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First report of an invasive pest, Phyllonorycter populifoliella 
(Lepidoptera: Gracillariidae) from Ladakh

Abstract: Phyllonorycter populifoliella (Treitschke 1883), 
is an invasive pest and is first reported on poplar trees, from 
the eastern region of Ladakh, India. The details of the taxo-
nomic identification based on genital morphology are pre-
sented. Besides, host range, feeding habits and level of in-
festation in different hamlets of Ladakh are also presented. 
This study is important for further understanding the pest 
biology, its diversity and management by adopting control 
strategies. It is also important to restrict its dispersal to other 
states of the Indian union and to devise pest management 
strategies for this pest.
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Prvo poročilo o invazivnem škodljivcu na topolu, listnem za-
vrtaču Phyllonorycter populifoliella (Lepidoptera: Gracillarii-
dae), na območju Ladakha

Izvleček: Listni zavrtač Phyllonorycter populifoliella (Tre-
itschke 1883) je invazivna vrsta, o kateri prvič poročamo o 
pojavljanju na topolih v Ladakhu, Indija. Predstavljene so 
podrobnosti taksonomske določitve škodljivca na podlagi 
zunanje zgradbe genitalij. Poleg tega so predstavljeni še spe-
kter njegovih gostiteljskih rastlin, habitati, v katerih se preh-
ranjuje in stopnja napadenosti rastlin s tem škodljivcem v 
različnih zaselkih Ladakha. Raziskava je zelo pomembna za 
boljše razumevanje bionomije škodljivca, njegove diverzitete 
in odločanju o strategijah njegovega zatiranja. Pomembna je 
tudi za omejevanje njegovega širjenja na druga območja In-
dije in pri snovanju strategij za zatiranje tega škodljivca.

Ključne besede: Ladakh; Phyllonorycter populifoliella; 
topol; invazivni škodljivec
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1 INTRODUCTION
 
Ladakh is a cold desert region that spans over 

70,000 km2. This is India’s high altitude, cold arid zone, 
which has harsh climatic conditions. This area, however, 
is endowed with unique flora and fauna, with poplars 
and willows serving as the main timber trees of the 
silviculture-agroforestry system. The poplar species in 
Ladakh include Populus euphractica Oliv., P. alba L., P. 
nigra L., P. ciliata Wall. ex Royle and P. balsamifera L. 
belonging to order Malpighiales and family Salicaceae. 
Poplar trees are used for wood as raw material for man-
ufacturing furniture, doors, windows and other deco-
rative objects. Additionally, these trees help to prevent 
soil erosion (Naithani & Nautiyal, 2012). Poplar trees 
meet the increased demand for fuelwood during harsh 
winters when temperatures drop below -30 ºC (Kumar 
& Singh, 2012). 

Several insect pests attack poplars around the 
world. Among them are defoliating beetle, Chrysomela 
populi (Lin., 1767) (Coleoptera: Chrysomelidae), tent 
caterpillar, Malacosoma indica Walker, 1855 (Lepidop-
tera: Lasiocampidae), Indian gypsy moth, Lymantria ab-
fuscata Walker, 1865 (Lepidoptera: Erebidae) and poplar 
petiole gall aphid, Pemphigus spp. Passerini (Hemiptera: 
Aphididae) are some of the most common insect pests 
of poplar trees in Ladakh (Kumar et al., 2007). The pop-
lar leaf blotch miner Phyllonorycter populifoliella (Tre-
itschke, 1883) (Lepidoptera: Gracillariidae) has recently 
emerged as a threat to poplar plantations in this region 
(REF). Graccillariidae is a large family of leaf-mining 
insects that includes 107 recognised genera and 1993 
species that feed on 7868 host plants (Anonymous, 
2019). The majority of species can be found in temper-
ate climates; 257 species have been described from the 
Palaearctic region and 81 from Neoarctic (De Prins & 
De Prins, 2009). The larvae breed in the leaf mesophyll 
(Davis & Robinson, 1998) and were first discovered in 
1989 near the Kharkiv region of Ukraine (Sulkhanov, 
1990). 

In Graccillariidae family, larval development oc-
curs up to four stages (Trägardh, 1913), known as hy-
permetamorphosis or heteromorphic development 
(Wagner et al., 2000). The initial larval stages feed on 
tree sap, while the later stages feed on tissues. The later 
larval stages contain well-developed chewing mandi-
bles and hypognathous mouthparts and are called tis-
sue feeding forms (Trägardh, 1913). 

1.1 BIOLOGY OF PHYLLONORYCTER spp.

They are small insects and disperse rapidly from 

one locality to another in Ladakh, since there are no 
strict quarantine regulations around borders with Chi-
na and Pakistan. The genus Phyllonorycter comprises 
over 380 species from all the zoogeographical regions 
(De Prins & De Prins, 2005). They have been found 
on 112 different plant genera in 31 different families 
(Lopez-Vaamonde et al., 2003; De Prins & De Prins, 
2009). The larvae of Phyllonorycter spp. feed internally 
on living tissues of the plant and devour the paren-
chyma cells. The pupa and all pre-imaginal stages of 
the Phyllonorycter genus grow within a tentiform mine 
(Davis & Robinson, 1998). The larvae live inside the 
galleries, which provide them with shelter during ad-
verse climatic conditions and protects them from natu-
ral enemies (Connar & Taverner, 1997). 

 During favourable conditions, moths are multi-
voltine and insect outbreaks occur on native plants 
(Bengtsson & Johansson, 2011; De Prins & Kawahara, 
2012). The successive generations cause significant 
damage to woody plants (Kirichenko et al., 2019). The 
adult’s small size allows them to pass through small 
crevices and holes in windowpanes or can be seen 
glued on the door entrances. The early larval instars 
invade all types of poplars and mine the leaves of the 
hosts. They make tentiform mines on the lower surface 
of the leaves. Generally, larvae grow on the underside 
of leaf and occasionally feed and make mines on the 
upper side of the leaf (Mutanen et al., 2007).

Our study reports the presence of this pest and in-
festation for the first time from Ladakh, India. The geni-
tal morphology of P. populifoliella was used to deter-
mine its taxonomic status. There has been no previous 
report on the possible presence of this pest in Ladakh, 
India.

2 MATERIALS AND METHODS

The study was conducted in Ladakh, India. Pop-
lar is one of the important sources of timber in this 
region. There are about 10 species of poplars grown 
at different altitudes, including Populus euphratica , P. 
alba, P ciliata etc. The main surveyed areas in this study 
included Khaltsi, Phyang, Basgo, Stakna, Saspol, Minji, 
Silichee, Karbuthang and Hardas (Figure 1). Surveys 
were carried out in June and August 2018. Every three 
weeks, the poplar trees were selected randomly from 
the selected locations to observe the leaf miner damage 
on newly flushed leaves. Twenty shoots were observed 
from the lower canopy (1.0 m), at random from 50 trees 
per location and the number of leaves per shoots per 
tree was counted to calculate per cent infestation acord-
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ing to Peña et al. (2000). The larvae were collected from 
the infested leaves and reared in plastic containers. The 
adults emerging were recorded on daily basis.

The data on infestation was subjected to analysis of 
variance (ANOVA) and Duncan’s Multiple Range Test 
(DMRT) to understand the significant difference across 
different locations (SPSS (v.15.1; SPSS 168 Inc., Chicago, 
IL).

The infested leaves were excised and brought to 
High Altitude Entomology Laboratory at Satakna, 
Leh, Ladakh, and then kept in polystyrene jars glued 
with nylon lids on the top. The infested leaves were 
maintained at ambient temperature and periodically 
inspected for adult emergence for taxonomic identifi-
cation. To study the morphology of genitalia, the meth-
odology of Robinson (1976) was followed with slight 
modifications. The abdomens were cut and macerated 
in 10 % KOH solution for 18 hours to dissolve the extra 
body tissues. The samples were processed in 80 % etha-
nol. The genitalia were observed under a stereoscope 
binocular microscope (Olympus 598472, Japan).

3 RESULTS AND DISCUSSION

3.1 TAXONOMY

Poplar leaf blotch miner, p populifoliella (Tre-
itschke, 1883), has been regarded as one of the most 
important pests globally (Selikhovkin, 2010). The spe-
cies of the genus Phyllonorycter are difficult to identify 
because of the small size of adults and their wing pat-
tern is rather similar across the species. In the mid-
dle Volga area of Russia, 13 species of the genus Phyl-
lonorycter were identified based on female genitalia 
(Mishchenko, 2014). The descriptions of female genita 

lia were in accordance with Kuznetsov (1981). Noreika 
(1997) published the diagnostic keys of some species 
of this genus based on the structure of male genita-
lia. Rumyantsev (1934) confirmed the specimens of 
leaf miner in St. Petersburg as P. populifoliella based on 
genital morphology. The adults of P. populifoliella are 
relatively small (wingspan 6–9 mm). The forewings are 
white in colour with brown and ochre chess designs. 
The hind wings are white and translucent. Both front 
and hind wings are heavily fringed. The head is cov-
ered with a large tuft of white-colored hairs (Figure 2). 
The larvae pass through five instars and pupation takes 
place in the mines of the infested leaves. The entire de-
velopment (from egg to adult) takes about 10–14 days. 
The larvae feed on poplar leaves, mining the bottom 
surface of leaves to form a tentiform mine without a 
fold (Figure 3). Pupation takes place in a rounded co-
coon within a mine in the infested leaves. The second 
generation occurs in the second half of July. The pupa 
of the second generation undergoes diapause. High 
rates of infestations were observed in the study areas. 
The lowest infestation of 30 % was recorded in Nurla 
village, while the maximum infestation of 55.50 % re-
corded in the Nubra valley of Ladakh (Table 1).

 Taxonomic keys to some species of the genus 
Phyllonorycter:

1 Presence of asymmetrical basal process of sac-
culus with a straight spine------2 

-  Absence of asymmetrical basal process of sac-
culus-------------------------------3

2 Cucullus provided with short dense hairs, 
corpus bursae with not well developed signum 
-------------------Phyllonorycter mespilella.

- Cucullus not provided with dense hairs. 
Valve long and narrow, sharp apical valval spines   
---------------------Phyllonorycter trifasciella.

Figure 1: Survey locations for the survey of Phyllonorycter populifoliella on poplar trees in Ladakh, India
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3 Spines not present on apical parts of valve. Valve 
wide, slightly asymmetrical with small projection on 
right cucullus, corpus bursae with well-developed sig-
num---------------------Phyllonorycter populifoliella.

Table 1: Infestation (% per branch of lower area) by Phyllo-
norycter populifoliella on poplar trees at different locations in 
Ladakh, Indiations in Ladakh, India

Values (Mean ± SE) with similar letters within a row do not differ 
significantly at p ≤ 0.05 (DMRT)

Location Infestation (%)

Mathoo 30.50 ± 2.9fg

Satakna 45.25 ± 4.2d

Tikhsey 42.35 ± 2.5d

Chachoot 50.00 ± 3.9c

Nubra 55.50 ± 5.5b

Goma 44.35 ± 5.0d

Bazgo 34.54 ± 3.5f

Nurla 30.00 ± 2.8f

Saspool 50.50 ± 6.0a

Nimoo 35.00 ± 2.8f

Khalsi 42.50 ± 6.2d

Phyang 40.20 ± 3.9de

Minji 32.00 ± 2.6f

Shilichee 28.80 ± 3.0g

Hardas 35.50 ± 4.1f

Trespone 47.25 ± 5.0d

Leh city 60.50 ± 5.8a

Figure 2: Life stages of Phyllonorycter populifoliella: 1. Larva, 
2. Pupae, 3 and 4. Adults (Female-left, Male-right)

3.2 MALE AND FEMALE GENITALIA OF PHYL-
LONORYCTER POPULIFOLIELLA 

Male genitalia with tegument is heavily sclerotized, 
half ring-shaped; juxta not clearly visible; valvae are 
wide and slightly asymmetrical with a small projec-
tion on left valva; sacculus is narrow and cucullus is 
wide with short and thin hairs on inner side; aedeagus 
is long, narrow, cylindrical-shaped with its basal end 
round and swollen (Figure 4).

Female genitalia has spherical corpus bursae, sig-
num is spherical having two teeth; ostium bursae are 
without sclerotisation; anterior apophyses are longer 
than the posterior apophyses; papilla analis is trap-
ezoidal, setose; ductus bursae are delicate, more or less 
zig-zag in shape with sac-like structure hanging on one 
side. The anterior and posterior margins of abdominal 
segment VII are not sclerotised (Figure 4).

3.3 LOCALITIES OF SPECIMENS EXAMINED

India: Ladakh, District Kargil and Leh; Minji, 
34°28’N and 76° 50’E; Shilichee 34° 33’ N and 76° 80’ 
E; Hardas 34° 36’ N and 76° 50’ E. Trespone 34°45’ N  
and 76°09’ E; Bazgo 34° 12’ N and 76° 80’ E; Phyang 
34°10’ N and 77° 29’  E; Satakna 33° 59’ N and 77° 41’ E; 
Khalsi 34° 17’ N and 77°0 ’ E; Nubra 34°68’ N and 77°56’ 
E; Nurla 34°30’ N and 76°98’ E; Thiksey 34°05’ N and 
77°66’ E; Nimoo 34°19’ N and 77°33’ E; Saspool 34°14’ 
N and 77°9’ E.

3.4 INFESTATION

The P. populifoliella was recorded across the tested 
regions. The lower surfaces of the leaves and leaves of 
the lower branches were highly infested (Figure 3). 

3.5 HOST RANGE 

The main hosts of Phyllonorycter populifoliella, in-
clude black poplars such as Populus nigra, balsam pop-
lars, such as P. balsamifera, P. suaveolens Fisch. ex Poit. 
& A.Vilm. and P. laurifolia Ledeb. (Ellis 2020; Ermolaev 
et al. 2020). The species of poplars in this study could 
not be identified due to the presence of several exotic 
hybrids in Ladakh. 
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Figure 3: Damage symptoms of Phyllonorycter populifoliella infestation on poplar leaves

Figure 4: Genital morphology of Phyllonorycter populifoliella: 1. Male genitalia; 2. Aedeagus: 3. Female genitalia; 4. Signum. Scale 
bars: 1-2 (200 μm), 3 (500 μm), 4 (300 μm)
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3.6 DISTRIBUTION

Austria, Belgium, Denmark, France, Germany, Ita-
ly, Russia, Spain, Turkey, Ukraine, United Kingdom.

3.7 DAMAGE

Though the leaf miner infestation does not cause 
immediate defoliation, reduced photosynthetic leads 
to reduced tree growth. Further, defoliation levels de-
pend on the season and age and type of infested host 
(Raimondo et al., 2003), and summer defoliation has a 
strong impact on tree growth (Raimondo et al., 2003). 
Repeated defoliation over consecutive years can kill the 
trees. In addition, defoliation induced by leaf miners di-
minishes the aesthetic value of poplars. 

4 CONCLUSION

This is for the first time that the poplar leaf min-
er P. populifoliella has been reported in the region of 
Ladakh, India. Though the pest could have been in the 
region much earlier, research was not conducted on this 
pest. In Ladakh, there are four native poplar species and 
many exotic poplars (Naithani & Nautiyal 2012). The 
presence of P. populifoliella in Ladakh can be attributed 
to the diversity of native and exotic species of poplars 
in this region, which are the main hosts of this insect. 
Till now, this pest has remained undiscovered due to 
the less density of poplars. Since poplars are the major 
source of firewood in the region, the discovery of new 
insect pests puts a major challenge to this industry. Fur-
ther, in-depth studies on biology, pest behaviour and 
management strategies need to be worked out to con-
tain this pest.
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