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1  |  INTRODUC TION

Biological invasions by exotic species are envisaged as a significant 
component of global environmental change, and they often result 
in a significant loss in the economic value, biological diversity, and 
function of invaded ecosystem (Wittenberg & Cock,  2001). The 
Indian peninsula is an important hotspot of biodiversity whose insect 
fauna remains understudied, particularly its Microlepidoptera. The 
invasive leaf-mining microlepidopteran moth is native to Southern 
Europe and South-west Asia (Lopez-Vaamonde et  al.,  2010). 
Caloptilia Hübner, [1825] (Lepidoptera: Gracillariidae: Gracillariinae), 
is a highly diverse genus of leaf miner micromoths with 37 registered 

species in India (De Prins & De Prins, 2006–2022). Caloptilia rosci-
pennella (Hübner, 1796) larvae assemble on the upper surface of the 
leaf that widens into a tentiform mine. The older larvae live free in a 
leaf roll and pupate under a silk membrane in a conical roll close to 
the leaf margin (Prick et al., 2018; Sinchuk et al., 2020). The walnut 
leaf miner has a Eurasian distribution and is known from numerous 
countries in western, central, and southern Europe. Notably, it is ab-
sent from certain regions, such as the United Kingdom and Ireland 
(Prick et  al.,  2018). This species was first recorded in Germany 
during the 19th century (Schmid,  1887), and subsequently within 
Europe, it was documented in the territory of the Czech Republic 
in 1905 (Šefrová & Laštůvka, 2005), Poland in 1991 (Busžko, 1992), 
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Abstract
Caloptilia roscipennella (Hübner, 1796) is a leaf-mining moth native to Central and 
Southern Europe. In this publication, we provide the first report of the occurrence of 
Caloptilia roscipennella in India. The identification was performed using an integrative 
approach, combining molecular (barcoding, COI) and morphological analysis (forewing 
pattern). In 2020, the larvae were initially found scraping in the silvery-white mine and 
later feeding in folded or rolled leaves of the common walnut Juglans regia L. In the 
subsequent years, the species was found only in the same places. Two generations 
were recorded per year (May–June and August–September) and leaf miners over-
wintered as adults and reappeared in the early spring. Damage ranging from 15% to 
20% was observed on the leaves of J. regia. Further efforts related to C. roscipennella 
should concentrate on evaluating its geographic distribution and its impact on walnut 
trees. Several species of parasitoids were reared from infested mines, with specimens 
belonging to the genus Chrysocharis Förster, 1856 (Hymenoptera: Eulophidae) and 
Itoplectis maculator (Fabricius, 1775) (Hymenoptera: Ichneumonidae). These species 
provided excellent control of leaf miner larvae, and out of 10 larvae, seven were found 
parasitized by the parasitoids and higher numbers of specimens were found with rela-
tive higher frequencies.
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Bulgaria in 1995 (Trenchev & Tomov, 1996), Turkey in 2012 (Öztürk 
et  al.,  2015), Belarus in 2015 (Sinchuk et  al.,  2020), and Serbia in 
2017 (Dobrosavljevic et al., 2017). Additionally, C. roscipennella ex-
tends its distribution to Russia, with findings in the West Caucasus 
region as indicated by Baryshnikova  (2008). The significance of  
C. roscipennella as a pest of walnut, J. regia in Kashmir, India, cannot 
be established with certainty, but severe damage caused to walnut 
trees cannot be ruled out. Therefore, it is imperative to study this 
exotic species associated with the common walnut, although it does 
not cause any significant loss to the nut/fruit bearing trees in Jammu 
and Kashmir, India.

2  |  MATERIAL S AND METHODS

In 2021, five walnut orchards were sampled from May to August 
at various localities on Zaingair canal, Bandipore, Kashmir, India 
(34°41′88″ N; 74°59′50″ E). While conducting observations, larvae 
and pupae (cocoons) of parasitoids were discovered within the in-
fested leaves. These specimens were reared until their emergence 
and subsequently identified. Adults of the leaf miner infesting 
leaves of walnut were identified by an integrative approach (mor-
phological and molecular). The morphological approach involved 
the preparation of the insects by mounting them on the cards, and 
the identification was made using the following keys and/or the 
original description (Nel & Varenne,  2014; Patočka & Zach,  1995; 
Prick et  al.,  2018). The molecular approach started by employing 
a nondestructive Chelex and proteinase K method, as modified 
from Gebiola et al.  (2009), for DNA extraction. A couple of speci-
mens were used individually for DNA extraction. The target gene 
for sequencing was the mitochondrial cytochrome c oxidase subunit 
I (COI). Amplification of COI was carried out using the primer pair 
LCO1490 and HCO2198 (Folmer et al., 1994), and the PCR reactions 
and cycling conditions for COI amplification were set as Nugnes 
et al. (2016). After amplification, the PCR products were visualized 
on a 1.2% agarose gel stained with SYBR Safe (Invitrogen) and sub-
sequently subjected to direct sequencing.

COI chromatograms were assembled and edited manually using 
Bioedit 7.0 (Hall, 1999), and virtually translated to amino acids using 
EMBOSS Transeq (https://​www.​ebi.​ac.​uk/​Tools/​​st/​emboss_​trans​
eq/​). The obtained sequences were compared with each other and 
with sequences in the genetic databases GenBank and BOLD (www.​
ncbi.​nlm.​nih.​gov/​genba​nk/​; www.​bolds​ystems.​org; last accessed on 
12Sep 2023) and, subsequently, were submitted to GenBank. In ad-
dition to the specimens studied here, we included verified and cod-
ifying sequences from other related species available in GenBank 
and BOLD for phylogenetic analysis. This included one sequence for 
each Caloptilia species and all available sequences for C. roscipen-
nella. COI sequence of Calybites phasianipennella (Hübner, 1813) was 
used as outgroup to root the tree.

Phylogenies on COI alignments were reconstructed 
using Maximum Likelihood (ML) analysis in RAxML8.2.10 
(Stamatakis,  2014) through raxmlGUI 2.0.10 (Edler et  al.,  2021) 

selecting GTR + G + I evolutionary model selected by jModeltest 
(Darriba et al., 2012). ML branch support was based on 1000 rapid 
bootstrap pseudo replicates, and clades with bootstrap >70% were 
considered supported. The percentage of leaf miner infestation on 
the walnut was calculated randomly by taking five randomly chosen 
trees. On 31 August 2021, a total of 50–100 leaves were sampled 
from each tree, collected from the four cardinal directions.

3  |  RESULTS

Caloptilia roscipennella was collected from all sampled localities 
(Figure  1). The leaves infested by the light green caterpillar were 
taken to the laboratory (Postgraduate Entomology Laboratory, 
Faculty of Agriculture, Wadura campus) and reared to adulthood. 
During the observations, larvae and pupae (cocoons) of parasitoids 
were also found in the infested leaves and they were reared till their 
emergence and identified accordingly.

3.1  |  Identification

All collected specimens exhibited morphological characteristics 
consistent with Caloptilia roscipennella (Hübner, 1796) (Lepidoptera: 
Gracillariidae). Caloptilia roscipennella is identifiable by the colour of 
the body that is brown with broadly rounded in anterior part, dor-
sum darker, exuviae pale brown to yellow. Head and thorax finely 
sculptured. Abdominal segment 1 in anterior part equipped with 
small spines. Segments 2–6 densely spinose with transverse wrin-
kles medially. Segments 7–8 bearing spines only in anterior part. 
Bristles, including those frontally, strong. Frontal protuberance 
broad and rather obtuse. Angle of coronal suture acute. Metanotum 
medially with two oval depressions, slightly emarginated anteriorly; 
lobes of anterolateral projections finely serrate, before lobes small 
depression with fine bristles; caudal margin of metanotum laterally 
wrinkled. Adults are characterized by a wingspan varying from 14.5 
to 16.5 mm. The forewings have a colour varying from light brownish 
grey to ochreous having scattered black dots. The imago is having 
elongated stilt-like legs, and in the resting position, the forelegs are 
stretched at an angle of 50° (Figure 2a).

Molecular results highlight the finding of two COI sequences 
differing each one by a single base out 627 bp (corresponding to 
0.16% difference). Amino acid translation showed this bp mutation 
did not confer amino acid change, thus resulting in a silent mutation. 
Obtained sequences confirmed the morphological identification by 
showing a similarity of over 99.5% with other sequences of C. rosci-
pennella deposited in the genetic databases. However, the specific 
haplotypes we collected are not present in any existing database. 
Obtained sequences were deposited in GenBank with accession 
number OR597497-OR597498.

Phylogeny reconstruction based on COI sequences also con-
firmed the studied specimens (AA267-AA268) belong to the C. ro-
scipennella species (Figure 3 and Figure S1).
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3.2  |  Damage

In 2021, C. roscipennella damaged 15–20% of Juglans regia leaves and 
less than 5% in other localities of Bandipora district of Jammu and 
Kashmir. The larvae feed within leaf mines on the common walnut, 
ultimately leading to leaf desiccation (Figure 2b). Abandoned mines 
with frass are characteristic of the leaf damage caused by these leaf 
miners (Figure  2c). The pupation takes place under a silken mem-
brane in leaf roll (Figure 2d).

3.3  |  Natural enemies

Although parasitoids attacking C. roscipennella have never been 
reported so far, a complex of parasitoid species has been reported 
attacking C. roscipennella (Öztürk et al., 2015). We reared the para-
sitoids collected from the leaf mines of C. roscipennella under labo-
ratory conditions and observed that Chrysocharis Förster, 1856 
(Hymenoptera: Eulophidae) and Itoplectis maculator (Fabricius, 

1775) (Hymenoptera: Ichneumonidae) were the most common par-
asitoids, and they were collected at all the sampling sites in each 
leaf miner generation. Amongst the parasitoids of the larvae of  
C. roscipennella, a representative of the genus Chrysocharis Förster, 
1856 is mentioned for the first time. The parasitoid Itoplectis macu-
lator (Fabricius, 1775) was also noted by researchers from Turkey 
(Öztürk et  al.,  2015). The following parasitoids (Hymenoptera) are 
listed in the scientific literature: Apanteles dilectus (Haliday, 1834) 
(Balevski & Tomovo,  1997), Apanteles Förster, 1863, Hockeria uni-
color Walker, 1834, H. bifasciata Walker, 1834, Figitidae sp., Itoplectis 
maculator (Fabricius, 1775) (Öztürk et al., 2015).

4  |  DISCUSSION

Caloptilia roscipennella was recorded on Juglans regia for the first 
time from India. The first and most critical step when a species is 
found for the first time in a new habitat is its correct identification, 
but the integrative approach we employed ensures the accuracy of 

F I G U R E  1  Areas marked in red on the map represent the occurrence of Caloptilia roscipennella in Kashmir, India. https://​maps.​app.​goo.​gl/​
vY7Ma​eaxkw​J1Q9UDA. [Colour figure can be viewed at wileyonlinelibrary.com]
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our identification. Caloptilia roscipennella appears to have limited 
distribution throughout India as it is grown only in few states of 
India and Jammu and Kashmir occupies the largest share in total 

area and production of walnut in India. Depending on the sampling 
year, two generations were recorded annually in India (Patočka 
& Zach, 1995). Due to their weak flying capacity and limited host 

F I G U R E  2  (a) Image of Caloptilia 
roscipennella. (b) Leaf roll by larvae. (c) 
Larvae inside the leaf roll. (d) Cocoon 
with pupa. Photo by Sajad H. Mir. [Colour 
figure can be viewed at wileyonlinelibrary.
com]

F I G U R E  3  Maximum likelihood tree based on cytochrome oxidase subunit I data of species of Caloptilia most phylogenetically related 
to C. roscipennella. Bootstrap values ≥70 is shown above branches. Specimens of present study are reported in bold. The same analysis, 
including all Caloptilia species retrieved from genetic databases, is reported in Figure S1.
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range, it is unlikely that it has spread to other localities of India. 
Leaf damage caused by the leaf miner did not lead to any appar-
ent problems for trees (Öztürk et al., 2015), similar to observations 
made for C. roscipennella in Belarus (Sinchuk et al., 2020). Several 
hymenopterous parasitoids were reared from the collected larvae, 
and it is therefore imperative to further study their potential role in 
controlling C. roscipennella.

Molecular analyses based on the mitochondrial COI gene sup-
ported the morphological results, distinguishing C. roscipennella 
specimens from others within the same genus. Furthermore, 
the phylogenetic analysis (Figure  1.) clearly highlights the pres-
ence of a single cluster that includes all sequences obtained from  
C. roscipennella, showing a very low genetic distances (<1%) amongst 
them. However, as previously highlighted in other studies (Nakadai & 
Kawakita, 2016), the phylogenetic relationships amongst the other 
entities within the genus are still to be definitively clarified.
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