lagodekhi reserve, Mt 
Kudigora, 41˚52.288ꞌ N, 046˚18.692ꞌ E, 1351 m asl, malaise trap, 15-27.09.2014, G. Japoshvili and G. 
Kirkitadze; 1 ♀, Lagodekhi reserve, Mt Kudigora, 41˚52.288ꞌ N, 046˚18.692ꞌ E, 1351 m asl, malaise trap, 
27.09-6.10.2014, G. Japoshvili and G. Kirkitadze.

Distribution: Austria, Bosnia Herzegovina, Bulgaria, Canada (Alberta, British 
Columbia), Canary Islands, Croatia, Czech Republic, Denmark, Finland, France, 
Germany, Hungary, Ireland (Northern and Republic of), Italy, Macedonia, Moldova, 
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Netherlands, Norway, Pakistan, Romania, Russia (Altai Kray, Krasnodar Kray, 
Stavropol Kray, Nizhniy Novgorod Oblast, Ul’yanovsk Oblast, Siberia), Serbia, 
Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, Ukraine, United Arab 
Emirates, UK (England), USA (Connecticut, Delaware, Maine, Massachusetts, 
Montana, Ohio, Wisconsin) (Noyes, 2016).

Minotetrastichus loxotoma (Graham, 1961) 

Material examined: 1 ♀, Lagodekhi reserve, Mt Kudigora, 41˚52.288ꞌ N, 046˚18.692ꞌ E, 1351 m 
asl, malaise trap, 5-15.07.2014, G. Japoshvili and G. Kirkitadze; 1 ♀, Lagodekhi reserve, Mt Kudigora, 
41˚52.288ꞌ N, 046˚18.692ꞌ E, 1351 m asl, malaise trap, 5-15.08.2014, G. Japoshvili and G. Kirkitadze. 

Distribution: Hungary, Norway, Russia (Primor’ye Kray), Slovakia, Sweden, UK 
(England), Croatia (Noyes, 2016).

Minotetrastichus platanellus (Mercet, 1922)

Material examined: 1 ♀, Lagodekhi reserve, Mt Kudigora, 41˚52.288ꞌ N, 046˚18.692ꞌ E, 1351 m asl, 
malaise trap, 15-25.06.2014, G. Japoshvili and G. Kirkitadze; 1 ♀, Lagodekhi reserve, Mt Kudigora, 
41˚52.288ꞌ N, 046˚18.692ꞌ E, 1351 m asl, malaise trap, 25.06-5.07.2014, G. Japoshvili and G. Kirkitadze; 
1 ♀, 1 ♂, Lagodekhi reserve, Mt Kudigora, 41˚52.288ꞌ N, 046˚18.692ꞌ E, 1351 m asl, malaise trap, 
15-25.07.2014, G. Japoshvili and G. Kirkitadze; 1 ♀, 1 ♂, Lagodekhi reserve, Mt Kudigora, 41˚52.288ꞌ 
N, 046˚18.692ꞌ E, 1351 m asl, malaise trap, 25.07-5.08.2014, G. Japoshvili and G. Kirkitadze; 1 ♀, 
Lagodekhi reserve, Mt Kudigora, 41˚52.288ꞌ N, 046˚18.692ꞌ E, 1351 m asl, malaise trap, 25.08-4.09.2014, 
G. Japoshvili and G. Kirkitadze; 1 ♀, Lagodekhi reserve, Mt Kudigora, 41˚ 51.149’ N, 46˚ 17.266’ E, 
666 m asl (above sea level), malaise trap, 5-14.09.2014, G. Japoshvili and G. Kirkitadze; 1 ♀, 3 ♂♂, 
Lagodekhi reserve, Mt Kudigora, 41˚52.288ꞌ N, 046˚18.692ꞌ E, 1351 m asl, malaise trap, 15-27.09.2014, 
G. Japoshvili and G. Kirkitadze; 1 ♀, Lagodekhi reserve, Mt Kudigora, 41˚52.288ꞌ N, 046˚18.692ꞌ E, 1351 
m asl, malaise trap, 27.09- 6.10.2014, G. Japoshvili and G. Kirkitadze.

Distribution: Bulgaria, Czech Republic, France, Georgia, Germany, Greece, 
Hungary, Iran, Israel, Italy, Netherlands, Serbia, Slovakia, Turkey, Ukraine, UK 
(England) (Noyes, 2016), Russia (Kostjukov and Nagorniy, 2004; Kostjukov et al. 
2004; Kovalenkov et al. 2004a; 2004b; Litvinenko, 2004; Nagornyi, 2004; 2006).

Minotetrastichus treron Graham, 1987

Material examined: 1 ♀, Lagodekhi reserve, Mt Kudigora, 41˚52.288’ N, 46˚18.692’ E, 1351m asl, 
malaise trap, 15-25.06.2014, G. Japoshvili and G. Kirkitadze; 1 ♀, Lagodekhi reserve, Mt Kudigora, 
41˚52.288’ N, 46˚18.692’ E, 1351m asl, malaise trap, 25.06-5.07.2014, G. Japoshvili and G. Kirkitadze; 1 
♀, Lagodekhi reserve, Mt Kudigora, 41˚52.288’ N, 46˚18.692’ E, 1351m asl, malaise trap, 5-15.07.2014, 
G. Japoshvili and G. Kirkitadze; 1 ♀, Lagodekhi reserve, Mt Kudigora, 41˚52.288’ N, 46˚18.692’ E, 1351m 
asl, malaise trap, 5-15.08.2014, G. Japoshvili and G. Kirkitadze.

Distribution: Croatia, France, Sweden (Noyes, 2016).

DISCUSSION
Four species of Minotetrastichus are found in Lagodekhi reserve (Georgia). Only 

M. platanellus was recorded for Georgia and Transcaucasia (Kostjukov, 1978) prior to 
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our study. Minotetrastichus frontalis, M. loxotoma and M. treron are new records for 
Georgia and Transcaucasia. Before our study, M. treron was known only from Croatia, 
France and Sweden, and M. loxotoma from Hungary, Norway, Russia, Slovakia, 
Sweden, UK, Croatia (Noyes, 2016). Minotetrastichus frontalis and M. platanellus, in 
contrast, are widely known species from Europe (Noyes, 2016) and North Caucasus 
(Kostjukov, 1978; Kostjukov and Nagornyi, 2004; Khomchenko and Kostjukov, 2004; 
Kostjukov et al., 2004; Kostjukov and Kosheleva, 2006; Kovalenkov et al., 2004a; 
2004b; Litvinenko, 2004; Nagornyi 2004; 2006).

Malaise traps seem to be good means of collecting species of Minotetrastichus 
and other Tetrastichinae. About one hundred individuals of Minotetrastichus spp. 
were collected by us in our Malaise trap, about 30 individuals of genus Tamarixia, 
2 individuals of Neotrichoporoides and 4 individuals for Hyperteles. We recommend 
them for future sampling of Minotetrastichus.
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ABSTRACT
In this study, we examined the effects of ethanolic extracts obtained from the various parts of Liquidambar 

orientalis, Buxus sempervirens, Alnus glutinosa, Artemisia absinthium, Aesculus hippocastanum and 
Rhus coriaria on the egg-laying behavior of the potato beetle, Leptinotarsa decemlineata, under laboratory 
conditions at 25±2°C and 60±5 % relative humidity, and tested the antifeedant and toxic effects of the two 
extracts leading to the smallest number of egg-laying, Liquidambar orientalis and Buxus sempervirens, 
with a field study. The field study showed that the average number of 6.2 larvae and 7.2 adults before 
treatment of the Liquidambar orientalis extract decrease to 1.2 larvae and 3.2 adults after treatment. 
With the use of the Buxus sempervirens extract, the 10.2 larvae and 8.4 adults that existed before the 
treatment were reduced to 2.6 larvae and 2.8 adults after treatment. As for the eggs laid in the plants, the 
control plants had 13 while Liqudambar orientalis decreased this number to 3 and Buxus sempervirens 
to 2. These results suggest that these two plant extracts can be used in the field as a potential alternative 
to chemical pesticides.

Key words: Buxus sempervirens, botanical pesticides, Liquidambar orientalis, plant extracts, potato 
beetle, pest management.

INTRODUCTION
Biotic and abiotic factors prevent the present agricultural areas from being used 

effectively. One of these biotic factors is that, pests are known to decrease the quality 
and productivity in forests and agricultural areas (Fenemore, 1984; Ecevit, 1988; 
Thacker, 2002; Isman, 2006; Matthews, 2006; Zehnder et al., 2007; Bianchi et al., 
2013). Synthetic insecticides have been used for the last 50 years to control these 
pests. There are five main classes of synthetic insecticides; namely organochlorides, 
organophosphates and carbamates, pyrethroids, neonicotinoids and ryanoids (Ware, 
1982; Dorow, 1993; Palmquist et al., 2011). The most commonly used one of these are 
the organochlorines. Developed countries have banned their use along with various 
other pesticides such as the synthetic DDT, therefore leading to a search for alternative 
methods in management of the pests (Franzen, 1993; Thacker, 2002; Scott et al., 
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2003; Isman, 2006; Matthews, 2006; Zehnder et al., 2007). Management of pests 
in Turkey is undertaken largely by using chemicals, the use of which not only leads 
to chemical resistance in pests, but also cause the death of useful insects such as 
bees, or animals such as birds and fish. These chemicals may even reach humans 
via the food chain and eventually lead to a number of permanent or fatal diseases 
(Fenemore, 1984; Ecevit, 1988; FAO, 1992; Matthews, 2006; Handal et al., 2016).

An alternative method of minimizing the harms of pests may be the use of poisonous 
and healthy plant extracts which can be found in nature (Alberto et al., 2010). These 
extracts contain anti-feedant substances and substances which regulate or inhibit 
beetle growth and development. They also contain substances inhibiting the effects 
of juvenile and the moulting hormones in beetles and/or substances imitating their 
functions (Whittaker and Feeny, 1971; Berenbaum, 1985).

There are many plants which may be used as pesticides. Plants were used for 
the first time for pesticide activities in the mid-17th century (Smith and Secoy, 1975). 
These plants are seen today as a potential source of natural pesticides due to the 
various substances they contain. Plant pesticides are effective only on the pests 
themselves and they have the advantage of not harming non-targeted organisms or 
humans. Besides, they are easily degradable and environment-friendly (Berenbaum, 
1985). As opposed to traditional pesticides which managed pests only with an active 
substance, plant pesticides contain extracts effective on both the behaviors and the 
physiologies of pests (Saxena, 1987). 

The main purpose of the agricultural studies is to increase the yield of product per 
hectare. The primary damage of Colorado potato beetle, Leptinotarsa decemlineata 
(Say, 1824) (Coleoptera: Chrysomalidae), is leaf feeding by larvae and adults, although 
young fruits can also be eaten when the hosts are eggplant or tomato. Leaf-feeding has 
the greatest effect on potato growth, if occurring within two weeks of peak flowering, 
whereas during the last few weeks before harvest or very early in the growth of the 
crop it has little effects on yield in Turkey. Up to now, chemical substances of the 
pyrethroid group, such as deltamethrin (Deltamethrin) have been utilized to control this 
pest (Ertürk and Uslu, 2007; Turkish Ministry of Agriculture and Rural Affairs, 2008).

This study identified the effects of various plant extracts on this pest in a laboratory, 
and then examined the two most effective ones by spraying them on potatoes in a 
field to test the behavior of the potato beetle, its feeding, egg-laying, larvae and adult 
density.

MATERIAL AND METHODS

Selection and maintenance of the pest 
L. decemlineata larvae and adults were carefully collected between May and June 

2002 in the areas used for growing cultures around Ordu province and its towns in 
Turkey. Without damaging the larvae and adults using a tool Spraying bottle, they 
were brought to the laboratory in plastic boxes allowed airflow. Throughout the study, 
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L. decemlineata larvae and adults fed on fresh potato leaves. The larvae and adults 
of the potato beetle destroyed the plant by affecting its leaves and young branches as 
well as by laying eggs. Therefore, these two features were selected for the evaluation 
of results (Ertürk and Uslu, 2007). Agria varieties were used as the potato variety in 
this study.

Selection of the plants
In this study, we used extracts obtained from various parts of Buxus sempervirens, 

Aesculus hipopcostonum, Rhus coriaria, Alnus glutinusa and Artemisia absinthium. 
These plants collected from Black Sea Region of Turkey in 2003 in field. Liquidambar 
orientalis was bought from a herbalist. The identification of these plants was done 
according to Davis (1966-1988). The literature survey of plants used in this study has 
chosed. The literature survey of plants used in this study was conducted.

Preparation of plant extracts
Fresh leaves, flowers and seeds were washed under running distilled water. The 

fresh stems and leaves of plants were dried at 45°C for 5-6 hours. The leaves from 
Lq. orientalis were cut into pieces and grinded into powdery form using pestle and 
mortar and shade dried.  The extract of the leaves, flowers, and seeds were prepared 
according to the methods described (Holopainen et al., 1988; Yildirim et al., 2000; 
Mohan et al., 2009). The powders were stored in air tight plastic tube. Water and 
ethanolic extracts were prepared of sterile distilled water and ethanol mixing 250 gr 
of dry powder of plants and 1250 ml solvent, at room temperature in a round bottom 
flask with occasional shaking. The extracts were kept at 4°C for 5 days. Both water 
and ethanolic extracts were then filtered through a muslin cloth for coarse residue 
and they finally filtered through were filtered through 100 µm membrane filter, and 
then the solutions were dried with an evaporator. The crude extracts were stored at 
-20°C until they were used. Before their use, they were dissolved in 25% ethanol.

Bioassays

1. Laboratory study
The varieties potatoes of agria, the seed potatoes, were used in this study. 

According to the Provincial Directorate of Ordu, it is the most suitable variety for 
this region. They were planted in plastic pots (approximately 35 cm wide and 45 cm 
deep). The soil used was chosen carefully and mixed with natural animal fertilizers. 
Then an equal number and weight of potatoes were planted in the pots which were 
kept under controlled laboratory conditions until they leaf out. All pots were exposed 
to normal weather conditions. All pots were kept at 25±2°C and 60±5 % relative 
humidity. The potted plants were covered with veils to avoid contamination from the 
outside extra insects.

When the potato plants in the pots were grown enough, approximately four to 
five weeks after the potato plant height of 50 cm. 50 ml of each previously prepared 
plant extract (see, preparation of plant extracts) was transferred into plastic glass and 
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applied to the plants homogeneously. Two pots were formed for each plant extract. 
Following treatment, three pairs of L. decemlineata adults (six in total) were placed 
in each pot. In order to prevent beetle crossings between pots, each pot was tied by 
tulle cloth allowing airflow. When they arrive, plant height 50 cm, 2 male and 4 female 
was left on the plants healthy potato beetle and the beetles laid their eggs. After 7 
days, plant extracts were applied for a second time in a similar to the first one. These 
pots were then controlled weekly and prepared experiment reports. All operations 
were performed under the same conditions all the same parent plant. Triple repetition. 

2. Field study
Field study was carried out in a quarter-acre potato growing area near the town 

named Kabadüz in Ordu province. The Kabadüz  (40°59’01”N, 37°53’02”E) is located 
in the south of Ordu, at an altitude of about 600 meters with an annual average 
temperature of 4.3°C and average relative humidity of 74.7%. Soil before planting 
was organized as agricultural. The plants were watered individually with drip irrigation 
and fertilized according to the farmer planting. Potatoes were planted in groups of 25 
and the experiment was made to coincide with the chemical spraying time.

The field in farmland was divided into three plots separated by a barrier of 3-mm 
thick clear polyethylene film. The potatoes were planted in three blocks with 25 potato 
roots in each block. Each plot was further divided into three sections of 3 rows each, 
and each section served as a replicate for sampling. The potatoes were planted in the 
plot in mid-March 2006 in rows of 70 cm spacing, each with 25 plants spaced 40 cm 
apart. Experiment was designed with three replications and for each plant extract a 
total of 75 potato roots were used. These potatoes were grown until the experiment. 
Care was taken to ensure equal amount of plant extract application to foliage of potato 
plants. After determination of leaves on the ground and in the period following the first 
insect to be seen on a potato leaf, spray was applied in the field. Once every 7 days 
to monitor the population dynamics of L. decemlineata, larvae, adults and eggs were 
observed. A total of 4 samplings were conducted from 15 April 2006 to 15 May 2006. 
The control block and the blocks which were to receive the plant extract applications 
were labeled as Part 1, 2 and 3. 

The two extracts found to be most effective in the laboratory study (Lq. orientalis 
and B. sempervirens) were chosen to be used in the field study (Table 1). The plant 
extract to be tested in each block was prepared in the laboratory and transferred to 
the field in dark-colored bottles. Following the identification of the existence of L. 
decemlineata adults, larvae and eggs on the potato plants in the marked blocks, 250 
g per liter plant extracts were applied homogeneously to each potato plant with a 
back pulverizator (about 10-15 liters capacity, a suitcase model). The control group 
was sprayed with the solvent (water and ethyl alcohol) in which plant extracts were 
dissolved. The solvent was diluted so as not to damage the plant. After a week, the 
experiment was repeated in the same way. Each block was controlled weekly and 
experiment reports were prepared. Samples of L. decemlineata, larvae, adults and 
eggs were randomly collected from each section in a paper towel to prevent moisture, 
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placed in plastic bags, and returned to the laboratory. The effectiveness of two extracts 
under field study was calculated with the Handerson-Tilton formula (Lamparski and 
Wawrzyniak, 2005). 

Statistical analyses
The statistical analyses of the data were performed by using the SPSS for Windows 

(version 12.0) package program. In order to determine the effects of the two plant 
extracts before and after treatment on the potato beetle’s larvae and adults, the 
significance of difference between groups was tested by one way variance analysis 
(one way ANOVA). When there was a difference between groups, the means was 
tested by post HOC tests (Tukey HSD). In the evaluation of data, if p-value is less 
than or equal 0.05, it was accepted as significant.
Table 1. Parts used of plants and effect of its extracts on egg-laying behavior of potato beetle, Leptino-

tarsa decemlineata, in laboratory conditions.

Plant used Family name Local name Ecozone in 
Turkey Part(s) used Number of 

laying egg
Situation of 

eggs
Liquidambar 
orientalis Altingiaceae Turkish sweetgum

(Turkish, Sığla ağacı)
Muğla-
Fethiye Rasin 45 3 egg pocket 

clear yellowish
Buxus 
sempervirens Boxaceaea Boxwood tree

(Turkish, Şimşir)
North
Anatolia Seed and leaf 47 2 egg pocket 

darker yellowish
Alnus 
glutinosa Betulaceae Common alder

(Turkish, Adi kızılağaç)
Northen 
Anatolia Leaf 59 -

Artemisia 
absinthium Asteraceae Wormwood

(Turkish, Pelin otu)
The whole 
Anatolia Flower and leaf 65 -

Aerulus 
hippocastanum Sapindaceae Horsechesnut

(Turkish, At kestanesi)
The whole 
Anatolia Fruit and leaf 93 -

Rhus 
coriaria Anacardiaceae Sumac

(Turkish, Sumak)
West and 
South Anatolia Leaf 104 -

Control 
(Water only) - - - - 9 13 egg pocket 

clear yellowish
Control 
(Ethyl alcohol) - - - - 0 -

RESULTS
Table 1 presents findings about the effects of the eggs of L. decemlineata adults on 

the potato plants grown in laboratory pots. The table shows that, among the six different 
plant extracts used, the most successful extract against the egg-laying behavior of L. 
decemlineata was Lq. orientalis, and the least successful R. coriara (Table 1). 

The Lq. orientalis extract, which was not found to be toxic in beetles, acted as 
an effective anti-feedant thus preventing beetles from feeding and laying many eggs 
(Table 1). The beetles placed in the pot with this extract were not able to consume 
the majority of the plant’s leaves until harvesting, and not able to lay more eggs 
(Table 1). Those placed in the pot with B. sempervirens did not consume the majority 
of the plant’s leaves until harvesting and did not lay many eggs (Table 1). The A. 
hippocastanum extract was not able to prevent beetle eggs from hatching. This plant 
extract did not have an adequate anti-feedant effect on any life stages of the beetle. 
Thus, these beetles were well-fed and laid many eggs (Table 1). This extract was 
observed not to be very effective in the biological control against the potato beetle. 
The A. absinthium and A. glutinosa extracts had similar effects and led to the laying of 
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a similar number of eggs (Table 1). These extracts did not fully prevent adult beetles 
from destroying the leaves of the potato plant. Therefore, they were decided not to be 
useful in biological control. The R. coriaria extract was similarly found to be not very 
effective against the potato beetle (Table 1). Due to the excessive damage caused 
by the adult beetles in the control groups, the plants in these pots were left without 
leaves, which stopped beetles from laying their eggs.

Lq. orientalis and B. sempervirens, the two plant extracts leading to the fewest 
number of L. decemlineata eggs in the laboratory, were chosen for field study. 
Table 2 and Figure 1 show the results of the field study. Before the treatment of the 
Lq. orientalis extract, the average number of larvae and adults was 6.2 and 7.2, 
respectively (Table 2), but after the treatment these numbers decreased to 1.2 and 
3.2, respectively, (Table 1 and Figure 1). Also, a small number of eggs were identified 
in the 3 seedbeds. When compared to the eggs in the control block, the ones in this 
group were of a darker yellowish color and only 3 dead adult beetles were found in the 
whole area (Table 2). The appearance of potato seedbeds was respectable (Figure 
2). In the potato blocks before the treatment of B. sempervirens, an average number 
of 10.2 larvae and 8.4 adults were seen. These values decreased to an average of 
2.6 larvae and 2.8 adults after the treatment of the extract. A small number of eggs 
were identified in the two seedbeds. The appearance of the eggs resembled those 
in the block with Lq. orientalis (Table 1). In the count in this block, no adult beetles 
were seen. The potato seedbeds looked healthy (Figure 2).

In the potato seedbeds sprayed with 25% ethanol (control group), the potato 
leaves were almost fully eaten, the number of larvae was dense, many eggs were 
laid, and the number of adult beetles too much that of the other two blocks. The potato 
seedbeds were damaged (Figure 2). While the numbers of larvae and adults were 10 
and 9.6 respectively before the treatment of ethanol, the numbers were 10 and 7.4 
after the treatment. Before and after the treatment, the difference in the numbers of 
both larvae and adults was statistically insignificant, (p < 0.05).
Table 2. Effects on potato beetle, Leptinotarsa decemlineata of extracts obtained from Buxus sempervi-

rens, and Liquidambar orientalis, in field.

Plant
Before treatment After treatment

Number of Larvae
(mean*±SEM)**

Number of Adults
(mean*±SEM)**

Number of Larvae
(mean*±SEM)**

Number of Adults
(mean*±SEM)**

Control 10.0±1.67 a 9.6±1.03 a 10.0±1.38 a 7.4±0.68 a

Liquidambar orientalis 6.2±1.02 b 7.2±0.58 b 1.2±0.49 b 3.2±0.37 b

Buxus sempervirens 10.2±1,56 a 8.4±0.51 a 2.6±0.75 b 2.8±0.58 b

*Each represents three repeats
**The differences between the values in the same columm fallowed by the same letter are not statisti-

cally significant, p>0,05.

Extraction efficiency
Extract from Lq. orientalis was more effective than extract from B. sempervirens. 

On the contrary, the effects of the extract from B. sempervirens at adults of the pest 
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were more than extract from Lq. orientalis. Efficiency of the extract from Lq. orientalis 
at larvae of the pest was 80.65 %, and was 42.34 % at adults of the pest. On the 
contrary, efficiency of the extract from B. sempervirens at larvae of the pest was 74.51 
%, and was 56.76 % at adults of the pest.

In the potato seedbeds sprayed with 25% ethanol (control group), the potato leaves 
were almost fully eaten, while in the potato seedbeds sprayed with extract from B. 
sempervirens and Lq. orientalis the potato leaves were not  fully eaten by potato beetle.

  

Fig. 1. General aspect of potato blocks after treatment in field: B. sempervirens (A), Liquidambar  
orientalis (B) Control (only ethanol solvent) (C).
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Fig. 2. Comparison results of before treatment and after treatment of extracts, number of larvae (A) and 
number of adult beetle (B).

DISCUSSION
Natural substances found in plants are an efficient alternative for the chemicals 

used in the controls of phytophagous insects. These substances have been shown 
to suppress the growth potential of the pest as well as its feeding (Whittaker and 
Feeny, 1971; Berenbaum, 1985). Plant extracts generally realize these effects with 
the active substances they contain. The effects of these components on pests depend 
on many variables such as the solvent used or environmental factors such as the 
temperature, climate or humidity (Ertürk, 2002). As an added difficulty, determining 
the most active substance in these extracts is not always easy. The isolated extract 
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may not always have the desired effect (Van Beek and De Groot, 1986). The majority 
of these substances are thought to be anti-feedants. The chemicals in various plants 
which inhibit pest feeding are known as natural anti-feedants. Until today, triterpens, 
lactons, alkaloids, cucurbitacins, quinins and phenols have been used as anti-feedants 
in pest control (De Groot and Van Beek, 1987; Wieczorek, 1996). Nowadays, some 
plant pesticides are commonly used as food, spices or medical treatment in developed 
countries. For instance, in North America and European countries, plant pesticides 
such as Chrysanthemum cinerariifolium (Trevir.) Vis. pyrethrum, Derris spp. and 
Lonchocarpus spp. rotenone, Nicotiana tabacum L. nicotine, Ryania speciosa Vahl 
ryania and Azadirachta indica neem are used instead of chemical pesticides and are 
sold as agricultural products (Nawrot et al., 1986; Norris, 1986). 

The larvae and adults of the potato beetle damage the leaves of the plant with the 
eggs they lay on the leaves and young branches (Turkish Ministry of Agriculture and 
Rural Affairs, 2008). On GC–MS analysis of the Styrax liquidus from Lq. orientalis, 
overall, 31 compounds representing 99.8% of the total oil were identified where 1-8 
Cineole, α-pinene, piperitone were identified as the major components by Gurbuz 
et al., (2013). Lee et al., (2004) reported that Eucalyptus nicholii and Metrosideros 
fulgens showed them to be rich in 1,8-cineole (82.19%, 77.50%, respectively) with 
lower amounts of other mono- and sesquiterpenoids. The oriental sweetgum from Lq. 
orientalis containing 1,8-cineole, α-pinene, piperitone concentrations showed the highly 
in toxicity in the presence of the larvae and adults of potato beetle. It is well known 
that variation in the composition of essential oils depends on genetics, type and age 
of leaf source, environment and oil analysis. Boland et al., (1991) also found that E. 
nicholii contained 1,8-cineole (84%), isovalic aldehyde and α-pinene, E. codonocarpa 
contained ρ-cymene (30%) and piperitone (39%), and E. blakelyi contained 1,8-cineole 
(55%), and limonene (11%). Under our methods of extraction and analysis essential 
oils from similar sources are similar in composition. Eucalyptus oil (E. globulus Labill.) 
and eucalyptol (1,8-cineole) are accepted as food flavourings in a number of countries 
(Ash and Ash, 1995). The extracts mentioned above suppress the appetite of the 
pests with their anti-feedant substances and strong smell. Not feeding enough, they 
therefore do not complete their development. The extracts also avoid the eggs from 
hatching, make them turn a darker color, inhibit the feeding of the larvae and adults, 
and reduce nutrient consumption by probably destroying the metabolism of the larvae. 
All of these prevent the potato beetle from eating the leaves of the plant. If the plant 
extract is effective against the pest, it is natural that the beetle will lay fewer eggs on 
the plants which receive a treatment of this extract. 

In our study, the pest was seen to lay the smallest number of eggs in the potato 
plants which received Lq. orientalis and B. sempervirens extracts, which protected 
the plants against the damage made by this pest (Table 1). Ertürk and Uslu (2007) 
have also identified these two extracts as the best anti-feedant for the potato beetle 
in a study conducted with 20 plant extracts in a laboratory. They were therefore used 
in the field study (Table 2). Ertürk and Uslu (2007) reported that these two extracts 
decreased the nutrient consumption of the potato beetle larvae and adults, and reduced 
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their body weight under laboratory conditions. They also showed that the toxicity level 
of these two extracts were high. However, they concluded that these extracts acted as 
antifeedants and repellents, more than their toxicity (Saxena, 1987; Rembold, 1994; 
Ertürk and Uslu, 2007). As is widely known, such components in plant drugs inhibit 
the effects of juvenile and the moulting hormones in insects and imitate their functions 
(Bowers et al., 1976). As the extracts studied here also contained similar substances, 
the number of the eggs and larvae in the experimental group was observed to be much 
smaller than the control group (Table 2 and Figure 2). The extracts had a toxic effect 
on eggs and thus decreased the number of larvae. Under field conditions, these two 
extracts also inhibited female pests’ oviposition (Table 1). Probably due to the aromatic 
components in two extracts, this may help the plant protect itself against massive 
damage from pests (Table 2). Mukherjee (2003) reported that the influence of seven 
plant allelochemicals on growth rate, nutritional physiology and mid-gut esterase 
activity was studied in fifth instar larvae of Spodoptera litura. Relative growth rates 
were highest in larvae fed on the control diet followed by diet treated with β-sitosterol 
(0.618± 0.012 mg d−1 mg−1) and cineole (0.618 ± 0.054 mg d−1 mg−1) (Abramson 
et al., 1973). Furthermore the activity of the leaves of B. sempervirens extracs is likely 
due to the high content of sitosterol, stigmasterol, cycloartenol, lupeol, germanicol 
and β-amyrin in the freestate. This is the first report of significant insecticidal activity 
by these extracts and compounds against the larvae and adults of potato beetle. 

Turkey that is known to have a very rich flora may use this potential natural resource 
in agriculture as well as in medical treatments, landscape architecture, constructions 
or as food and spices (Davis, 1966-1988). We are of the opinion that more studies of 
this nature will help a better understanding of the active substances in plant extracts 
and thus benefit agricultural areas. With similar studies, we may identify alternative 
substances to chemicals which contaminate our natural resources and threaten our 
future. In addition to reducing environmental pollution, the use of these cheaper natural 
pesticides would have an economic benefit as well. 

According to our field results, Lq. orientalis and B. sempervirens may be used 
as plant pesticides, due to the substances in their extracts, with the aim of inhibiting 
the population and feeding of L. decemlineata larvae (Table 2, Figure 2). Therefore, 
we offer to use together under field condition these two extracts according to pest’s 
development stages.

CONCLUSION
Plants could be an alternative source to prevent damage to crops caused by the 

potato beetle because they constitute a potential source of bioactive chemicals and 
are generally free from harmful effects. Using of these botanical derivatives in potato 
beetle control instead of synthetic insecticides could reduce the cost and environmental 
pollution. Further studies on identification of active compounds, toxicity and field trials 
are needed to recommend the active fraction of these plant extracts for development 
of eco-friendly chemicals for control of insect vectors. These two plants extracts from 
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our study results, because of the secondary compounds they included, it showed toxic 
and lethal effects on pests. Especially sweet gum tree has provided away from the 
potato plant which was damaged because of the smell of spring. This plant should 
be done utilized after a purified active substance is isolated, essence of which we 
believe would be more effective in pest control. For use in the field of plants used in 
different areas will increase the interest in these plants. The use of sweet gum tree 
more carefully, which is considered an endemic plant and it would be good to expand.
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A New Genus and Species of Aphodiini (Coleoptera: Aphodiidae) 
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ABSTRACT
Bosphorus bariscercii n. gen. and n. sp. is described and illustrated in Turkey (type locality: İstanbul, 

Esenyurt). The newly discovered genus mostly resembles the genus Bodilus Mulsant and Rey, 1870. 

Key words: Taxonomy, new genus, new species, Aphodiidae, Bosphorus, Turkey.

INTRODUCTION
Family Aphodiidae is part of superfamily Scarabaeoidea and comprises 

approximately 358 genera and 3395 species worldwide (Roskov et al., 2016). There 
are 1084 species belonging to 155 genera from 6 tribes in the palaearctic region 
(Dellacasa et al., 2016) and 151 species and 4 subspecies belonging to 44 genera in 
the fauna of Turkey (Carpaneto et al., 2000; Dellacasa and Dellacasa (2006); Şenyüz, 
2009; Rozner and Rozner, 2009). Some of researchers studied on this family thought 
that Aphodius has many subgenera (Schmidt, 1922; Balthasar, 1964). This matter was 
evaluated in the book of Dellacasa and Dellacasa (2006) edited by Löbl and Smetana. 
All the subgenus was accepted almost as genus in the revision on Dellacasa et al. 
(2001) and Dellacasa et al. (2016) edited by Löbl and Löbl. Taxon mentioned at the 
current literature should not be called subgenus but it can be named as genus.

The new genus includes tribe Aphodiini. Since it has have different characteristics 
than other genera in the Aphodinae, the sample was the sample was identified as a 
new genus and new species.

MATERIAL AND METHOD
The present work is based on a study of a specimen collected by Barış Çerçi and kept 

in the collection of the author in the Dumlupinar University Entomology Museum (DPUEM).
The new species was described based on external morphology, epipharynx and 

male genitalia as described in Dellacasa et al. (2001). 
The samples were photographed by using Olympus SZX9 and Nikon AZ 100.

J. Entomol. Res. Soc., 19(2): 113-119, 2017                                                   ISSN:1302-0250
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RESULTS
The main characteristics of the new genus are: Medium size species (length 9 

mm), scutellum small, equilateral triangular with curved sides, blackish, aedeagus 
rather stout: paramera short, widened and membranous apically. Some of these 
characteristics are common in few genera of Aphodinae (Lunaphodius, Bodilus, 
Phalacronothus). However, some characteristics such as, totally blackish body, front 
legs more or less dark brownish, head with epistome rather convex at center with a 
tuberculiform curved transverse carina, irregularly punctured on disc, genae thinly 
bordered, there are points in 3 different sizes on the head (Fig. 1). Large punctures 
are scattered on the rear of the frontal suture (Fig. 2). Medium sized punctures 
predominant between frontal suture and epistome, the remaining gaps scattered with 
small punctures. Fore tibia distally tridentate and proximally not serrulate at outer 
margin; upper side smooth, apical spur truncate and obtusely inward hooked apically; 
First segment of hind tarsi as long as following two combined, shorter than superior 
apical spur. Pygidium with some discal and distal elongate setae. Aedeagus rather 
stout: paramera short, widened (Figs. 3, 4, 5). Epipharynx feebly sinuate at front 
magrin, more or less widely at sides; epitorma, drop-shaped, glabrous and broadened 
towards base; pedia with sparse prophobae, mixed many stout equal size chaetae; 
corypha with two elongate, strongly prominent celtes; chaetopariae, short, densely 
and serially arranged; tormae rather short (Fig. 6), are specific for this new genus.

Figs. 1, 2. Bosphorus bariscercii n. gen., n. sp., 1. Three different sizes punctures on the head in same 
pictures. 2. Near of the front.

Figs. 3, 4, 5. Bosphorus bariscercii n. gen., n. sp., aedeagus: 3 dorsal view. 4 lateral view. 5 ventral view.

3 54

1 2
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Fig. 6. Bosphorus bariscercii n. gen., n. sp., epipharynx.

Bosphorus gen. n.
Type species: Bosphorus bariscercii sp. n.
Etymology: There is a longitudinal carina on the head, which resembles the genus 

Bosphorus. In addition the type specimen was collected near the Bosphorus in Istanbul, 
Turkey. 

Description: Medium size species (length 9 mm), Blackish. Head with epistome 
rather convex at center with a tuberculiform curved transverse carina; frontal suture 
trituberculate, there is longitudinal carina between median tubercle of frontal suture 
and tuberculiform of the epistome. Fore tibia distally tridentate and proximally not 
serrulate at outer margin; upper side smooth, apical spur truncate and obtusely 
inward hooked apically; Middle and hind tibiae normally widened toward apex and 
with strong transverse carinae on outer face, apically fimbriate with spinules unequal 
and irregularly elongated. Pronotum convex, transverse, shiny; Scutellum small, 
equilateral triangular with curved sides. Elytra elongated, convex, striated. Aedeagus 
rather stout, paramera short, widened.

Distribution: Turkey

Bosphorus bariscercii sp. n. (Figs. 1-15)
Type locality: Turkey, İstanbul, Esenyurt.
Type series: Holotype 1 ♂. Turkey, İstanbul, Esenyurt., 50 m, 02.02.2015, leg. B. 

Çerçi (DPUEM).
Type depository. Holotype: in Dumlupinar University Entomology Museum (DPUEM).
Type labelling. Holotype with two labels: 1st, on the white paper, printed in black: 

“İstanbul; Esenyurt 50 mt.; 01.02.2015; leg. Çerçi, B. 2nd, on the red label, printed in 
black: “Holotype; Bosphorus; bariscercii; Y. Şenyüz, 2015”.

Etymology: The species is dedicated to Barış Çerçi, who collected the holotype.
Description: Lenght 9 mm: rather stout, nearly glabrous, elongated, convex, shiny 

(Figs. 7, 8); Blackish. Front legs more or less dark brownish. Head with epistome rather 
convex at center with a tuberculiform curved transverse carina, irregularly punctured 
on disc, punctuation more supercicial distally; clypeus feebly sinuate at middle, widely 
rounded at sides, margins shortly and sparsely bristled, genae thinly bordered, obtusely 
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rounded, ciliate, protruding from the eyes; latter medium sized (Fig. 9); frontal suture 
trituberculate, there is longitudinal carina between median tubercle of frontal suture 
and tuberculiform epistome (Figs. 9, 10); There are points in 3 different sizes on the 
head (Fig. 1). The smallest of them are like tiny holes. Medium-sized ones are twice 
as large as small ones. The biggest ones are 5 times bigger than the small ones and 
2.5 times bigger than the medium ones. Large punctures are scattered on the rear 
of the frontal suture (Fig. 2). Medium sized punctures predominant between frontal 
suture and epistome, the remaining gaps scattered with small punctures. Pronotum 
convex, transverse, shiny with doubly punctured (Fig. 11), throughout scattered small 
punctures, larger punctures sparse on disc and more dense at sides, sides quite 
bordered, hind angels obtusely rounded, visible from above, not reflexed downwards; 
base bisinuate, quite bordered, middle very shortly bristled. Scutellum small, its long 
average 1/13 length of elytra at suture (Fig. 7), equilateral triangular with curved sides 
(Fig. 12), with few punctures on basal half. Elytra distinctly pubescent on sides and 
apically (x50), elongated, convex, striated, shiny, fine and deep; interstices nearly 
flat, rather dull, usually strongly microreticulate and distinctly punctured. Elytra with 
10 striae, (Fig. 13). Fourth and sixth elytral interstices joined preapically (Fig. 13). 
Metasternal plate sunk, shiny, microreticulate, longitudially with distinctly grooved, 
glabrous, marginal punctures with longer, backwards seta. Abdominal sternites, Fore 
tibia distally tridentate and proximally not serrulate at outer margin (Fig. 14); upper 
side smooth, apical spur truncate and obtusely inward hooked apically; Middle and 
hind tibiae normally widened toward apex and with strong transverse carinae on outer 
face, apically fimbriate with spinules unequal and irregularly elongated (Fig. 15). First 
segment of hind tarsi as long as following two combined, shorter than superior apical 
spur. Pygidium with some discal and distal elongate setae. Aedeagus rather stout: 
paramera short, widened (Figs. 3, 4, 5). Epipharynx feebly sinuate at front margin, 
more or less widely at sides; epitorma, drop-shaped, glabrous and broadened towards 
base; pedia with sparse prophobae, mixed many stout equal size chaetae; corypha 
with two elongate, strongly prominent celtes; chaetopariae, short, densely and serially 
arranged; tormae rather short (Fig. 6).

 

Figs. 7, 8. Bosphorus bariscercii n. gen., n. sp. 7. Dorsal view 8. Ventral view.
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Distribution: The new species is known only from the type locality.
Female: Unknown

Fig. 9. Bosphorus bariscercii n. gen., n. sp., dorsal view of head.

Figs. 10, 11, 12. Bosphorus bariscercii n. gen., n. sp. 10. The sunken longitudinal carina between median 
tubercle of frontal suture and tuberculiform epistome.11. Dorsal view of the base of. pronotum with double 
punctation. 12. Scutellum.

Fig. 13. Bosphorus bariscercii n. gen., n. sp., the seventh and ninth elytral interstices joined preapically. 

Figs. 14, 15. Bosphorus bariscercii n. gen., n. sp., 14. Left front leg (dorsal view) 15. apex of hind tibia.

10 11 12

14 15
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DISCUSSION
Some external morphological characteristics of this new genus such as the clypeus 

feebly sinuate at middle, rounded at sides; genae obtusely rounded, elongately bristled, 
protruding than eyes; latter medium size; frontal suture distinct, trituberculate; Scutellum 
small, triangular, microreticulate, usually punctured on basal half, at most as long as 1/7 
of sutural margin of elytra or shorter; Pronotum not bordered at front margin, base of 
pronotum bordered; Hind tibiae apically fimbriate with more or less elongate and irregularly; 
Elytra more or less distinctly pubescent at least on sides or apically (x50); Aedeagus 
digitiform, is similar to Bodilus (partim; lugens group) Mulsant and Rey, 1870 genera.

In this instance the longitudinal carina between median tubercle of frontal suture 
and tuberculiform epistome of the species can be used as a fundamental characteristic 
of the new genus, since it has been observed that the sample does not match the 
determination key item 121 proposed by Dellacasa et al. (2001). At this stage, the 
mentioned two genera are Lunaphodius Balthasar, 1964, and Bodilus Mulsant and Rey, 
1870. The basic morphological characteristic of holotype that does not comply with 
either genera with longitudinal carina between median tubercle of frontal suture and 
tuberculiform epistome. The color is the second important distinguishing character. The 
holotype is completely black while both of the mentioned genera have different colors.

Male genitalia resembles general structure of genus Phalacronothus Motschulsky, 
1859. However, this genus is quite different in both character and its size varies 
between 2.5-4 mm.

Another important characteristic feature is the existence of punctures of three 
different sizes in different regions around the epistome and frontal suture.

The final difference is the aedeagus.

Supplement to the key in Dellacasa et al. (2001)
121 bis (120) - Rather stout, elongated, convex, shiny. Blackish. Head with epistome 

rather convex at center with a tuberculiform curved transverse carina, genae thinly 
bordered, frontal suture trituberculate, there is longitudinal carina between median 
tubercle of frontal suture and tuberculiform epistome. Lenght 9 mm, European part 
of the Turkey …………………………………………..……………..…………Bosphorus

121 bis’ - Not all of the above characters simultaneously present ………………. 122
122 bis (121) - Genae quite rounded, feebly more protruding than eyes (figs 217, 

219); sexual dimorphism accentuate: in males, clypeus more or less strongly sinuate 
at middle and apical spur of fore tibiae inserted at middle of inner margin (fig. 218). 
Blackish; elytra yellowish with brownish suture or blackish with wide humeral spot 
and apex reddish. Length 6-8 mm. Central Asia .....................................Lunaphodius

122 bis’ - Genae obtusely angulate, distinctly more protruding than eyes (fig. 221); 
sexual dimorphism relatively feeble: in males, clypeus feebly sinuate at middle as in 
females, apical spur of fore tibiae inserted at inner margin at level of second outer 
distal tooth. Reddish testaceous or piceous; sides of pronotum and elytra testaceous 
or yellowish, sometimes latter with large cloudy discal spot brownish. Length 5-12 mm. 
Palearctic, Afrotropical, and Nearctic (?) region ..........Bodilus (partim: lugens group)
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