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Abstract 

This work presents the first description of the morphology of the last larval instar and pupa of the clearwing moth species 
Synanthedon caucasica (Gorbunov, 1986). All diagnostic morphological characters are described in detail, compared with 
the closely related species Synanthedon loranthi (Králíček, 1966), and these diagnostic characters are illustrated with 
photographs and line drawings.
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Introduction

Synanthedonini Niculescu, 1964 is the largest tribe in the family Sesiidae, which is present in all zoogeographical 
regions. One of the most species-rich genera within this tribe is Synanthedon Hübner, [1819], represented by fifty-
nine species from the Palearctic region (Pühringer & Kallies 2004, updated 2020). A majority of species within Syn-
anthedon are xylophagous, but few species are known to feed on the roots of herbaceaous plants. Species of moths 
developing in fruit trees, that are ornamental or woody forest plant species, may cause a severe damage to plants 
thus resulting in a significant economic loss (e.g., Synanthedon myopaeformis (Borkhausen, 1789), Synanthedon 
tipuliformis (Clerck, 1759) and Synanthedon vespiformis (Linnaeus, 1761) (Špatenka et al. 1999). 

The species under study, Synanthedon caucasica (Gorbunov, 1986), was decribed from Azerbaijan. Špatenka 
et al. (1999) reported Querqus spp., Quercus castaneifolia C.A. Mey (Fagaceae) and Ulmus spp. (Ulmaceae) as 
host plants of S. caucasica. In Iran, it was firstly recorded from Mazandaran province (northern Iran) (Kallies & 
Špatenka 2003). Subsequent studies on the clearwing moths in Isfahan province (central Iran), indicated S. caucasi-
ca to act as a serious new pest that causes significant damage to oriental plane, Platanus orientalis L. (Platanaceae), 
and elms, Ulmus carpinifolia Gled., Ulmus carpinifolia var umbraculifera (Trautv.) Rehder (Ulmaceae) (Emami et 
al. 2010; Zarifnia et al. 2014). 

Due to the morphological similarity of the imago of the studied species S. caucasica and S. loranthi (Králíček, 
1966) (Špatenka et al. 1999), here below the larval and pupal morphological characters diagnosing both externally 
similar species were compared. The morphology of preimaginal stages of S. loranthi is well known and has been 
already examined by Laštůvka (1983), Patočka & Turčani (2005) and Bąkowski (2013a). The taxonomic status of 
some closely related species is unclear and needs verification. Preimaginal stages offer a number of taxonomically 
diagnostic characters that are potentially useful in phylogenetic analyses (Bąkowski 2013b). 

The main objectives of the present study were to examine in detail external morphology of preimaginal stages 
of S. caucasica, and to present the set of characters assisting to identify the species based on morphology of larva, 
pupa or pupal exuviae.
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Material and methods

The specimens were collected from infested trees (Platanus orientalis L.) in Isfahan (Isfahan province, Iran) during 
May–July 2014. In total we studied twelve last instar larvae, five pupae, two pupal exuviae and two reared males. 
Determination to species level was confirmed on the basis of external and genital analysis of two reared males. The 
collected larvae and pupae of S. caucasica were preserved in 80% ethanol. Prior to the study of chaetotaxy, larvae 
were macerated in 10% warm KOh for 5–6 hours, soaked in chlorazol black for a few minutes (to make some mem-
branous parts such as the pinaculum more visible), and transferred onto the microscope slides within glycerine. 
Decapitated larvae were cut into two fragments, ventraly along ventral lines and borders between the abdominal 
segments A4 and A5. After spreading of the cuticle, they were fixed on slides in a dorsolateral view. Isolated head 
capsules were prepared as a whole or split into individual elements. Due to technical reasons, the drawing of chae-
totaxy of the larval trunk lacks scale bars (Fig. 5). Preimaginal stages were examined with a Nikon SMZ 1000 ste-
reoscope microscope. Scanning electron micrographs were taken with a Carl zeiss eVO 40 scanning microscope. 
The standard methods of material preparation for SEM were followed. Pupal photographs were taken with a digital 
camera AxioCam MRc5 attached to a Lumar V12 stereoscopic microscope, connected to a computer using Axio 
Vision 4.8 software. Both scanning and stereoscopic microscope images were taken in the Laboratory of Electron 
and Confocal microscopy (Faculty of Biology, adam mickiewicz University, Poznań, Poland). all studied material 
is deposited at the department of Systematic zoology, adam mickiewicz University (Poznań, Poland).

Results

Last instant larva (Figs 1–11)

Head (Figs 1, 2). Semiprognathous, capsule width from 1.5 to 1.8 mm, narrow streaks along adfrontals and some-
times also sutura epicranialis or ground color pale with dark variously shaped and extended pattern. Adfrontals area 
clearly indicated and usually narrow. Frontoclypeus triangular in shape narrow. Ocelli I–VI more or less oval, simi-
lar in size and arranged to form rectangle, with gaps between ocelli I–II and III–IV, and ocelli V–VI far. Generally, 
ocelli I–II and III–IV are located close to each other. Chaetotaxy. Setae MD1, MD2 and MD3 very small, arranged 
in a straight line. Seta P2 reduced, situated dorsally to P1. Seta L1 posterior to A3. P1 at about level of frons apex. 
Seta A1 posteroventral to seta A2. A1–3 almost in one oblique line. Seta A2 closer to A1 than A3, Pore AFa close to 
AF2. AF2 distinct and situated at about level of frons apex, S1 located inside rectangle arranged by ocelli I–IV, S1 
distinctly closer to ocellus III than to ocellus II. Seta S2 posteroventral to ocellus I; S3 posteroventral to ocellus VI, 
Seta SS1 below ocellus V, SS2 located between ocelli V and VI. Seta SS1 anteroventral to SS2, SS3 posteroventral 
to SS2.

Antennae (Figs 7, 9). Situated on membranous protrusion, four-articled; all articles surrounded by sclerotized 
bands. Article I longer than wide; article II cylindrical, shorter than article I; article III narrowly cylindrical; article 
IV tubular. Article III with two coneshaped basiconic sensilla (one rather large in size, the other somewhat shorter), 
as well as with two tactile setae (sensilla trichodea), one very long seta, another short sensillum trichodeum situated 
on the segment wall or close to the longer seta. Article IV terminally armed with two basiconic sensilla, one sensil-
lum clearly longer than the others, and one tactile seta.

Maxillae (Fig. 6). On mesal lobes (laciniogaleae) three sensilla trichodea, two sensilla styloconica and one sen-
sillum basiconicum of styloconic shape are located, on maxillary palpus article III (the most apical), eight sensilla 
basiconica on the apex. 

Mandibulae (Figs 3, 4). Mandibulae of the last instar larva with four strongly sclerotized and blunt teeth (Fig. 
3). Mandibulae of the third instar larva with four strongly sclerotized teeth (Fig. 4). Teeth I–III distinctly developed, 
with sharp edges and pointed. Teeth IV and V round or oval and comparatively smaller than rest, always blunted, 
with shallower incisions between them. Three furrows on the mesal side present, three longer, spread out from teeth: 
1, 2, 3. On dorsal side setae ml and m2. m2 distinctly shorter than ml.

Body. Body length 8–11 mm, pale white or creamy white, cylindrical, elongate with slightly enlarged thoracic 
segments, without pattern except on prothoracic shield. Prothoracic shield more or less sclerotized and usually with 
only two oblique ridges that converge, posteriorly colored brown. 
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FIGuReS 1–5. Larva of Synanthedon caucasica. Head capsule – 1. Frontal view, 2. Lateral view, 3. Mandible – the last instar 
larva, 4. Mandible – the third instar larva, 5. Setal map of thorax (T1–3) and abdomen (A1–A9) segments. Scale bar: 1, 2 – 0.5 
mm; 3, 4 – 0.25 mm.

Chaetotaxy (Fig. 5). Thorax: T1 segment—on prothoracic plate tactical setae D1, D2, XD1 and XD2 with 
blunt ends, setae D2 and XD1 occuring on similar level, seta D1 and XD1 equally in long, D2 distinctly longer. SD2 
posteroventral to XD2 and between XD2 and SD1, SD2 ,XD2 and SD1 equally in long. Prothoracic plate with two 
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pores—a, b, located between D1 and XD1, dorsoposterior to XD1. Setae L1–3 located in the middle of segment I, 
on common circle-shaped pinaculum. In the L group, L2 on prothorax appearing consistently anterodorsal to Ll, 
L3 posterior to L1. Setae SV1 and SV2 located on common elongated pinaculum, both setae more or less equal in 
length, SV1 posterior to SV2, SV2 slightly anterior to SV1, V1 close to ventral meson, slightly ventral and posterior 
to thoracic leg. Proprioceptors MV2 and MV3 anterior to coxa. T2–T3 segments. In dorsal and middle part of seg-
ments setae arranged vertically one below another: D1, D2, SD2, SD1. Setae Dl and D2 on common pinaculum on 
mesothorax and metathorax. SD2 and SD1 on separate pinacula mesothorax and on common pinaculum on meta-
thorax, D1 and SD2 more or less equal in length, D2 and SD1 subequal in length and from nearly 1.5 times longer 
than D1 and SD2. Seta L1 longer than remaining L setae. L2 appearing consistently anterodorsal to Ll, L3 posterior 
to L1. SV1 more or less equal in length to L1. V1 close to ventral meson, slightly ventral and posterior to thoracic 
leg; proprioceptors MV1–3 anterior not visible.

FIGuReS 6–11. Scanning electron micrographs of larva of Synanthedon caucasica: 6. Third segment of maxillary palpus, 7. 
Antenna, 8. Crochets on an larval proleg, 9. Close-up of antenna, 10. Crochets on fourth abdominal proleg, 11. Prothoracic leg. 
Scale bar: 6 – 1 μm; 7, 8, 9 – 10 μm; 10,11 – 100 μm.
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Abdomen: A1–2 segments. D1 and D2 located next to each other, D2 ventrally and posteriorly to D1. D1 dis-
tinctly smaller than D2. SD1, SD2, L1 and L2 located around spiracle. L2 occurs above L1 on common pinaculum, 
L2 distinctly shorter than L1, SD2 very short, occurs anterodorsaly to spiracle, on its own pinaculum. L3 postero-
ventral to L1. L3 slightly shorter than SV1. SV1 distinctly longer than SV3 and SV2, A3–6 segments. Arrangement 
of D group and SD group, L group the same as on A1–2 segments. SV3, SV1 and SV2 on separate pinacula, SV1 as 
long as L3, SD2 undeveloped. A7: Arrangement of setae D group, SD and L group similar to that of previous seg-
ment, SV1 and SV3 on separate pinacula, SV2 reduced. SV1 three times longer than SV3. A8: D2 located ventrally 
and posteriorly to; SD2 present. L2 and L1 close to spiracle, which is 1.5 times bigger than spiracles on previous 
segments; L3 located posteroventrally to spiracle; from SV group only seta SV1 is present. L3 distinctly shorter 
than SV1. A9: Setae D2, D1, SD1, L2, L1, SV1 and V1 arranged in vertical line. D2 on separate pinacula, ventral to 
it D1 and SD1 on a common large pinaculum, below of them L1 occur on separate pinaculum. SD1 slightly longer 
than L1. Seta L2 located between SD1 and L1, L2 on its own pinaculum, microscopic, hair-like and very short, L2 
shorter than V1. A10: Anal shield rounded posteriorly with D1, D2, D3 and SD1 setae, D1, D2 and D3 most dorsal, 
D2 posterior and slightly dorsal to D3, D1 anteroventral to D2, SD1 distinctly posteroventral to D3, anal shield more 
sclerotized. 

Thoracic legs (Fig. 11) were not investigated in detail, especially their chaetotaxy, except for the shape of the 
claw, which ends in an approximately hook-like structure.

Crochets of prolegs (Figs 8, 10). The abdominal prolegs bear uniserial crochets arranged in two transverse 
bands, anterior and posterior ones. The number of crochets on the prolegs constitutes a significant taxonomic fea-
ture. Crochets on prolegs in S. caucasica are well developed. The average number of crochets on one ventral proleg 
is 29 on the last instar larva, 18 on the third instar larva. The average number per one row on all ventral and anal 
prolegs is 14 on the last instar larva, and 9 on the third instar larva. 

Diagnostic characters. AF2 situated at about level of frons apex, S1 distinctly closer to ocellus III than to ocellus 
II. Seta L3 distinctly shorter than SV1 on the 8th abdominal segment. Seta L2 located between SD1 and L1 on the 
9th abdominal segment. The average number of crochets on single ventral proleg 29.

Pupa (Figs 12–18), 8–11 mm long. Proboscis exceeds mesothoracic legs (Figs 12, 15). Area of head projection 
blade short and widely rounded in dorsal view, its length is slightly shorter than half of its width. Frontal setae situ-
ated approximately at level of lateral angles of frons in dorsal view. Depressions of frons rather shallow and with 
few wrinkles, central longitudinal ridge distinct (Fig. 14). Plate of head projection blade short, not curved in lateral 
view. Dark margin narrow. Lateral depression on head wide and rounded ventrocaudad. Frons rises gently from its 
projection blade in lateral view (Fig. 13). Labium neither elevated in basal part, nor its elevated part bounded by 
an edge caudad. Distance between clypeal setae C12 approximately 2–2.5 × greater than distance between C12 and 
Cl1. Seta Cl2 very long, two times longer than distance between both C12. Labrum truncate for a greater distance 
and with straight or slightly concave sides. Postclypeus bears wide projections (Fig. 16). Crevice between clypeus 
projections obtuse angled. Cremaster approximately equal in length to anal suture in male and female. Spines on the 
10th abdominal segment robust, triangular, sharply pointed, their setae short (Fig. 18). Spines of basal row on the 2nd 
abdominal segment tiny and without distinguishable points. Spines of caudal row approximately 3 × shorter than 
those of basal row on the 3rd abdominal segment. Ventral edge of subdorsal furrow on mesonotum weak and reaches 
about barely to 1/3 of dorsal longitudinal ridge length. The 4th abdominal segment bears 11–13 slender spines of 
basal row between setae D1. Crevices between them wider, bow-like (Fig. 17). 

Diagnostic characters. Area of head projection blade short and widely rounded in dorsal view. Labium neither 
elevated in basal part, nor its elevated part bounded by an edge caudate. Spines of basal row on the 2nd abdominal 
segment tiny and without distinguishable points. The 4th abdominal segment bears 11–13 slender spines of basal 
row between setae D1.

Differential diagnosis based on the morphological characters of larvae and pupae 

Larva. Synanthedon caucasica larvae can be distinguished from S. loranthi by having setae AF2 at about the level 
of frons apex, while they are somewhat posterior AF2 in S. loranthi. Seta S1 is distinctly closer to ocellus III than 
to ocellus II in S. caucasica compared to S. loranthi. L3 is distinctly shorter than SV1 on the 8th abdominal segment 
in S. caucasica. The larva of S. spuleri (Fuchs, 1908), similar to the larva of S. caucasica, have L2 located between 
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SD1 and L1 on the 9th abdominal segment; while in S. loranthi, L2 is distinctly closer to SD1 than L1. Furthermore, 
similar to S. culiciformis (Linnaeus, 1758), the average number of crochets on a single ventral proleg is 29 in S. 
caucasica, but this is 17 and 24 for S. loranthi and S. cephiformis (Ochsenheimer, 1808), respectively (Bąkowski 
2013a).

FIGuReS 12–18. Morphology of pupa of Synanthedon caucasica: 12. Ventral view, 13. Frons laterally, 14. Frons dorsally, 15. 
Proboscis and leg ends, 16. Labrum and vicinity, 17. Spines on abdominal segments dorsally, 18. Abdominal end ventrally. Scale 
bar: 13, 14, 16, 17, 18 – 0,5 mm, 15 – 1 mm 12 – 2 mm.
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Pupa. The compared species differ in the shape of the head projection, which is widely rounded in dorsal view 
in S. caucasica, but is more elongated, irregularly edged frontally and frequently concave bounded in S. loranthi. 
Labium is not elevated in basal part in S. caucasica, but is elevated in S. loranthi. Spines of basal row on the 2nd 
abdominal segment are tiny and without distinguishable points in S. caucasica, while have distinguishable points 
in S. loranthi. The compared species also differ in the number of spines of basal row between setae D1 on the 4th 
abdominal segments, which is 11–13 in S. causasica and 14–19 in S. loranthi.

Conclusion

The differential diagnosis based on the morphology of preimaginal stages confirmed the diagnostic differences 
between S. caucasica and S. loranthi. However, it is difficult to identify the preimaginal stages of the family Se-
siidae to species level, especially in the case of closely related and polyphagous species, such as S. caucasica. For 
this reason, the knowledge of the host plant from which the larvae, pupae or pupal exuviae are collected can be 
highly informative for species identification. Synanthedon loranthi selects either Loranthus europaeus N. J. Jac-
quin (Loranthaceae) or Viscum spp. (Viscaceae) as a host plant. Platanus orientalis is rarely chosen as a host plant 
by clearwing moths. This species is also one of the host plants of Synanthedon codeti (Oberthür, 1881). On the 
contrary, Ulmus spp. are usual host plants of both polyphagous (e.g., Synanthedon vespiformis and S. spuleri) and 
monophagous (e.g., Synanthedon ulmicola yang & Wang, 1989) species of clearwing moths. The detailed morpho-
logical descriptions of the larval and pupal stages of S. caucasica may provide diagnostic characters for larval and 
pupal identification of Sesiidae. These findings also suggest taxonomists to consider larval and pupal morphology 
to establish the taxonomic placement of the species treated in this paper.
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