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Abstract
A survey on the morphology and biology of the elm leaf-mining moth Bucculatrix ulmifoliae was
conducted under natural conditions. The developmental periods of 1th +2th, 3th, 4th and 5th larval
instars as well as pupa were calculated as 6.40±0.67, 1.76±0.12, 1.92±0.20, 3.51±0.37, 9.61±0.77
days, in a cage at field; and 6.40±0.66, 1.50±0.27, 1.78±0.47, 2.71±0.48, 7.64±0.33 days at the
laboratory (25±2°C, RH 65±5 and 16L: 8D hours) respectively. The average life span of the moth was
obtained as 23.04±1.02 days at the laboratory and 25.84±0.91 days at the field. Adults of the first
generation appeared in early April. The fertile females laid their eggs underside of leaves near the
midribs. Upon hatching, the first instar larva penetrates directly via base of the egg into the leaf tissue
and creates the mine. B. ulmifoliae had three generations of which the second generation showed its
tendency for oviposition. Third generation was observed from the first half of August, and
overwintering started at the first half of September. The first and second instars mined the leaf and fed
inside, while the other instars fed externally on the underside. Bucculatrix ulmifoliae has three
generations a year and overwintering as a pupa in a cocoon in the crevices of barks and fallen leaves
on the ground.
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Introduction
Bucculatrix ulmifoliae Hering, 1931 is one of the 220 known world species of
Bucculatrix Zeller, 1839 which is widespread in all parts of Europe (Langmaid et al.,
2007). This species was first reported from Iran (Maleki et al., 2011) where it has recently
become an important pest of elm trees, Ulmus campestris L. (Ulmaceae) causing extensive
damages to the trees in the city of Tehran where it is feared that it will turn in to a key pest
in the future. Till now, five species of Bucculatrix have been reported from Iran: B. ulmella
Zeller which is reported on elm tree in Tehran region (Abai, 1997), B. pomifoliella
Clemens, which is collected in Khorasan region on Apple tree (Shahrokhi, 1986), and the
three species B. iranica Deschka, B. endospiralis Deschka and B. pectinella Deschka which
are collected from the south of Iran and introduced as new species (Deschka, 1981).
The life history of the pest on elm trees is not studied in Iran. Biology of several
Bucculatrix species such as B. ivella Busck, B. canadensisella Chambers and B. ainsliella
Murtfeldt were known (Palmer & Diatloff, 1987; Slingerland & Crosby, 1915; Solomon et
al., 1987). The aim of this study is investigate the biology of this species under natural
conditions and at laboratory in Iran.

Materials and Methods
Adult morphology
Dissection and slide-mounting methods for genitalia and wings were based on those
introduced by Clarke (1941) and Robison (1976). The abdomen was cut off and boiled for 2
or 3 minutes in 10% KOH. Preparations were stained with Chlorazol black and mounted in
Euparal.

Biology
The biology of B. ulmifoliae was done in two different ways. In the first method, we
selected 10 elm trees and inspected twice a day. A total of 40 infested leaves were cut off
from the trees and transferred to leaf cages once the imprints of mines were observed on the
leaf surfaces. The growth rate of each larva was recorded by daily visits. In the second
method, the larvae were removed from the leaves as soon as they emerged from the mines
at the laboratory and kept separately in the plates containing wet cottons at room
temperature of 25±2°C and humidity of 65±5 percent with 16 and 8 hours lighting and
darkness. The average duration of the insect developmental time for various larval instars
and pupa in addition to the life cycle and sex ratio were calculated. Width of the head
capsule of 120 larvae, which had emerged at the laboratory, was measured according to
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Friend (1927). Ten specimens of each larval instar were selected to measure the average
length of the body. The adults were sexed to determine the sex ratio. To determine the sex
ratio of insects, their genitalia were removed and the number of males and females counted.
The larval mortality was measured and analyzed using Excel software 2010.

Results and Discussion
Adult morphology
Wingspan of the examined adult specimens was 6.0–7.0 mm on the average (Fig. 1.A);
all the wings characteristics were the same as the original description (Langmaid et al.,
2007) except the forewing venations (Fig. 1.B) which in both fore- and hindwing reduced.

In the forewing: Sc and Rs, and M1 and M2 merged together, respectively; R3 has a
common stalk with R4; Cu veins absent. Posterior wing with only one Radial vein (R5) and
veins M1 and M2 merged with each other (Fig.1.B).
In the male genitalia, the two lobes of uncus somehow wider than that reported by
Langmaid et al., (2007); valvae not exactly symmetrical; curvature of the phallus below the
tip, more than 90° and two nipple-like projections of its posterior shaft were less
conspicuous (Fig.1.C). The female genitalia is identical to that of Langmaid et al., (2007)
(Fig. 1.D).

Fig. 1. A: Bucculatrix ulmifoliae adult (original), B: Front wing (above) and hind wing (down),
C: Male genitalia. Magnification X100 (original), D: Female genitalia. Magnification X100 (original)
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Eggs
Eggs oval, with obscure white color. Length of the ovum is 0.26 mm which is close to
the size of the ovum in B. canadensisella (0.25 mm) (Friend, 1927) and longer than that of
B. parthenica Bradley (0.14–0.22 mm) (McClay et al., 1990). Width of the ovum is 0.15
mm. The adult females laid their eggs underside of leaves next to the mid vein.

Larvae
All the larval instars were pale yellow in color but they were bright green during
feeding time (Fig. 2.A). The shape of those inside the mines (Fig. 2.B) was cylindrical with
completely tangible leaf tissues in their digestive tracts. The body covered with scattered
dark hairs which varied in different larval stages. Head, brown with five simple eyes
positioned laterally. The average lengths of the first and second larval instars inside the
mine were 0.36 mm; the third, fourth and last instars were 2.0–2.2 mm, 3.0–3.4 mm and
5.0–5.5 mm, respectively.

Pupae
Pupation occurs in a rod-shaped or fusiform cocoon; about 3.8–4.0 mm in length and
1.0 mm in width, bearing eight to nine sharp longitudinal ridges. The cocoon is mostly
constructed on the undersurface of the leaf and rarely on its upper surface. Cocoon in all of
the examined material (more than 200 specimens) was whitish and somewhat obscure
(Fig. 2.C), although Langmaid et al. (2007) mentioned it as being dark gray.

Fig. 2. A: Bucculatrix ulmifoliae larva (original), B: Bucculatrix ulmifoliae larval mine (original),
C: Bucculatrix ulmifoliae pupae (original).
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Life History
Bucculatrix ulmifoliae overwintered as pupa in a protective cocoon in the cervices of
barks and or fell down leaves near the host trees. Adults of the first generation emerged in
late April in the spring. The activity of the first generation was at the beginning of May to
the mid-June, determined by yellow traps which placed on the barks. The second generation
occurred in the early July. Duration of the second generation was shorter due to hot
weather. This generation was observed in early July to the first half of August and
overwintering started with the autumn season.
Mating and oviposition occurred in few hours after emerging of the adults in the field.
The eggs were laid singly adjacent to the mid-vein and usually at the angle with a major
vein underside of the elm leaves. The rest of the larval mines appeared within 7–11 days.
The first and second larval instars fed and molted inside the mines. The third larval instars
emerged on the leaf surface where it molted again after a day and made a hole at the end of
the mine. According to the present study, B. ulmifoliae and B. ivella have five larval instars
(Palmer & Diatloff, 1987) and their life cycles (from the first larval instar to the end of
pupal stage) in the field condition include four generations. Moreover, the duration of larval
instars and pupa including (1th +2th in total), 2th, 3th, 4th and 5th were 6.40±0.67, 1.76± 0.12,
1.92 ± 0.20, 3.51 ± 0.37, 9.61±0.77 days, respectively in the cage at field (Table 1); and
6.40±0.66, 1.50±0.27, 1.78±0.47, 2.71±0.48, 7.64±0.33 days, respectively at the laboratory
(25±2°C, RH 65±5 and 16L: 8D hours) (Table 2). The average life span of a moth was
calculated as 23.04±1.02 days at the laboratory and 25.84±0.91 days at the field.
In B. pomifoliella, the first molting on the outside of mine occurs after four days and
longevity of the fifth larval instar lasts a week (Slingerland & Crosby, 1915). Molting
process of larva in B. ulmifoliae on the leaf surface occurred after 1.7±0.6 days and
longevity of the fifth larval instar was 3 1/2 days. In B. pomifoliealla, the life span of the
larvae in the mine was one week (Slingerland & Crosby, 1915), while in B. canadensisella
it was 13–50 days (Friend, 1927). Based on this study, the duration of 1st and 2nd larval
instars (i.e., time of presence at the mine) was 6.4 days which is almost similar to that of B.
pomifoliealla. The lifespan of B. ulmifoliae was 4–6 weeks which is similar to the lifespan
of B. canadensisella (Friend, 1927). Bucculatrix ulmifoliae has three generations per year,
while it is about 25 days in B. parthenica (McClay et al., 1990). According to Solomon et
al. (1987) B. ainsliella has two generations per year which is the same as B. pomifoliella
(Slingerland & Crosby, 1915).
The average lifespan of the males and females after their release and preservation was
7–13 and 8–11 days at the laboratory, respectively. The highest mortality at pre-adult stage
due to environmental factors such as low humidity was calculated 48% in 1st and 2nd larval
instar.
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Table 1. The average duration of larval and pupal stages of B. ulmifoliae in natural
conditions
Duration of insect development time
Average duration of larval in total from first to second
Average duration of larval in thirdinstar
Average duration of the firstmolting outside the mine
Average duration of larval in fourth instars
Average duration of the second molting outside the mine
Average duration of larval in fifth instars
Average duration of pupal
Insect development time except embryonic period

average (Day)  SE
6.40 ± 0.67
1.76 ± 0.12
1.35 ± 0.14
1.92 ± 0.20
1.26 ± 0.15
3.51 ±0.37

9.61 ± 0.77

25.84 ± 0.91

Feeding Behavior
After eggs hatching, larvae bore directly into the leaf through the attached surface of
the egg and begin mining the mesophyll. The thread-shaped mine was first lined next to the
mid-vein. After roaming a small part in this area, the larval mines formed a curvature and
moved to a triangle between mid-vein and major vein of the leaf, usually forming a small
blotch where they have doubled back on itself; later extends in a straight line, usually along
a vein, before turning away at an angle, with broken linear black trace in the canal with a
total length of 15.0–18.0 mm.

Table 2. The average duration of larval and pupal stages of B. ulmifoliae at the
laboratory
Duration of insect development time
Average duration of larval in total from first to second
Average duration of larval in thirdinstar
Average duration of the firstmolting outside the mine
Average duration of larval in fourth instars
Average duration of the second molting outside the mine
Average duration of larval in fifth instars
Average duration of pupal
Insect development time except embryonic period

average (Day)  SE
6.400 ± 0.66
1.50 ± 0.27
1.33 ± 0.12
1.78 ± 0.47
1.12 ± 0.11
2.71 ± 0.48
7.64 ± 0.33

23.04 ± 1.02

In the angle of a mid-vein and major vein, the mines filled with black brasses. As
stated by Langmaid et al., (2007), the first larval instar is a leaf miner in an 11.0–15.0 mm
mine length. The exit-hole is positioned at the underside of the leaf, and the larva feeds
externally on the underside of the leaves, creating small feeding windows. Moreover, the
mines were wider at the beginning and then narrowed and 3–4 larvae were observed in
some of these mines. The mines are more visible from the upper surface of the leaf. The
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larva was present in the mines between 5 and 8 days. One or two larval head capsules with
different diameters were observed in most of the mines. One of these capsules was in the
middle of the mine and the other one located at the end of it. Therefore, the first and second
instars mined the leaf and fed inside. The remaining instars fed externally on the underside
of the leaf. In B. parthencia, the first and second instars were in the mines while the other
instars were living outside the mine (McClay et al., 1990). Kobayashi et al. (2009) and
Solomon et al. (1987) stated only the first larval instar of B. hamaboella and B. ainsliella as
mines. Limited numbers of mines with only one head capsule were observed when the
whole head capsule was missing as a result of molting. Diameter of the head capsules in the
mine indicated that a number of larvae had left the larval mine without passing the second
stage of molting. Bucculatrix parthenica infests Parthenium hysterophorus L. while its first
and second larval instars are miners and the next generation feeds on parenchyma of the
leaf (McClay et al., 1990). The species B. pomifoliella, which incurs damages to the apple
trees, its first instars are miners of the leaves (Slingerl and & Crosby, 1915).
The difference in the whole lifespan may be related to the different hosts. After exiting
the mine, the cylindrical shape of the first and second larval instars will turn flat, and they
will feed from parenchyma of the leaf. The larvae frequented under the leaf and were rarely
seen on the upper surface. This fact can be observed in the species that are considerably
active in other plant species such as trees and shrubs. For example, in B. canadensisella
which attacks Birch tree, its larvae feed on the underside of the leaf (Friend, 1927). In B.
ivella which is a pest of Baccharis sp., the larvae were observed on both sides of the leaf;
with more larvae occur underside (Palmer & Diatloff, 1987). The larvae become vulnerable
when they exit the mines due to dehumidification or delay in the exchange of the fed leaves
leading to heavy mortality among them. In addition, the larvae experienced two molting
stages once they exited the mine. Two to three days after feeding, the larvae get their body
curved as U- shaped under a thin covering or white cocoon being made of silk spun by their
labial glands. The molting cocoon on the leaf has a flat form that is usually found along a
midrib. The larva is motionless without feeding during the molting (or skinning up) stage.
Molting lasts between one day and two days at most. In B. hamaboella, the two final larval
instar stages complete within the framework of a molting operation, however, in
B. ulmifoliae, each molting stage occurs in a separate and single cocoon.
In B. hamaboella, each larval age changing takes one day or two days (Kobayashi
et al., 2009) similar to B. ulmifoliae. Pulling out the larvae from the mines is resulted in
their death within 1–2 hours. Larvae exited through the hole near the central part of the
cocoon. The length of molting cocoon was usually half the length of larva, depending on
the size of larva. It was also observed that the larvae exit the cocoon from the head part.
When larva comes out of the cocoon, the remains of the skin change can be observed at the
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bottom of cocoon, and diameter of the remained head capsule can be easily measured as has
been also reported by Friend (1927). The fourth larval instars showed tendency towards the
underside of the leaf, shortly after exiting the cocoon. In all their ages, larvae are feeding
from underside of the leaf as the older larvae spine longer cords. The fourth larval instar
entered molting stage at most four days of feeding; this stage lasted less than two days. At
this stage, the size of these silky molting webs was measured to be approximately 2.5 mm.
Therefore, the larvae have two molting stages outside the mine.
Fifth larval instar development duration is measured to be 5 1/2 days on average. It
seems that the fifth larval instar can cause more damages to the leaf. During the day, moths
live on the leaves and branches of the trees, and their activities intensify during the night.

Sex ratio
The sex ratio of both males and females in the field condition were calculated as 42
and 58, respectively. Various larval instars were specified according to the diameter of
their head capsules. The diameter of the head capsules remained from molted larvae inside
the mines was obtained as 0.009, 0.010 and 0.015 mm. Those of remained from molted
larvae on the leaf surface was 0.015, 0.021 and 0.026 mm, respectively (Table 3).
The second larval instar was inside the mine while the third one was on the outside.
The average diameter of the head in the first, second, third, fourth and fifth larval instars
were 0.0095, 0.0135, 0.0193, 0.0232 and 0.0277 mm, respectively (Table 3). These
findings indicate that the second larval instar tends to move to the leaf surface after
molting. Therefore, a small number of the latter larvae molt on the outside of the mine and
then enter the third stage.

Table 3. Measuring the diameter of molt larval head capsule left in
the cocoon.
Larvae instars

diameter of head capsules (mm)

Stage 2

0. 01

Stage 3

0. 015

Stage 4

0. 021

Stage 5

0. 026
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