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ARTICLE

Capnodis tenebrionis (L. 1758) (Coleoptera: Buprestidae): 
Morphology and Behaviour of the Neonate Larvae, and Soil 
Humidity Eff ects on the Egg Eclosion

Abstract. Capnodis tenebrionis (L. 1758) is reported for several countries of the Mediterranean 
subregion as a common phytophagous insect of many cultivated and wild species of trees and shrubs 
belonging to the family Rosaceae. Infestations on stone-fruit orchards have economic effects and can 
often cause the death of the plants in consequence of larval tunnelling into the roots. Egg laying occurs 
in late spring and summer on the trunk base or nearby in the soil. The importance of the neonate larval 
skills in relation to the biological success of this pest has stimulated its morphological, ecological and 
ethological studies to better understand the hatching mechanisms and the mortality effects of humidity 
on the eggs.
In the present contribution, the morphology of the fi rst larval instar is described throughout and 
illustrated, and the morphological details are compared with those of the mature larva.
A survey on the hatching mode points out that neonate larvae, wherever eggs are laid, always come 
into contact with the soil.
Finally, hatching rates were determined under laboratory conditions at four soil moisture levels, 
expressed as percentage of the Field Water Holding Capacity. A comparison was made with respect to 
a control of dry soil. The results prove that soil humidity signifi cantly affects the egg eclosion, especially 
at the higher values.

Résumé. Capnodis tenebrionis (L. 1758) (Coleoptera : Buprestidae) : morphologie et 
comportement des larves néonates et effets de l’humidité du sol sur l’éclosion. Capnodis 
tenebrionis (L. 1758) est connu de plusieurs régions du bassin méditerranéen comme un insecte 
phytophage commun sur de nombreuses espèces cultivées ou sauvages d’arbres et de buissons de 
la famille des Rosaceae.  Les infestations dans les vergers de fruits à noyaux ont des conséquences 
économiques et peuvent souvent causer la mort des plantes à cause des galeries larvaires dans 
les racines. La ponte a lieu à la fi n du printemps et en été à la base des troncs ou sur le sol proche. 
L’importance des caractéristiques larvaires en relation avec le succès biologique de ce ravageur 
a stimulé son étude morphologique, écologique et éthologique dans le but de mieux comprendre 
les mécanismes d’éclosion et les effets de l’humidité sur la mortalité des oeufs. Dans la présente 
contribution, la morphologie du premier stade larvaire est décrite de manière détaillée et illustrée, 
tandis que les détails morphologiques sont comparés avec ceux de la larve mature. 

Une étude de l’éclosion montre que les larves néonates entrent en contact avec le sol, quelque soit 
l’endroit où les oeufs ont été pondus. Enfi n, le taux d’éclosion est déterminé dans les conditions du 
laboratoire à quatre niveaux d’humidité du sol, exprimée comme la capacité totale de rétention d’eau. 
Une comparaison est faite avec un sol sec comme contrôle. Les résultats montrent que l’humidité du 
sol affecte signifi cativement l’éclosion, surtout dans les valeurs extrêmes.
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Capnodis tenebrionis (L. 1758) (Coleoptera: 
Buprestidae), the so called Mediterranean 

fl atheaded peachborer, is widespread in the 
Mediterranean arid and semi-arid areas (Vit 2004). 
Its heavy attacks cause the sudden loss of stone fruit 
orchards, as largely reported (Ben-Yehuda et al. 2000).

Effi  cient natural enemies of this pest are still 

unknown (Marannino & de Lillo 2007), monitoring 
protocols and devices are still lacking (Bari et al. 2004), 
and the integrated pest management is not actually 
applied. Control is based on synthetic insecticide 
sprays against feeding adults, especially during the pre-
oviposition period (late spring-early summer) (Garrido 
et al. 1990a, 1990b; Colasurdo et al. 1997; Ben-
Yehuda et al. 2000). Boring larvae are not accessible 
to pesticide applications whereas neonate larvae could 
be aff ected to prevent root colonization (Sekkat et al. 
1997; Fiori et al. 2002; Marannino et al. 2004; Garcia 
del Pino & Morton 2005).
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Th e neonate larva is the only instar for which the 
attractiveness of the host plant as well as the ability to 
penetrate its tissues has been experimentally proved 
(Rivnay 1945; Chrestian 1955). Recently, laboratory 
observations on the hatching, displayed that the larvae 
do not pass directly into the plant (Marannino et al. 
2004) when the eggs are laid on the plant bark, rather 
than freely in the soil. But the hatching mechanisms 
have never been observed, such as in many other 
buprestids. 

Furthermore, earlier studies evidenced a depressive 
eff ect of the air and soil wetness on egg laying 
andeclosion performances (Rivnay 1944; Guessous 
1950; Paulian 1988; Malagon 1989; Malagon et al. 
1990). However, no indication is still available as 
regards agronomic indexes suitable to be practically 
used in fi eld.

Current knowledge on the morphology of buprestid 
larvae has been retained relatively scarce (Bilý 1999), 
and it is really scanty for the newly hatched ones. 
Th e last larval instar of C. tenebrionis was described 
by Xambeu (1892), Rivnay (1945), Schaefer (1949), 
and Gouguenheim et al. (1950), and illustrated by 
Grandi (1942) in part, and by Bilý (1999) with more 
details. Little attention has been given to the neonate 
larvae (Balachowsky 1962, Malagon 1989, de Lillo & 
Marannino 2005) whose description is unsatisfactory 
and not in agreement with the general descriptive 
format. 

As a consequence, the importance of the fi rst larval 
instar in relation to the host plant infestation has 
promoted the present study with the aims to clarify 
the morphology of this instar, to describe the hatching 
mechanisms and to relate the egg eclosion success to 
the Field Water Holding Capacity.

Materials and Methods

Insect Source and Rearing

Many adults (both males and females) of C. tenebrionis were 
collected from infested orchards variously located in Apulia and 
Basilicata (Southern Italy).

Th ey were reared in cages kept in a climatic chamber (29±1°C, 
R.H. = 45±5%, 16: 8 = L:D photoperiod) and fed mainly with 
fresh apricot twigs (de Lillo 1998). Th e beetles were allowed to 
reach sexual maturity, to mate and, fi nally, to lay eggs in Petri 
dishes (9 cm diameter) that were checked daily. Incubation 
and hatching took place under the above described laboratory 
conditions.

Hatching Behavioural Observations

Females were induced to lay eggs on paper fi lters inserted in 
Petri dishes and covered with 3–5 mm of fi ne and dry soil. 
Owing to its nature and consistence, paper fi lter is suitable to 
be bored by neonate larvae just in case they emerged through 
the portion of egg-shell sticking to the support. A sample of 
eggs was observed daily under a dissecting microscope Olympus 
SZH to study the hatching behaviour.

Morphological Observations on Neonate Larvae

A sample of larvae was treated with lactophenol or 10% KOH 
and mounted on slides in Hoyer’s medium or glycerol. Th e 
specimens were observed and drawn using an Olympus BX50 
phase contrast microscope.
Freshly killed larvae were observed using a stereoscan Cambridge 
S100 according to Nuzzaci and Vovlas method (1976).
A sample of larvae was fi xed for three hours in Karnowsky’s 
fi xative prepared with cacodylate buff er (pH 7.2–7.4) 
containing 5% sucrose. A drop of Tween 80 (a wetting agent) 
was added per 100 ml of Karnowsky’s fi xative to improve the 
contact between the fi xative solution and the insect surface. Th e 
specimens were rinsed overnight in several changes of cacodylate 
buff er and then were immersed in a solution of crystal violet 
(5% in distilled water, Baker reagent lot n. E 3349) as suggested 
by Slifer (1960). After the fi rst four hours, the specimens were 
periodically examined and those well stained were dissected in 
distilled water and immediately observed and micrographed 
using a Zeiss III phase contrast microscope.
Th e terminology is taken from Volkovitch (1979) and Bilý 
(1999).

Soil Humidity Eff ects on the Egg Eclosion

Eggs laid within the last 24 hours were incubated in plastic 
Petri dishes containing fi ne soil at diff erent degrees of moisture. 
Th e Field Water Holding Capacity (FWHC = 55%) and the 
initial humidity of this soil (3.6%) were determined following 
the standard procedures (Klute 1965) and expressed as % on a 
dry weight basis. Four moistened treatments (100, 75, 50 and 
25% of the FWHC) and a control (non moistened soil) were 
applied, each one consisting of three replicates (one per Petri 
dish). In each dish, fi fty eggs were put on a 3 mm layer of soil 
and covered with another layer of 5 mm to simulate natural 
egg-laying conditions. Th en, an amount of tap water was added 
uniformly on the soil surface depending on the weight of the 
soil sample and the moisture degree to be achieved. A strip of 
double sticky tape was placed around the dish lip to prevent 
larval escape. Th e so-prepared dishes were weighed before 
storing them in an incubator. Th ey were kept at 28±1°C and 
examined daily for 20 days to record the number of hatched 
larvae, according to available data on the incubation time 
and hatching success (Rivnay 1944; Malagon 1989). Th e 
soil humidity was checked three times per day by weighing 

Figure 1 
Capnodis tenebrionis fi rst instar larva. Scanning electron micrograph of 
anteclypeus, antennae and epistome. Scale bar: 0.1 mm.
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the dishes and enough water was replenished as necessary to 
restore the original content. On the fi nal day all samples of soil 
were searched to look for eventually undetected larvae. Th e 
experiment was repeated three times. 
Th e reasons for hatching failures were not investigated. 
Data on hatching were analysed by linear model procedure 
(ANOVA – analysis of variance) and signifi cant diff erences 
among means were revealed by HSD Tukey’s test. All 
comparisons were made at 0.05 level of signifi cance. 

Results

Morphological Description of the First Larval 
Instar

Larva belongs to the second morpho-ecological 
larval type (Buprestis-type), according to Volkovitsh 
(1979) and Bilý (1999), with moderately enlarged 
prothorax with well-developed pronotal and prosternal 
grooves, short and slightly narrower meso- and 
metathorax and a relatively long and slender abdomen 
comprised of 10 cylindrical segments.

Length of the body 2.9–3.8 mm; width of the 
prothorax 0.5–0.6 mm; width of the abdomen 
0.3–0.4 mm. Body elongated, fl attened, soft, cream-
white, with long pubescences laterally placed in a 
sort of tuft on thoracic and abdominal segments, 
brownish mouthparts, spiracles and prothoracic 
grooves. Th e head has strongly sclerotized peristome, 
consisting of epistome, hypostome, and pleurostome 
with mouthparts attached, it is retracted into the 
prothorax.

Head and mouthparts (fi gs 1–17). Epistome (fi gs 
1–3) brownish, narrow, about six times wider than 
long; anterior margin slightly bisinuate between 
mandibular condyles which are semiglobular; posterior 
margin bisinuate; epistome provided with blunt and 
nearly rectangular, latero-posterior corners; lateral 
margins sharply separated from antennal depressions; 
epistosomal sensilla arranged almost linearly above 
the middle of epistomal length, close to a sclerotized 
medial strip, in two groups of three; each group 
consists of two relatively long trichoid sharp setae of 
diff erent length, with bases very close each to other 
and one campaniform sensillum situated at about the 
same level.

Th e anteclypeus (fi gs 1 and 4) is membranous 
strongly transverse, collar-shaped, glabrous, with 
anterior and posterior margins straight, inner structure 
clearly visible through transparent epistome.

Th e labrum (fi gs 4–5) is subquadrate, slightly 
transverse, about 2.2–2.4 times as wide as long; 
anterior margin weakly emarginated between broadly 
rounded antero-lateral corners, which form poorly 

developed lateral lobes; lateral sides nearly parallel-
sided and bearing microspinules along the border. 
Palatine sclerites well-developed and sclerotized, medial 
branches broad and falciform, lateral branches curved, 
narrow and more strongly sclerotized than the median 
ones. Median sensilla consist of one long seta and two 
campaniform sensilla. Th e trichosensillum is pointed 
and situated at the anterior third of labrum on the 
medial branch of the palatine sclerite, extending beyond 
the anterior margin of labrum, as long as labrum width. 
Th e campaniform sensilla are situated at about the 
latitudinal mid-line of labrum almost at the same level. 
Th e median sensilla are at a similar distance each to 
other. A campaniform sensillum is placed on the medial 
branch of the palatine sclerite, while the most lateral 
one is situated between medial and lateral branches of 
the palatine sclerite. Antero-lateral sensilla of labrum 
(t – trichoid, c – campaniform) comprise: external 
– 1t-2c-3t-4t, internal – 1t+2t+3t (see Volkovitsh & 
Hawkeswood 1994). External sensilla are arranged as 
follows on each side: (a) two long blunt setae, situated 

Figures 2–4 
Semischematic drawings of Capnodis tenebrionis fi rst instar. 2, epistome 
showing postero-lateral incision (pli); 3, details of the epistosomal sensilla 
(es); 4, anteclypeus and labrum, showing armature, median (mb) and 
lateral branches (lb) of the palatine sclerite, median sensilla (msl), and 
antero-lateral sensilla (alsl). Scale bars: 100 μm (2), 50 μm (3, 4).
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close each other, (b) one campaniform sensillum placed 
between the two long setae, (c) one sharp seta situated 
near the margin of the lateral branches of palatine 
sclerite. Internal sensilla are arranged as follows on each 
side: three blunt setae, situated close to each other but 
not fused at their basis, and directed medially towards 
the external setae. Dorsal side of labrum with a narrow 
transverse area of moderately long microsetae bordering 
the anterior margin, which are denser in middle, 
remaining surface glabrous. Ventral side of labrum 
(epipharynx) with two rather dense areas of moderately 
long microsetae extending from the anterior margin 
to the base of labrum forming two subparallel curved 
zones of microsetae.

Th e antennae (fi gs 1 and 6–11) are two-segmented 
situated in the postero-lateral (= antennal) incision 
between epistome and pleurostome; articular 
membrane glabrous; 1st antennomere subcylindrical, 
as long as the apical one, as long as wide, completely 
glabrous, provided with two campaniform sensilla (one 
internal and one external) and with a narrow fringe of 
few stiff  microspinulae around the dorso-aboral distal 
margin; 2nd antennomere barrel-like, as long as wide, 
feebly arcuately narrowed to apex, bearing a corona 
of fl exible microspinulae around the apical margin. A 
long, grooved trichosensillum is placed on the dorsal 
side of the 2nd antennomere. Th e deeply depressed 
apical cavity is well-developed and at the bottom 

Figures 5–9 
Capnodis tenebrionis fi rst instar larva. 5–8, scanning electron micrographs of 5, labrum, mandibles and labio-maxillary complex from a dorsal view; 6, antenna 
from a dorsal view; 7, 2nd antennomere showing its sensory appendage (sa); 8, and detail of microspinulae; 9, light micrograph of the antenna showing the 
sensory appendage (sa) stained by crystal violet. Scale bars: 100 μm (5), 50 μm (6–9).
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contains one large conical sensillum (slightly shorter 
than the 2nd antennomere) not extending out of the 
corona, two small lobate (palmate) sensilla situated 
very close each to other, and one small peg-like conical 
(basiconic) sensillum.

Th e crystal violet method showed a strong staining 
of the basiconical sensillum and a slight staining for 
the grooved trichosensillum of the 2nd antennomere, 
such as shown on fi gure 9.

Th e mandibles (fi gs 5, 12–13) are triangular, 
slightly longer than wide, broadened at the base, 
strongly sclerotized and dark brown at the distal two 
third (basal part brownish), narrowed towards apex; 
two short and sharp setae are situated on the adoral 
side towards the mandibular base; cutting edge with 
two obtused curved teeth; a small retinaculum is 
placed ventrally; dorsally one campaniform sensillum 
is located at about half of the mandible length and a 
small microsculptured area can be observed more or 
less at the same level on the adoral side.

Hypostome brownish, sclerotized, posterior margin 
invaginated at the middle part; bearing a trichoid and a 
campaniform sensilla; pleurostome without ocelli.

Labio-maxillary complex (fi gs 5 and 14–17). Th e 
maxillary base (cardo) is membranous, glabrous with 
two long, sharp trichoid and 1 campaniform sensilla 
situated on a distinct, well sclerotized, subtriangular 
sclerite in the postero-lateral corner near the cardo 
base. Th e stipes is provided with a strongly sclerotized 
internal sclerite bearing one long seta near the latero-
distal margin above the sclerotized area and below the 
maxillary palpus, extending far over the palpomere 
apex. Sharp microspinulae are variously located being 
few along the anterior margin on the adoral and 
external side, and denser on the aboral side and on 
the anterior margin of the internal side close to the 
malar base. Th e maxillary palpus is two-segmented; 
basal segment is strongly sclerotized, about as long as 
wide, nearly subquadrate, bearing a sharp seta near the 
antero-adoral corner, and not extending the apex of 
the palpomere. Th e distal segment is elongate, about 
1.5 times longer than wide, strongly sclerotized, with 
one long, thick and curved sensillum, located near the 
proximal margin, and one campaniform sensillum 
on the internal surface at the middle length of the 
segment, and with about 11 small, conical sensilla at 
the apex of the palpomere. Mala markedly sclerotized, 
with a broad internal sclerite; slightly tapering to 
the apex, about 1.2 wider than long; distally are two 
elongated, grooved conical sensilla surrounded by 
two groups of three long and blunt setae; externally 
with one campaniform sensillum at middle length of 
the segment; on the aboral side are one blunt and one 

sharp setae; sparse microspinulae are situated near the 
malar apex.

Labium (fi g. 16) transverse, prementum about 
1.6–1.7 times wider than long, with rounded anterior 
margin and slightly oblique lateral margins; external 
surface of prementum with short, sharp and sparse 
microspinulae placed in three distinct zones close to 
the anterior margin and to the sharp seta on corner 
sclerites; base of prementum with two corner sclerites 
each bearing one long, sharp seta and fi ve campaniform 
sensilla at the external apical part of sclerite; internal 
surface of prementum with microspinulae along the 
lateral fi elds.

Th oracic and abdominal lateral sides bear long 
bristles arranged in a sort of tufts (fi gs 18–19); tips of 
bristles are blunt and enlarged; sculptures diff erently 
shaped on the body (fi gs 20–26).

Prothorax (fi g. 19) is enlarged, rather fl attened 
and with slightly rounded lateral sides; anterior 

Figures 10–16
Semischematic drawings of Capnodis tenebrionis fi rst instar larva 10, right 
antenna showing armature; 11, detail of the 2nd antennomere sensilla 
composed of lobate (palmate) sensilla (ps), peg-like sensilla (p) and sensory 
appendage (sa); 12, ventral and, 13, dorsal view of the right mandible; 
14, ventral view of the left maxilla showing sensory cones (sc) and curved 
sensilla (cs); 15, sensilla on the sclerite of the maxillary cardo; 16, ventral 
view of the labium. Scale bars: 50 μm.
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membrane squamously microsculptured bearing 
short and long setae, and pointed scales which have 
microteeth along the anterior border (fi g. 19). Both 
dorsal and ventral plates oval and poorly developed, 
unsclerotized, covered with dense microspinulae and 
sparse short setae (fi g. 23). Prothoracic grooves well-
defi ned, as long as the plate length, slightly sclerotized, 
yellowish-brown; asperities not detected. Pronotal 
groove (fi g. 27) narrowly inverted Y-shaped, divided in 
the posterior part, with indistinct end parts; anterior 
undivided part short, about one fourth of the groove 
length; angle between diverging branches about 20 
degrees. Prosternal groove (Figs. 19 and 28) straight, 
inverted T-shaped.

Meso- and metathorax (fi gs 19 and 24) are shortly 
cylindrical, mostly glabrous, with sparse, short bristles, 
which are denser and longer on sides; squamous scales 

on the lateral side which are partially pointed towards 
the posterior end of the body. Both segments are 
provided with ambulatory pads. 

Mesothoracic spiracles (fi gs 29–30) slightly 
sclerotized, globular, about twice longer than wide, 
with dense, strongly branched trabeculae.

Abdomen (fi gs 19 and 31–33) with segments 
longer than wide, fl attened, without ambulatory pads. 
Segments II-VIII of about similar size as wide as meso- 
and metathoracical segment width; segments IX-X 
smallest and cylindrical. Dorsal and ventral surfaces 
of abdomen mostly glabrous, with sparse bristles, 
becoming denser and longer on lateral margins, and 
microspinulae, following meso- and metathoracical 
distribution. Segment X with apparently soft cuticle 
and with numerous distally placed, slerotized scales 
provided with microteeth.

Figures 17–18
Capnodis tenebrionis fi rst instar larva, scanning electron micrographs of 17, the dorsal view of the right maxilla and partially of the labium, showing sensory 
cones (sc) and curved sensilla (cs); 18, detail of the setae located laterally on the abdominal segments. Scale bars: 50 μm.

Table 1. Eff ects of soil humidity, expresses in FWHC (Field Water Holding Capacity), upon egg eclosion of Capnodis tenebrionis.

Soil humidity 100% FWHC 75% FWHC 50% FWHC 25% FWHC CONTROL (3.6% w/w)

Hatching rate 0%a 48.0%b (38÷56) 75.3%c (68÷84) 77.8%c (66÷86) 82.2%c (70÷94)

Values followed by the same letter are not signifi cantly diff erent (p < 0.05).
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Abdominal spiracles (fi g. 34) oval in shape, with a 
few, weakly branched trabeculae.

Th e armature of the proventriculus includes well 
developed, sclerotized microteeth of variable shape, 
situated singly or in groups (fi g. 35).

Hatching Behavioural Observations
When the eggs were observed for transparency 

through the envelope along the side glued on the 
substrate, the completely formed larva appeared 
to occupy the whole egg volume. Th e body of the 
hatching larva was U-folded in such a way that the 
head was in contact with the last abdominal segment 
and the sagittal plan of the body was parallel to the 
glued side of the egg (fi g. 36).

Usually, the larva hatched by scraping the egg 
envelopes using the mandibles and came completely 
out of the egg in about one minute. Th e eclosion hole 

was circular in shape and exhibited irregular margins. 
Th e lateral tuft hairs of the larva seemed to help the 
larva in grasping the substrate surface, such as a rowing 
movement, during the hatching.

Occasionally, the last abdominal segments of the 
larva came out fi rst from the egg (fi g. 37). Th en, the 
larva started to wiggle the abdomen alternatively on 
both lateral sides. Consequently, the opening on the 
egg became gradually larger till it allowed the passage 
of the large prothorax through the gap. In this case, 
the larva needed about 30 minutes to come out of the 
egg.

Th e hatching was never detected through the side 
of the egg glued on the substrate.

Figures 19–26
Semischematic drawings of Capnodis tenebrionis fi rst instar larva: ventral 
view of the body and details of the cuticle sculptures. Scale bar: 1 mm 
(20).

Figures 27–35
Capnodis tenebrionis fi rst instar larva: semischematic drawings of 27, 
pronotal and 28 prosternal grooves; 29, thoracic spiracle in a sagittal, and 
30 semilateral view; 31–33, detail of pointed scales on the last abdominal 
segment (31) from a lateral (32) and ventral view (33); and, 34, an 
abdominal spiracle; 35, details of proventriculus. Scale bar: 100 μm (27, 
28, 32), 50 μm (29–31, 33–34), 10 μm (35).
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Soil Humidity Effects on the Egg Eclosion
Th e incubation time ranged from 10 to 16 days, 

with a mean duration of 12 days. Th e average hatching 
rate varied between 0% and 82.2% depending on 
the soil humidity (tab. 1). In particular, egg eclosion 
decreased with the increasing of the soil moisture 
degree; it was always totally suppressed in 100% 
FWHC treatment. Th e means detected for the drier 
soil samples (25%, 50% FWHC and control) were 
similar and didn’t show signifi cant diff erences. On the 
other hand, signifi cant diff erences were found between 
two the moistest treatments (75%, 100% FWHC) and 
between these ones and the previous group (50%, 25% 
FWHC, control).

Discussion
Only few reports on the morphology of buprestid 

neonate larvae have been found in literature (Künckel 
D’herculais 1893; Gényes 1927; Rees 1941; Solinas 
1974), and few descriptions and illustrations are 
available for some mature larvae of Capnodis spp. 
(Grandi ; Schaefer 1949; Alekseyev 1994; Bilý 
1999). Some morphological diff erences were observed 

comparing the current description of C. tenebrionis 
neonate larvae with that of mature ones by Xambeu 
(1892), Schaefer (1949), and Bilý (1999).

Commonly, the trichosensilla found on the fi rst 
larva are proportionally much longer than those 
observed on the mature larva (i.e. epistosomal sensilla 
and antero-lateral setae of labrum, apical setae of 
corner sclerites of labium, setae on the sclerite of the 
cardo) and usually they extend far from the edge of the 
corresponding mouthparts.

Th e microspinulae, microsetae, microteeth, and the 
asperities are scarcely developed or absent on the fi rst 
larval cuticle, especially with regard to the microsetal 
areas on the external surfaces of labrum and labium, 
and on the pronotal and prosternal plates, and on the 
prothoracic grooves. Th ey are largely developed in the 
mature larva of C. tenebrionis (Xambeu 1892; Schaefer 
1949) and other Capnodis species (Alekseyev 1994).

Moreover, the internal armament of proventriculus 
and the inner structure of spiracles in the fi rst instar are 
very poorly developed.

In addition, the neonate larva displays evident tufts 
of relatively long setae, distally enlarged, inserted on 

Figures 36–37 
Capnodis tenebrionis light micrograph of, 36, fully developed fi rst larval instar inclused into the egg; 37, a larva hatching through the last abdominal segments 
fi rst (occasionally observed).
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the sides of thoracic and abdominal segments. Th is 
feature is largely marked also in other buprestid species 
(Künckel D’herculais 1893; Rees 1941). Th ese setae 
should help to crawl in the ground and are lost in 
the other instars on which they are no longer needed 
(Rivnay 1945; Balachowsky 1962).

According to Paulian (1988) some of these diff erences 
can be explained with an hypermetamorphosis 
phenomenon.

Capnodis tenebrionis hatching occurs always out 
of the host plant, on the contrary of what happens 
for some other buprestids which pass directly from 
the egg into the host organs (Génieys 1927; Solinas 
1974). Th e present observations could further 
support the previous data on the application of the 
entomoparasitic nematodes against the fi rst larval 
instar of this pest (Marannino et al. 2004; Garcia del 
Pino & Morton 2005). Th e larva seems to be unable to 
escape from the egg shell at the level of the glued side 
on the substrate, such as superfi cial roots or trunk bark 
crevices. Th erefore, the eclosion mode forces the larvae 
to move in soil towards the hosts. Th is behaviour could 
be of aid to the nematode juveniles in searching for 
Capnodis neonate larvae. Moreover, the activity of the 
thoracic and abdominal tufts of hairs are consistent 
with Rivnay (1945) observations regarding means for 
larval locomotion by burrowing in the ground.

With regard to the eff ects of humidity on the egg 
hatching, the results obtained in this study confi rm the 
importance of soil humidity as ecological factor able 
to aff ect the Capnodis population biology signifi cantly. 
Previous works pointed out that eggs did not survive in a 
water-saturated atmosphere and that their sensitiveness 
to dampness adverse impact gradually decreased while 
reducing the relative humidity value and the exposure 
time (Rivnay 1944; Martin 1951; Chrestian 1955; 
Paulian 1988; Malagon ). Moreover, Guessous 
(1950) and Malagon et al. (1990) proved that the 
soil humidity infl uences also egg-laying activity and 
egg spatial distribution since the oviposition occurs 
preferably in dry sites where the soil humidity is less 
than 6%. Th e present research relates the hatching rate 
to the soil wetness expressed as percentage of  FWHC 
which is an agronomic index that can be potentially 
applied on every kind of soil and measured in the 
fi eld. Th e monitoring of soil water balance during the 
reproductive period of C. tenebrionis could lead to 
considerably reduce the applications of non selective 
insecticides, as required at present.

Th e above-described biological and behavioural 
features can off er substantial support to an integrated 
control of the peachborer and stress once more the 
prominence of water supply in stone fruit protection, 

such as Malagon (1989) displayed. Th us, the 
development is expected of a suitable water management 
strategy which, by resorting to irrigation and mulching 
techniques, can be of aid to the plants, disadvantageous 
to the pest populations and environmentally safe.
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