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A first record of Hypolimnas misippus (Linnaeus, 1764)
from northwest Africa
(Lepidoptera: Nymphalidae)

Idriss Bouam, W. John Tennent, Fouad Bederrar, Abdelkarim
Lachichi & Abdelwahab Chedad

Abstract

The Lepidoptera fauna of Algeria is well documented in Mediterranean regions but remains poorly
known across the country’s Saharan expanse. We report the first confirmed record of Hypolimnas misippus
(Linnaeus, 1764) in northwestern Africa, based on a solitary male observed and photographed in the Ikenouine
wetland in Illizi Province, southeastern Algeria. A notable migrant, the status of this species at the edges of
its range remains fluid. The Ikenouine specimen is plausibly a naturally dispersed stray from sub-Saharan
Africa. Several host plants associated with H. misippus are documented in the broader region. The presence
of H. misippus at Ikenouine suggests that Saharan wetlands, including those in the Ahaggar and Tassili n’Ajjer
massifs, may represent ecological refuges and dispersal stepping-stones along a northward route from sub-
Saharan Africa. This record underlines the importance of continued field investigations in remote desert areas
of Algeria to better understand Lepidoptera distributions and biogeographic patterns in the region.
Keywords: Lepidoptera, Nymphalidae, Hypolimnas misippus, geographic distribution, migration, Sahara,
Algeria.

Premier signalement d’Hypolimnas misippus (Linnaeus, 1764) en Afrique du Nord-Ouest
(Lepidoptera: Nymphalidae)

Résumé

La faune des Lepidoptera de 1’ Algérie est bien documentée dans les régions méditerranéennes, mais
demeure largement méconnue dans 1’étendue saharienne du pays. Nous rapportons le premier signalement
confirmé d’Hypolimnas misippus (Linnaeus, 1764) en Afrique du Nord-Ouest, représenté par un spécimen
unique male observé et photographié dans la zone humide d’Ikenouine, dans la wilaya d’Illizi, au sud-est de
I’ Algérie. Espéce migratrice remarquable, son statut aux marges de son aire de répartition demeure incertain.
L’exemplaire d’Tkenouine semble étre un erratique ayant atteint la région par dispersion naturelle depuis
I’Afrique subsaharienne. Plusieurs plantes-hotes associées a H. misippus sont recensées dans la région au
sens large. La présence de H. misippus a Ikenouine suggére que les zones humides sahariennes, notamment
celles des massifs de I’ Ahaggar et du Tassili n’Ajjer, pourraient constituer a la fois des refuges écologiques et
des relais de dispersion le long d’un axe de migration vers le nord depuis I’ Afrique subsaharienne. Ce signa-
lement souligne 1’importance de poursuivre les prospections de terrain dans les régions désertiques reculées
de I’Algérie, afin de mieux comprendre la répartition et les schémas biogéographiques des Lepidoptera dans
la région.

Mots-clés: Lepidoptera, Nymphalidae, Hypolimnas misippus, distribution géographique, migration, Sahara,
Algérie.
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I. BOUAM, W. J. TENNENT, F. BEDERRAR, A. LACHICHI & A. CHEDAD

Primer registro de Hypolimnas misippus (Linnaeus, 1764) en el noroeste de Africa
(Lepidoptera: Nymphalidae)
Resumen

La fauna de Lepidoptera de Argelia esta bien documentada en las regiones mediterraneas, pero sigue
siendo poco conocida en la extension sahariana del pais. Presentamos el primer registro confirmado de
Hypolimnas misippus (Linnaeus, 1764) en el noroeste de Africa, basado en un macho solitario observado
y fotografiado en el humedal de Ikenouine, en la provincia de Illizi, al sureste de Argelia. Esta especie,
notable por su migracion, tiene un estatus incierto en los limites de su area de distribucion. El espécimen
de Ikenouine es probablemente un ejemplar disperso de forma natural desde el Africa subsahariana. En
la region se han documentado varias plantas hospedadoras asociadas a H. misippus. La presencia de H.
misippus en lkenouine sugiere que los humedales del Sahara, incluidos los de los macizos de Ahaggar y
Tassili n’Ajjer, pueden representar refugios ecologicos y puntos de dispersion a lo largo de una ruta hacia
el norte desde el Africa subsahariana. Este registro subraya la importancia de continuar las investigaciones
de campo en zonas desérticas remotas de Argelia para comprender mejor la distribucion de los Lepidoptera
y los patrones biogeograficos de la region.

Palabras clave: Lepidoptera, Nymphalidae, Hypolimnas misippus, distribucion geografica, migracion,
Sahara, Argelia.

Introduction

The Lepidoptera fauna of Algeria is relatively well-documented, with the earliest data on its diversity
provided by Linnaeus, who described several widespread Lepidoptera from Algeria in the mid-18" century
(Honey & Scoble, 2001) as a direct result of specimens sent to him by Erik Brander, Swedish Consul in
Algiers from 1753 to 1765 (Tennent, 1996). This was followed by several notable contributions, including
those of Charles Oberthiir (1845-1924) between 1909 and 1912, and Seurat’s (1930) synthesis of existing
literature, culminating in Tennent’s (1996) monograph. In the past decade, there has been a renewed focus
on Algerian Lepidoptera, with several studies expanding our knowledge of species diversity, particularly
within the country’s northern Mediterranean regions (Aissat & Belmihoub, 2024; Berkane et al. 2019;
Bouam et al. 2024; Bougaham et al. 2023; Frahtia et al. 2022; Kacha et al. 2020; Laref et al. 2022; Remini
& Moulai, 2015; Saouli et al. 2022).

In contrast, the Sahara, which covers the majority of Algeria’s territory, remains comparatively un-
derexplored, largely due to the country’s vast geographical expanse and the remoteness of many regions
(Weiss et al. 2018), both of which make collection of comprehensive data challenging. Most available re-
cords are confined to the Ahaggar and Tassili n’Ajjer massifs (Nazari et al. 2025; Speidel & Hassler, 1989;
Tennent, 1996). However, recent investigations in previously overlooked areas of the Algerian Sahara have
begun to address this gap, enhancing our understanding of Lepidoptera diversity in the region and docu-
menting taxa previously unrecorded in both Algeria and North Africa (Bougaham et al. 2024; Boulaouad
et al. 2024).

Hypolimnas misippus (Linnaeus, 1764), commonly known as the Diadem, Danaid Eggfly, or False
Plain Tiger, is a medium-sized nymphalid renowned as a strong migrant, having been recorded as far as
322 km out in the ocean (Scott, 1986). The species has a wide pantropical distribution with limited exten-
sion into temperate zones, occurring across sub-Saharan Africa, the eastern Mediterranean, the Arabian
Peninsula, Indomalaya, Oceania (including the D’Entrecasteaux, the Louisiades and Vanuatu: historical
and unpublished data), the Americas (Coetzer & Westrip, 2021), numerous islands, such as Macaronesia
including the Cape Verde Islands (Tennent et al. 2013; Tennent & Russell, 2015), the Antilles (Scott, 1986),
and Mauritius (Davis & Barnes, 1991). H. misippus is notable for its pronounced sexual dimorphism and is
a classic example of sex-linked Batesian mimicry. Males are fundamentally black on the upperside, with a
violet sheen and prominent white spots, while the various forms of the polymorphic females include strik-
ing mimicry of the toxic Danaus chrysippus (Linnaeus, 1758) (Orteu et al. 2024).

Herein, we document the first reported occurrence of Hypolimnas misippus in northwest Africa, spe-
cifically in southeastern Algeria.
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Materials and Methods
STUDY AREA

Field observations were made during a wildlife photography expedition by the third and fourth authors
in the lkenouine wetland (27.0103°N, 8.7581°E; elevation: 505 m; Figure 1A), located in Illizi Province,
southeastern Algeria. This wetland, covering approximately 60 hectares, forms part of a complex of three
interconnected wetlands and lies within the North Saharan Xeric Steppe and Woodland ecoregion (Naia &
Brito, 2021). Collectively, these sites provide habitat for a variety of taxa, including numerous migratory bird
species. Climatic data extracted from the WorldClim database (~1 km? resolution; Fick & Hijmans, 2017),
combined with Emberger’s pluviothermic quotient as applied by Daget (1977), classify the area within the
inferior Saharan bioclimatic zone, characterized by mild winters and extremely low annual precipitation,
averaging 21 mm.

Figure 1. (A) View of the Tkenouine wetland, Illizi Province, southeastern Algeria, where the butterfly was observed. (B)
& Hypolimnas misippus (Linnaeus, 1764) photographed at the site on 28-XII- 2024, settled on dung near the water margin.
Photographs by Fouad Bederrar.

DATA COLLECTION

To map the global records of Hypolimnas misippus, occurrence data were retrieved from the Global
Biodiversity Information Facility (GBIF, 2025). While GBIF provides a broad and valuable repository of
biodiversity data, its records are subject to various sources of error and spatial bias (Maldonado et al. 2015).
To mitigate these limitations, data cleaning procedures were implemented using the “CoordinateCleaner” R
package (Zizka et al. 2019). Records were excluded if they contained missing or invalid geographic coordi-
nates, coordinate uncertainties exceeding 10 km, or precision values of less than one decimal degree. Addi-
tional filtering removed duplicate entries, occurrences located in marine environments, and records falling on
country, province, or capital centroids, as well as biodiversity institution coordinates. Further manual vali-
dation was performed to ensure data integrity. We also manually added four reliable occurrence points from
Turkey, Lebanon, Malta, and Cyprus based on published literature (Hesselbarth et al. 1995; John et al. 2023;
Meérit & Meérit, 2007; Sciberras & Sciberras, 2011). The final curated dataset comprised 4,182 occurrence
records, which were visualised using ArcGIS v. 10.8.

Results and Discussion

On 28-X11-2024, a solitary male Hypolimnas misippus (Figure 1B) was observed in active flight and
subsequently photographed at the Ikenouine wetland. The individual, which was not collected, had moderate
wing damage on the right forewing but appeared otherwise in good condition. This constitutes the first docu-
mented record of H. misippus in northwestern Africa (Figure 2).

The nearest known misippus locality to our observation is Malta, approximately 1,120 km to the north-
east, where the species has been reported and speculated to result from anthropogenic introduction, although
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no definitive evidence supports this claim (Sciberras & Sciberras, 2011). Similar uncertainties surround its
occurrence in other regions, such as North America and the West Indies, where introductions have been pro-
posed but remain unconfirmed (Scott, 1986). Notably, H. misippus has also been recorded on isolated oceanic
islands, including numerous south Pacific islands (Tennent, 2006) and Saint Helena, over 2,000 km from the
nearest mainland (GBIF, 2025), further underscoring the species’ capacity for long-distance dispersal, wheth-
er natural or human-assisted.

Figure 2. Global records of Hypolimnas misippus (Linnaeus, 1764) based on curated occurrence data from GBIF (2025)
and literature sources (Hesselbarth et al. 1995; Mérit & Mérit, 2007; Sciberras & Sciberras, 2011; John et al. 2023), shown
as blue circles. The red star marks the new record documented in this study from the Ikenouine wetland, Illizi Province,
southeastern Algeria.
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The biogeographic status of H. misippus at the margins of its range is unstable and remains largely un-
resolved. In the Levant, Larsen (1975) interpreted its rare appearances as accidental or the result of sporadic
incursions from Egypt, rather than evidence of regular migratory movements, a scenario which may equally
account for our observation.While the provenance of the Ikenouine specimen remains uncertain, it is plausi-
bly a naturally dispersed stray originating from sub-Saharan Africa. We note the recent detection of Chilades
eleusis (Demaison, 1888), a Lycaenidae of Afrotropical origin, in the Algerian Sahara (Boulaouad et al. 2024).

H. misippus is strongly polyphagous, with host plants reported from numerous genera across at least
ten plant families (John & Makris, 2022; Scott, 1986; Vane-Wright et al. 1977). Several of these families
and genera, such as Amaranthaceae, Ficus (Moraceae), Portulaca (Portulacaceae), Abutilon and Hibiscus
(Malvaceae), are documented in the Illizi region and in adjacent areas including Djanet, Tamanrasset, and
further south near Timiaouine (Hammiche & Maiza, 2006; iNaturalist, 2025; Miara et al. 2019), suggesting
that a gravid female would find suitable habitat in the region. The presence of H. misippus at Ikenouine sug-
gests that Saharan wetlands, including those scattered across the Ahaggar and Tassili n’Ajjer massifs (GDF,
2016), which are positioned along a potential northward dispersal route from sub-Saharan Africa and where
vegetation tends to concentrate in and around bodies of water, may act as temporary ecological refuges for
a wide-ranging vagrant species. This interpretation is consistent with experimental findings indicating that
even isolated or low-quality habitats can function as effective dispersal corridors, provided they are traversed
within a single generation (Haddad & Tewksbury, 2005).

Although based on a single observation, this record contributes valuable data to the known distribution
of H. misippus and highlights the need for further systematic biodiversity surveys in Saharan areas.
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First Record of Vanessa atalanta (Linnaeus, 1758)
from India: An Extension of its Known Distribution
in Eurasia
(Lepidoptera: Papilionoidea, Nymphalidae)
Lovish Garlani

Abstract

This study reports the first confirmed record of Vanessa atalanta (Linnaeus, 1758) in India, marking a
significant range extension of this species into the Eurasian region. A single specimen was documented during
an opportunistic field survey conducted in April 2025 in the Dharamshala region of Himachal Pradesh. This
observation expands the known geographical distribution of V. atalanta and provides preliminary insights
into its local habitat preferences and potential larval host plants in the Western Himalayan ecosystem. These
findings contribute to the broader understanding of the species’ ecological adaptability and biogeographical
dynamics in South Asia.

Keywords: Lepidoptera, Papilionoidea, Nymphalidae, migration, Vanessa, Western Himalayas, Eurasia.

Primer registro de Vanessa atalanta (Linnaeus, 1758) de la India: una extension de su distribuciéon
conocida en Eurasia
(Lepidoptera: Papilionoidea, Nymphalidae)

Resumen

Este estudio presenta el primer registro confirmado de Vanessa atalanta (Linnaeus, 1758) en la India,
lo que supone una importante ampliacion del area de distribucion de esta especie en la region euroasiatica.
Se documento6 un tnico espécimen durante un estudio de campo oportunista realizado en abril de 2025 en la
region de Dharamshala, en Himachal Pradesh. Esta observacion amplia la distribucion geografica conocida
de V. atalanta y proporciona informacion preliminar sobre sus preferencias de habitat local y las posibles
plantas nutricias de las larvas en el ecosistema del Himalaya occidental. Estos hallazgos contribuyen a una
comprension mas amplia de la adaptabilidad ecologica y la dinamica biogeografica de la especie en el sur de
Asia.

Palabras clave: Lepidoptera, Papilionoidea, Nymphalidae, migracion, Vanessa, Himalaya occidental,
Eurasia.

Introduction

The European Red Admiral Vanessa atalanta (Linnaeus, 1758) is a common and widely spread species
and well-known for its active migration (Tuzov et al. 2000; Mikkola, 2003; Bozano & Floriani, 2012). The
species currently comprises two distinct subspecies: the nominate form, which occurs across the Old World,
and Vanessa atalanta rubria Fruhstorfer, 1909, which is distributed throughout North America, ranging from
Canada to Mexico (Bozano & Floriani, 2012). Records of Vanessa atalanta in Central Asia remain sparse and
are likely the result of incidental or migratory occurrences rather than established populations. The species
has been observed as far east as the Altai Mountains and the Zaisan Valley in Kazakhstan (Tshikolovets et
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al. 2016). In the Altai Territory, the species has started to appear annually, but only in autumn (Chumakov
et al. 2024). To date, Vanessa atalanta has not been recorded in Afghanistan (Tshikolovets et al. 2018) but
is highly expected. In contrast, its presence in Iran is well established, with confirmed occurrences ranging
from the southwestern regions, including the Zagros Mountains, to the northern provinces such as the Alborz
range and areas along the southern coast of the Caspian Sea (Nazari, 2003; Naderi, 2019). Notably, there are
currently no confirmed reports of its presence in regions such as China and Mongolia. Vanessa atalanta was
first reported in South Asia from a specimen collected by Colonel Stockley in 1929 in Shinghar, located in the
Zhob district of Balochistan province, at an elevation of approximately 2400 meters, in a forest dominated by
Pinus gerardiana (Evans, 1932a; Roberts, 2001). The species was recently rediscovered in Pakistan, with two
confirmed records from the Lower Chitral District in Khyber Pakhtunkhwa Province (Awan et al. 2022). After
the recent rediscovery, the species has also been reported from various locations in Pakistan, including Upper
Chitral, Swat, Taxila, Khyber, Noshehra and Rawalpindi (Awan, pers. comm., 2025). To date, there have
been no verified records of its presence in India; therefore, the current study represents the first confirmed
documentation of the species in this region.

Materials and Methods

On 22 April 2025, during an opportunistic field survey in the Thatharna region near Dharamshala,
Himachal Pradesh, a single specimen of Vanessa atalanta (Figure 3a) was observed in association with multiple
individuals of Vanessa cardui (Linnaeus, 1758) and Vanessa indica (Herbst, 1794). Thatharna is a famous
trekking place around Dharamshala town of the district of Kangra, situated very close to the Dhauladhar
mountains of the Western Himalayan range. The hilltop is a meadow with Urtica dioica L. (stinging nettle)
(Figure 4), the host plants of V. atalanta (Newland et al. 2015), growing in abundance along with Cirsium
wallichii DC. (Figure 5), a possible larval host of the species. The specimen was recorded at coordinates
32°13°39” N, 76°22°46” E, at an elevation of 2,500 meters (Figure 1), at approximately 14:45 local time.
Notably, the individual was observed interacting with its larval host plant, stinging nettle, on two occasions
and exhibited territorial behaviour by attempting to ward off V. indica. Photographic documentation included
a few images of the upper wing surface and one additional distant image capturing the underside. V. atalanta
closely resembles V. indica (Figure 3b) but differs in that the upper forewing of atalanta is characterised by a
darker, crimson-red discal band that is compact and narrow, in contrast to the broader, paler scarlet-red band
seen in indica, which typically has irregular margins. Unlike V. indica, the discal band in V. atalanta is not
intersected by three prominent black spots. Additionally, the costal sub-apical spot on the upper forewing
is distinctly white in atalanta, whereas it appears reddish in indica. Another distinguishing feature is the
consistent presence of a spot in wing space 3 in V. atalanta, which is invariably absent in V. indica. Moreover,
sub-apical spots on the upper forewing in atalanta are larger than those of indica (Evans, 1932b; Roberts,
2001).

Results and Discussion

The rediscovery of Vanessa atalanta in Pakistan after a 93-year interval, followed by subsequent records
from the same region, suggested a possible range expansion of the species within the Indian subcontinent
(Awan et al. 2022). A comprehensive review of existing literature on Indian Rhopalocera reveals no prior
evidence of V. atalanta occurring in India (Evans, 1932b; Talbot, 1947; Tshikolovets, 2005; Varshney &
Smetacek, 2015; Kehimkar, 2016; Sondhi & Kunte, 2018; Van Gasse, 2021). Furthermore, the checklist of
butterflies of Jammu and Kashmir (Sheikh et al. 2021), the book Butterflies of Pirpanjal Range of Kashmir
Himalaya (Parey & Sheikh, 2021) do not report this species in Jammu and Kashmir. The recently published
annotated checklist of Rhopalocera of Himachal Pradesh (Garlani, 2024) makes no mention of this species.
The present observation from Dharamshala, Himachal Pradesh, therefore, constitutes the first confirmed
record of V. atalanta in India. This finding also adds a new species to the documented Papilionidea fauna of
Himachal Pradesh, increasing the total recorded species count for the state to 440. This record indicates that
V. atalanta may be more widely distributed across India than previously recognised and highlights the need
for further surveys, particularly in the Western Himalayan region. The probable range of this species in India
stretches along the Nepal border, and it will probably be found in Uttarakhand in the future, if explored.
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Figure 1. Location Map of the study site. The Blue dot represents the first record of Vanessa atalanta from India, confirming
the extension of its distribution in the Indian subcontinent. [Developed with QGIS Bratislava)].
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Figure 2. Habitat of Vanessa atalanta at the study site.
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Figure 3. (a) Vanessa atalanta (Linnaeus, 1758). (b) Vanessa indica (Herbst, 1794).
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Figures 4-5. 4. Urtica dioica L., recorded at the study site; a pre-reported larval host plant of Vanessa atalanta. 5. Cirsium
wallichii DC., host plant of Vanessa indica and a possible larval host of Vanessa atalanta.
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Estructura de la comunidad de Rhopalocera en
ecosistemas boscosos en un gradiente altitudinal en el
norte de la Orinoquia colombiana
(Lepidoptera: Papilionoidea)

Juan Carlos Agudelo-Martinez, Néstor Pérez-Buitrago, Francisco
Mijares-Santana & Fernando Hernandez-Baz

Resumen

Se muestrearon Papilionoidea en fragmentos boscosos en un gradiente altitudinal de la Orinoquia
colombiana a 132, 300, 500, 700 y 980 metros sobre el nivel del mar con el objetivo de describir la diversidad,
los cambios en la estructura de la comunidad y relacionarlos con la composicion floristica. En cada localidad
se utilizaron trampas Van Someren Rydon y capturas directas para recolectar Papilionoidea mientras que
el inventario floristico de plantas lefiosas se hizo en parcelas de 1.000 m? y las herbaceas en 1 m?. Se
recolectaron 152 ejemplares de Rhopalocera correspondientes a seis familias, 54 géneros y 66 especies. La
riqueza oscilo entre siete a 30 especies en los cinco fragmentos, y la similitud fue baja segtin el indice de
Bray-Curtis con valores de 0,76 a 1, indicando baja similitud en la composicion de especies de Papilionoidea.
Se encontraron diferencias en la riqueza entre altitudes y una correlacion del 97,8% entre las comunidades de
plantas y Papilionoidea. Adicionalmente, encontramos que Bunsius oileus (Linnaeus, 1767), Anartia amathea
(Linnaeus, 1758) y A. jatrophae (Linnaeus, 1763) estan asociadas con 132 m s. n. m., mientras que Rhetus
dysonii (Saunders, 1850) y Actinote pellenea (Hiibner, [1821]) se asociaron con 980 m s. n. m. Los resultados
sugieren que la estructura de la comunidad de Lepidoptera estuvo mas influenciada por la estructura de la
comunidad de plantas que por los cambios en la altitud. Las asociaciones de especies caracterizadas por una
amplia tolerancia a perturbaciones antropogénicas, a 132 y 980 m. s. n. m. podrian indicar que actividades
agricolas y ganaderas generan cambios significativos en los fragmentos de bosque en la Orinoquia colombiana.
Palabras clave: Lepidoptera, Papilionoidea, Arauca, riqueza de especies, abundancia, Colombia.

Diversity and community structure of Rhopalocera in forest ecosystems along an elevational gradient
from the north of Colombia’s Orinoco region
(Lepidoptera: Papilionoidea)

Abstract

Papilionoidea were sampled in forest fragments along an altitudinal gradient in the Colombian Orinoquia
at 132, 300, 500, 700, and 980 meters above sea level with the aim of describing diversity and changes in
community structure and relating these to floristic composition. Van Someren Rydon traps and direct captures
were used to collect Papilionoidea at each site, and the floristic inventory of woody plants was conducted on
1000 m? plots and herbaceous plants on 1 m? plots. A total of 152 specimens of Rhopalocera corresponding
to six families, 54 genera and 66 species were collected. Species richness ranged from seven to 30 species in
the five fragments, and the similarity was low according to the Bray-Curtis index, which ranged from 0.76 to
1, indicating low similarity in the species composition of Papilionoidea. Differences in richness were found
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between altitudes and a 97.8% correlation between plant communities and Papilionoidea. Additionally, we
found that Bunsius oileus (Linnaeus, 1767), Anartia amathea (Linnaeus, 1758), and A. jatrophae (Linnaeus,
1763) are associated with 132 m.a.s.l., while Rhetus dysonii (Saunders, 1850) and Actinote pellenea (Hibner,
[1821]) are associated with 980 m.a.s.1. The results suggest that the Lepidoptera community structurewas more
strongly influenced by plant community structure than by changes in altitude. The associations of Lepidoptera
with a wide range of anthropogenic tolerance at 132 and 980 m.a.s.l. would indicate that agricultural and
livestock activities have probably caused changes in forest fragments in the Colombian Orinoquia.
Keywords: Lepidoptera, Papilionoidea, Arauca, abundance, species richness, Colombia.

Introduccion

Los gradientes altitudinales son considerados laboratorios biologicos en los que las condiciones
cambiantes de los factores ambientales permiten abordar preguntas sobre la relacion existente entre los
organismos y los ecosistemas que habitan, evaluando hipotesis acerca de los patrones y procesos ecologicos
que estructuran la biodiversidad (Szewczyk & McCain, 2016). Una hipotesis ampliamente difundida que
relaciona la altitud con la biodiversidad es el efecto de dominio intermedio, que establece la maxima diversidad
biologica en las altitudes medias de los gradientes altitudinales debido a factores como la heterogeneidad
de habitats y las interacciones ecoldgicas (Becker et al. 2007; Szewczyk & McCain, 2016). Entender los
factores que influyen sobre la diversidad a lo largo de los gradientes altitudinales es crucial tanto para la
implementacion de planes de manejo y conservacion, asi como para comprender como ocurren los cambios
en la distribucion de la diversidad en los ecosistemas asociados cobrando especial importancia en el escenario
actual de cambio climatico a nivel global (Gonzalez et al. 2021; Molina-Martinez et al. 2013; Wilson et al.
2007). En Colombia se encuentran las tltimas estribaciones del sistema montafioso de los Andes que surcan
el pais de sur a norte generando gradientes altitudinales que inducen cambios en factores ambientales y
promueven la ocurrencia de gran variedad de ecosistemas propiciando presiones selectivas y adaptaciones
en los organismos que los habitan (Schirpke et al. 2019; Willig & Presley, 2016). Este atributo es uno de los
factores que hace de Colombia uno de los paises megadiversos junto con Ecuador, Perti y Brasil (Mittermeier
& Konstant, 2001).

Colombia posee una enorme biodiversidad (Rodriguez-Zapata & Ruiz-Agudelo, 2021). Entre los
insectos, sabemos que el nimero de Papilionoidea registradas del pais llega a 3.877 especies correspondiente
al 20,7% de las especies descritas a nivel mundial; sin embargo, nimero que aumenta constantemente a medida
que se aumenta el esfuerzo de muestreo en diferentes localidades del pais (Garwood & Jaramillo, 2023).
Los Lepidoptera diurnos desempefian roles importantes dentro de los ecosistemas, son la principal fuente de
alimento para algunos anfibios y aves, son eficientes polinizadores y por su alta vagilidad contribuyen a la
diversidad genética de muchas especies vegetales (Wagner, 2020). Paralelamente, las relaciones Lepidoptera-
planta pueden mostrar fidelidad ecologica (Moura et al. 2022) cuando los estados inmaduros dependen
nutricionalmente de una sola especie de planta (Beccaloni et al. 2008). Esta estrecha afinidad resulta qtil
estudiar los cambios que experimentan los ecosistemas producto de actividades naturales o antropicas y por
esta razon algunas especies de Lepidoptera son considerados bioindicadores (Parmesan, 2019).

El uso de Papilionoidea en inventarios rapidos de biodiversidad es una herramienta util para describir
fenomenos ecologicos o eventos antropicos que modifican los ecosistemas, minimizando los costos (en
recursos y tiempo) y maximizando la informacion que puede aportar para entender las dinamicas en entornos
naturales o perturbados (Villareal et al. 2004). El uso de evaluaciones rapidas es apropiado en localidades en
las cuales se dificulta realizar estudios con rangos temporales amplios (Agudelo-Martinez & Pérez-Buitrago,
2020; Vanegas, 2010), como la Amazonia, el Chocé biogeografico o la Orinoquia, cuyas condiciones logisticas
restringen el acceso a localidades para la toma de muestras (Suarez et al. 2018).

La Orinoquia colombiana abarca aproximadamente el 22% del territorio colombiano (Rippstein et
al. 2001), sin embargo, persisten vacios de informacion sobre su biodiversidad e interacciones entre los
organismos con los ambientes que habitan (Arbelaez-Cortés, 2013). Disminuir esta brecha en el conocimiento
es fundamental para generar planes de conservacion y manejo de la biodiversidad que permitan entender
las dindmicas ecosistémicas en esta region del pais. El objetivo de este estudio es documentar la riqueza
y abundancia de Papilionoidea presentes en ciertos fragmentos de bosque en un gradiente altitudinal y
relacionarlo con la diversidad floristica de plantas lefosas en el norte de la Orinoquia colombiana.
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Materiales y Métodos
AREA DE ESTUDIO

El estudio se desarrolld en un gradiente altitudinal en la vertiente oriental de la Cordillera Oriental
de Colombia en el departamento de Arauca. Esta region presenta su minima altura a 98 metros sobre el
nivel del mar (m. s. n. m.) en el municipio de Cravo Norte y alcanza una altura maxima de 5.380 m. s.
n. m. en el Ritak’uwa Blanco, el pico mas alto de la Sierra Nevada del Cocuy-Giiican (Rodriguez et al.
2018). La Orinoquia colombiana, ubicada entre los 98 a los 1.000 m. s. n. m., se denomina Llanos Orientales
de Colombia por la predominancia de paisajes de sabana con fragmentos de bosque, bosques riparios y
otros ecosistemas (Jaramillo-J. & Rangel-Ch., 2014; Rosales et al. 2010). Cinco fragmentos de bosque con
diferentes caracteristicas fueron muestreados. En el municipio de Arauca a 132 m s. n. m. un bosque ripario
continuo asociado al cafio El Ruano (6.990, -70.799); en el municipio de Tame los muestreos se llevaron a
cabo a 300 m. s. n. m en un bosque intervenido continuo cercano a la cabecera municipal (6.427, -71.747),
a 500 m. s. n. m. en un fragmento de bosque de aproximadamente 30 hectareas discontinuo rodeado de
potreros (6.493, -71.818), a los 700 m. s. n. m. en un bosque ripario continuo asociado al rio Cravo Norte
(6.4797, -71.8605) y a 980 m. s. n. m. se muestred un bosque continuo (65.150, -71.8614) en limites con el
Parque Nacional Natural (PNN) El Cocuy. Los fragmentos de bosque seleccionados delimitaron el estudio a
las unidades fisiograficas de piedemonte, terrazas y llanura aluvial. El clima es de régimen unimodal con una
temporada de lluvias de ocho meses desde abril hasta noviembre y una temporada seca de diciembre a marzo;
la precipitacion media anual es de 2.200 mm. y humedades relativas entre 65% y 80% (Rippstein et al. 2001).

TRABAJO DE CAMPO

Se recolectaron Papilionoidea entre junio y noviembre de 2017 utilizando dos técnicas complementarias.
Se instalaron siete trampas Van Someren Rydon (TVSR) cada 30 metros en un transecto perpendicular al
borde del fragmento de bosque, cuatro fueron instaladas dentro del fragmento, una en el borde y dos afuera
con el fin de asegurar la recoleccion de Papilionoidea tanto de las coberturas boscosas como de su entorno. Los
transectos de TVSR fueron recebados con banano en descomposicion y revisados diariamente a las 8:00, 14:00
y 16:00 horas. La segunda técnica consistio la recoleccion directa de especimenes con redes entomoldgicas en
transectos libres recorridos por dos personas entre las 8:00 a 17:00 horas, para capturar especies no atraidas
por el cebo a las TVSR. Los especimenes fueron almacenados en sobres de papel milano, etiquetados y
trasladados a la Coleccién Entomolédgica de la Universidad Nacional de Colombia Sede Orinoquia CEO
(Registro Nacional de Colecciones Biologicas 220) en Arauca para su montaje, identificacion y depdsito. Las
recolecciones se realizaron amparados en el Permiso Marco de Recoleccion de Especimenes de la Diversidad
Biologica de la Universidad Nacional de Colombia y la identificacion taxondmica se realizd mediante la
comparacion con especimenes depositados en la CEO y usando bibliografia especializada (D’Abrera, 1988;
D’Abrera, 1987; Garcia-Robledo et al. 2002; Warren et al. 2023).

Ademas, se uso informacion de las comunidades vegetales, incluyendo especies lefiosas, arbustivas y
herbaceas, en los sitios de muestreo que fueron registrados simultaneamente a los inventarios de Papilionoidea.
En cada fragmento de bosque se establecieron parcelas de 1.000 m? (50 x 20 m) para muestrear todas las
plantas lefiosas con un diametro a la altura del pecho (DAP) > 2.5 cm (Melo & Vargas, 2002). Con el fin de
describir la comunidad vegetal del estrato herbaceo y de regeneracion natural (plantulas de plantas lefiosas
y lianas) se midieron ejemplares con altura de hasta 1.5 m en 10 parcelas de 1 m? (Vallejo et al. 2005). Las
especies de plantas recolectadas fueron procesadas siguiendo técnicas estandar de herbario y depositadas en el
Herbario Orinocence (HORI, Registro Nacional de Colecciones Biologicas 219) de la Universidad Nacional
de Colombia, Sede Orinoquia.

ANALISIS DE LA ESTRUCTURA COMUNITARIA
Para describir la composicion de la comunidad de Papilionoidea se uso la riqueza de especies por

localidad como una representacion de la diversidad alfa. La diversidad beta, entendida como el recambio de
especies entre altitudes se estimo aplicando el indice de Bray-Curtis para cualquier par posible de localidades
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y se representd mediante un dendrograma de distancias (Koleff et al. 2003; Lennon et al. 2001). La diversidad
gamma que hace referencia al total de especies colectadas en el area de estudio se calculd implementando los
estimadores no paramétricos que proporcionan una estimacion robusta de la diversidad de especies incluso
con tamanos de muestra pequeiios y un esfuerzo de muestreo desigual (Chao et al. 2014; Hsieh et al. 2016;
Yue et al. 2022).

Para describir la estructura de la comunidad se uso el andlisis de similitud (ANOSIM) con el fin de
estimar las diferencias en la riqueza de especies en cada altitud (Clarke, 1993) y las diferencias entre los
posibles pares de alturas muestreadas se establecieron mediante un analisis de varianza usando matrices
de distancia (ADONIS) (McArdle & Anderson, 2001). Para establecer la similitud de la composicion de la
comunidad de Papilionoiodea entre alturas se realizo un escalamiento multidimensional no métrico (NMDS)
utilizando la abundancia de especies en cada localidad (Oksanen et al. 2022).

Para evaluar la relacion entre la comunidad de Papilionoidea y la comunidad de vegetacion dentro de
los fragmentos de bosque, se uso el analisis de co-correspondencia (CO-CA). Este analisis combina las ideas
del analisis de coinercia (Col) con el modelo de respuesta unimodal familiar a los métodos de analisis de
correspondencia (CA) o analisis de correspondencia canonico (CCA) (Schaffers et al. 2008). El objetivo es
relacionar las dos matrices de abundancia o presencia de especies, de manera que la descomposicion resultante
en ejes sean aquellas combinaciones que mejor expliquen la covariacion entre especies y observaciones en
las dos matrices (Ter Braak & Schaffers, 2004). Para implementar el CO-CA, se transformaron las matrices
de la comunidad de Lepidoptera y plantas usando el logaritmo del nimero absoluto de individuos. Se aplico
el método de analisis de especies indicadoras INDVAL (De Caceres & Legendre, 2009) para establecer la
relacion entre las especies de Papilionoidea y la altitud a la que fueron registradas (De Caceres et al. 2010).
El célculo de los estimadores no paramétricos se realizéo mediante el programa EstimateS version 9.1. y los
analisis estadisticos restantes realizaron con el software estadistico R 3.5.1 (R Core Team, 2023) usando las
librerias: Vegan para estimar la diversidad beta, ANOSIM y NMDS (Oksanen et al. 2022), Cocorresp para
el analisis de co-correspondencias (Ter Braak & Schaffers, 2004) e Indicspecies para el analisis de especies
indicadoras INDVAL (De Caceres & Legendre, 2009).

Resultados

En el gradiente altitudinal se recolectaron 152 ejemplares de seis familias, 54 géneros y 66 taxones.
La familia mejor representada fue Nymphalidae con 41 especies (62,1%), seguida por Hesperiidae con 10
(15,2%), mientras que las familias Pieridae, Riodiniadae, Papilionidae y Lycaenidae estuvieron representadas
por cinco especies 0 menos (< 8%). La diversidad por géneros sigue la misma tendencia, con Nymphalidae
y Hesperiidae en los primeros lugares con 34 y siete géneros respectivamente, seguidos por Riodinidae con
cinco, Pieridae con cuatro, Papilionidae y Lycaenidae con dos géneros cada uno. La altura con mayor numero
de especies tnicas fue 132 m. s. n. m. con 19, seguida de 980 m. s. n. m. y 700 m. s. n. m. con 14 y 12
especies respectivamente, mientras que 300 m. s. n. m. y 500 m. s. n. m. tuvieron tres y dos especies unicas
respectivamente. La diversidad alfa, representada como el numero de especies en cada localidad oscil6 entre
siete y 30 especies (promedio = 16,6 + 9,5) (Tabla 1).

Respecto a la vegetacion de los fragmentos se registraron en total 2.490 individuos, 1.667
correspondientes al estrato rasante y arbustivo y 823 al estrato arboreo que pertenecen a 75 familias, 173
géneros y 253 especies. En todo el muestreo las cinco familias que presentaron el mayor numero de géneros
y especies fueron: Fabaceae con 17 géneros y 26 especies; Rubiaceae (10; 17), Bignoniaceae (10; 13),
Sapindaceae (6; 10) y Myrtaceae (5; 10). El muestreo a 132 m.s.n.m. registro 45 especies, la especie arborea
mas abundante fue A/lophylus amazonicus (Mart.) Radlk. (Sapindaceae) con 43 unidades; la especie arbustiva
mas abundante fue Tabernaemontana siphilitica (L. f.) Leeuwenb. (Apocynaceae) con 47 individuos y la
especie herbacea con mayor nimero de individuos fue Oplismenus cf. hirtellus (L.) P. Beauv. (Poaceae)
con 37. En el muestreo localizado a 300 m.s.n.m. se encontraron 69 especies, la mas abundante fue una
palma Oenocarpus minor Mart. (Arecaceae) con 26 individuos; la especie arbustiva mas abundante fue Piper
metanum Trel. & Yunck. (Piperaceae) con siete individuos y herbacea fue Ischnosiphon leucophaeus (Poepp.
& Endl.) Koérn. (Marantaceae) con siete individuos. El fragmento a 500 m.s.n.m. presenté 71 especies. La
especie arborea mas abundante fue Rudgea crassiloba (Benth.) B. L. Rob. (Rubiaceae) con 22 individuos, la
especie arbustiva mas abundante fue Pombalia prunifolia (Willd.) Paula-Souza (Violaceae) con 64 individuos
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y la especie herbacea mas abundante fue Calathea cf. villosa Lindl. (Marantaceae) con 23 individuos. En
el muestreo a 700 m.s.n.m. se encontrd la mayor riqueza de especies con un total de 85, siendo la especie
arborea mas abundante Psidium cf. oligospermum DC. (Myrtaceae) con 68 individuos, la especie arbustiva
mas abundante fue P. metanum (Piperaceae) con 23 individuos y la especie herbacea mas abundante fue
Selaginella cf. horizontalis (C.Presl) Springcon (Selaginellaceae) con 20 individuos. En el de 980 m.s.n.m se
encontraron 55 especies. La especie arborea mas abundante fue Apeiba aff. glabra Aubl. (Malvaceae) con 88
individuos, la especie arbustiva mas abundante fue Cleidion castaneifolium Miill. Arg.con (Euphorbiaceae)
con 63 individuos y la especie herbacea mas abundante fue Adiantum pulverulentum L. (Pteridaceae) con 16
individuos.

El célculo del indice de Bray-Curtis entre localidades oscilo entre 0,76 y 1 indicando baja similitud en
la composicion de especies de Lepidoptera. La representacion grafica de este indice mediante un dendrograma
gener6 dos nodos determinados por la riqueza de especies en cada una de las estaciones de muestreo (Figura
1). En uno de los nodos se agruparon los extremos del gradiente altitudinal 132 y 980 m. s. n. m. con riquezas
de 30 y 20 especies respectivamente y en segundo nodo se agruparon las alturas intermedias del gradiente
300, 500 y 700 m. s. n. m. con ocho, siete y 18 especies respectivamente (Figura 1). La diversidad gamma
indico que la riqueza de especies en el gradiente altitudinal puede oscilar entre 172 (Chao 2) y 84 especies
(Bootstrap) respectivamente. Asi, las 66 especies colectadas representan entre el 38,3% y el 78,7% de las
especies de Papilionoidea presentes en la zona.

Figura 1. Dendrograma mostrando la similitud del indice de Bray-Curtis entre las localidades del gradiente altitudinal del
Norte de la Orinoquia colombiana. Sombreado en gris se sefialan dos grupos, uno agrupando las altitudes intermedias y el
otro los extremos del gradiente. Sp. Riqueza de especies por altura. C. nimero de especies compartidas.
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El analisis de similitud (ANOSIM) estableci6 que existen diferencias en la riqueza de especies en cada
altitud (R =0.53, p>0.01). La prueba ADONIS indicé que la altura de 132 m. s. n. m. es diferente al resto de
las demas alturas (valores de R entre 0.42 y 0.44, p = 0.1). Este analisis también detecto que las localidades
700 - 980 m. s. n. m. son diferentes en la composicion de especies (R =0.37, p=0.1) y de igual manera las
localidades de 500 y 980 también presentaron diferencias en la composicion (R = 0.44, p =0.1).

El analisis NMDS para evaluar la composicion de especies con respecto a las alturas gener6d un
ordenamiento donde se distinguen dos grupos, el primero en el que estan las unidades muestrales de 980 m.
s. n. m. y el segundo en donde se agrupan los muestreos del resto de las alturas muestreadas (Estrés = 0.09)
(Figura 2).

El analisis de co-correspondencia usado para explorar si la composicion de la comunidad de plantas
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en los bosques muestreados influia sobre la composicion de la comunidad de Papilionoidea en cada una de
las localidades detecto una alta correlacion entre las comunidades (Inercia total = 5.70), con una variacion
explicada (Inercia explicada) de 5.58, lo que indica una correspondencia del 97.8% entre la comunidad de
plantas y Papilionoidea. Los dos primeros ejes de los 14 calculados explicaron el 28.2% de la variacién en
la composicion de la comunidad de Papilionoidea con respecto a la comunidad de plantas presentes en cada
una de las localidades muestreadas (Figura 3). El analisis de especies indicadoras revel6 la afinidad de cinco
especies a diferentes alturas. Las especies Burnsius oileus (Linnaeus, 1767) (S = 0.91 p = 0.04), Anartia
amathea (Linnaeus, 1758) (S = 0.885, p = 0.04) y 4. jatrophae (Linnaeus, 1763) (S = 0.864, p = 0.05) se
asociaron a los 132 m. s. n. m. y las especies Rhetus dysonii (Saunders, 1850) (S =1, p = 0.03) y Actinote
pellenea Hiibner, [1821] (S = 0.937, p = 0.03) presentaron afinidad a los 980 m. s. n. m. Las 61 especies
restantes no mostraron afinidades significativas a ninguna de las localidades muestreadas (p > 0.05).

Figura 2. Analisis de escalamiento multidimensional no métrico (NMDS) para la comunidad de Papilionoidea en el
gradiente altitudinal en el norte de la Orinoquia colombiana. Los 6valos representan cada una de las alturas muestreadas y
los puntos vacios representan las especies de Papilionoidea. Estrés 0.09.
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La riqueza de especies calculada mediante estimadores no paramétricos reveld que la eficiencia del
muestreo estuvo entre el 38.3% y el 78.7% indicando que las técnicas empleadas fueron relativamente
efectivas para documentar la riqueza de especies de Papilionoidea en el gradiente altitudinal. Las 66
especies recolectadas comparadas con las 1.115 conocidas de la Orinoquia Colombiana (Gantiva-Quintero
& Andrade-Correa, 2022) representan una pequeiia fraccion de la riqueza de dicha region biogeografica. La
baja representatividad se explica teniendo en cuenta que fueron muestreados solo cinco fragmentos de bosque
correspondientes a un area muy pequefia respecto a la region (Rippstein et al. 2001). Aun asi, la riqueza de
especies reportada es similar a otros trabajos en gradientes altitudinales semejantes metodologicamente como
el de Olarte-Quiflonez et al. (2016) que reportd 69 especies en un gradiente altitudinal entre los 2.400 a 3.700
m. s. n. m. en Norte de Santander, o el de Combita et al. (2022) que registro 101 especies para un gradiente
altitudinal entre los 300 y 1.500 m. s. n. m. en el departamento de Santander. En cuanto a la composicion de
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especies por familia, las familias mejor representadas fueron Nymphalidae (41 especies), Hesperiidae (10
especies) y Pieridae (cinco especies), similar a la reportado en otras localidades en las cordilleras Oriental
y Occidental de Colombia (Henao-Baiol et al. 2018; Henao-Bafiol & Stiles, 2018; Ramirez-Restrepo et al.
2007). Sin embargo, la composicion de especies con el patron: Nymphalidae, Hesperiidae, Pieridae no es
constante cuando se compara con otras localidades del Neotropico mas al sur en la cordillera de los Andes en
el cual predominan las familias Heperiidae y Pieridae en los primeros lugares de riqueza de especies (Farfan
Larico, 2018; Pires et al. 2020; Zelada, 2004).

Figura 3. Analisis de co-correspondencia con una variacion total (Inercia total) de 5.70. Biplot basado en los dos primeros
ejes generados (Co CA 1y Co CA 2). Elipses y puntos solidos representan las localidades de muestreo. La relacion entre
las especies de Papilonoidea (Circulos vacios) y las especies de plantas (triangulos vacios) muestra una variacion explicada
(Inercia explicada) de 5.58, indicando una correspondencia del 97.8% entre la comunidad de plantas y la comunidad de
Papilionoidea.
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Respecto a la diversidad beta, el dendrograma de similitud gener6 dos grupos en respuesta a la riqueza
de especies. El primero agrup6 las dos localidades de los extremos del gradiente altitudinal (132 y 980 m. s.
n. m.) con mayores riquezas reportadas, mientras que en el segundo se encuentran las alturas intermedias del
gradiente (300, 500 y 700 m. s. n. m.) con riquezas entre siete y 18 especies. Los resultados de las pruebas de
ANOSIM y ADONIS ratifican este resultado indicando que las diferencias en la composicion de la comunidad
de Lepidoptera se dan entre los extremos del gradiente altitudinal (132 y 980 m. s. n. m.) respecto a las alturas
intermedias. El registro de mayores riquezas de especies en los extremos del gradiente altitudinal contradice
la hipétesis de rango medio que plantea la disminucion de la riqueza de especies a medida que aumenta o
disminuye la elevacion, mostrando un incremento en la riqueza las elevaciones medias del gradiente (Becker
et al. 2007). La falta de ajuste de nuestros resultados a esta hip6tesis de gradientes altitudinales se suma a una
lista ampliamente documentada para trabajos con Lepidoptera (Combita et al. 2022; Molina-Martinez et al.
2013; Wilson et al. 2007) y otros grupos taxonémicos como ciempiés, Coleoptera de la familia Staphylinidae
(Gilgado et al. 2022) e incluso pequeiios mamiferos terrestres (McCain, 2005). Dentro de los factores que
contribuirian a la falta de ajuste con el patron de rango de riqueza medio en las comunidades se encuentran
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el clima (Wilson et al. 2007, Molina-Martinez et al. 2013 McCain, 2005), microclima, topografia y cobertura
vegetal (Combita et al. 2022; Gilgado et al. 2022). El reemplazo de especies en funcion del incremento
de la altitud es comun para diferentes ordenes de insectos como Formicidae (Longino & Colwell, 2011) y
Heterocera, (Brehm et al. 2007), sin embargo, los trabajos de gradientes altitudinales no son concluyentes
en cuanto a la influencia de la altura como un factor preponderante en la estructuracion de las comunidades
bioldgicas y por lo tanto deberian tenerse en cuenta otros factores microclimaticos correlacionados (i.e.
humedad relativa, temperatura) que contribuyen a explicar como se estructuran las comunidades biologicas
de forma mas eficiente (Becker et al. 2007).

En este estudio, el analisis de co-correspondencia demostré que un 97.8% de la variacion en la
comunidad de Papilionoidea fue explicada por la composicion en la comunidad vegetal en las localidades
estudiadas. El mecanismo subyacente involucra la amortiguacion microclimatica generada por la vegetacion
(Montejo-Kovacevich et al. 2020) y teniendo en cuenta que el gradiente evaluado es moderado (848 m de
altitud), las diferencias pequefias de temperatura podrian permitir el movimiento de los Papilionoidea como se
ha descrito particularmente en zonas ecuatoriales (Montejo-Kovacevich et al. 2020). Este resultado concuerda
con otros estudios que plantean que las comunidades vegetales pueden ser el principal agente estructurador
de las comunidades de Lepidoptera (Molina-Martinez et al. 2013; Pires et al. 2020; Valtonen et al. 2013) por
aspectos alimenticios, reproductivos y fisiologicos (Grundel et al. 2020; Montejo-Kovacevich et al. 2020;
Steigenga & Fischer, 2009), y otros grupos como escarabajos coprofagos (Nunes et al. 2016) y hormigas
(Castro et al. 2020).

El analisis de INDVAL usado para evaluar la asociacion de las especies a diferentes alturas indico que
existen cinco especies que se encuentran fuertemente relacionadas a ciertas altitudes. Por ejemplo, B. oileus,
A. amathea y A. jatrophae se asocian a 132 m. s. n. m., especies de habitos de vuelo muy activos usualmente
encontradas en zonas abiertas (Garcia-Robledo et al. 2002) como la sabana, ambiente que constituye la matriz
de paisaje en el ecosistema en el bosque donde se registraron estas especies. B. oileus ha sido asociadas
con plantas de la familia Malvaceae (Beccaloni et al. 2008), sin embargo, en los muestreos realizados de
vegetacion no se reporto esta familia botdnica. Lo mismo ocurre con 4. amathea y A. jatrophae, que reportan
asociacion con plantas de las familias Acanthaceae, Asteraceae, Lamiaceae y Verbenaceae, pero que no fueron
registradas en el inventario botanico a 132 m. s. n. m.

Dos especies estan asociadas a alturas de 980 m. s. n. m., R. dysonii (Riodinidae) suele encontrarse
libando cerca de cuerpos de agua o ambientes humedos (Rios-Malaver, 2007) y aunque se trata de una especie
comunmente avistada, no se encontraron reportes de asociaciones conocidas con plantas. La segunda especie
fue A4. pellenea, que habita en zonas montafiosas y humedas, donde presenta un comportamiento gregario
y generalmente se encuentran cerca de arbustos en flor de bordes de bosques cercanos a cursos de agua, e
incluso, puede ocupar areas como zonas residenciales de grandes ciudades (Nufiez-Bustos, 2020).

A. pellenea cuenta con reportes de asociacion a plantas de las familias Amaranthaceae (Amaranthus),
Asteraceae (Chromolaena, Clibadium, Eupatorium, Helianthus, Mikania, Senecio, Tessaria), Fabaceae
(Acacia, Mimosa) y Verbenaceae (Lantana) (Beccaloni et al. 2008), aunque ninguno de estos registros
coincide, con las especies de plantas encontradas en la zona de estudio, es posible encontrar plantas de la
familia Asteraceae (Clibadium) y Fabaceae (Inga, Swartzia y Pterocarpus) que podrian estar asociadas a esta
especie.

La asociacion de las especies de Papilionoidea con plantas encontradas en este trabajo no coincide
con los registros consultados. Esto podria explicarse por el hecho que nuestro muestreo fue realizado en el
interior del bosque, con arbustos y hierbas diferentes a las encontradas en ambientes abiertos y que este tipo
de estudios en ecosistemas en la Orinoquia son escasos. Asi, este estudio contribuye a las asociaciones que
los Papilionoidea tienen con especies de plantas no registradas en el catalogo de plantas huésped de especies
neotropicales (Beccaloni et al. 2008), reflejando que la biodiversidad de la Orinoquia colombiana ha sido
poco estudiada y es relativamente poco conocida (Arbelaez-Cortés, 2013).

La presencia y asociacion de especies con tolerancia a ambientes transformados como A. pellenea en
980 m. s. n. m., podria indicar que en alturas intermedias y altas del gradiente (desde 300 hasta 980 m.
s. n. m.) las coberturas boscosas podrian estar sufriendo fuertes cambios antropogénicos, impulsados por
actividades como la ganaderia o la agricultura que transforman las coberturas originalmente boscosas en
potreros o cultivos (Etter et al. 2006).

Aqui exploramos el efecto del cambio en la altitud sobre la comunidad de Papilionoidea en los Llanos
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Orientales de Colombia. Nuestros resultados contrastan con la hipétesis del patron de elevacion media,
mostrando precisamente el efecto contrario con mayor riqueza y abundancia de especies en los extremos
del gradiente. Esta discrepancia podria sugerir que la estructura de la comunidad de Papilionoidea pudiera
ser promovida por la comunidad vegetal, méas que por la altitud. Se encontraron asociaciones estrechas entre
cinco especies de Papilionoidea con diferentes alturas en el gradiente altitudinal, evidenciando la utilidad de
los Lepidoptera como bioindicadores. Este hallazgo plantea la posibilidad de emplear estas especies como
bioindicadores en procesos de monitoreo ecologico, con el fin de evaluar la relacion entre la transformacion
de la cobertura boscosa y el incremento de las actividades antropicas.
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Tabla 1. Listado de especies y presencia por altura en el gradiente altitudinal del norte de la Orinoquia colombiana de
acuerdo con la propuesta taxonomica de Warren et al. (2023).

Familia/subfamilia

Especie

132

300

Altura
500

700

980

Papilionidae / Papilioninae

Pieridae / Coliadinae

Pieridae / Pierinae

Nymphalidae / Danainae

Nymphalidae / Heliconiinae

Nymphalidae /
Limenitidinae

Nymphalidae / Biblidinae

Nymphalidae / Nymphalinae

Heraclides homothoas (Rothschild & Jordan,1906)

Parides lysander (Cramer, [1775])
Parides eurimedes (Stoll, [1782])
Eurema albula (Cramer, [1776])
Eurema daira (Godart, 1819)
Pyrisitia leuce (Boisduval, 1836)

Pyrisitia venusta (Boisduval, 1836)

Itaballia demophile centralis Joicey&Talbot, 1928

Lycorea halia (Hiibner, 1816)
Ceratinia tutia (Hewitson, 1852)
Mechanitis menapis Hewitson, 1856
Mechanitis polymnia (Linnaeus, 1758)
Actinote pellenea Hiibner, [1821]
Actinote stratonice (Latreille, [1813])
Dryas iulia (Fabricius,1775)

Eueides isabella (Stoll, 1781)
Heliconius antiochus (Linnaeus, 1767)
Heliconius erato (Linnaeus, 1758)

Heliconius sara (Fabricius, 1793)
Adelpha alala (Hewitson, 1847)

Biblis hyperia (Cramer, 1779)

Nessaea aglaura (E. Doubleday, [1848])
Eunica anna (Cramer,1780)

Hamadryas feronia (Linnaeus, 1758)
Callicore pitheas (Latreille, [1813])
Catagramma pyracmon (Godart, [1824])
Historis odius (Fabricius, 1775)
Colobura dirce (Linnaeus, 1758)
Anartia amathea (Linnaeus, 1758)
Anartia jatrophae (Linnaeus, 1763)

Siproeta stelenes (Linnaeus, 1758)

XM X X X

=
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Nymphalidae / Charaxinae

Nymphalidae / Satyrinae

Riodinidae / Riodininae

Lycaenidae / Theclinae

Hesperiidae / Eudaminae

Hesperiidae / Pyrginae

Hesperiidae / Hesperiinae

Junonia evarete (Cramer, 1779)

Castilia ofella (Hewitson, [1864])

Tegosa anieta (Hewitson,1864)

Hypna clytemnestra (Cramer, 1777)

Zaretis ellops (Ménétriés, 1855)

Memphis acidalia (Hibner, [1819])

Morpho helenor (Cramer, 1776)

Morpho deidamia neoptolemus Wood, 1863
Caligo illioneus (Cramer, 1775)

Opsiphanes cassina C. Felder & R. Felder, 1862

Manataria maculata (Hopffer, 1874)

Forsterinaria neonympha (C. Felder & R. Felder,
1867)

Hermeuptychia hermes (Fabricius, 1775)
Magneuptychia libye (Linnaeus, 1767)
Megeuptychia antonoe (Cramer, 1775)
Satyrotaygetis iris (C. Felder & R. Felder, 1867)
Modica fugitiva (Lamas, [1997])

Pareuptychia ocirrhoe (Fabricius, 1776)
Eurybia elvina Stichel, 1910

Mesosemia nyctea (Hoffmansegg, 1818)
Melanis electron (Fabricius, 1793)

Calephelis laverna (Godman & Salvin, 1886)
Rhetus dysonii (Saunders, 1850)

Calycopisi sobeon (A. Butler & H. Druce, 1872)
Terenthina terentia (Hewitson, 1868)
Cecropterus (Cecropterus) zarex (Hibner, 1818)
Cecropterus (Thorybes) dorantes (Stoll, 1790
Spicauda teleus (Hiibner, 1821)

Cogia calchas (Herrich-Schéffer, 1869)

Eantis thraso (Hubner, [1807])

Tiana niger (R. Williams & E. Bell, 1940)
Burnsius adepta (Pl6tz, 1884)

Burnsius oileus (Linnaeus, 1767)

Burnsius orcus (Stoll, 1780)

Cumbre sp.

T B R R
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First record of Aglossa caprealis (Hiibner, [1809]) with
description of male from India
(Lepidoptera: Pyralidae, Pyralinae)

Muzafar Riyaz & Sabreena Ashraf
Abstract

This study documents the first occurrence of Aglossa caprealis (Hiibner, [1809]) in India, with a
specimen collected in the Shopian district of the Kashmir Valley. Based on observations from similar habitats,
the species’ tentative range includes the Kashmir region, northern Jammu, and potentially extends to Pakistan,
Afghanistan, Turkmenistan, and Iran. An I[UCN Red List assessment using the GeoCAT tool classifies the
species as Least Concern (LC), with an estimated extent of occurrence (EOO) of 207,099,692.893 km?. This
first confirmed record in the Indian subcontinent highlights a significant range expansion and provides critical
insights into its South and Central Asian distribution.

Keywords: Lepidoptera, Pyralidae, Pyralinae, Aglossa caprealis, faunistic, species distribution, Kashmir,
India.

Primer registro de Aglossa caprealis (Hiibner, [1809]) con la descripcion del macho de la India
(Lepidoptera: Pyralidae, Pyralinae)

Resumen

Este estudio documenta la primera aparicion de Aglossa caprealis (Hiibner, [1809]) en la India, con un
espécimen recogido en el distrito de Shopian, en el Valle de Cachemira. Segun las observaciones realizadas
en habitats similares, el area de distribucion provisional de la especie incluye la region de Cachemira, el norte
de Jammu y, potencialmente, se extiende hasta Pakistan, Afganistan, Turkmenistan e Iran. Una evaluacion
de la Lista Roja de la UICN utilizando la herramienta GeoCAT clasifica la especie como «Preocupacion
menor» (LC), con una extension estimada de ocurrencia (EOO) de 207 099 692,893 km?. Este primer registro
confirmado en el subcontinente indio pone de relieve una importante expansion de su area de distribucion y
proporciona informacion fundamental sobre su distribucion en Asia meridional y central.

Palabras clave: Lepidoptera, Pyralidae, Pyralinae, Aglossa caprealis, faunistica, distribucion de especies,
Cachemira, India.

Introduction

In India, research on the Pyraloidea superfamily began with Hampson’s pioneering work in
1896, which was published as part of the Fauna of British India series. This early effort documented
the distribution and taxonomy of 1,136 species. Since Hampson’s contribution, numerous researchers
both from India and internationally have periodically added new species and distribution records to the
knowledge of Indian Pyraloidea (Rao & Sivaperuman, 2021; Singh et al. 2020; Mathew, 2006; Raha et al.
2017; Murthy et al. 2015). A more recent catalog of Indian Pyraloidea, lists 1,695 species, spread across
509 genera (Singh et al. 2022). Within the Pyralidae family, 518 species are identified, encompassing
182 genera, with the subfamily Pyralinae containing 171 species from 47 genera in India. Five genera -
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Endotricha Zeller, 1847, Hypsopygia Hiibner, [1825], Pyralis Linnaeus, 1758, Sacada Walker, 1862, and
Stemmatophora Guenée, 1854 are notably species-rich, each having over ten species, with Hypsopygia
being the most diverse, including 24 species.

Figure 1. Map of Tehsil Herman, Shopian District, India showing location of collection site.
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FIRST RECORD OF AGLOSSA CAPREALIS (HUBNER, [1809]) WITH DESCRIPTION OF MALE FROM INDIA

A recent study by Riyaz et al. (2024) introduced Pyralis farinalis (Linnaeus, 1758) as a newly recorded
species in India. Moreover, Riyaz & Ignacimuthu (2023) added two new species to the biodiversity records
for the Jammu and Kashmir Union Territory: Pyralis pictalis (Curtis, 1834), and Botyodes diniasalis (Walker,
1859). These discoveries broaden the known range of these moth species in the region, enhancing the country’s
biodiversity records. Among the various genera, Aglossa Latreille, 1796 stands out, with several species
documented in India. Noteworthy species include Aglossa asiatica Erschoft, 1872, found in the Northwest
Himalayas, and Aglossa dimidiatus (Haworth, 1809), distributed in the Nilgiris and South India. Other species
such as Aglossa pinguinalis (Linnaeus, 1758) are also present in the Northwest Himalayas, while Aglossa
tanya Corbet & Tams (1943) is reported only in India (Singh et al. 2022).

Materials and Methods

An adult male specimen of Aglossa caprealis was photographed and collected indoors on August 19,
2024, at an elevation of 1,596 meters in Tehsil Herman (33°42°18”N, 74°56°23”E), located in the Shopian
district of the Kashmir Division, Jammu & Kashmir Union Territory, India (Figure 1). The specimen was
captured at night using a ProTac HL headlamp and ethyl acetate vials wrapped in cotton. It was photographed
with a Xiaomi Redmi Note 8 Pro smartphone equipped with a 20 mm macro lens. The specimen was obtained
during the author’s exploration of the diverse insect life in Kashmir Valley. Subsequent taxonomic analyses,
including the dissection and preparation of the genitalia, were carried out. The abdomen of the specimen was
treated with KOH at 135°C for several minutes, cleaned, and the genitalia were then prepared. After rinsing
in distilled water, the genitalia were preserved in glycerin for further examination. The region, predominantly
rural with large agricultural areas, receives an annual precipitation of 660 mm and maintains an average
temperature of 25°C (Riyaz et al. 2021; 2022; 2023; 2024; Riyaz & Reshi, 2021; Shiekh & Mishra, 2023).
Both the specimen and its genitalia have been deposited in the insect museum of the Xavier Research
Foundation at St. Xavier’s College, Palayamkottai, India, under voucher number XRF-KMR-277. The
identification of Aglossa caprealis was confirmed by examining the male specimen’s morphological features
and genitalia, utilizing online platforms like Pathpiva (https://pathpiva.fr/aglossa-caprealis/) and Lepiforum
(https://lepiforum.org/wiki/page/Aglossa_caprealis), as well as relevant literature, including Solis & Shaffer
(1999), Watt (1965), Trematerra (1987), and Goater et al. (2023).

Results
TAXONOMICAL POSITION
Superfamily Pyraloidea Latreille, 1809
Family Pyralidae Latreille, 1809
Subfamily Pyralinae Latreille, 1809
Tribe Pyralini Latreille, 1809

Aglossa Latreille, 1796. Précis Charact. Gen. Ins., 145
TS: Pyralis pinguinalis Linnaeus, 1758. Syst. Nat. (Ed. 10), 533, by subsequent monotypy

Aglossa caprealis (Hiibner, [1809])
Pyralis caprealis Hiibner, [1809]. Samml. Eur. Schmett., pl. 23, fig. 153
LT: Europe

Species Description

Adult: Wingspan: 25 mm; head and neck dorsally dark-colored; forewings exhibit a shiny brownish-
gray ground color interspersed with pale yellowish markings and lines; reniform spot distinct, dark, circular,
and encircled by a pale ring; antemedial (AM) line prominent, thick, sharply angled, forming a shallow zigzag
pattern; subterminal (ST) line broad, straight at the costa and inner margin, with the central section forming
a thin, jagged U-shaped curve.

Male Genitalia: Uncus slender, tapering slightly towards the apex but of near-uniform width throughout,
with no spine clusters present ventrally; the structure is slightly curved, moderately sclerotized, and smooth.
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Figure 2. Mounted Adult male Aglossa caprealis.

Tegumen is highly sclerotized and broad; vinculum well developed, connecting strongly with the tegumen:
Juxta simple, small, and minimally sclerotized. Valvae symmetrical, broad, and relatively simple in form,
with the ventral surface bearing fine hairlike setae, though not arranged in radiating rows; costal setae are
absent. Aedeagus elongated and cylindrical, with the vesica bearing spinelike cornuti and showing heavy
sclerotization. The vesica is slightly reflexed and moderately spined, contributing to the functional morphology
of the genitalia.

Figure 3. Male genitalia of Aglossa caprealis.
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Based on previous observations in similar ecological habitats, the authors suggest a tentative distribution
range for this species encompassing the entire Kashmir region and northern areas of the Jammu division
within the state of Jammu and Kashmir, India. Additionally, the authors propose the potential occurrence of
the species in northern regions of Pakistan, Afghanistan, Turkmenistan, and Iran, which are geographically
connected to the current known location. According to the IUCN Red List assessment using the GeoCAT
tool, based on current and historical records, the species is classified as Least Concern (LC) with an estimated
extent of occurrence (EOO) of 207,099,692.893 km? (Figure 4). This record is particularly significant as it
represents the first confirmed evidence of Aglossa caprealis in the Indian subcontinent, marking a noteworthy
range extension of the species into India’s political boundaries. The discovery of this species in this region
holds substantial biogeographical importance and adds to our understanding of its broader distribution across
South and Central Asia.

Figure 4. IUCN Red List assessment of Aglossa caprealis using the GeoCAT

Conclusion

The Pyraloidea is a vast superfamily of moths within the order Lepidoptera, comprising more than
16,000 species globally, with the Pyralidae family accounting for 6,000 species and the Crambidae family for
11,000 species. These species occupy a variety of habitats, ranging from forests to deserts and from lowland
areas to high-altitude regions. While many Pyraloidea species are notorious agricultural pests that can inflict
substantial damage on crops, others serve beneficial roles as biological control agents against harmful insect
pests. Pyraloidea are typically small to medium in size, often recognizable by their elongated snouts and
triangular forewings.

In the Kashmir Valley, a key biodiversity hotspot within the Himalayas, the revision and documentation
of insect species, especially moths, has been relatively sparse. Despite existing records, the region’s full
diversity remains underexplored, with many species still awaiting formal documentation. This study marks
an important addition, confirming the first record of Aglossa caprealis from the Indian subcontinent. The
record emphasizes the need for further entomological surveys and research in the region, which could uncover
additional species and provide insights into the biogeographical distribution of these moths. With rapid
environmental changes and threats to biodiversity, it is crucial to expand knowledge of the insect fauna in
areas like the Kashmir Valley to inform conservation efforts and enhance our understanding of distributions
across South Asia.
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Catalogue of the Castniidae in the National Museum
of Ireland - Natural History, Dublin, with general
comments on the history of the collection
(Insecta: Lepidoptera)

Jorge M. Gonzélez & Aidan O’Hanlon

Abstract

The material representing 35 specimens with 21 species and a total of 24 taxa belonging to the Castniidae
(Lepidoptera) deposited in the National Museum of Ireland - Natural History, Dublin, Ireland, was studied.
A brief comment on the history of the Natural History Museum and the origin of this small collection of
Neotropical and Australian species is provided. General comments on natural history, distribution and other
details for each mentioned species and subspecies are also included.

Keywords: Insecta, Lepidoptera, Castniidae, Neotropics, Australia.

Catalogo de los Castniidae en el Museo Nacional de Irlanda - Historia Natural, Dublin, con
comentarios generales sobre la historia de la coleccion
(Insecta: Lepidoptera)

Resumen

Se ha estudiado el material representado por 35 ejemplares, pertenecientes a 21 especies y un total de 24
taxones de Castniidae (Lepidoptera) depositados en el Museo Nacional de Irlanda - Historia Natural, Dublin,
Irlanda. Se ofrece un breve comentario sobre la historia del Museo de Historia Natural y el origen de esta
pequeia coleccion de especies de Castniidae neotropicales y australianas. También se incluyen comentarios
generales sobre la historia natural, la distribucion y otros detalles de cada una de las especies y subespecies
mencionadas.

Palabras clave: Insecta, Lepidoptera, Castniidae, Neotropico, Australia.

Introduction

The Natural History Division of the National Museum of Ireland (NMI) cares for the national collections
in the scientific disciplines of Zoology and Geology. The Museum’s origin dates back to the mid-18™ century
collections of the Royal Dublin Society (RDS) which was formerly lodged in Leinster House. The Natural
History Museum was built as an extension to Leinster House in 1856 to accommodate the expanding RDS
collections. The Museum’s collections were transferred into state ownership in 1877 as the Museum of
Science and Art, Dublin and again in 1921 as the National Museum of Ireland (O’Riordan, 1983). Following
the Anglo-Irish War (1919-1921) Leinster House was transformed into the site of the Oireachtas (Irish
Parliament) in 1922. Meanwhile, the Natural History Museum, originally an annex to Leinster House, has
remained largely unchanged since opening to the public 169 years ago. It stands today as an “intact example
of a nineteenth-century natural science collection” (Adelman, 2005; Murphy, 2021; Gan & Low, 2024),
often referred to in Ireland as a “museum of a museum”. Stephen Jay Gould fondly described the Museum’s
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“cabinet-style” layout, calling it ‘quintessentially Victorian’ (Gould, 1994, 1995) (Figures 1.1 - 1.3).

Figure 1. Inside the National Museum of Ireland - Natural History, showing the typical Victorian arrangement of organisms,
covering all available space. 1-3. Galleries as seen from the upper floor. 2. Two male giant Irish deer (center and right) and
a female (left) (Megaloceros giganteus) at the entrance of the Irish Room, ground floor. 4-6. Collection drawers showing
the 35 Castniidae owned by the Museum as arranged during the late 1800s. 5. William Forsell Kirby (1944-1912), assistant
naturalist and curator to the Royal Dublin Society and Later to the Museum of Science and Art, precursors of the Natural
History Museum.

Of the estimated two million specimens in the NMI Natural History Division’s holdings, around 10,000
are on display, with the remainder maintained as a reference collection for scientific research. Approximately
half of the Natural History collections consist of insects. The main area of active acquisition has been of Irish
material, which consequently represents the majority of specimens in the museum. However, NMI also holds
significant collections from beyond Ireland.

The entomology collection is particularly rich in Type material, and includes specimens from around
the world, collected by famous naturalists like Johann Friedrich Gmelin (1748-1804), Charles Robert Darwin
(1809-1882), Alfred Russell Wallace (1823-1913), and many other names familiar to modern taxonomists
(Kirby, 1869; Monaghan, 2005).

Among its holdings are numerous South American Lepidoptera. Within the Castniidae, we were able
to find 35 specimens in two drawers (Figures 1.4, 1.6). Thirty-three of them are Neotropical Castniinae,
and two are Australian Synemon Doubleday, 1846 species. The number of specimens found in these two
drawers coincides (with a couple of exceptions) with a catalogue of the Lepidoptera collection in the museum
published by Kirby (1880). Unfortunately, most specimens lack any labels. Some of them appear to be quite
old, possibly dating from the late 1700s and originating from the Leske collection. Nathanael Gottfried Leske
(1751-1786) maintained an extensive cabinet of minerals and natural history, receiving specimens from
European naturalists like Johann Friedrich Gmelin (1748-1804) (Kirby, 1869). The Royal Dublin Society
acquired the Leskean Cabinet in 1792, later passing it to the Museum (Berry, 1915; Adelman, 2005).

Some labels bear numbers that might correspond to the Leske catalogue, but no definitive matches
have been found (see Karsten, 1789; O’Reilly, 1813). Similarly, they do not align with William Forsell
Kirby’s catalogues. The Castniidae specimens were initially curated and arranged by British entomologist
William Forsell Kirby (1844-1912) (Figure 1.5), who worked at the Museum from 1867 to 1879, with later
additions by George Herbert Carpenter (1865-1939), another British entomologist employed there in the late
19th century. The arrangement has remained otherwise unchanged since the 1880s-1890s, aside from a few
additions in the early 1900s.

Despite the absence of any provenance data from most of the Castniidae material, several specimens do
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bear labels and collector names of interest. For instance, some originate from Edward Bartlett (1844-1908)
and Colonel Henry “Harry” Joseph Kelsall (1867-1950). Bartlett, a British ornithologist and herpetologist,
also collected insects in the Amazon Basin and Peru between 1865 and 1869 (Palmer, 1944; Lamas, 1981:
Bauer & Das, 2024). Kelsall, an officer in the Royal Artillery, was stationed in various locations worldwide
(Gan & Low, 2024). He donated collections to the Dublin Natural History Museum and live animals to the
Dublin Zoo (Anonymous, 1911, 1912). Some specimens originate from English zoologist and entomologist
Robert Henry Fernando Rippon (c.1836-1917), whose collections were dispersed across multiple museums
(Kirk-Spriggs, 1995; Nelson, 2017). Additional specimens came to the Museum as part of a collection of 130
Lepidoptera specimens purchased from a Mr. H. Lincoln of Dublin.

Materials and methods

Thirty-five specimens were found in two museum drawers. They belong to 21 species and represent 24
different taxas. This annotated list was organized roughly following the taxonomic arrangements of Moraes &
Duarte (2009, 2014) (for Castniinae: Castniini) (with some exceptions) and Edwards (1996) (for Castniinae:
Synemonini). The genera have been ordered phylogenetically, loosely following Lamas (1995) and Miller
(1995). Species are organized alphabetically. For practical reasons, we also consider the separation of the
several specimens into three subtribes.

Each species is presented with a brief comment. The “Material examined” section contains the sex of
every studied specimen, as well as the data contained in its labels. Comments, additions, or corrections are
added within brackets.

Results and discussion

ANNOTATED LIST OF SPECIES AND LABEL INFORMATION OF EXAMINED SPECIMENS OF CASTNIIDAE HOSTED IN
THE INSECT COLLECTION OF THE NATIONAL MUSEUM OF IRELAND - NATURAL HisTORY, DUBLIN
CASTNIIDAE Blanchard, 1840
CaSTNIINAE Blanchard, 1840
Castnint Blanchard, 1840

Lapaeumides ctesiphon (Hibner, [1820]) (Figure 2.1)
Eupalamides ctesiphon Hiibner, [1820]. Samml. exot. Schmett, 2, pl. [141]

A large, beautiful and very rare species, with not many specimens in collections worldwide, most of
which are quite old (Miller, 1986). The species is restricted to southern Brazil (Miller, 1986). It is probably
associated with lowland tropical forest, but other than that, nothing is known about its biology (Miller 1986).
This species and the next one (L. zerynthia) were listed under Synpalamides Hiibner, [1823] by Moraes &
Duarte (2014), we are placing them back in Lapaeumides Oiticica, 1955 out of convenience. Both species are
very close morphologically and have almost identical and unique wings that differ from typical Synpalamides,
allowing us to place them together back in the genus Lapaeumides. They are the only taxa within the latter
genus, and they are both possibly extinct (see Lamas, 1995; Miller, 1986, 1995).

Material examined: 1 &, Castnia latreilli, [sic.] Brazil, [“279” label of unknown meaning].

Lapaumides zerynthia (Gray, 1838) (Figure 2.2)
Castnia zerynthia Gray, 1838. Trans. ent. Soc. Lond., 2, 144

The species appears to be restricted to Southeast Brazil, but some old classic authors have mentioned
its presence in Bolivia (Westwood, 1877; Strand, 1913; Houlbert, 1918). Despite being a large and showy
species, it is rare and poorly represented in colledtions, probably because local population numbers are very
low, or possibly extinct (Miller 1986). As in the case of L. ctesiphon (Hiibner, [1820]), all known specimens
are quite old (Miller 1986). Nothing is known about its biology (Miller, 1986; Gonzalez et al. 2010).

Material examined: 1 &, no data. [Brazil?].
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Hista fabricii (Swainson, 1823) (Figure 2.5)
Castnia fabricii Swainson, 1823. Zool. Illustr, (1)3, pl. 149

A common species in southeastern Brazil, however very little is known about its biology (Moraes et
al. 2010). The phenotypic variability of the species is quite remarkable, allowing Moraes et al. (2010) to
synonymize up to ten names under the one described by Swainson (1823). Its larvae have been found feeding
on Tillandsia aeranthos (Loisel.) L. B. Sm. (Bromeliaceae) (Biezanko, 1961; Gonzalez & Stiining, 2007;
Moraes et al. 2010). Miller (1986) stated that the species could pupate on the ground or among grass at the
base of trees where the host plant is located.

This species and the following (H. hegemon (Kollar, 1839)) were originally placed in the genus Hista
(see Lamas, 1995; Miller, 1995; Moraes et al. 2010) but later, Moraes & Duarte (2014) synonymized them
under Synpalamides. However, the close phylogenetic relationship of Synpalamides and Hista seems to be
quite doubtful (R. Worthy, pers. comm.). Thus, we prefer to keep this and the following species under Hista
Oiticica, 1955.

Material examined: 1 &, Brazil.

Hista hegemon (Kollar, 1839)
Castnia hegemon Kollar, 1839. Ann. wien. Mus. Naturg., 2 (2), 217, pl. 13,f. 2

The species has been found in south and southeastern Brazil, with records for the states of Espirito
Santo, Rio de Janeiro, Sao Paulo, and Santa Catarina (Moraes et al. 2010). It is a sexually dimorphic species,
with the very rare females larger than males, and both sexes having different color pattern on the discal cell
region of the hindwing (Moraes et al. 2010). Unfortunately, almost nothing is known about its behavior
and ecology (Moraes et al. 2010; Rodriguez-Ramirez et al. 2020). Miller (1986) reported that it has been
observed flying around trees similarly to various Sphingidae and that it flies between 11:30 and 13:00 hours,
overlapping in activity with the sympatric H. fabriicii. Both species are closely associated. Even though
Moraes et al. (2010) kept them both in the genus Hista (following Lamas, 1995, and Miller, 1995), Moraes
& Duarte (2014) synonymized the genus under Synpalamides. Curiously, Moraes & Duarte (2014) noted
that the wing pattern of S. hegemon is very similar to that of Lapaeumides zerynthia. Also, Lapaeumides and
Hista might be closer to each other than Hista and Synpalamides. Thus, we keep this and the previous species
within the genus Hista.

Material examined: 1 &, no data [Brazil?].

Yagra fonscolombe (Godart, [1824])
Castnia fonscolombe Godart, [1824]. Encycl. méthod., 9(2), 799

One of the few species in the family, with long series found in several collections worldwide (Moraes
et al. 2011). The species is known from southeastern Brazil and Northeastern Argentina, and suspected to
be in Paraguay, at least close to the border areas with the above-mentioned countries (Penco, 2011; Rios &
Gonzalez, 2011; Rodriguez-Ramirez et al. 2020). Both sexes are represented in the museum, allowing them
to appreciate their sexual dimorphism. Females are larger than males and have few creamy spots along the
submarginal region as well as in the discal cell on their forewings, also the submarginal band of the hind wings
has more spots than in males (Moraes et al. 2011).

Material examined: 1 &, [“99” label of unknown meaning] [Brazil?]; 1 &, no data [Brazil?].

Imara pallasia (Eschscholtz, 1821)
Castnia pallasia Eschscholtz, 1821, in Kotzebue. Entdeck. Reise Siid-See, 3(App. 5), 217, pl. 6, f. 27

A species of cloud forest ecosystems from southeasterm Brazil where it lives sympatrically with the
congeneric /. satrapes (Kollar, 1839) (Gonzéalez & Stiining, 2007; Gonzalez et al. 2010, 2013b). According to
Miller (1986) the species appears to be a visual mimic of Parides ascanius (Cramer, 1775) (Papilionidae). She
also reported the species hilltopping with some Morpho spp. (Nymphalidae) (Miller, 1986).

Material examined: 1 &, no data, [Brazil?]; 1 &, Brazil.
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Synpalamides amycus (Cramer, [1779])
Papilio amycus Cramer, [1779]. Uitl. Kapellen, 3(17-21), 60, pl. 227, f. D, E;

A highly variable and relatively common species in eastern Brazil, but has been reported also from
Argentina, Uruguay, Venezuela, Guyana, and Trinidad & Tobago (Miller, 1986; Gonzalez & Fernandez-
Yépez, 1993, 2010; Gonzalez, 1999; Sandoval et al. 2008; Penco, 2011). Even though nothing is known
about its biology, it is possible that the species is associated to bromeliads (Bromeliaceae) (Gonzalez & Cock,
2004).

Material examined: 1 &, no data. [Brazil?].

Synpalamides orestes (Walker, 1854) (Figure 2.3)
Castnia orestes Walker, 1854. List Spec. Lepid. Insects Colln Br. Mus., 1,26

A species commonly found in southeastern Brazil, but it is not as common in collections worldwide
(Gonzalez et al. 2010, Miller, 1986). A specimen is known in the Natural History Museum, London
(NHMUK), from Johann Joseph Maria Becker’s (1788-1859) collection, and was supposedly collected in
“Venezuela” (Houlbert 1918). However, such locality is improbable, and the specimen might have been
mislabeled (Gonzalez et al. 2010).

Material examined: 1 &, Brzl [Brazil].

Synpalamides phalaris (Fabricius, 1793)
Papilio phalaris Fabricius, 1793. Ent. Syst., 3(1), 45

This highly variable species was originally described from Brazil, but it is known from most of Sout
America, including Venezuela, Trinidad, Paraguay, Uruguay, Bolivia and Argentina (Miller, 1986; Gonzalez
& Cock, 2004; Gonzalez & Stiining, 2007; Gonzalez et al. 2010, 2013a; Penco, 2011; Rios & Gonzalez,
2011; Gonzalez & Worthy, 2017). Little is known about its natural history, but females have been observed
depositing their eggs on bromeliads in the genera Guzmania Ruiz & Pav. and Bromelia L. (Bromeliaceae)
(Miller, 1986; Gonzalez & Worthy, 2017). Adults have been observed flying around Bromelia balansae Mez
and Pseudananas sagenarius (Arruda) Camargo and have been associated with pineapple crops (Ananas sp.)
(Bromeliaceae) and bananas (Musa spp., Musaceae) (Jorgensen, 1930; Penco, 2011; Rios & Gonzalez, 2011).

Material examined: 1 &, no data; 1 &, S. [South] America. [Brazil?].

Castnia invaria penelope Schaufuss, 1870
Castnia penelope Schaufuss, 1870. Nung. Otios., 1(1), 9, pl. 1

This is a variable species commonly associated with wild and ornamental Bromeliaceae and is considered
a minor pest of pineapple (Ananas comosus (L.) Merr., Bromeliaceae) throughout most of its distribution
(Miller 1986; Gonzalez & Fernandez-Yépez 1993; Gonzalez, 2003; Gonzalez & Cock 2004). This subspecies
is present in Brazil, south of the Amazon, Argentina, Paraguay and Bolivia (Lamas, 1995; Penco, 2011; Rios
& Gonzalez, 2011; Rodriguez-Ramirez et al. 2020). Its coloration is highly variable throughout its distribution
area, which is reflected in the existence of a high number of synonyms (Lamas, 1995). The specimen in the
museum is not well spread and its wing margins were cut. It differs from two specimens of C. invaria trinitatis
(Lathy, 1925) also preserved in the museum (see below).

Material examined: 1 &, no data, [Brazil?].

Castnia invaria trinitatis Lathy, 1925 (Figure 2.4)
Castnia icarus trinitatis Lathy, 1925. Ann. Mag. nat. Hist., (9)16, 242-243

This subspecies is only found in Trinidad and Tobago, where it seems to be rare (Gonzéalez & Cock,
2004; Cock et al. 2024). Lathy (1925) named the subspecies based on slightly variant color patterns different
“from the typical form ... and ... resembling the race penelope, ... and ... having hindwing above as typical
icarus ...” Even though only one of these specimens (the female) in the museum was labelled, they both fit
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Lathy’s description. Also, since the male was mounted together with the female, it is possible that they were
collected at the same time and place.

Material examined: 1 &, no data [Trinidad & Tobago?]; 1 &, Trinidad, Coll. Kelsall, (NMINH:1902.313)
[Trinidad & Tobago].

Telchin atymnius drucei (Schaus, 1911) (Figure 2.6)
Castnia drucei Schaus, 1911. Ann. Mag. nat. Hist., (8)7(38), 191

A typical Central American subspecies originally described from Costa Rica (as Castnia drucei) based
on males and females from four different locations in the Country (Schaus, 1911; Gonzalez, 2024; Garcia et
al. 2024). The species has been reported from Brazil, Colombia, Panama and Costa Rica; however, the South
American records might be related to similar and very reddish drucei-like specimens of Telchin atymnius
humboldti (Boisduval, [1875]), or incorrect labeling (Garcia et al. 2024). For certain, the subspecies is found
in the Pacific slope of the country, and in northern Panama, and might even reach northwestern South America
and, as far as we know, it has not been recorded from other central American countries north of Costa Rica
(Gonzalez & Salazar, 2003, Gonzalez et al. 2010; Gonzalez & Domagata, 2019; Van den Berghe et al. 2020;
Maes & Gonzalez, 2022; Garcia et al. 2024). The larvae of this subspecies are known to feed on various
species of Heliconia plants (Heliconiaceae) and is regarded as a pest of sugarcane (Saccharum officinarum,
Poaceae) (Salazar-Blanco et al. 2018; Cadet-Piedra et al. 2019; Garcia et al. 2024).

Material examined: 1 &, Costa Rica.

Telchin atymnius humboldti (Boisduval, [1875])
Castnia humboldti Boisduval, [1875]. Hist. nat. Ins., Spec. gén. Lépid. Hétéroceres, 1,528

A subspecies commonly found in parts of northern South America, in Colombia, and Venezuela (Miller
1986; Constantino, 1998; Salazar, 1999). Like other subspecies in the species, it is frequently associated
with bananas (Musa spp., Musaceae) and heliconia plants (Heliconia spp.: Heliconiaceae) (Miller, 1986;
Constantino, 1998).

Material examined: 1 &, Colombia.

Telchin evalthe (Fabricius, 1775)
Papilio evalthe Fabricius, 1775. Syst. Ent., 480

This species is widely distributed from southern Mexico to southern Brazil (Miller, 1986). It appears
that the species could be associated with bromeliads (Bromeliaceae) or heliconia plants (Heliconia spp.,
Heliconiaceae), based mainly on potential host plants in areas where the species has been collected (Moss,
1945; Miller, 1986; Gonzalez & Cock, 2004; Gonzalez et al. 2010, 2017; Gonzalez & Domagata, 2019; Aya et
al. 2022; Garcia-Diaz, 2023; Garcia-Diaz et al. 2024). Several subspecies have been described; however, the
species deserves a thorough morphological and molecular review to clarify its taxonomy. The specimen in the
museum is a female; it resembles 7. evalthe quadrata (Rothschild, 1919) described from Peru and Ecuador,
which differs slightly from other subspecies (Rothschild, 1919; Lamas, 1995; Gonzalez & Domagata, 2021).

Material examined: 1 &, Coll. By E. [Edward] Barlett, Chyavitas [Chayahuitas, 316 m, 05°25°S,
76°50°W], 1866, Peruvian Amazons, Castnia Evalthe. Loreto, [Peru].

Telchin licus (Drury, 1773)
Papilio licus Drury, 1773. [llust. Nat. Hist. Exot. Insects, 2, 30, pl. 16, f. 1

An extremely common and highly variable species throughout its distribution in Central and South
America, where several subspecies are known (Miller, 1986; Rodriguez-Ramirez et al. 2020). Several of
its subspecies have been reported as pests of relevant crops and ornamentals such as sugarcane (Saccharum
officinarum L., Poaceae), bananas and plantains (Musa spp., Musaceae) and heliconia plants (Heliconiaceae)
(Gonzalez & Fernandez-Yépez, 1993; Gonzalez & Stiining, 2007; Gonzalez et al. 2013a; Silva-Brandao et
al. 2013; Aya et al. 2022). Although some subspecies present in Brazil and Colombia have been distinguished
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through molecular studies, the taxonomy of the species is still unclear (Gonzalez & Cock, 2004; Gonzalez et
al. 2010; Silva-Brandao et al. 2013; Aya et al. 2022).
Material examined: 1 &, Rippon, Bogota. Castnia licus, Bogota, For Bengal Society, [Colombia]

Telchin licus insularis (Houlbert, 1918) (Figures 2.7 & 2.8)
Castnia licoides t. insularis Houlbert, 1918. Etud. Lépid. Comp., 15,235

Individuals of this subspecies are “the most common and widespread castniids in Trinidad” according
to Gonzalez & Cock (2004). Known as the giant moth borer or large moth borer, it is an important pest of
sugarcane, Saccharum officinarum L. (Poaceae) (Urich, 1912; Wolcott, 1913; Myers, 1931; Cock, 1985).
However, this subspecies is known to attack Heliconia plants (Heliconiaceae), as well as bananas (Musaceae)
and possibly other monocots (Myers, 1932; Gonzalez & Cock, 2004).

Material examined: 1 &, Trinidad, Prevost [Trinidad & Tobago]; 1 &, Trinidad [Trinidad & Tobago]; 2
d, 1 Q, Trinidad, Coll. Kelsall., (NMINH:1902.313) [Trinidad & Tobago].

Telchin syphax (Fabricius, 1775)
Papilio syphax Fabricius, 1775. Syst. Ent., 480

The species is widely distributed in southern Venezuela, Trinidad, the Guianas and lower Amazon, in
Brazil (Gonzalez, 1999; Gonzalez & Cock, 2004; Gonzalez et al. 2010, 2013a). However, although many
specimens are known and exist in numerous private and institutional collections, very little is known about its
biology (Miller, 1986; Gonzélez, 1999; Gonzalez & Cock, 2004; Gonzalez et al. 2010, 2013a).

Material examined: 1 &, no data [Brazil?]

Geyeria decussata (Godart, [1824])
Castnia decussata Godart, [1824]. Encycl. Méthod., 9(2), 799

This is a highly variable species which led several authors to consider them as different subspecies
depending on the place of collection within a geographic range in eastern Brazil, from at least Pernanbuco to
Rio Grande do Sul (Miller, 1986; Lamas, 1995).

Some adults are known to feed on the nectar of flowers of Aechmea nudicaulis Griseb. (Bromeliaceae),
and larvae have been found in the bromeliad Wittrockia superba Lindman, in Santa Catarina Island, Brazil
(Albertoni et al. 2012).

Material examined: 1 &, Castnia decussata, Brazil.

GazeriNt Houlbert, 1918

Ceretes marcelserres (Godart, [1824])
Castnia marcel-serres Godart, [1824]. Encycl. Méthod., 9(2), 800

This species has a marked sexual dimorphism, a characteristic shared with the other species in the
genus, C. thais (Drury, 1782), and quite unique in the family (Miller, 1986; Moraes & Duarte, 2014; Rios et
al. 2015). It is widely distributed in middle-south South America including East Bolivia, Southeast Brazil,
Mid-East Paraguay and North-East Argentina (Penco 2011; Rios & Gonzalez, 2011; Rios-Diaz et al. 2015).
Jorgensen (1930) reported larvae of the species feeding on Miltonia flavescens Lindl. (Orchidaceae), which is
abundant in the region where C. marcelserres flies in Paraguay (Rios-Diaz et al. 2015).

Material examined: 1 &, S. [South] America, [Brazil?].

Ceretes thais (Drury, 1782) (Figure 2.9)
Papilio thais Drury, 1782. Illust. Nat. Hist. Exot. Insects, 3,21, index [1], pl. 16, f. 4

Distributed in southern Brazil, reaching Bolivia and Argentina (Miller, 1986, Rios & Gonzalez, 2011).

As in C. marcelserres, this species exhibits a striking sex dimorphism (Gonzalez et al. 2010; Gonzalez &
Domagata, 2019). The ground color of the forewings is slightly similar in males and females, but paler
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with reduced markings in the latter. The ground-color of the female hindwings is orange-fulvous with two

postmedian bands that are very dark, black, with an additional extradiscal spot band (Miller, 1986; Gonzalez

et al. 2010; Rios & Gonzalez, 2011). The hindwings od the males are colorful (blue-purple, with an orange

band at the apex of the costal margin, extending to near the middle of the external margin. A yellow-orange

spot is at the costal margin, without touching it, and stands alone, before the beginning of the orange band.
Material examined: 1 &, Brazil; 1 &, Castnia thais, [Brazil?].

Gazera heliconioides obidonus (Rothschild, 1919) (Figure 2.10)
Castnia (Cabirus) linus obidonus Rothschild, 1919. Novit. Zool., 26(1), 24

We keep this and the following taxon under the genera assigned by Lamas (1995) and Miller (1986,
1995), since we do not see them clearly matching the genus Prometheus Hiibner, [1824] to which they were
assigned by Moraes & Duarte (2014) (Worthy & Gonzalez, in prep.). The subspecies of G. heliconioides are
several and too similar, but this subspecies might be distinguished from others by its size and the hindwing
submarginal spots (Rothschild, 1919; Miller, 1986)

Material examined: 1 &, Coll. by E. [Edward] Barlett, Ucayali [Lower River Ucayali, Loreto; either the
mouth of the river, 04°26°S, 73°27°W, 110 m; or close to Nauta, 04°30°S, 73°35°W], 1865. Peruvian Amazons,
Castnia linus, [Peru].

Duboisvalia ecuadoria pellonia (H. Druce, 1890)
Castnia pellonia Druce, 1890. Ent. mon. Mag., 2(310), 7

As in the previous taxon, we keep this subspecies under the genus assigned by Lamas (1995) and Miller
(1995). Most representatives within this genus mimic Heliconius butterflies (Nymphalidae) (Miller, 1986).
This taxon was originally designated as the type species of Duboisvalia Oiticica, 1955 and probably would be
reinstated as a valid species (Miller 1986; Worthy & Gonzalez, in prep.).

Material examined: 1 &, no data [Ecuador?]

SyNEMONINI Common, 1990

Synemon laeta Walker, 1854 (Figure 2.12)
Synemon laeta Walker, 1854. Cat. Lep. Het. Brit. Mus, 1,36

An interesting Australian species with a wide distribution in Australia (Murphy, 2015, 2020). It is
known to feed inside the culm of the Asparagaceae species Lomandra longifolia Labill. instead of the roots
of their host as other species in this genus. It is a common species in its area of distribution (Guest, 1882).

Material examined: 1 &, 906 [original auctioneers’ number?], (NMINI:1897.7.21.33) [Australia]

Synemon theresa Doubleday, 1846 (Figure 2.11)
Synemon theresa Doubleday, 1846, in Stokes. Discov. Australia Append., 1,517, pl. 3,£. 6

Found in Victoria and South Australia, it is critically endangered, possibly extirpated in some areas, due
to urban expansion, and the proliferation of exotic grasses and weeds (Douglas & Marriott, 2003; Marriott,
2003; Young & Hunt, 2005; Douglas, 2008). Their larvae feed amongst the roots of Rytidosperma racemosum
(R. Br.) H. OP. Linder or R. caespitosum (Gaudich.) Connor & Edgar (Poaceae) and females have been
observed laying eggs on Themeda triandra Forssk. (Poaceae) (Young & Hunt, 2005; Douglas, 2008). Adults
lack feeding proboscis and last only for a few days living off body fat acquired as larvae (Douglas, 2008).

Material examined: 1 &, 906 [original auctioneer’s number?], (NMINI:1897.7.21.17) [Australia]
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Figure 2. Castniidae (Lepidoptera) from the Insect Collection of the National Museum of Ireland - Natural History. 1.
Lapaumides ctesiphon, &, Brazil. 2. Lapaumides zerinthia, &, Brazil. 3. Synpalamides orestes, &, Brazil. 4. Castnia invaria
trinitatis, &, Trinidad & Tobago. 5. Hista fabricii, &, Brazil. 6. Telchin atymnius drucei, &, Costa Rica. 7-8. Telchin licus
insularis, & and &, Trinidad & Tobago. 9. Ceretes thais, 3, Brazil. 10. Gazera heliconioides obidona, &, Peru. 11. Synemon
theresa, &', Australia. 12. Synemon laeta, &, Australia. Scale 1 cm.
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Integrative Taxonomic Characterization and first
DNA Barcoding of Chrysozephyrus syla (Kollar,
[1844]) and C. birupa (Moore, 1877) for Indian species
(Lepidoptera: Lycaenidae)

Diksha Chopra, Gurinder Kaur Walia & Avtar Kaur Sidhu
Abstract

Genus Chrysozephyrus Shirozu & Yamamoto, 1956 (Tribe: Theclini) contains species with high
morphological plasticity, often complicating accurate identification. This study provides an integrative
taxonomic assessment of C. syla (Kollar, [1844]) and C. birupa (Moore, 1877) based on specimens from the
Himachal Pradesh region of the Indian Himalayas. Significantly, this investigation provides the first formal
description and illustration of the female genitalia of C. birupa, alongside the first comprehensive illustrations
of both male and female genitalia for C. syla. To supplement these morphological findings, mitochondrial
cytochrome ¢ oxidase I (COI) sequences were generated, representing the first global DNA barcoding data
for these species. Molecular analysis revealed a characteristic A + T bias (average 70.3%), consistent with
Lepidoptera mitochondrial evolution. Preliminary phylogenetic reconstruction using Maximum Likelihood
confirms the placement of these Indian taxa within the Theclini clade, showing low intergeneric genetic
distances (5.0-6.5%) that align with recent genomic hypotheses suggesting potential synonymy within the
Hypaurotis Scudder, 1876 group. These findings provide essential morphological and molecular baselines
for rare high-altitude Lycaenidae and underscore the importance of integrating genital morphology with
molecular tools for resolving the complex systematics of the tribe.

Keywords: Lepidoptera, Lycaenidae, Theclini, Chrysozephyrus, DNA Barcoding, COI, genitalia, Integrative
Taxonomy, India.

Caracterizacion taxonémica integradora y primer cédigo de barras de ADN de Chrysozephyrus syla
(Kollar, [1844]) y C. birupa (Moore, 1877) para especies indias
(Lepidoptera: Lycaenidae)

Resumen

El género Chrysozephyrus Shirdzu & Yamamoto, 1956 (tribu: Theclini) contiene especies con una
gran plasticidad morfologica, lo que a menudo complica su identificacion precisa. Este estudio ofrece
una evaluacion taxonomica integradora de C. syla (Kollar, [1844]) y C. birupa (Moore, 1877) basada en
especimenes de la region de Himachal Pradesh, en el Himalaya indio. Cabe destacar que esta investigacion
ofrece la primera descripcion formal e ilustracion de la genitalia de la hembra de C. birupa, junto con las
primeras ilustraciones completas de la genitalia del macho y de la hembra de C. syla. Para complementar
estos hallazgos morfologicos, se generaron secuencias de citocromo c¢ oxidasa I (COI) mitocondrial, lo que
representa los primeros datos globales de codigos de barras de ADN para estas especies. El analisis molecular
reveld un sesgo caracteristico de A + T (70,3 % de media), en consonancia con la evolucion mitocondrial
de los Lepidoptera. La reconstruccion filogenética preliminar utilizando la maxima verosimilitud confirma
la ubicacion de estos taxones indios dentro del clado Theclini, mostrando bajas distancias genéticas
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intergenéricas (5,0-6,5 %) que se alinean con las hipdtesis gendmicas recientes que sugieren una posible
sinonimia dentro del grupo Hypaurotis Scudder, 1876. Estos hallazgos proporcionan bases morfologicas y
moleculares esenciales para los Lycaenidae raros de gran altitud y subrayan la importancia de integrar la
morfologia genital con herramientas moleculares para resolver la compleja sistematica de la tribu.

Palabras clave: Lepidoptera, Lycaenidae, Theclini, Chrysozephyrus, codigo de barras de ADN, COI, genitalia,
taxonomia integrativa, India.

Introduction

The ecological diversity and functional roles of Papilionoidea serve as crucial indicators of biodiversity
change (Lomov et al. 2006). However, documenting this diversity is often hindered by identification challenges
arising from complex life cycles, polymorphism, and regional phenotypic variations. The tribe Theclini
Swainson, 1831, is predominantly distributed across East Asia, comprising nearly 200 species situated within
the ecotonal regions of the Eastern Palacarctic and Northern Oriental realms (Fujioka, 1993; Koiwaya, 1999).
In India, the tribe is represented by 33 species across 13 genera (Varshney & Smetacek, 2015). Among these,
the genus Chrysozephyrus Shirdzu & Yamamoto, 1956, exhibits the highest species richness, with over 50
formally described taxa (Koiwaya, 2007).

Species within Chrysozephyrus show remarkable interspecific morphological similarity in external
wing patterns, necessitating the examination of genital structures for accurate identification (Huang, 2021).
Historically, Howarth (1957) utilized external forewing characteristics to categorize the Chrysozephyrus
birupa group, including C. syla (Kollar, [1844]) and C. birupa (Moore, 1877). While both species share
overlapping distributions across the Himalayas from Himachal Pradesh to Uttarakhand and exhibit similar
metallic violet-green reflections in males, their internal diagnostic features remained under-documented,
particularly for female taxa.

The taxonomic placement of these species has undergone significant revision. Varshney and
Smetacek (2015) initially assigned C. birupa and C. syla to the genera Shirozuozephyrus Koiwaya, 2008
and Inomataozephyrus Koiwaya, 2007, respectively. These were later synonymized under Chrysozephyrus
by Saito & Hasegawa (2016). More recently, Zhang et al. (2020) proposed a broader synonymization of
several genera, including Chrysozephyrus, under Hypaurotis Scudder, 1876, based on genomic evidence.
Additionally, Garlani (2024) documented the presence of these two species within Himachal Pradesh.

To address these taxonomic complexities, integrative approaches combining morpho taxonomy
with DNA barcoding have become essential (Wahlberg et al. 2005; Prieto et al. 2018). The mitochondrial
cytochrome oxidase I (COI) gene remains the standard molecular marker for species delimitation due to its
conserved nature and efficacy in resolving taxonomically challenging insect groups (Hebert et al. 2003).

In the present study, we address existing knowledge gaps by providing the first formal description of the
female genitalia of C. birupa and comprehensive genital illustrations for both sexes of C. syla. Furthermore,
we present the first COI-based DNA barcodes for these species from the Indian Himalayas. By integrating
detailed morphological dissections with preliminary molecular data, this study aims to clarify the diagnostic
characteristics of these high-altitude Lycaenidae and contribute essential data to the ongoing systematic re-
evaluation of the tribe Theclini.

Materials and Methods

Collection and Preservation: In the present study, four samples of the genus Chrysozephyrus were
collected by sweeping net from various locations in Kangra, Himachal Pradesh (India), from 2022-2024.
Wings were detached and placed in envelopes as vouchers. The bodies of the samples were placed in glass
vials containing 100% ethanol. All ethanol-preserved samples were also stored at -20°C until further use.

Morphological and Genitalia Examination: Specimen identification was conducted based on wing
morphology and colouration patterns, following the methods of Evans (1932); Wynter-Blyth (1957),
Cantile (1963) and Kehimkar (2016), supplemented by data from (http://www.ifoundbutterflies.org).
Genitalia dissections were prepared via Robinson (1976) protocol for Microlepidoptera, with nomenclature
standardized according to Klots (1970). Imaging and documentation were performed using a Leica image
processing unit. Mapping was performed via QGIS software (Figure 1).
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Figure 1. Map indicating the locations within Kangra district of Himachal Pradesh.
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DNA Extraction and COI Amplification: Genomic DNA was extracted from ethanol-preserved sam-
ples, specifically from the legs and abdominal musculature. Extraction was performed via Qiagen DNA
extraction kit. Agarose gel electrophoresis was used to check the integrity of the extracted DNA. For COI
gene amplification, universal forward and reverse primers (Folmer et al. 1994) were used (LCO-1490-
5’GGTCAACAAATCATAAAGATATTGG3’ and HCO-2198- 5’ TAAACTTCAGGGTGACCAAAAAAT-
CA3’). Amplification was performed in a total volume of 28 pl, containing 8 ul of PCR water, 14 pl
of Master Mix, 1.5 pul of each primer (LCO-1490 and HCO-2198), 1 pl of BSA and 2 pl of DNA. The
thermal cycling program of the PCR procedure was as follows: 1 cycle for initial denaturation at 95°C for
5 minutes; 35 cycles for denaturation at 95°C for 1 minute, annealing at 45°C for 1 minute, and extension
at 72°C for 1 minute; and 1 cycle for a final extension at 72°C for 5 minutes. All the PCR products were
visualized via 1% agarose gel electrophoresis with ethidium bromide (EtBr) staining under UV light via
a gel documentation system to confirm successful DNA amplification. The amplification of the COI gene
was performed. Amplified products were sent to the Research Lab Biology, New Delhi, for sequencing
via the Sanger dideoxy sequencing method. The obtained sequences were approximately 600-680 bp in
length and were submitted to the NCBI database, and accession numbers were obtained. The NCBI BLAST
search engine was employed to identify conspecific sequences by analysing genetic similarities. Four COI
(cytochrome oxidase I) gene sequences, representing two species, were submitted to the NCBI GenBank
database. Unique accession numbers were assigned to these sequences, making them accessible for future
research and comparative analysis.

Sequence alignment, accession numbers, genetic distance analysis and phylogenetic analysis:
Corresponding COI sequences of conspecific samples deposited by other workers were downloaded from
GenBank viaa BLAST search. The raw sequences were aligned, edited and trimmed manually via Clustal W
in MEGA XII software. Interspecific genetic distances and conserved, variable and parsimony informative
sites of the COI gene fragments of all the species were recovered via MEGA XII. A phylogenetic tree
was constructed via the maximum likelihood method and the Tamura (1992) model for all the species and
Thecla betulae (Linnaeus, 1758) of the subfamily Theclinae designated as the outgroup (Table 1).
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Table 1. Accession numbers, voucher numbers, sequence lengths, localities and references of the species used in the phy-

logenetic analysis.

Sequence Voucher Accession
Reference Species Length Locality
Number number
(bp)
.. Chrysozephyrus smaragdinus Shirézu
Odagiri, 2004 & Yamamoto, 1956 507 98ZE32 AB195511 Japan
Odagiri, 2004 | Favonius cognata (Staudinger, 1892) 507 98ZE45 AB195541 Japan
Odagiri, 2004 | Favonius jezoensis (Matsumura, 1915) 507 98ZE05 AB195538 Japan
Odagiri, 2004 | F@vonius korshunovi Dubatolov & 579 987E39 | ABI195536 | Japan
Sergeev, 1982
Odagiri, 2004 | Favonius leechina Lamas, 2008 579 98ZES51 AB195531 Japan
Odagiri, 2004 | Favonius orientalis (Murray, 1875) 579 98ZE13 AB195530 Japan
Odagiri, 2004 | Favonius saphirina (Staudinger, 1887) 579 98ZE40 AB195522 Japan
Odagiri, 2004 | Favonius taxila (Bremer, 1861) 579 98ZE03 AB195526 Japan
Odagiri, 2004 | Favonius ultramarine (Fixsen, 1887) 579 98ZE18 AB195544 Japan
Odagiri, 2004 | Favonius yuasai Shirzu, 1948 579 98ZE36 AB195534 Japan
Odagiri, 2004 | Hypaurotis crysalus (Edwards, 1873) 507 98ZE31 AB195512 Japan
Odagiri, 2004 | Neozephyrus japonica (Murray, 1875) 507 97ZE20 AB195513 Japan
.. Sibataniozephyrus fujisanus

Odagiri, 2004 (Matsumura, 1910} 507 98ZE33 AB195514 Japan
2K(;r1rz)et al. Neozephyrus koreanus (Riley, 1939) 603 NA GU372574 Korea
i?g%r?imn ot Quercusia quercus (Linnaeus, 1758) 579 ng 3Z 0S61\é14 HM393195 Germany
Do et Al Hpaurotis quercus (Linnacus, 1758) 579 Rs\l’:‘;‘;l}l MWS503561 | Portugal
Nakabayashi
& Ohshima, Hypaurotis orientalis (Murray, 1875) 507 YT-048 0OP443378 Japan
2024
Lukhtanov et . 2005- FJ664048 .
al. 2009 Thecla betulae (Linnaeus, 1758) 534 LOWA-736 Russia
Current study | Chrysozephyrus syla (Kollar, [1844]) 603 DT46 PQ850024 India
Current study | Chrysozephyrus syla (Kollar, [1844]) 603 DT43 PQ850022 India
Current study | Chrysozephyrus birupa (Moore, 1877) 603 DT12 PQ849159 India
Current study | Chrysozephyrus birupa (Moore, 1877) 603 DT33 PQ677695 India

Results and Discussion

TaxoNomiC DESCRIPTIONS

Genus Chrysozephyrus Shirozu & Yamamoto, 1956

Chrysozephyrus Shirdzu & Yamamoto, 1956; Sieboldia, 1(4), 381
Hypaurotis; Zhang, Cong, Shen, Opler & Grishin, 2020, Taxonomic Rep., 8(7), 13

Type species: Thecla smaragdina Bremer, 1861
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Diagnostic characters: Eyes hairy, labial palpi projected forward, projecting beyond head, with a hairy
second segment; forewing with 11 veins; R +R; stalked, M, arising freely beyond the end of the cell; male
genitalia with uncus bifid, short and flattened; tegumen with prominent lateral processes, brachia serrate at
base, smoothly curved medially, distally straight, vesica furnished with multiple cornute; female genitalia
with prominent genital plate, eye-shaped signa.

Key to species of the genus Chrysozephyrus Shirozu & Yamamoto, 1956

1. Forewing dorsally in male with border thicker at the apex; ventrally brownish white; male genitalia with
base strongly dentate and spinose; saccus broader and smaller; aedeagus shorter, broader; female genitalia
with ductus bursae shorter, semi-sclerotized tube................oooi birupa Moore
- Forewing dorsally in male with uniform border; ventrally silvery-white; male genitalia with the base of the
brachia not dentate; saccus exceptionally long; aedeagus longer, narrower; female genitalia with the ductus
bursae narrow, elongated, membranous and tubular.................oooiiiiii syla Kollar

Chrysozephyrus birupa (Moore, 1877) (Figure 2: (A-G))

Moore, 1877, Ann. Mag. nat. Hist. (4)20(115), 51 (Dispas); Howarth, 1957, Bull. Br. Mus. nat. Hist., 5(6),
266 (Neozephyrus); Shirdzu, 1962, Ty to Ga, 12(4), 147 (Chrysozephyrus); Zhang, Cong, Shen, Opler and
Grishin, 2020, Taxonomic Rep., 8(7), 13 (Hypaurotis).

Material examined: 1 @, 19-V-22, Dharamkot, Kangra; 1 &, 18-VI-24, Kareri Village, Kangra,
Himachal Pradesh.

Adult (Male): Forewing dorsally metallic green, with black scales interspersed, bordered by a smooth,
continuous black margin, ventrally brownish white, with an end-cell spot, a submarginal band, a discal band
extending from the costa; hindwing crenulate, metallic green dorsally with powdery black scales bordered
black, tailed ventrally brownish white, an obscure terminal cell spot, an elongated discal band, an indistinct
submarginal band, a tornal region with black spot, crowned orange, with an additional black spot, encircled
orange, all markings brown, white edged.

Adult (Female): Forewing dorsally dark brown, with two bluish-white subapical spots and slight blue
suffusion at the base, otherwise like male.

Male genitalia: Uncus bilobed, each lobe filamentous, densely pilose; elongated, basal region produced
into a strongly dentate, elongated elbow-like structure, with abundant spines, curved arms, tegumen very
broad, lateral windows deeply clefted; lower half with narrow vinculum, saccus elongated; valvae rectangular,
costa narrow, harpe with rounded apex, ampulla extends into an elongated finger-like process, pilose; juxta
V shaped, arms broad; aedeagus long, subzone larger than suprazonal portion, bulbus ejaculatorius entering
dorsally, rounded coecum, vesica with numerous spines.

Female genitalia: Lodix rounded; genital plate broadly sclerotized and bilaterally symmetrical; ductus
bursae small, semi-sclerotized tube, connects ostium bursae to the corpus bursae; corpus bursae rounded,
membranous with pair of well-developed signae; signae sclerotized and pointed, apophyses anterioris sharp;
posterior apophyses short and broad near base; papilla analis oval, pilose.

Wing expanse: Half: Male: 19.0 mm, Female: 19.5 mm. Range: 1400-2700 m ASL.

Old distribution: India: Shimla to Kumaon, Kangra, Mussoorie, Doon Valley. Other Countries: East to
Central Nepal. Larval host plant: Rhododendron arboreum Sm.

Remarks: During the survey period (2022-2024), C. birupa was recorded at altitudes ranging from
1900-2100 m ASL. Specific collection sites included the vicinity of Dal Lake and Kareri village (Kangra
district), where specimens were observed in riparian zones and temperate forested habitats. The ventral wing
surfaces exhibit silver-brown cryptic maculation; similar phenotypes in Theclini have been noted for their
resemblance to dried leaf litter (Howarth, 1957). Adults demonstrated high vagility and rapid escape flight
when disturbed, a behavioural trait common to high-altitude Theclinae. The spatial association of adults with
Rhododendron arboreum suggests a potential host-plant relationship or specific habitat correlation, although
further larval rearing is required for confirmation. This investigation provides the first formal documentation
and illustration of the female genitalia for this species, significantly expanding the known morphological
record for the C. birupa group in the Indian Himalayas.
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Figure 2. A. Male genitalia (lateral view). B. Aedeagus (lateral view). C. Valva (inner view). D. Female genitalia (lateral
view). E. Papilla analis. F. Genital plate. G. Signum.
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Chrysozephyrus syla (Kollar, [1844]) (Figure 3: (A-G))

Kollar, [1844] in Hiigel, Kaschmir und das Reich der Siek, 4, 414 (Thecla); Moore, [1858] in Horsfield &
Moore, Cat. lep. Ins. Mus. East India Coy, 1, 30 (Dispas); Howarth, 1957, Bull. Br. Mus. nat. Hist., 5(6),
267, (Neozephyrus); Shirdzu, 1962, Ty6 to Ga, 12(4), 148 (Chrysozephyrus); Zhang, Cong, Shen, Opler and
Grishin, 2020, Taxonomic Rep., 8(7), 13 (Hypaurotis).

Material examined: 1 9, 1 &, 18-VI-24, Kareri Trek, Kangra, Himachal Pradesh.

Adult (Male): Forewing dorsally metallic green iridescence, with a narrow black margin, ventrally
silvery white with an end-cell spot, a brown curved discal band from the costa to the inner margin, a faint
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submarginal band, white bordered outwardly; hindwing dorsally metallic green, broad black border, tailed,
ventrally a postdiscal band, bordered white outwardly, a distinct tornus adorned with prominent tornal spots
in black, bordered by orange.

Adult (Female): Forewing dorsally iridescent violet-bluish with white spot at the cell end, black dark
border, apically broad; otherwise, like males.

Male genitalia: Uncus bilobed with each lobe long, pilose; brachia long, with broad base, arms slender,
curved; tegumen broad, lateral window deeply cleft, viniculum broad in upper half, terminates into exceptionally
long tubular saccus; valva large, triangular, well divided into ampulla and harpe, ampulla broad at base produced
into an elongated narrow curved apical process, pilose; harpe with elongated curved apex, pilose; juxta V-
shaped; exceptionally long narrow, slightly curved aedeagus, suprazonal portion much longer than subzonal;
bulbus ejaculatorius enters dorsally, coecum small rounded; vesica with numerous, minute cornuti.

Female genitalia: Lodix rectangular; genital plate broad, flattened, triangular in shape with sclerotized
edges; ductus bursae narrow, elongated and tubular, dilated near base; corpus bursae rounded, bulbous and
membranous with two distinctly large, pointed, spine-like well sclerotized signae; anterior apophysis sharp;
posterior apophysis long, broad and curved near base; papilla analis subovate, weakly sclerotized, pilose.

Wing expanse: Half: Male: 18.0-21.5 mm, Female: 18.5-21.0 mm. Range: 1800-2700 m ASL.

Old distribution: India: Northwest India to Sikkim and Manipur, Jammu and Kashmir to Kumaon (in-
cluding Safed Koh, Chitral-Kumaon). Other Countries: Afghanistan, Pakistan, Nepal, Bhutan.

Remarks: Specimens of C. syla were recorded at an elevation of approximately 2450 m ASL during
surveys along the Kareri Lake trek (altitudinal range: 2100-2934 m). The species was observed in close spatial
association with oak-dominated forests (Quercus spp.), which is consistent with the known ecological niche
and host-plant associations for this genus in the Western Himalayas (Wynter-Blyth, 1957). The ventral wing
surfaces exhibit cryptic coloration; a morphological trait frequently associated with predator-avoidance in
sub-canopy environments. Field observations indicated a bimodal diel activity pattern, with peak flight occur-
ring during the early morning and late afternoon. This temporal partitioning may be related to environmental
thermoregulation, as activity was significantly reduced during periods of high solar radiation at midday. Nota-
bly, the male and female genitalia of this species are described and illustrated here for the first time, providing
a critical morphological baseline for Indian populations. In accordance with national conservation priorities,
this species is legally protected under Schedule II of the Wildlife (Protection) Act, 1972, as amended in 2022.

PHYLOGENETIC INSIGHTS

DNA Barcoding: In the present study, sequences representing two species of the genus Chrysozephyrus
(C. syla and C. birupa) were successfully barcoded and deposited in the GenBank database. This is the first
global molecular barcoding effort for these species within the subfamily Theclinae, providing a significant
contribution to the molecular repository and advancing phylogenetic and taxonomic studies in this group.

Nucleotide Composition, Conserved, Variable, Parsimony Informative Sites and Singleton Sites:
Across the final alignment of COI sequences of 603 bp, there are 475 conserved sites, 128 variable sites,
71 parsimony informative sites and 57 singleton sites in the dataset, which confirms that the COI gene is
highly conserved. Figure 4 shows the nucleotide composition percentages for all the species. The average
nucleotide frequencies are 31.37% (A), 38.92% (T), 15.09% (C) and 14.62% (G) (Figure 4). The nucleotide
composition across codon positions in insects follows a distinct and consistent pattern, with a strong A + T
bias, particularly in the first and third codon positions, whereas the second codon position has a more balanced
composition. Yang et al. (2021) reported that in the mitochondrial genomes of Tortricidae, adenine (A) is the
most frequent nucleotide at the first codon position, followed by thymine (T), guanine (G), and cytosine (C).
This aligns with the observed values (A-1: 34.3 > T-1: 30.3 > G-1: 24.2 > C-1: 11.2), suggesting that the first
codon position is relatively conserved, with a preference for purines (A, G) over pyrimidines (T, C).

At the second codon position, thymine (T) is dominant (44.4%), followed by cytosine (C) (26.4%),
adenine (A) (15.2%), and guanine (G) (14.0%), which is consistent with the findings of Kokate et al. (2021) in
Drosophila Fallén, 1823. The second codon position plays a crucial role in determining amino acid properties,
as it directly affects protein function, which may explain the greater presence of T and C, as these bases are
often associated with hydrophobic or structurally stable amino acids.
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Figure 3. A. Male genitalia (lateral view), B. Aedeagus (lateral view), C. Valva (inner view), D. Female genitalia (lateral
view), E. Papilla analis, F. Signum G. Genital plate

Pe

Liiirrrrrsnn I T

S
1

LAt d e PRy

Chrysozephyrus syla (Kollar, 1848)

B 05mm F

e

G o5mm D ousl g8mm

The third codon position exhibited the greatest variability, with adenine (50.6%) and thymine (41.6%)
being dominant, whereas cytosine (7.3%) and guanine (0.6%) were significantly underrepresented. This
finding supports the findings of Nésvall et al. (2023), who highlighted a strong G/C to A/T substitution bias
in butterflies. This suggests that natural selection and mutational pressures favour A + T richness at the third
codon position, which is known to be the most synonymous and variable site in codon evolution. These
findings indicate that the A + T content is highest in the third codon position, followed by the first, whereas
the second position is relatively balanced. This pattern is consistent across different insect taxa, reflecting
the influence of mutation pressure, translational efficiency, and natural selection in shaping codon usage bias
(Figure 5).
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Figure 4. Bar graph showing the nucleotide compositions of all the species in percentage.
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Figure 5. Nucleotide composition at the 1st, 2nd, and 3rd codon positions.
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The transition/transversion rate ratios are k, = 2.49 (purines) and k,= 7.098 (pyrimidines). The overall
transition/transversion bias is R = 2.138, where R = [A*G*k, + T*C*k,]/[(A+G)*(T+C)]. The analytical
procedure encompassed 22 coding nucleotide sequences at the 1st, 2nd, 3rd, and noncoding positions. The
pairwise deletion option was applied to all ambiguous positions for each sequence pair, resulting in a final
dataset comprising 603 positions. Evolutionary analyses were conducted in MEGA 12 (Table 2).

Table 2. Each entry shows the probability of substitution (r) from one base (row) to another base (column). For simplicity,
the sum of the r values is equal to 100. The rates of different transitional substitutions are shown in bold, and those of
transversionsal substitutions are shown in italics.

A T C G
A - 5.58 2.16 5.22
T 4.5 - 15.35 2.09
C 4.5 39.58 - 2.09
G 11.19 5.58 2.16 -

SHILAP Revta. lepid., 54 (214) 30 junio 2026 279



D. CHOPRA, G. K. WALIA & A. K. SIDHU

Genetic distance (Table 3): The interspecific divergence ranged from 0.2% to 7.9%, excluding the outgroup.
The low interspecific genetic divergence (0.2-0.8%) observed among Favonius cognatus (Staudinger, 1892), F.
koreanus (Riley, 1939), and F. ultramarinus (Fixsen, 1887) suggests recent evolutionary divergence, potentially
influenced by ongoing gene flow or shared ecological adaptations. This finding is consistent with that of Lavina
et al. (2017), who reported that some Papilionoidea species exhibit minimal interspecific divergence, sometimes
below 1%, indicating recent speciation events or incomplete lineage sorting. Similarly, Dinca et al. (2021)
reported low genetic distances among European butterflies, reinforcing the notion that closely related species may
retain genetic similarities despite being taxonomically distinct. These parallels suggest that while greater genetic
divergence is typical among species, low divergence values, as observed in Favonius, could reflect either recent
divergence or the need for taxonomic re-evaluation. Therefore, comprehensive morphological, ecological, and
genomic investigations are crucial to better understand their evolutionary relationships and validate their species
status. The high genetic divergence (7.9%) between Chrysozephyrus birupa and Favonius yuasai Shirézu, 1948
is due to the primarily to long-term evolutionary separation, geographic isolation, distinct ecological adaptations
and the accumulation of genetic differences over time. C. birupa shows greater divergence from C. smaragdinus
(4.5%), indicating that it is the most genetically distinct within this group. C. syla is closer to C. smaragdinus
(3.7%), suggesting that they may share more recent common ancestry. C. syla and C. birupa also significantly
diverged (4.3-4.8%).

The intergeneric distance values among Hypaurotis Scudder, 1876, Favonius Sibatani & Ito, 1942,
Chrysozephyrus Shirdzu & Yamamoto, 1956, Sibataniozephyrus Inomata, 1986 and Neozephyrus Sibatani &
Ito, 1942 range from 5.0-6.5, with the minimum distance of 5.0 observed between Hypaurotis and Favonius,
suggesting a close evolutionary relationship, whereas the maximum distance of 6.5 between Favonius and
Chrysozephyrus indicates greater divergence. These distances, although relatively low, suggest a close genetic
and evolutionary affinity among these genera. Wiemers & Fiedler (2007) reported that the mean congeneric
interspecific sequence divergence in Lycaenidae was 5.1% for Agrodiaetus Hiibner, [1822] and 5.0% for other
genera. Hebert et al. (2003) established an intergeneric divergence threshold of 10-16% in Lepidoptera, whereas
Ratnasingham & Hebert (2013) reported that insect genera rarely exhibit genetic divergence below 10%. Given
these findings, the observed distances in this analysis fall well below the expected intergeneric divergence range,
reinforcing the hypothesis that these genera may not be evolutionarily distinct at the genus level. This aligns with
the findings of Zhang et al. (2020), who suggested that, on the basis of COI barcode analysis, Sibataniozephyrus,
Neozephyrus, Chrysozephyrus, and Favonius should be considered junior subjective synonyms of Hypaurotis
rather than distinct genera. This taxonomic interpretation is further supported by the morphological similarities
among these species, as noted by Eliot (1973). The low intergeneric distances observed in the present study
provide additional evidence supporting the synonymization of these taxa, suggesting that they represent a single
evolutionary lineage rather than separate genera (Table 4).

Table 4. Intergeneric distance percentages.

Genera Hypaurotis Favonius Chrysozephyrus | Sibataniozephyrus | Neozephyrus
Hypaurotis
Favonius 5.0
Chrysozephyrus 53 6.5
Sibataniozephyrus 5.9 6.2 5.9
Neozephyrus 5.7 53 5.9 5.8

Thecla betulae, used as an outgroup, exhibited genetic divergence ranging from 7.7% to 10.5% among
the analysed species, with the lowest divergence (7.7%) observed with Hypaurotis crysalus (Edwards, 1873),
whereas the highest (10.5%) was recorded with Favonius yuasai. In the present study, the genetic divergence rate
between Hypaurotis crysalus and Favonius orientalis was found to be 6%, whereas the divergence rate between
H. crysalus and Thecla betulae was 7.7%. These findings align with those of Zhang et al. (2020), who reported a
6% divergence between H. crysalus and F. orientalis, indicating a relatively close genetic relationship, whereas
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the divergence between H. crysalus and T. betulae was slightly greater (8.2%). The minor discrepancy in the H.
crysalus-T. betulae divergence values between the two studies (7.7% vs. 8.2%) may result from differences in
sample populations, sequencing methodologies, or alignment techniques.

Phylogenetic analysis: A phylogenetic tree was reconstructed on the basis of the mitochondrial gene COI
gene sequences of 19 species along with the outgroup (Thecla betulae). Tree was generated via the maximum
likelihood method and the Tamura (1992) model (Figure 6). Five major clades ((Favonius koreanus + Favonius
cognatus + Favonius ultramarinus)+ Favonius jezoensis + (Quercusia quercus +Hypaurotis quercus) + (Favonius
saphirinus + Favonius yuasai +Favonius korshunovi) + Favonius taxila + (Favonius leechi, + Hypaurotis
orientalis + Favonius orientalis)) + (Neozephyrus japonicus) + (Hypaurotis crysalus) + (Chrysozephyrus birupa
+ Chrysozephyrus smaragdinus + Chrysozephyrus syla) + (Sibataniozephyrus fujisanus).

The Indian specimens of Chrysozephyrus birupa and C. syla clustered into distinct monophyletic
clades with maximum bootstrap support (99%), confirming their molecular identity at the species level. The
topology reveals that C. syla (India) shares a more recent common ancestor with the Japanese C. smaragdinus
(73% support) than it does with C. birupa. This confirms that C. smaragdinus and C. syla have undergone
less evolutionary divergence from each other, potentially reflecting a closer evolutionary link between
Western Himalayan and East Asian populations within this genus. While species-level clades are robustly
supported, several deeper intergeneric nodes exhibit low bootstrap values, such as the nodes with 16%, 23%
and 33% support. These values indicate that while the COI gene fragment is highly effective for species-level
barcoding, it lacks sufficient signal to fully resolve the deep-time ancestral relationships within the Theclini
tribe. Acknowledging these limitations directly addresses known biases associated with exclusive reliance on
mitochondrial markers for genus-level taxonomy. The tree illustrates a high degree of paraphyly among the
genera Favonius, Hypaurotis and Chrysozephyrus. Notably, the clustering of Quercusia quercus and Hypaurotis
quercus with 99% support, combined with the low intergeneric genetic distances observed across the tree,
provides molecular evidence that aligns with the recent proposal for the synonymization of these taxa under
Hypaurotis Scudder, 1876.

Figure 6. Evolutionary analysis via the maximum likelihood method and the Tamura (1992) model of nucleotide substi-
tutions and the tree with the highest log likelihood (-1,863.70) are shown. The percentage of replicate trees in which the
associated taxa clustered together (1,000 replicates) is shown next to the branches. The evolutionary rate differences among
sites were modelled via a discrete gamma distribution across 5 categories (+G, parameter = 0.6489), with 62.19% of sites
deemed evolutionarily invariant (+/). The analytical procedure included 22 nucleotide sequences with 603 positions in the
final dataset.

70 - Favenius koreanus (GU372574)
941 Favonius cognatus (AB195541)
Favonius ultramarinus (AB195544)
Favonius jezoensis (AB195538)
Quercusia quercus (HM393195)
99 ' Hypaurotis quercus (MW3503561)
Favonius saphirinus (AB195522)
Favonius yuasai (AB195534)
Favonius korshunovi (AB195536)
Favonius taxila (AB195526)

48 Favonius leechi (AB195531)
@aw‘oﬁs orientalis (OP443378)
18 83 Favenius orientalis (AB195530)

L Neozephyrus japonicus (AB195513)
65 Hypaurotis crysalus (AB195512)

99
73 Chrysozephyrus smaragdinus (AB195511)
54 r Chrysozephyrus syla (PQ850024)
99 | Chrysezephyrus syla (PQ850022)
Sib iozephyrus fujisanus (AB195514)

60

Thecla betulae (FJ664048)

0.02
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Conclusion

The present study provides an integrative molecular and morphological analysis of the tribe Theclini
(Lepidoptera: Lycaenidae, Theclinae) from the Western Himalayas, specifically focusing on Chrysozephyrus
syla and C. birupa. Through this investigation, the female of C. birupa and both sexes of C. syla have been
studied and illustrated for the first time, filling critical gaps in the morphological record of these high-altitude
taxa. The integration of DNA barcoding and phylogenetic reconstruction recovered five major clades with
high bootstrap support for species-level monophyly. Nucleotide composition analysis confirmed a strong A
+ T bias (average 70.3%), particularly at the third codon position, which is consistent with the mitochondrial
genome evolution of insects. The identification of conserved, variable, and parsimony-informative sites
further clarifies the genetic architecture of these species within the Indian Himalayas. Most notably, the low
intergeneric distances (5.0-6.5%) and the paraphyletic nature of the tree topology provide robust molecular
evidence supporting the synonymization of several taxa, including Chrysozephyrus, under Hypaurotis.
These findings challenge older morphological classifications and underscore the necessity of integrative
taxonomic approaches that combine genital morphology with molecular data. By refining species delineations
and providing the first barcodes for these protected Himalayan species, this study not only enhances our
understanding of Papilionoidea phylogenetics but also contributes essential data to future conservation
strategies within the tribe Theclini.
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Descripcion en la peninsula ibérica de una nueva
especie del género Metzneria Zeller, 1839
(Lepidoptera: Gelechiidae)

Javier Gaston, Peter Huemer & Antonio Vives Moreno
Resumen

Se describe una nueva especie del género Metzneria Zeller, 1839 para la peninsula ibérica. Se presentan
los caracteres diferenciales con otras especies del género, referidas a la morfologia externa, genitalia y analisis
genético.

Palabras clave: Lepidoptera, Gelechiidae, Metzneria, descripcion, nueva especie, peninsula ibérica.

Description of a new species of the genus Metzneria Zeller, 1839 from the Iberian Peninsula
(Lepidoptera: Gelechiidae)

Abstract

A new species of the genus Metzneria Zeller, 1839 is described from the Iberian Peninsula. The
distinguishing characteristics from other species of the genus are presented, including external morphology,
genitalia and genetic analysis.

Keywords: Lepidoptera, Gelechiidae, Metzneria, description, new species, Iberian Peninsula.

Descri¢io, na Peninsula Ibérica, de uma nova espécie do género Metzneria Zeller, 1839
(Lepidoptera: Gelechiidae)

Resumo

Descreve-se uma nova espécie do género Metzneria Zeller, 1839 para a Peninsula Ibérica. Apresentam-
se as caracteristicas que a distinguem das outras espécies do género, no que se refere a morfologia externa, a
genitalia e a analise genética.
Palavras-chave: Lepidoptera, Gelechiidae, Metzneria, descrigao, nova espécie, Peninsula Ibérica.

Introduccion

Los Gelechiidae europeos han despertado un interés considerable en las Gltimas décadas, incrementando
el nimero de registros nominales de especies de 617 a 865 en tan solo 24 anos (Huemer & Karsholt, 2020;
Karsholt & Razowski, 1996). Sin embargo, los datos moleculares atin indican un niimero considerable de
especies previamente pasadas por alto, particularmente en algunos géneros diversos, pero no revisados, por
ejemplo, Stomopteryx Heinemann, 1870, Aproaerema Durrant, 1897, Aristotelia Hiibner, [1825] y Monochroa
Heinemann, 1870 (Huemer et al. 2020).

No obstante, las lagunas en las listas de especies también son evidentes en géneros que ya han sido
revisados mediante métodos morfologicos estandar. Metzneria Zeller, 1839, es un ejemplo de ello. El género
fue revisado exhaustivamente por Englert (1974) con 27 especies, incluyendo cuatro nuevas. Posteriormente,
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seglin datos mas recientes, el género comprende 48 especies descritas y aceptadas (Hobern et al. 2025).

A pesar de un enfoque moderno en aquel momento, con el estudio del material tipo y el examen de la
genitalia del macho y de la hembra, la obra presenta serias deficiencias desde el punto de vista actual. En
particular, la falta de imagenes de adultos y de la estructura genital de las hembras, suele ser un obstaculo
considerable para la correcta identificacion.

Como consecuencia, las incertidumbres en la correcta identificacion de especies individuales del género
Metzneria se reflejan en la extremadamente diversa fauna de Espafia. Vives Moreno (2014) listd 24 especies
de Espafia y, por lo tanto, abarco (con la excepcion de M. filia Piskunov, 1979) la totalidad del inventario de
especies europeas. Dos de ellas han pasado a sinonimia como M. expositoi Vives, 2001 y M. varennei Nel,
1997 (Huemer & Karsholt, 2020), mientras que M. neli Huemer, 2021 se anadi6 recientemente a la fauna
espafiola (Huemer, 2021). Inspirado por este estudio, se reexaminaron varios ejemplares de este género y
especialmente las procedentes del sur de Espafia, encontrando otra especie hasta ahora desconocida, que se
describe a continuacion.

Material y métodos

El material utilizado para el estudio se ha obtenido mediante muestreos nocturnos, con trampas de luz
actinica distribuidas en los biotopos apropiados y con las autorizaciones de las regiones pertinentes. Para
su identificacion nos hemos basado en el examen comparativo de los caracteres morfologicos externos y,
sobre todo, en el analisis de la estructura genital de los especimenes. El material se fijo y seco por el método
tradicional. El montaje de la genitalia se ha efectuado siguiendo las técnicas estandar (Robinson, 1976), con
modificaciones.

Para la documentacion fotografica de la genitalia, se utilizaron microscopios NIKON Eclipse E400 y
camaras digitales NIKON D3100. Para la documentacion fotografica de los adultos, se utiliz una camara
digital SONY «100 DSLR-A100K con un objetivo AF MACRO de 100 mm 1:2.8 (32). Los retoques
fotograficos se realizaron con el programa Adobe Photoshop ©.

Las muestras de tejido (una sola pata posterior) se prepararon siguiendo los estandares establecidos para
obtener secuencias de codigo de barras de ADN de un fragmento de 658 pares de bases del gen mitocondrial
COI (subunidad 1 de la citocromo ¢ oxidasa) (Ratnasingham & Hebert 2007). Estas se procesaron en el
Centro Canadiense de Codigo de Barras de ADN (CCDB, Instituto de Biodiversidad de Ontario, Universidad
de Guelph) utilizando el protocolo estandar de alto rendimiento descrito en Dewaard et al. (2008). Las
secuencias obtenidas abarcan 23 especies y, con excepcion de M. filia y M. agraphella (Ragonot, 1895)
representan practicamente toda la fauna europea. Excepto por cuatro secuencias mas cortas, todos los codigos
de barras de ADN analizados superan los 600 pb de longitud. La gran mayoria de las secuencias proviene de
nuestras propias muestras y se complementa con unos pocos datos publicos de BOLD. Sin embargo, no se
realiz6 un analisis completo de todas las secuencias disponibles, considerando unicamente a modo de ejemplo
todos los BINs existentes. Mas detalles, incluidos los datos completos de los ejemplares de referencia y las
imagenes, estan disponibles en el conjunto de datos publico DS-METZNLUC «Metzneria luciae sp. nov.
from Spainy.

Las secuencias se asignaron a BINs, unidades taxondmicas operativas basadas en algoritmos
que constituyen un proxy fiable de las especies (Ratnasingham & Hebert, 2013). Los BINs se calculan
automaticamente en BOLD Systems para los registros que cumplen con el estandar de codigo de barras
de ADN. Los grados de variacion intra- e interespecifica de los fragmentos de codigo de barras de ADN se
calcularon bajo el modelo de sustitucion de nucledtidos modelo de Kimura de dos parametros utilizando las
herramientas analiticas de BOLD Systems v. 4.0 (Ratnasingham, 2018). Se construy6 un arbol de Neighbor-
Joining a partir de los datos de codigos de barras de ADN del conjunto de datos mediante MEGA11 (Tamura et
al. 2021), aplicando el modelo de Kimura de dos parametros para las sustituciones de nucleotidos y enraizado
con Aristotelia ericinella (Zeller, 1839) como grupo externo.

Abreviaturas

JG Javier Gaston (Vizcaya, Espafia)
MNCN Museo Nacional de Ciencias Naturales, Madrid, Espafia
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prep. gen. preparacion de genitalia

Sp. nov. especie nueva
fot. fotografia
Resultados

Metzneria luciae Gastén, Huemer & Vives, sp. nov.
https://zoobank.org/A6806469-B9A9-4ED0-A719-2E0F47D7CD4E

Material estudiado: Holotipo, 1 7, ESPANA, Capiz, Casa Athene, a 125 m, Vejer de la Frontera, 10-1V-
2025, Stephen Knapp leg., J. Gaston col., prep. gen. 10806]JG, Barcode TLMF Lep 47288, depositado en el
Museo Nacional de Ciencias Naturales, en Madrid, Espafia (MNCN). Paratipos, 1 &, ESPANA, Cabiz, Casa
Athene, a 125 m, Vejer de la Frontera, 2-V-2025, Stephen Knapp leg., J. Gaston col., prep. gen. 11129JG; 1 &,
Cabiz, Casa Athene, a 125 m, Vejer de la Frontera, 2-V-2025, Stephen Knapp leg., P. Huemer col., prep. gen.
11130JG; 2 &, CApiz, Casa Athene, a 125 m, Vejer de la Frontera, 27-1V-2026, Stephen Knapp leg., J. Gaston col.,
prep. gen. 11127JG y 11128]G.

Descripcion del adulto (Figuras 1-2,5): Envergadura alar: 14 mm (n=1). Cabeza con escamas compactas de
color ocre palido en la frente y el vértice, algo mas oscuras en la zona del entronque con el escapo de la antena;
palpo labial bien desarrollado, segundo segmento largo dirigido hacia adelante, con abundante capa de largas y
espesas escamas filiformes de color ocre claro en su parte interna y ocres oscuras en la externa. Tercer segmento
fuertemente curvado hacia arriba cubierto de escamas muy cortas de color ocre claro; antenas filiformes cubiertas
de cortas escamas de color marron oscuro en su parte superior y algo mas palido en la inferior. Térax y tégulas de
color ocre palido; abdomen de color ocre ligeramente mas palido; fémur de todas las patas con pelos ocres oscuros
en su parte externa y claros en la interna. Tibias con pelos ocres claros; Ala anterior esbelta, con apice agudo,
caracteristico del género. Color de fondo de las escamas del ala superior ocre claro sustituidas por unas algo mas
oscuras en la parte basal y central de la costa y a lo largo de la vena anal, desde su base hasta el margen externo,
donde se aprecia una mancha irregular de escamas muy oscuras cerca de la base. Fila de escamas de color muy
oscuro bordeando el apice de ala que se extienden ligeramente hacia la costa y hacia el margen interno. Area de
color ocre amarillento poco visible entre las venas M1 y M2, en la zona postdiscal, con una pequefia macula negra
en su centro; alas posteriores esbeltas con el apice tipico de la familia, cubiertas de escamas de color ocre muy
claro con largas fimbrias del mismo color con tendencia a oscurecerse en sus extremos.

Genitalia del macho (Figuras 3-4): Uncus triangular y apuntado, con dos proyecciones bilobulares
semicirculares triangulares y una escotadura central en forma eliptica, amplia. Tegumen mucho mas ancho
que largo, con margen posterior redondeado. Valva de base corta y ancha, estrecha en el centro y ensanchada
nuevamente en la parte distal, que es digitiforme y con un leve apuntamiento en forma de un pequefio gancho en
el extremo del cucullus, a veces poco perceptible. Sacculus bien definido, esclerotizado, de forma digitiforme,
basalmente ancho, estrechandose suavemente hasta un apice redondeado; Saccus subtriangular y de mediano
tamano. Phallus ancho, bulboso y corto con el apice puntiagudo y esclerotizado y con un grupo de microespinas
agrupadas en su tercio posterior (Figuras 3a, 3b).

Genitalia de la hembra: Desconocida.

Diagnosis: Metzneria luciae sp. nov., se diferencia del resto de las especies del género Metzneria por la
especial configuracion del andropigio. Genéticamente esta separada del resto de las especies del género Metzneria
(Figura 6). También presenta un habitus sin las lineas marcadas en las alas anteriores, como ocurre en la mayoria
de las especies de este género.

Biologia: No se conocen los estados inmaduros, ni las plantas nutricias de las orugas. Los adultos vuelan
probablemente en una sola generacion durante el mes de abril.

Distribucion (Figura 7): Unicamente se conoce de la localidad de Vejer de la Frontera (Cadiz), Espatia.

Datos genéticos: BIN BOLD: AHJ0729 (n = 1). La distancia interespecifica determinada mediante la
herramienta BOLD ID con respecto a las secuencias mas similares es de aproximadamente 8-9 % e incluye cuatro
BINs diferentes, de los cuales algunos no estan asignados a ningun género o especie. La secuencia nombrada mas
cercana corresponde a Metzneria aprilella (Herrich-Schifter, 1845), con una divergencia del 8,95 %. En el arbol
NJ, la nueva especie Metzneria ehikella Gozmany, 1954 (BIN BOLD: AAN2252) se sitlia como la mas proxima,
aunque presenta una divergencia del 8,05 %.
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Discusion

Ya ha pasado mas de medio siglo desde la ultima revision de las especies del oeste de la region Paleartica,
que en su momento fue muy moderna y se basaba principalmente en las estructuras genitales, sobre todo de
los machos (Englert, 1974). Desde entonces, no solo se han reconocido algunas especies nuevas y otras se
han pasado a sinonimia, sino que, sobre todo, en tiempos recientes, también se han introducido métodos
moleculares para la delimitacion de especies, en particular el codigo de barras de ADN (Hebert et al. 2003).

Este método evidencia divergencias interespecificas claras dentro del género Metzneria, que en la fauna
europea aqui, casi completamente estudiada, oscilan entre un minimo de 1,12 % y un maximo de 8,76 %, con
una distancia media del 5,66 % (Figura 4). En cambio, las distancias intraespecificas son mucho menores,
con un promedio del 1,01 % en nuestra muestra. Con excepcion de la pareja de especies genéticamente muy
cercana Metzneria fulva Labonne, Huemer, Thibault & Nel, 2019 - M. torosulella (Rebel, 1893), todas las
especies difieren también en su BIN.

Sin embargo, resulta notable la amplia variacion intraespecifica registrada en un ntimero considerable
de especies. Asi, cinco especies presentan actualmente una variacion de codigo de barras aun considerada
intraespecifica de entre 3,5 y 4,7 %. Estas divergencias se reflejan en 2 a 6 BINs (Metzneria aprilella, M.
artificella (Herrich-Schiffer, 1861), M. diffusella Englert, 1974, M. ehikella, M. metzneriella Stainton, 1851).
Tales distancias, respaldadas por la existencia de varios BINs, hacen que la posibilidad de diversidad criptica
parezca bastante realista y requieren futuros estudios taxondmicos integrativos y exhaustivos.

Aunque la divergencia intraespecifica de Metzneria luciae sp. nov. aun se desconoce, la distancia
genética con respecto a las especies mas cercanas, especialmente M. ehikella y M. aprilella, superior al 8 %
en ambos casos, ya constituye un indicio claro de la presencia de una especie adicional en la fauna europea.
Esto también se ve respaldado por rasgos morfoldgicos, como el habito inconfundible y las particularidades
genitales. Incluso las especies atin no secuenciadas de regiones faunisticas adyacentes no se confunden
con la nueva especie basandose en sus descripciones originales, entre ellas Metzneria hastella Chrétien,
1915, Metzneria strictella (Turati, 1924) de Norte de Africa, o varios taxas descritos por Piskunov en Asia
Occidental.

Etimologia: Se dedica esta especie a Lucia Paramo, colaboradora del primer autor.

Siguiendo a Vives Moreno (2014), Metzneria luciae Gaston, Huemer & Vives, sp. nov., por sus
caracteristicas tan especiales, deberia de situarse al final del género Metzneria.
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Figuras 1-5. Adulto y genitalia del macho de Metzneria luciae Gaston, Huemer & Vives, 2025, J. 1. “in vivo”, Casa Athene,
a 125 m, Vejer de la Frontera, 10-1V-2025, Cédiz, Espafa. Imagen: Stephen Knapp. 2. Holotipo ¢, Casa Athene, a 125 m,
Vejer de la Frontera, 10-IV-2025, Cadiz, Espaiia. 3. Holotipo, prep. gen. 10806JG; TLMF Lep 47288. 3a. Idem, phallus.
3b. idem detalle del phallus. 4. Detalle del cucullus, Paratipo, prep. gen. 11127JG. 5. Detalle de cabeza y palpos.
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Figura 6. Arbol Neighbour-Joining de las especies europeas de Metzneria enraizado con Aristotelia como grupo externo
(Kimura 2-parametros), construido con MEGA 11 (Tamura et al. 2021). Fuente: datos de codigo de barras de ADN de BOLD
(Base de datos del codigo de barras de la vida; Ratnasingham 2018).

4’—< Metzneria metzneriella (n=12; BOLD:AAD6784,ACF0151,AEB2015,AAV4652,ADZ5898,ABW0199)
Metzneria neli (n=3; BOLD:AEB4629)
Metzneria intestinella (n=5; BOLD:ACW1685)
4‘:?:2%% tristella (n=2; BOLD:ADM8252)

Metzneria ehikella (n=4; BOLD:AAN2252,ACW7184)

Metzneria santolinella (n=5; BOLD:AAH4048)
Metzneria hilarella (n=5; BOLD:AAV4651,AEA3205)
Metzneria staehelinella (n=1; BOLD:ACW2108)

Metzneria paucipunctella (n=5; BOLD:AAH4275)
Metzneria subflavella (n=3; BOLD:ADM8253)

Metzneria leae (n=5; BOLD:ABW1820)

Metzneria aprilella (n=15; BOLD:ABW0030,AAB4322,AEC2569,ABW0031)

{ Metzneria lappella (n=>5; BOLD:AAB4321)

,—< Metzneria fulva (n=2; BOLD:ADM4637)

| Metzneria torosulella (n=5; BOLD:ADM4637)
Metzneria neuropterealla (n=5; BOLD:AAH3861)
Metzneria diffusella (n=6; BOLD:ABX1375,AEH2481)

Metzneria castiliella (n=5; BOLD:ABW1526)

< Metzneria i (n=6,BOLD:AAK7524)

{ Metzneria tenuiella (n=5; BOLD:ADF5115)

Metzneria artificella (n=11; BOLD:AFN3576,AED7987,ABW0128,ABW0129,ABW7147)

4 Metzneria riadella (n=5; BOLD:ABW1819)

Metzneria littorella (n=2; BOLD:ADL7669)

Metzneria luciae sp. nov. (n=1; BOLD:AHJ0729)

Aristotelia ericinella TLMF Lep 14845

i
0.02 =2%
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Figura 7. Mapa de distribucion en la peninsula ibérica de Metzneria luciae Gaston, Huemer & Vives, 2026.
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Alive and kicking in Central America and the Riviera
Maya: first reports of Papilio demoleus Linnaeus, 1758
in Panama, Costa Rica, and Mexico, with a warning
to their citrus producers
(Lepidoptera: Papilionidae)

José de Jesus Garcia-Diaz & Jorge M. Gonzélez
Abstract

Papilio demoleus malayanus Wallace, 1865 is reported for the first time in Mexico, based on four
specimens collected in Canctin, Quintana Roo, and 11 additional observations from the state Quintana Roo,
documented on the citizen science platform iNaturalist.org. This species is a recognized pest of citrus crops,
and its monitoring is recommended to prevent its spread within the country and to mitigate potential economic
impacts on the citrus industry. Furthermore, records of this species from other countries in the Americas
are presented, based on citizen researchers’ observations uploaded in iNatuaralist.org, including the first
documented records for Costa Rica and Panama. Two new host plants are reported for Papilio demoleus, and
various aspects of its ecology are discussed. Lastly, the importance of iNaturalist.org as an effective platform
for detecting rare species, Lepidoptera pests, and other taxonomic groups is emphasized.

Key words: Lepidoptera, Papilionidae, citrus pest, geographic distribution, iNaturalist.org, invasive species,
Neotropical.

Vivitos y coleando en Centroamérica y la Riviera Maya: primeros reportes de Papilio demoleus
Linnaeus, 1758 en Panama4, Costa Rica y México, con una advertencia a sus citricultores
(Lepidoptera: Papilionidae)

Resumen

Papilio demoleus malayanus Wallace, 1865 es reportado por primera vez en México, basados en cuatro
ejemplares recolectados en Canctin, Quintana Roo, ademas de 11 observaciones adicionales en el estado de
Quintana Roo, documentadas en la plataforma de ciencia ciudadana iNaturalist.org. Esta especie es una plaga
reconocida en los cultivos de citricos, por lo que se recomienda su monitoreo para evitar su dispersion en el
pais y mitigar posibles impactos econémicos en la industria citricola. Ademas, se presentan registros de la
especie en otros paises de las Américas, basados en observaciones de investigadores ciudadanos incluidas en
iNaturalist.org, incluyendo los primeros registros documentados para Costa Rica y Panama. Se reportan dos
nuevas plantas hospederas para Papilio demoleus y se discuten varios aspectos de su ecologia. Por tltimo, se
destaca la importancia de iNaturalist.org como plataforma eficaz para la deteccion de especies raras, plagas
de Lepidoptera y otros grupos taxonémicos.

Palabras clave: Lepidoptera, Papilionidae, distribucion geografica, especie invasora, iNaturalist.org, plaga
de los citricos, Neotropical.
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Introduction

Papilionidae is one of the best-studied families of Lepidoptera. They are easily recognized by having
a medium to large size and being conspicuous, although there are species of reduced size, such as those of
the subfamilies Baroniinae and Parnassiinae (DeVries, 1987; Tyler et al. 1994; James & Lohman, 2024).
Their distribution is preeminently tropical but several species are found in temperate regions, making this
large group of Papilionoidea, with over 600 species, almost cosmopolitan (Nieukerken et al. 2011; Yu et al.
2023; James & Lohman, 2024). According to De la Maza-Elvira & De la Maza-Elvira (2022), 73 species and
64 subspecies of Papilionidae are known from Mexico, about 12% of the total number of species estimated
worldwide. Of these, 18 species and 46 subspecies seem to be endemic to Mexico (De la Maza-Elvira & De la
Maza-Elvira, 2022). After two years of thorough research in Quintana Roo, De la Maza-Elvira & Gutierrez-
Carbonell (1992) identified 22 species of Papilionidae. They highlighted the importance of investigating
flooded and coastal areas to determine whether species from the Antilles are merely passing through or have
already established themselves in the peninsula. Some doubtful and unconfirmed records of Papilionidae exist
from the country, such as Battus belus chalceus (Rothschild & Jordan, 1906) [=Battus belus varus (Kollar,
1850)] from Central and South America, or the North American species Parnassius smintheus Doubleday,
1847 and Pterourus glaucus (Linnaeus, 1758) (De la Maza-Ramirez, 1987; Tyler et al. 1994; De la Maza-
Elvira & De la Maza-Elvira, 2022). However, to date no swallowtails from other continents had been reported
in Mexico.

Papilio demoleus Linnaeus, 1758 is a tailless species of Asian origin and it is perhaps the most widely
distributed in the world (Collins & Morris, 1985; Morgun & Wiemers, 2012). It is commonly known as
checkered swallowtail, lime butterfly, lime swallowtail, lemon butterfly, and citrus swallowtail (Riaz et al.
2020). According to Smith & Vane-Wright (2008) and Nielsen (2017), five subspecies are recognized: P.
demoleus demoleus, P. d. malayanus Wallace, 1865, P. d. novoguineensis Rothschild, 1908, P. d. sthenelinus
Rothschild, 1895 and P. d. sthenelus Macleay, 1826. The nominotypical subspecies and P. demoleus
malayanus are known to be invasive Papilionidae of economic importance as pests of citrus (Guerrero et
al. 2004; Garraway et al. 2009; Riaz et al. 2020). Originally, the five subspecies had disjunct distributions
(Morgun & Wiemers, 2012); however, the rapid expansion of P. d. demoleus and P. d. malayanus in several
Asian countries since the late 1950s, unified their distribution, with the consequent overlapping of some
subspecies (Moonen, 1991; Matsumoto, 1996, 2002; Benyamini et al. 2007; Smith & Vane-Wright, 2008;
Morgun & Wiemers, 2012). Papilio demoleus has also spread along the Mediterranean region and Europe,
and populations are present in Syria and Turkey, including an isolated record in Portugal (Morgun & Wiemers,
2012; Basbay et al. 2020).

Interestingly, P. demoleus malayanus was recorded for the first time in the Americas in Hispaniola
(Dominican Republic) by Guerrero et al. (2004). After morphological comparisons and analyzing several
genetic markers, Eastwood et al. (2006) confirmed that the individuals of this population originated from
Southeast Asia, after a single introduction. Subsequently, this taxon had spread in the Caribbean, and it is now
known from Puerto Rico, Jamaica, Bahamas, Cuba, and Haiti (Homziak & Homziak, 2006; Nﬁﬁez-Aguila,
2007; Wehling et al. 2006; Garraway et al. 2009; Segarra-Carmona et al. 2010; Bastardo, 2012; Fernandez-
Hernandez & Minno, 2015; Yong et al. 2018; Riaz et al. 2020). Hayden et al. (2022) published a pest alert
for the United States on P. demoleus based on the photographs of two larvae found in Key West, Florida, and
shown on the iNaturalist.org platform.

In late December 2024, the first author (JJGD) was contacted separately by two Mexican
lepidopterologists, who informed him that they had collected specimens of Papilio demoleus in Canctn,
Quintana Roo, Mexico. These atypical records prompted JJGD to check the iNaturalist.org platform to
investigate whether there had been observations of the species within Mexico. Surprisingly, there were 11
additional observations from 15 October 2022 to the moment we wrote this note, all from the state of Quintana
Roo. After a more detailed exploration within the platform, 496 records were found in 16 North and Central
American countries and several Caribbean islands. Among these reports, the first records of the presence of
P. demoleus, were found in Costa Rica and Panama. Such findings motivated the authors to write the present
not only to expand the knowledge on P. demoleus in the Americas but also to emphasize the relevance of the
platform iNaturalist.org as a valuable tool for studying biodiversity.
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Materials and methods

Three specimens collected by Carlos Velazquez on 23-X11-2024 and one specimen collected by Shuster
Alberto Nah on 26-X11-2024 are provided as evidence of the presence of P. demoleus in the Yucatan Peninsula,
in Mexico (Figure 1). Two specimens are deposited at the collection of Carlos Velazquez and two are now
part of the research material of JJGD. The photograph of the specimen in Figure 1 was taken with a Fujifilm
FinePix HS20EXR camera.

Figure 1. Papilio demoleus 3, Canclin, Quintana Roo, Mexico, 26-X11-2024, leg. Shuster Alberto Nah. Scale bar = 1cm.

The distribution of Papilio demoleus in the Americas was determined thanks to the existing observations
provided by numerous citizen scientists into the iNaturalist.org (2025) platform. All records within this
platform were carefully checked and corroborated to avoid repeating data and detecting misidentifications;
information published up to 12-1-2025 was included.

Figure 2. Live adults of Papilio demoleus in Quintana Roo, Mexico. A. Tulim municipality, 04-X-2024 (photo: Elias
Siebenborn; https://inaturalist.org/observations/246329072); B. Benito Juarez municipality, 13-X-2024 (photo: Evangelina
Améndola; https://inaturalist.org/observations/247121479).

The distribution map (Figure 4) was produced by using the SimpleMappr tool (Shorthouse, 2010). The
plots in Figure 3 were produced in R software (R Core Team, 2023), and their editing was enhanced using the
“ggplot2” package (Wickham, 2016). Adobe Photoshop 2020 was used to edit the figures.
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Results and discussion

When comparing the Mexican specimens with those illustrated by Guerrero et al. (2004), Nielsen
(2017), and Smith & Vane-Wright (2008), they seem to correspond to the subspecies P. demoleus malayanus,
the only one reported so far for the Americas. Based on information provided by the iNaturalist.org (2025)
platform, the first observation of Papilio demoleus in Mexico was on 15-X-2022 in Tulum, Quintana Roo
(https://inaturalist.org/observations/139651305). Subsequently, nine more specimens in the state of Quintana
Roo in 2024. It is not known how the species arrived in Mexico, but it is most likely that its dispersal was
facilitated by a tropical storm or a hurricane.

Hurricane season was particularly active in 2021 and at least one hurricane (Grace) passed through
Hispaniola and Jamaica, crossing Yucatan and ending along the coast of Veracruz-Tamaulipas (National
Hurricane Center and Central Pacific Hurricane Center, n.d.1). During the 2022 Hurricane season, at least one
hurricane (Lisa) passed close to Jamaica and ended in the Gulf of Mexico after crossing Yucatan (National
Hurricane Center and Central Pacific Hurricane Center, n.d.2). However, the first specimen photographed
and uploaded in iNaturalist.org could have been part of a population established some time before 2021, and
arriving to the coast of Mexico from any other island.

On 12-X-2024 a female was detected ovipositing on Fortunella japonica (Thunb.) Swingle (Rutaceae),
and Passiflora edulis Sims (Passifloraceae) plants in Cancun, Quintana Roo (https://inaturalist.org/
observations/139651305); Evangelina Améndola pers. comm.). In their review, Riaz et al. (2020) do not
mention these two species as host of P. demoleus. The kumquat appears to be a new host plant record for
the species, while passion fruit is the first known host within the family Passifloraceae. Some adults were
sighted feeding on flowers of Tithonia diversifolia (Hemsl.) A. Gray (Asteraceae) and Bauhinia divaricata
Lam (Fabaceae) (Carlos Velazquez, Ana Patricia Montero, Shuster Alberto Nah & Evangelina Améndola,
pers. comm.). All specimens recorded in Quintana Roo were observed between September and December.

While reviewing all observations of P. demoleus in the Americas within iNaturalist.org (2025), it was
detected that two specimens were photographed before the first formal continental record of the species by
Guerrero et al. (2004). One specimen was observed on 17-1V-1997 in Pococi, Limon, Costa Rica (https://
inaturalist.org/observations/223307439), corresponding to the first record of P. demoleus for Central America,
and of course, Costa Rica. Another earlier record for the Americas was posted on 01-1X-2002 in Mao,
Valverde, Dominican Republic (https://inaturalist.org/observations/111800640).

Among other relevant observations, we noticed that the first record of P. demoleus in Panama (https://
inaturalist.org/observations/100187256) occurred on 03-XI1-2021 in David, Chiriqui. After reviewing the
observations in the United States, it was noted that there are six records before the one reported by Hayden et
al. (2022) in Key West, Florida, being the first on 23-1V-2020 in San Luis Obispo County, California (https://
inaturalist.org/observations/66278726).

In total, there were 496 observations of this swallowtail within the iNaturalist.org (2025) platform up
to 12-1-2025. They were distributed in 16 countries/islands of the Americas (Table 1; Figures 3 and 4). Most
observations (84%) occurred in the Dominican Republic (260), Jamaica (76), Puerto Rico (50), and Cuba
(32), suggesting that P. demoleus populations are already well established on these islands. Other countries
had less than 15 records each, Costa Rica and Panama being the only ones with only one record so far (Figures
3A and 4). These 496 observations far exceed the number of previously known sightings of this swallowtail
in the Americas, demonstrating the potential of iNaturalist.org to provide information on the geographic
distribution of organisms with the invaluable help of Citizen Researchers.

Table 1. Number of observations of Papilio demoleus by country and year uploaded in the iNaturalist.org (2025) platform
in the Americas.

Country 12909174_ 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 ;g;g,{
Dominican Republic 7 7 3 12 13 19 43 55 34 31 [25/0
Jamaica 0 2 2 5 1 2 1 6 17 16 [20/1
Puerto Rico 1 0 1 0 1 0 7 5 8 13 8/1
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Cuba 0 0 3 4 2 4 6 2 4 1 4/0
Cayman Islands 0 0 0 0 1 0 1 0 3 3 4/0
México 0 0 0 0 0 0 0 0 2 0 9/0
Saint-Barthélemy 0 1 1 0 0 0 0 0 3 2 3/1

Haiti 0 0 0 1 0 0 1 0 2 2 0/0
Anguilla 0 0 0 1 0 2 0 0 3 1 1/0
Sint Maarten 1 1 0 0 0 4 0 0 1 1 0/0
United States 0 0 0 0 0 0 3 0 3 1 0/0
Saint-Martin 0 0 0 0 0 0 0 2 0 1 0/0
BES islands 0 0 0 0 0 0 0 0 0 0 0/2

Saint Kitts and Nevis 0 0 0 0 0 0 0 0 0 0 2/0
Costa Rica 1 0 0 0 0 0 0 0 0 0 0/0
Panama 0 0 0 0 0 0 0 1 0 0 0/0
TOTAL 10 11 10 23 18 31 62 71 80 72 |76/5

Note: BES islands: Bonaire, Saint Eustatius and Saba. *Information published up to 12-1-2025.

Figure 3. Papilio demoleus observations in the Americas, as found in the iNaturalist.org platform (up to January 2025). A.
Total number of observations by country; B. Total number of observations by month.

iNaturalist Observations

Country Month

Since its first formal record in the Americas (Guerrero et al. 2004), P. demoleus has expanded rapidly
in the Caribbean islands, where it appears to be well established. Between 1997 and 2014 there are only
10 observations for the species in iNaturalist.org (2025). However, from 2015 onwards the number of
observations has increased considerably, with a minimum number of annual observations of 10 specimens,
and a maximum of 80 in 2022 (Table 1). The species seems to be multivoltine and has been recorded year-
round, but with a marked increase in sightings during autumn (iNaturalist.org, 2025) (Figure 3B), aligning
with previous research in other parts of the world (Devi et al. 2018; Riaz et al. 2020).

The life cycle of this species has been studied in different host plants, climatic conditions, and in
different countries (e.g., Peggie et al. 2022). The complete life cycle lasts between 20 and 38 days, with about
15 days for five larval instars and 11 days in its pupal stage. The morphology and color pattern of larvae
during the first four instars is very similar and resembles the excreta of a bird. In these instars, the larva also
has small spines along its body. During the fifth instar, the larva turns green and has dark brown bands and
dots in both dorsal and lateral views (Mihn et al. 2015; Jahnavi et al. 2018).
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Figure 4. Geographic distribution of Papilio demoleus in the Americas.

Badawi (1981) and Mihn et al. (2015) found the life cycle of this specie gets shorter as the temperature
increases (>25°C). Jahnavi et al. (2018) observed very low standard deviations in the duration of the different
larval stages. Such a short life cycle allows the species to be multivoltine. Adults have a short life span, and there
is no major difference between sexes, even though females might live slightly longer than males (Rao, 2015).

According to CONAGUA (2025), the average monthly temperature in two Quintana Roo’s cities
where P. demoleus were reported in iNaturalist.org (2025), Canctin, and Playa del Carmen, is above 24°C
throughout the year. The warmest period of the region is between April and October when the average monthly
temperature exceeds 27.3°C and reaches 30.7°C. All known records of the butterfly from Quintana Roo, Mexico
(11 observations), were posted between September 8 and December 26. This could be related to favorable
environmental conditions as other authors have pointed out but could also be linked to their somehow recent
arrival in the country, and a low number of individuals as opposed to native species, among other reasons.
Consequently, we have found a low number of sightings reported in iNaturalist.org (2025).

Eleven observations of P. demoleus on the coast of Quintana Roo, two years after the first known Mexican
record, might indicate that even though it might be incipient, at least a population has been already established in
the region. Having citrus trees in homes is customary, undoubtedly favoring the establishment of this butterfly.
The information available to date is not enough to assess if the species has spread to other municipalities or
states; however, it is necessary to take precautions, since this swallowtail is considered a serious citrus pest in
many parts of its range (Heppner, 2006; Segarra-Carmona et al. 2010; Minh et al. 2015; Lewis, 2018).

Mexico is one of the main citrus producers and exporters in the world (Maya-Ambia, 2017; Ruiz-
Rodriguez et al. 2017). Citriculture is one of the most relevant agricultural activities in Mexico, generating
numerous direct and indirect jobs, and an important source of income in rural areas, benefiting 67,000 families
who depend on this activity nationwide (Blanco-Rodriguez et al. 2015; Maya-Ambia, 2017; Ruiz-Rodriguez et
al. 2017). During the last decades, Mexico has been the world’s largest producer and exporter of limes, being
Mexican or Key lime [Citrus xaurantiifolia (Christm. & Panz.) Swingle] and Persian lime [Citrus Xlatifolia
(Yu.Tanaka ex Yu.Tanaka) Yu.Tanaka] the most popular ones (Mendoza-Tornez et al. 2016).

The presence of P. demoleus in citrus plantations in Mexico could significantly affect its citrus industry
and generate a large economic impact, since its larvae, mainly in the later stages, cause significant damage in
nurseries, young seedlings, and new shoots of adult trees (Jahnavi et al. 2018). Severe infestations cause tree
defoliation, generating stunted growth and a significant decrease in fruit production (Rao, 2015; Jahnavi et al.
2018; Riaz et al. 2020).

The present work demonstrates that iNaturalist.org is a powerful tool that can provide significant
information, whether ecological, phenological or distributional, about any species. In this case, it could be used
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to monitor the expansion of Papilio demoleus in Mexico, and other regions, allowing the development of actions
and strategies to manage or control the species in citrus plantations.
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Listado de especies de Megalopygidae, Saturniidae y
Arctiinae de Icononzo, Tolima, Colombia
(Lepidoptera: Heterocera)

Laura N. Garzon-Matamoros, Andrés R. Lopez-Preciado, Cristian
C. Ramirez-Galeano & Alexander Garcia-Garcia

Resumen

Este estudio presenta un listado de especies de Lepidoptera de las familias Megalopygidae, Saturniidae y
la subfamilia Arctiinae colectadas en el municipio de Icononzo, Tolima, Colombia. Se establecieron tres zonas
diferenciadas por su cobertura vegetal y el grado de intervencion antrépica, en las que se realizaron 12 noches de
muestreo utilizando una trampa de luz LED portatil. Se registraron un total de 175 individuos y 68 especies/mor-
foespecies. La subfamilia Arctiinae present6 124 individuos distribuidas en 50 especies, la familia Saturniidae
34 individuos agrupadas en 12 especies y la familia Megalopygidae 17 individuos repartidos en 6 especies. Esta
investigacion contribuye al conocimiento de la biodiversidad de estos grupos de Lepidoptera en el departamento
del Tolima y proporciona informacion valiosa para la conservacion de los ecosistemas locales.

Palabras claves: Lepidoptera, Heterocera, Megalopygidae, Saturniidae, Arctiinae, riqueza, intervencion,
bosque andino, Colombia.

Checklist of Megalopygidae, Saturniidae and Arctiinae from Icononzo, Tolima, Colombia
(Lepidoptera: Heterocera)

Abstract

This study presents a list of Lepidoptera species of the families Megalopygidae, Saturniidae and the sub-
family Arctiinae collected in the municipality of Icononzo, Tolima, Colombia. Three zones differentiated by
vegetation cover and degree of anthropogenic intervention were established, where 12 sampling nights were
conducted using a portable LED light trap. A total of 175 individuals and 68 species/morphospecies were re-
corded. The subfamily Arctiinae presented 124 individuals distributed in 50 species, the family Saturniidae 34
individuals grouped in 12 species and the family Megalopygidae 17 individuals distributed in 6 species. This
research contributes to the knowledge of the biodiversity of these groups of Lepidoptera in the department of
Tolima and provides valuable information for the conservation of local ecosystems.

Keywords: Lepidoptera, Heterocera, Megalopygidae, Saturniidae, Arctiinae, richness, intervention, Andean
Forest, Colombia.

Introduccion

Los Lepidoptera representan uno de los grupos de insectos mas diversos a nivel mundial. Se estima que
el niimero total de especies de Lepidoptera descritas en el mundo sobrepasa las 150.000, siendo las familias
Erebidae y Geometridae las que presentan una mayor riqueza, con aproximadamente 24.600 y 23.002 especies
respectivamente (van Nieukerken et al. 2011; Watson & Goodger, 1986).

Colombia, debido a su ubicacion geografica y diversidad de ecosistemas, alberga una gran variedad de
especies de Heterocera. Sin embargo, el conocimiento actual y los inventarios faunisticos de estas especies en
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el pais atn no se han completado (Lamas, 2000). Aunque se han realizado esfuerzos enfocados en el estudio
de algunos grupos especificos, como Castniidae (Gonzalez et al. 2017; Salazar, 1999), Erebidae (Gonzalez &
Hernandez-Baz, 2017; Rodriguez et al. 2018; Vargas-Fonseca et al. 2020), Saturniidae (Amarillo-Suarez, 2000;
Comoglio & Brechlin, 2021; Jimenez-Bolivar et al. 2021), Sphingidae (Correa-Carmona, Vélez-Bravo & Ech-
everri, 2015) y Geometridae (Murillo-Ramos et al. 2021), atin se desconoce gran parte de la diversidad de los
Heterocera en los bosques himedos presentes en el departamento del Tolima.

La superfamilia Bombycoidea, que incluye a la familia Saturniidae, es una de las mas estudiadas dentro
de Lepidoptera debido a su gran tamaiio, amplia distribucion y variedad de funciones ecologicas. En Colombia,
entre los afios 2000 y 2010, se registraban 185 especies de las subfamilias Hemileucinae, Saturniinae y Arsenu-
rinae (Amarillo, 2000; Mufioz & Amarillo, 2010). Sin embargo, en los ultimos afos, nuevas investigaciones han
demostrado que la riqueza de especies es aun mayor, con aproximadamente de unos 55 géneros y 602 especies
para el pais (Comoglio & Brechlin, 2021; Jiménez-Bolivar et al. 2021).

Estos estudios proporcionan listas actualizadas y completas de las especies Saturniidae colombianas en el
que se incluyen nuevos registros de taxones, ademas del estado de presencia y ausencia en cada departamento,
sefialando una mayor representacion de su diversidad en la region Andina con un 60,3% (394 spp.) (Comoglio
& Brechlin, 2021; Decaéns et al. 2007; Jiménez-Bolivar et al. 2021).

Por otro lado, la subfamilia Arctiinae, perteneciente a la familia Erebidae, ha sido otro de los grupos mas
estudiados de Heterocera. Desde la década de los 80, se han generado catalogos de especies neotropicales, en
los que se enumeraban 2.308 especies (Watson & Goodger, 1986). Posteriormente, en 2014, se gener6 una lista
actualizada con 217 géneros, 2.404 especies y 154 subespecies dentro de 5 subtribus de los Arctiini (Vincent &
Laguerre, 2014). Sin embargo, en Colombia, las investigaciones sobre la diversidad de este grupo se han centra-
do en pocas o limitadas regiones (Hernandez-Baz et al. 2017; Jaimes, 2014; Muiloz & Amarillo, 2010), lo que
dificulta una representacion completa de su diversidad en el pais.

Finalmente, los Megalopygidae son una de las principales familias de Lepidoptera causantes de eru-
cismo en América y aquellas que provocan la mayor parte de los accidentes causados por sus orugas en Co-
lombia, produciendo dermatitis, dolores y calambres musculares (Diaz, 2005; Gomez, 2014). Para Colombia,
la informacion sobre este grupo es muy incipiente y fragmentada, destacando algunos registros en el Parque
Natural Chicaque, San Antonio de Tequendama, Cundinamarca (Pérez, 2019), la confirmacion de presencia
de Podalia orsilochus (Cramer, [1775]) en el Choco (Prada-Lara et al. 2020) y la descripcion de un nuevo
género Neotropical que incluye una especie tipo de Colombia: Vadimas radogast Volkova, 2020, registrada
en el Nevado del Tolima (Volkova, 2020).

Dado que las listas de especies existentes para el pais no incluyen registros de zonas especificas del depar-
tamento del Tolima, este estudio contribuye significativamente al conocimiento de la diversidad de especies en
la region, lo que a su vez permitira comprender mejor las respuestas de los grupos Megalopygidae, Saturniidae
y Arctiinae a los cambios en el habitat debido a la intervencion humana, brindando informacion valiosa para la
conservacion de los ecosistemas locales.

Abreviaturas usadas

Los datos de frecuencia se codifican de la siguiente manera:

U  nico (1 individuo en cada zona de muestreo)

r  rara (2 individuos)

+  ocasional (3 - 5 individuos)

++ frecuente (> 5 individuos)
Materiales y métodos

El estudio se llevo a cabo en la Vereda Cafreria, Municipio de Icononzo en el Departamento del Tolima,
Colombia, que presenta en un rango altitudinal entre 500 y 2.000 msnm, su ubicacion geografica es 4°11°04”

N, 70°27°20” S y su temperatura media es de 21°C. Se establecieron tres zonas de estudio diferenciadas por su
cobertura vegetal y por el grado de intervencion antropica que presentaban, de la siguiente forma (Figura 1):
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Figura 1. Mapa del 4rea de estudio. a) Municipio Icononzo-Tolima. b) Ubicacion de las tres zonas de estudio.
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[ Departamentos de Colombia
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1. Bosque humedo andino (BS): N04°06°37.7” 074°34°08.8” a 1.432 msnm. Grado de intervencion bajo.
2. Pastizal (PS): N04°06°39.8” 074°34°49.5” a 1.190 msnm. Grado de intervencién medio.
3. Platanal (PL): N04°06°45.5” 074°34°16.6” a 1.344 msnm. Grado de intervencion alto.

Se llevaron a cabo dos muestreos de seis noches cada uno, con un esfuerzo de muestreo diario de 12 horas
(18:00 pm - 6:00 am) en las tres zonas de estudio establecidas durante septiembre del 2019 y enero del 2020.
Los especimenes se colectaron empleando una trampa de luz LED portatil de 15 - 18 W en total (8 leds: 4 de
luz ultravioleta, 2 de luz azul, 1 luz verde y 1 luz blanca) alimentado de una bateria portatil (5V, 26.800 mAh).
Esta luz se reflejo en una manta blanca de aproximadamente dos metros de alto por tres metros de largo lo que
permitio la atraccion de Heterocera de habitos nocturnos, sistema replicado del propuesto por Brehm (2017). Los
individuos se sacrificaron mediante inyeccion con etanol al 90% en el torax, se curaron y montaron usando las
Técnicas y Procesamiento para la Recoleccion, Preservacion y Montaje de Mariposas en Estudios de Biodiver-
sidad y Conservacion, propuestas por Andrade, et al. (2013) y fueron depositados en la Coleccion de Artropodos
de la Universidad Distrital Francisco José de Caldas (CAUD-216).

La identificacion taxonomica se llevo a cabo con la ayuda de un estereoscopio marca Motic SMZ siguien-
do la clasificacion de Lemaire (1978, 1980, 1987, 2002) para la familia Saturniidae, Becker (1995) para Meg-
alopygidae y Hampson (1898, 1900, 1901, 1914), Watson & Goodger (1986) y Vicent & Laguerre (2014) para
Arctiinae. En algunos casos se realizo la diseccion y extraccion de genitalia acorde a la metodologia adaptada
de Andrade et al. (2013) y Guzman (2022), debido a su importancia como caracter diagndstico y se corrobo-
raron los taxones con la ayuda de expertos nacionales e internacionales; familia Saturniidae: Lorenzo Comoglio
(Colombia) y Alejandra Clavijo-Giraldo Colombia); familia Megalopygidae: Dr. Julia S. Volkova (Polonia) y
subfamilia Arctiinae: Dr. Michel Laguerre (Francia).

Resultados
Se registraron un total de 175 individuos distribuidos en 50 géneros y 68 especies/morfoespecies para los
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grupos focales de esta investigacion (Arctiinae, Megalopygidae y Satuniidae) como se muestra en la Tabla 1.

La subfamilia Arctiinae presentd 124 individuos agrupados en 50 especies/morfoespecies (71%) perte-
necientes a las subtribus Arctiina, Callimorphina Ctenuchina, Euchromiina, Phaegopterina y Spilosomina. Para
la familia Saturniidae, de las de las cinco subfamilias presentes en Colombia (Amarillo, 2000) se registraron:
Arsenurinae, Ceratocampinae, Hemileucinae y Saturniinae, reflejadas en 34 individuos que se agrupan en 12
especies (10%). Finalmente, para la familia Megalopygidae, se registraron las subfamilias Megalopyginae y
Trosiinae representadas en 17 individuos que se agrupan en 6 especies (19%).

Conclusiones

Los inventarios faunisticos desempefian un papel crucial en la caracterizacion y conservacion de la bio-
diversidad, y este estudio no es una excepcion. Nuestros resultados muestran una riqueza considerable de lep-
idopteros en el municipio de Icononzo, Tolima. Esta riqueza taxondmica representa un punto de partida para fu-
turas investigaciones sobre la ecologia, biogeografia y conservacion de estos grupos en la region. Es importante
destacar que este estudio constituye el primer esfuerzo sistematico en catalogar las especies pertenecientes a las
familias Megalopygidae, Saturniidae y la subfamilia Arctiinae en el departamento del Tolima, lo que subraya su
relevancia como referencia inicial para investigaciones posteriores.

Un hallazgo significativo es la asociacion entre el grado de intervencion humana y la riqueza especies. Las
zonas con menor grado de intervencion mostraron una mayor cantidad de especies lo que sugiere que la conser-
vacion de habitats menos perturbados es crucial para mantener la biodiversidad de estos grupos. En contraste,
las areas con una mayor intervencion, especialmente aquellas destinadas a fines agricolas y ganaderos, exhiben
una menor riqueza, lo que resalta la importancia de mitigar las practicas de uso del suelo para prevenir la pérdida
de biodiversidad.
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Figura 1. Vista dorsal de los Saturniidae de la vereda Cafreria, Icononzo, Tolima. Escala de 1 cm. A. Arsenura archianassa. B.
Automeris abdominalis. C. Atomeris cundinamarcensis. D. Automeris hamata. E. Automeris incarnata. F. Automeris liberia. G.
Automeris tolimaensis. H. Automeris zaruma. 1. Copaxa troetschi. J. Gamelia sp01. K. Rothschildia sp01. L. Syssphinx smithi.
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Figura 2. Vista dorsal de los Megalopygidae de la vereda Cafreria, Icononzo, Tolima. Escala de 1 cm. A. Megalopyge
albicollis. B. Megalopyge hina. C. Aithorape roseicornis. D. Macara argentea. E. Trosia amala.
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Figura 3. Vista dorsal de los Arctiinae de la vereda Cafreria, Icononzo, Tolima. Escala de 1 cm. A. Aclytia ventralis. B. Ama-
xia osmophora. C. Bertholdia albipuncta. D. Cosmosoma stilbostictum. E. Dysschema marginalis. ¥. Echeta rhodocym. G,
Eucereon casca. H, Horamella fassli. 1. Hyalurga supposita. J. Hypercompe bricenoi. K. Idalus decisa. L. Idalus sublineata.
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Figura 4. Vista dorsal de los Arctiinae de la vereda Cafreria, Icononzo, Tolima. Escala de 1 cm. M. Isanthrene basifera. N.
Lepidoneiva telephus. O. Melese veneta. P. Mesothen cardinalis. Q. Nyridela chalciope. R. Opharus belus. S. Paracles sp01.
T. Pelochyta sp2. U. Phaeomolis lineata. V. Veraneacerea rufiventris. W. Viviennea moma. X. Xanthocrita bleuzeni.
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Tabla 1. Listado de familias, subfamilias y especies/morfoespecies con sus respectivas abreviaturas de frecuencias en cada
zona. BS: Bosque humedo andino, PS: Pastizal, PL: Plantaciones de Musa paradisiaca.

Familia Subfamilia Género Especie BS | PS | PL
Aclytia Hiibner, [1819] Aclytia ventralis Guérin-Méneville, u .

1843

Agaraea citrinotincta Rothschild, u

Agaraea Herrich-Schifter, 1909

1855 Agaraea longicornis Herrich- u
Schiffer, [1855]

Amaxia Walker, 1855 Amaxia osmophora Hampson, 1901 u
Amphelarctia (Schaus, Amphelarctia priscilla (Schaus, u

1911) 1911)

Bertholdia Schaus, 1896 | Bertholdia albipuncta Schaus, 1896 u
Carales Walker, 1855 Carales astur (Cramer, 1777) r
Cosmosoma Hiibner, Cosmosoma stilbostictum (Butler, u u u

[1823] 1876)
Dyeladia Felder, 1874 Dycladia correbioides (Felder, u
1869)
Dysschema Hiibner, [1818] Dysschema marginalis (Walker, u
1855)
Echeta Herrich-Schiffer, Echeta rhodocyma (Hampson, r u
[1855] 1909)
Erebidac Arctiinae Elysius Walker, 1855 Elysius sp01 u
Episcepsis Butler, 1877 Episcepsis sp01 u
Eucereon facundum Draudt, 1917 u
Eucereon casca Dognin, 1894 u
Eucereon Hiibner, [1819] Eucereon costulata (Herrich. u
Schaffer, [1855])
Eucereon sp01 r
Gloora Grados, 2018 Gloora sp01 u
Halysidota Hiibner, [1819] Halysidota sp01 u
Heliura Butler, 1876 Heliura sp01 u
Horama Hiibner, [1819] Horama panthalon (Fabricius, u
1793)

Horamella Draudt, 1915 Horamella fassli Draudt, 1915 r

Hyalurga Hiibner, [1819] | Hyalurga supposita Hering, 1925 u u
Hypercompe Hiibner, Hypercompe bricenoi (Rothschild, 4

[1819] 1909)
Hypercompe Hiibner, Hypercompe bricenoi (Rothschild, N
[1819] 1909)
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Erebidae

Arctiinae

Idalus decisa (Rothschild, 1917) u
Idalus Walker, 1855
Idalus sublineata (Rothschild, -
1917)
Isanthrene Hiibner, Isanthrene basifera Walker, N u
[1819] [1865]
Ischnocampa Felder,
1874 Ischnocampa sp01 u
Ieylasia Butler, 1876 Ixylasia trogonoides (Walker, u
1864)
Lepidoneiva Travassos, Lepidoneiva telephus (Walker, . u
1940 1854)
Lophocampa Harris, 1841 Lophocampa sp01 u u
Melese Walker, 1854 Melese veneta (Dognin, 1901) + u
Mesothen cardinalis r
Mesothen Hampson, 1898
Mesothen sp01 u
Nelphe Herrich-Schéffer, Nelphe mara (Kaye, 1914)
1858
Nyridela Lucas, 1857 Nyridela chalciope (Hiibner, u
1827)
Opharus Walker, 1855 Opharus belus Druce, 1897 ++
Paracles sp01 +++
Paracles Walker, 1855
Paracles sp02 u
Pareuchaetes Grote,
[1866] Pareuchaetes sp01 u
Pelochyta fassli Rothschild, 1911 u
Pelochyta Hiibner, [1819] | pelochyta cinerea (Walker, 1855) |+ r
Pelochyta misera Schaus, 1911 u
Phaeomolis Hampson, Phaeomolis lineata Hampson,
1901 1901 "
Punctumtergum Cerda, Punctumtergum maia (Druce,
2020 1884)
Thysanoprymna Butler, Thysanoprymna spol u
1875
Utetheisa Hiibner, [1819] Utetheisa ornatrix (Linnaeus,
1758)
Veraneacerea Cerda, Veraneacerea rufiventris (Schaus, N
2020 1894)
Xanthocrita Laguerre, Xanthocrita bleuzeni (Toulgoét, —

2017

1990)
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Megalopygidae

Megalopyginae

Megalopyge Hiibner,
[1820]

Megalopyge albicollis (Walker,
1855)

Megalopyge hina (Dognin,
1911)

Trosiinae

Aithorape Hopp, 1927

Aithorape roseicornis (Dognin,
1899)

Macara Dognin, 1911

Macara argentea (Dognin,
1911)

Macara henrichi (Hopp, 1928)

Trosia Hiibner, [1820]

Trosia amala (Dyar, 1910)

Saturniidae

Arsenurinae

Arsenura Duncan, 1841

Arsenura archianassa (Draudt,
1930)

Ceratocampinae

Syssphinx Hiibner, [1819]

Syssphinx smithi (Draudt,
1930)

Hemileucinae

Automeris Hiibner, [1819]

Automeris abdominalis (Felder
& Felder, 1874)

Automeris cundinamarcensis
(Brechlin & Meister, 2011)

Automeris hamata (Schaus,
1906)

Automeris incarnata (Walker,
1865)

Automeris liberia (Cramer,
1780)

Automeris tolimaiensis
(Brechlin & Meister, 2011)

Automeris zaruma (Schaus,
1898)

Gamelia Hiibner, [1819]

Gamelia sp01

Saturniinae

Copaxa Walker, 1855

Copaxa troetschi (Druce,
1886)

++

Rothschildia Grote, 1896

Rothschildia sp.
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Primeros registros de Anteos maerula (Fabricius,
1775) en los Paramos de Colombia: con notas sobre
su sistematica y biogeografia
(Lepidoptera: Pieridae, Coliadinae)

Oscar Mahecha-J., Vanessa Diaz-S., Oscar Jaime,
Yeison Vega-Garrido & M. Gonzalo Andrade-C.

Resumen

El género Anteos Hiibner, [1819] y la especie Anteos maerula (Fabricius, 1775) se reportan por primera
vez en un ecosistema de Paramo en Colombia. Se registro la presencia de esta especie en varias localidades:
el Paramo de la Cuchilla El Tablazo en Subachoque, Cundinamarca; el Paramo de Guerrero en Cachira, Norte
de Santander; el Paramo Sabana Rubia y el Cerro Pintado en la Serrania del Perija, Cesar; y el Paramo de
Garcia en Pamplona, Norte de Santander. Ademas, se amplia su rango altitudinal en Colombia hasta los 3.532
m, superando el limite maximo previamente reportado de 1.000 m. Asimismo, se encontré que A. maerula
posee un rango térmico mas amplio en comparacion con 4. menippe (Hiibner, [1818]) y 4. clorinde (Godart,
[1824]), lo que podria facilitar su dispersion en diversos habitats. Esto sugiere que emplea estrategias como el
amortiguamiento térmico y la tolerancia térmica para enfrentar las fluctuaciones de temperatura. Se propone
la relacion filogenética de (4. maerula + A. menippe) + A. clorinde. Sin embargo, es necesario profundizar
en el estudio de la especie y del género en general para comprender mejor su autoecologia, sus relaciones
sistematicas y sus patrones biogeograficos. Este estudio resalta la significativa brecha en el conocimiento de
la fauna de Lepidoptera en varias regiones de Colombia y subraya la necesidad de fomentar investigaciones
en distintos ecosistemas del pais. Del mismo modo, se enfatiza el papel fundamental de las colecciones cien-
tificas y las bases de datos sobre Biodiversidad en la conservacion del patrimonio natural y en el avance del
conocimiento cientifico.

Palabras clave: Lepidoptera, Pieridae, Coliadinae, Anteos, patrones de distribucion, relaciones filogenéticas,
rango altitudinal, Paramos, Andes Colombianos, Colombia.

First records of Anteos maerula (Fabricius, 1775) in the Paramos of Colombia: with notes
on its systematic and biogeography
(Lepidoptera: Pieridae, Coliadinae)

Abstract

The genus Anteos Hiibner, [1819] and the species Anteos maerula (Fabricius, 1775) are reported for the
first time in a Paramo ecosystem in Colombia. The presence of this species was recorded in several locations:
the Paramo de la Cuchilla El Tablazo in Subachoque, Cundinamarca; the Paramo de Guerrero in Céchira,
Norte de Santander; the Paramo Sabana Rubia and Cerro Pintado in the Serrania del Perija, Cesar; and the
Paramo de Garcia in Pamplona, Norte de Santander. In addition, its altitudinal range in Colombia has been
extended to 3,532 m, exceeding the previously reported maximum limit of 1,000 m. It was also found that 4.
maerula has a wider temperature range than A. menippe (Hiibner, [1818]) and A. clorinde (Godart, [1824]),
which could facilitate its dispersal in diverse habitats. This suggests that it employs strategies such as thermal
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buffering and thermal tolerance to cope with temperature fluctuations. The phylogenetic relationship of (4.
maerula + A. menippe) + A. clorinde is proposed. However, further study of the species and the genus in gen-
eral is necessary to better understand its autoecology, systematic relationships, and biogeographic patterns.
This study highlights the significant gap in knowledge of Lepidoptera fauna in several regions of Colombia
and underscores the need to promote research in different ecosystems of the country. Similarly, it emphasizes
the fundamental role of scientific collections and biodiversity databases in the conservation of natural heritage
and the advancement of scientific knowledge.

Keywords: Lepidoptera, Pieridae, Coliadinae, Anteos, distribution patterns, phylogenetic relationships, alti-
tudinal range, Paramos, Colombian Andes, Colombia.

Introduccion

El género Anteos Hiibner, [1819] (Pieridae, Coliadinae) comprende especies de tamafio mediano a gran-
de, con envergaduras que suelen oscilar entre los 60 y 100 mm, caracterizandose por presentar el angulo
apical de las alas anteriores agudo (Torres, 1986; DeVries, 1987). Los patrones de coloracion alar varian
segun la especie y el sexo, pero generalmente presentan tonos entre blancos, amarillos, naranjas o verdes
palidos, las hembras presentan dimorfismo correlacionado con las épocas secas y humedas (DeVries, 1987;
LeCrom et al. 2004). Ademas, las especies del género Anteos presentan habitos generalistas como visitantes
de inflorescencias de Verbenaceae, Fabaceae (Leguminosae), Euphorbiaceae, Bromeliaceae, Caesalpinaceae
y Apocynaceae (Nieves-Uribe et al. 2016) y son especies fitéfagas y de una gran importancia en procesos de
polinizacion (De Vries, 1987; Beccaloni et al. 2008; Nieves-Uribe et al. 2016).

El género se encuentra distribuido a lo largo del Neotropico y esta conformado por tres especies, las cuales
se distribuyen en Colombia: A. clorinde (Godart, [1824]), A. menippe (Hiibner, [1818]) y A. maerula (Fabri-
cius, 1775) (Constantino, 2004; Nieves-Uribe et al. 2016; Salazar, 2018), siendo esta ultima una especie poco
conocida y restringida a bosques secos y aridos tropicales del pais, en especial a la costa atlantica colombiana,
presentando una distribucion altitudinal desde el nivel del mar hasta los 1.000 m. (Torres, 1986; DeVries, 1987,
Constantino, 2004; LeCrom, et al. 2004; Nieves-Uribe et al. 2016; Salazar, 2018). Es una de las especies mas
grandes dentro de la familia Pieridae en términos de tamafio (DeVries, 1987; LeCrom et al. 2004). Los adultos
de A. maerula presentan un patron de coloracion variable, pero generalmente sus alas muestran tonos claros,
entre el amarillo y el verde, con algunas variaciones en el borde. Los machos son especialmente mas coloridos,
exhibiendo un amarillo en la parte dorsal y un verde en la cara ventral. Esta coloracion no solo tiene la funcion
de atraer a las hembras, sino que también actiia como un mecanismo de defensa frente a los depredadores, ya sea
mediante el camuflaje o la exhibicion de colores llamativos (DeVries, 1987; LeCrom et al. 2004; Salazar, 2018).

El reporte de los primeros registros de 4. maerula en los paramos de Colombia, basados en revision de
especimenes alojados en algunas colecciones cientificas del pais y bases de datos sobre biodiversidad, son
de gran importancia dado a que amplia significativamente el conocimiento sobre la distribucion geografica
de esta especie en el pais. Su presencia, no solo en paramos, sino también en ecosistemas de alta montaia,
sugiere que la especie podria estar adaptandose a nuevas condiciones ambientales, posiblemente debido a
cambios climaticos o alteraciones en los ecosistemas (IPCC, 2013; 2014; Romo et al. 2013; Meineke et al.
2018; Méndez-Zambrano & Fajardo-Medina, 2024; Murillo-P. et al. 2024). Finalmente, esta revision resalta
la falta de estudios en diversas regiones geograficas de Colombia y pone de manifiesto la necesidad de fomen-
tar la investigacion en los diferentes ecosistemas del pais, con el fin de aumentar nuestro conocimiento sobre
la diversidad y distribucion de los Lepidoptera en Colombia. Ademas, subraya la importancia crucial de las
colecciones cientificas para la preservacion del patrimonio natural y el avance del conocimiento cientifico, lo
cual es fundamental para desarrollar estrategias de conservacion (Simmons & Mufloz-Saba, 2005; Delgadillo
& Gongora, 2009; Giraldo et al. 2012; Meineke et al. 2018; Pertuz-Méndez, 2022).

Métodos
Recopilacion de informacion: Para llevar a cabo este estudio, se emplearon diversas fuentes de informa-
cion con el fin de obtener registros actualizados sobre el género Anteos y en especial sobre 4. maerula en las di-

versas regiones de Colombia. En primer lugar, se obtuvieron datos de ocurrencia para la especie de las siguientes
colecciones cientificas del pais:
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ICN-ENT.: Coleccion Nacional de Insectos del Instituto de Ciencias Naturales ICN de la de la Univer-
sidad Nacional de Colombia.

CAUD: Coleccion de Artropodos y otros Invertebrados de la Universidad Distrital Francisco José de
Caldas, Bogota, Colombia.

MHN-UPN: Coleccion de Entomologia, Museo de Historia Natural de la Universidad Nacional Peda-
gbgica, Bogota, Colombia.

IAvH-E: Coleccion de Entomologia del Instituto de Investigacion de Recursos Biologicos Alexander
von Humboldt, Bogotd, Colombia.

MLS: Coleccion de Invertebrados, Museo de Historia Natural de la Universidad de la Salle, Bogota,
Colombia.

ANDES-E: Coleccion de Entomologia, Museo de Historia Natural de la Universidad de los Andes,
Bogota, Colombia.

En segundo lugar, para la busqueda de informacion sobre el género Anteos, en especial sobre la especie
A. maerula en Colombia, se consultaron diversas bases de datos cientificas y repositorios académicos. Se uti-
lizaron plataformas como Scopus, SciELO, Web of Science, BioOne, entre otras, para acceder a publicaciones
indexadas que incluyen estudios sistematicos, ecologicos y biogeograficos. Ademas, se revisaron repositorios
de universidades nacionales, donde se encuentran tesis, informes técnicos y otros documentos relevantes
que no siempre estan disponibles en revistas cientificas tradicionales. Esta estrategia permitio realizar una
revision integral y complementar la informacion disponible para las distintas regiones del pais (Torres, 1986;
Constantino, 2004; LeCrom, et al. 2004; Camero & Calderdn, 2007; Rios-Malaver, 2007; Arenas- Jaramillo
et al. 2009; Ospina-Lopez et al. 2010; Torres, 2010; Boom-Urueta et al. 2013; Moreno & Acufia-Vargas, 2015;
Gomez-Diaz, 2016; Nieves-Uribe et al. 2016; Mercado-Gomez et al. 2018; Salazar, 2018; Urbano et al. 2018;
Ahumada-C. et al. 2020; Henao-Baiiol & Gantiva-Q., 2020; Ramos-Artunduaga et al. 2021; Henao-Bafol et
al. 2022; Sandoval-Bernal et al. 2022).

En tercer lugar, se consultaron plataformas de acceso abierto como el Global Biodiversity Information
Facility (GBIF, https://www.gbif.org/) y el Sistema de Informacion de Biodiversidad de Colombia (SIBco-
lombia, https://biodiversidad.co/data/), con el objetivo de ampliar los datos de ocurrencias para el género
Anteos en particular para 4. maerula en Colombia.

Analisis Filogenético: Para el analisis filogenético se obtuvieron secuencias para el marcador molecular
Citocromo Oxidasa I (COI) disponibles en el Sistema de Datos de Codigo de Barras de la Vida (The Barcode
of Life Data System BOLD) (Ratnasingham & Hebert, 2007) y del GenBank (NCBI, National Centre for Bio-
technology Information) (Tabla 1). Posteriormente, las secuencias se verificaron individualmente para detec-
tar desalineaciones/ambigiiedades y se recortaron a longitudes uniformes empleando el programa Geneious
7.1.3 (Biomatters LTD., 2013). El conjunto de secuencias se alined utilizando el servicio en linea MAFFT
v. 7. utilizando el método de refinamiento iterativo G-INS-i (Katoh et al. 2019). El modelo de sustitucion
GTR+F+G4 se determind con ModelFinder (Kalyaanamoorthy et al. 2017) en IQ-TREE v. 2.3.6 (Minh et al.
2020) bajo el criterio de informacion bayesiana (BIC). A continuacion, se realiz6 un analisis de Maxima Ve-
rosimilitud (ML) para reconstruir las relaciones filogenéticas utilizando IQ-TREE v. 2.3.6 (Minh et al. 2020).
Se realizaron 1.000 réplicas de Bootstrap Ultrarrapido (UFBoot) (Minh et al. 2013; Hoang et al. 2018) para
obtener el soporte de rama. El comando “-bnni” se implement6 durante estos analisis para abordar las preocu-
paciones sobre las violaciones del modelo asociadas con el método UFBoot. El arbol con la mayor probabili-
dad logaritmica se visualizo utilizando Figtree v.1.4.4 (Rambaut, 2018), y se refin6 en Inkscape 1.3. El soporte
de rama se defini6é como bajo (UFBoot = < 70), moderado (UFBoot => 70 < 95), y fuerte (UFBoot > 95).

Proyeccion de la distribucion geografica: Se realizo una rectificacion y depuracion de los datos de
ocurrencias para 4. maerula obtenidos para Colombia, teniendo en cuenta que estuviera toda la informacion
correspondiente a la informacion de recolecta y que las coordenadas estuvieran bien georreferenciadas, para
evitar asi sesgos en el analisis. Para tal fin, se us6 Google Earth (Google, 2023) y ArcGIS Pro (Esri, 2023). A
continuacion, se procedio a proyectar en ArcGIS Pro (Esri, 2023) los datos geograficos para poder obtener la
distribucion geografica de la especie para el pais.

Rango altitudinal y de temperatura: En la obtencion del rango altitudinal y de temperatura se sigui6 lo
propuesto por Pyrcz et al. (2024), en donde para determinar el rango altitudinal, se utilizaron datos de altitud
con una resolucion espacial de 30 segundos de arco (~1 km?) obtenidos de WorldClim v.2 (Fick & Hijmans,
2017). Para la obtencion del rango de temperatura, se descargaron y se sumaron datos de temperatura media
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entre 1979y 2019 de CHELSA v.2.1, con la misma resolucion espacial (~1 km?) (Karger et al. 2017). A partir
de las coordenadas geograficas de cada registro obtenido, se calcularon los valores de altitud y de temperatura
media para cada especie. Posteriormente, se generaron diagramas de caja (boxplots) para comparar los rangos
altitudinales y de temperatura entre especies. Los analisis se realizaron en R (R Core Team, 2023) mediante
el paquete “terra” v.1.7-65 y paquetes anexos (Hijmans et al. 2022).

Resultados y Discusién
NoTas SISTEMATICAS
Anteos maerula (Fabricius, 1775) (Figuras 1-3)

Identificacion: A. maerula tanto la hembra como el macho presentan una amplitud alar promedio entre
43 a 55 mm (DeVries, 1987; LeCrom et al. 2004). Asimismo, esta especie presenta un dimorfismo sexual
bastante marcado, puesto que el macho presenta la superficie dorsal de las alas de color amarillo con un punto
negro en el extremo de la celda discal (Figura 1 A-B), mientras que la hembra presenta la superficie dorsal de
las alas de color blanco crema con un punto negro en el extremo de la celda discal (Figura 1C-D), (Constanti-
no, 2004; LeCrom et al. 2004). En campo son especies que presentan un vuelo alto y bastante rapido (Torres,
1986; LeCrom et al. 2004).

Figura 1. Anteos maerula: A. Macho vista dorsal; B. Macho vista ventral; C. Hembra vista dorsal; D. Hembra vista ventral.

C
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Relaciones Filogenéticas: El género hace parte del clado conformado por Eurema + (Anteos + (Colias +
Zerene) seguin datos morfologicos (Murillo-Ramos et al. 2016) y desde una perspectiva molecular, empleando
marcadores COI, 28S, wingless y EFla, se anida en un clado formado por Catopsilia + ((Colias + Zerene) +
(Anteos + (Aphrissa + Phoebis)) (Braby et al. 2006). Sin embargo, Wei et al. (2023) infirieron, desde datos
mitogenomicos, que el género se encuentra dentro del clado Phoebis + (Anteos + (Catopsilia + (Zerene + Co-
lias))), siendo parte de la tribu Coliadini, corroborando la monofilia del género. Cabe resaltar que, los resul-
tados obtenidos en nuestro analisis filogenético, empleando solo el marcador COI, se encontraron los mismos
resultados conseguidos por Wei et al. (2023) (Figura 2). En cuanto a las relaciones sistematicas de las especies
del género Anteos, Godman & Salvin (1887-1901, p. 148) designaron a A. maerula como el tipo del género de
Hiibner, en donde seleccionaron la segunda especie de las tres citadas por Hiibner (Nieves-Uribe et al. 2016).
Hernandez-Mejia et al. (2014), basados en un estudio coridnico (caracteres morfoldgicos), propusieron que
Anteos era un grupo parafilético, puesto que proponian que 4. menippe no hacia parte del género, sino que
pertenecia al género monotipico Rhabdodryas Godman & Salvin, 1889 (ahora Phoebis acorde al estudio de
Murillo-Ramos et al. (2018)). Sin embargo, el trabajo de Hernandez-Mejia et al. (2014) no incluyeron a 4. me-
nippe dentro de los analisis coridnicos, y tampoco se hizo un analisis filogenético para soportar la parafilia del
género. Posteriormente, Nieves-Uribe et al. (2016) realizaron otro estudio coridnico en el género Anteos, en
donde incluyeron a A. menippe, y concluyen que el género Anteos es un grupo monofilético, y proponen que
A. menippe es una especie mas diferenciada, tanto por sus caracteristicas genitales, algunos alares como por
sus caracteres corionicos en relacion a las otras especies del género. Por tltimo, nuestro analisis filogenético
molecular, permitié corroborar la monofilia del género (UFBoot = 96). (Figura 2), confirmando lo propuesto
por Nieves-Uribe et al. (2016) y Wei et al. (2023).

Figura 2. Reconstruccion Filogenética basado en el analisis de Maxima Verosimilitud (ML) para el género Anteos a partir
del marcador molecular COI.

i ASAROTR1 12, Arvecs; mansse, Cuta,Fca, Hervel_Sarsgayel
Sopol T AMTHAIER 31_devoss_inasnole_Dussancam_Mosobhe_Psgve_Misional_4_Bermatet_vion_Sige
@ UFBoot > 95 LPYRCT3-08 Arvova,_ s, Msaics, icatss
7 UFBoot > 70 < 95 LMAVLA 015 dnwas_misonsl_Lintes Saaivs_Tanas_Hawign_Coork
@ UFBoot < 70 FRMARIOI2F, Arvecs_nasrls, Preria, Aics, Coamna

ANTHATERA1_Artvon mabast, Dorsicon Aagebs_vale M Zistents
GRCABZINR 4 Avieas reens s
LA Anfyos ol LSt Tiuas
LYPIFII09 Arvecs, massss Meacs, Caeyiechs, Cabsmes
LYPIETALON Artis_waeee Bheuss, Yicuso
LY T0:03 Arvees, maussie lves, Dutin
LYPAES08_ Arvios_massals Wuwvs_Canpacts
LYPE138.03 Arvves, manssle e, Camache, Calsims!
[..mwm_mm_om_m_mnn_-«_m_mm-_a.—mm 3 ¥
| M3 03 v, masede, Corty R, Gasacas Ama. e Consnasion Gasscase clado maerula
| b PRMAR DTS20 dies_masnss_Prario. fes_Coaeni
!

VP13 _frvecs imaarsle, Mesics, Duinian_ Az

@ e L shwsidn e, Cisaseehe_Cubairad
| $Aw|yw_m M e 113 -
—| S 1o massah_Puerio_fote_Tom Fegen Coniurs_Contal A

*4mu|m_m manicrn_Pery, Msehn,_ e (i3a_ o4 ek Ressarch Siacon

A5AR02193-47 Aveas chrvts,Casin s, S e ors % ¥ .

ANDIVIA12.23_ Ardcn. rmasian Piry s ihe_haa_Loa_Arvapos, Fosiwumc asons
TBABIT9_Avieot_chrkaon_Con P Suemciats_Sirde Cocke_th_la_Cd \
TRGRIOH-15, Arwon clorvde_Casn Ricn, Siwoecrein,Sares Cocks o ln Crur “ .
AT 18 A phemid_ Moo clado m
G- A, clonvde, e, Sseck, Spiskin L e, Formecka

L ] CME PSS Avid_clorvate_ Moo Guiilese_foo.

APMARAGE 52 Avimas clords Cosin Rica, Gusnacin A d_Corasracse s

I

1L ewanzra 1o susmen_sms civs Srean Aceees, coctuns
GUEIAY_Ardons. chrviia_Damisces, Rneusis_La, Cresabierts_ Savn_Nabe
SUWIIE v chmrate_Barwiies_Anies_Ls_Dvacobaria_Sma_Netw

NGUEIS0.12_ Ao, clonds Cate, Sases Sk Ln s Forseska -
AT 1A s Darsnas Rusuitie L Dvssabartt S Mot A0 W=
AGHEITEA1_ A, vt Dorscaw, v, e e Bors, S Bosansn, et
FLYPIE 4108 v, chrevin_Mases Sntare_ i y \

[y —— .
CPETS1.53 e ke Mot clado clorinde

| A L7310 drvwce, corern_ drpereinn Jbaty, Sapamermects Ladvar
LAIARL T Arpeus, ey St Cvpartiemnts_irés
USRI Arvecs o, Arpertins_ St Depetumantn Arey
i
| LMCUATT- 4 Arvvcs_cloriin_Arpention_Sofs Depatamanks dics
AMCEEAT_Cabaasiia pirphons. Avshidy_Cuomsians
ACTIAG 1 Coropatia scyks Auraks Waers, Avsiaks
| e I Conata_penare Thaten Sgack
¢ SATDO0R- 18, e v, okt Sayecs
[ . SACDLIN1A_ G, v Ermache. Tiararus,_desbets
— 1 R R e
" ABLCL18.0 Forivn_mychon (vt Siuies_Calsrve Lim Angeten
BLIVT-00 Pt sevvion_Lnted. Stns. Olisrorss, Myl
i- BV 1 froms e P Pasmens
GBGLIGTT.ON Fruss_syrisio's Ghis_Fali_ D Saed

an

SHILAP Revta. lepid., 54 (214) 30 junio 2026 325



O. MAHECHA-J., V. DIAZ-S., O. JAIME, Y. VEGA-GARRIDO & M. G. ANDRADE-C.

Por otra parte, actualmente no hay una filogenia en donde se muestre las relaciones sistematicas entre
las especies que componen al género Anteos, pero se infiere, con base en datos morfologicos, que A. clorinde
esta mas relacionada a A. maerula que con A. menippe (Nieves-Uribe et al. 2016). Ademas, desde el reco-
nocimiento de Anteos como género distinto por Godman & Salvin (1887-1901) y los estudios detallados de
Klots (1929; 1931-1933), se mantuvo la idea de la relacion entre A. maerula y A. clorinde, y la poca relacion
con A. menippe, al grado que a A. menippe, Klots (1929) le considerd bajo un subgénero distinto, Rhodocera
Boisduval & LeConte, 1829. Asi mismo, Hernandez-Mejia et al. (2014) conservaron la cercania morfologica
entre A. maerula'y A. clorinde, pero como ya se habia mencionado, en este trabajo no incluyeron a 4. menippe
y los autores solo especularon sobre su pertenencia a Anfeos y sus relaciones sistematicas (Nieves-Uribe et
al. 2016). No obstante, acorde a los resultados filogenéticos moleculares obtenidos en el presente estudio, en
donde se incluye por primera vez secuencias genéticas para A. menippe, se logré observar que 4. maerula se
anida en un mismo clado como especie hermana de A. menippe, y no de 4. clorinde (UFBoot = 90) (Figura
2). No obstante, es importante poder incluir mas datos genéticos y morfologicos de las diferentes especies del
género para poder realizar un analisis filogenético mucho mas robusto e integrativo que permita corroborar las
relaciones sistematicas obtenidas dentro del género Anteos en la presente investigacion.

Notas Biogeogrdficas: Conforme a la revision realizada, se obtuvieron un total de 115 registros geogra-
ficos para A. maerula, 135 para A. clorinde, y 80 para A. menippe. Lo anterior, permite tener una aproximacion
sobre la distribucion geografica actual del género Anteos para Colombia, lograndose observar que 4. menippe
tiene una distribucion mucho mas amplia con respecto a 4. maerula y A. clorinde (Figura 3). Los circulos
amarillos en la Figura 3A, indican los registros en Paramos para 4. maerula.

Figura 3. Distribucion geografica del género Anteos en Colombia. A. A. maerula: los circulos amarillos indican los registros
en Paramos. B. A. menippe. C. A. clorinde.
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Adiciones sobre la distribucion geografica: A continuacion, se muestran los nuevos registros sobre la
distribucion de A. maerula en paramos y bosques altoandinos de Colombia, los cuales representan varias
localidades como el Paramo de la Cuchilla El Tablazo en Subachoque, Cundinamarca; el Paramo de Guerrero
en Cachira, Norte de Santander; el Paramo Sabana Rubia y el Cerro Pintado en la Serrania del Perija, Cesar;
y el Paramo de Garcia en Pamplona, Norte de Santander.

Registros en Paramos: COLOMBIA, CunpINAMARCA, municipio de Subachoque, Vda. Pantano de Arce,
Paramo Cuchilla El Tablazo, a 3.422 m., 5.012595°N, -74.197818°W, 1 &, 19-IX-2021, O. Mahecha-J. leg.,
ICN-MHN-L 103777. Municipio de Subachoque, Vda. Pantano de Arce, Paramo Cuchilla El Tablazo, a 3.385
m., 5.007194°N, -74.208426°W, 1 &, 19-IX-2021, Y. Vega-G. leg., ICN-MHN-L 10379. idem, a 3.410 m.,
5.012595°N, -74.197818°W, 1 &, 10-1X-2022, O. Mahecha-J. leg., ICN-MHN-L 103778. Guasca, Complejo
P4ramo Grande-Chingaza, a 3.272 m., 4.841232°N, -73.797689°W, 1 &, 08-1X-2024, O. Jaime leg., CAUD.
fdem, a 3.220 m., 4.839498°N, -73.792627°W, 1 &, 08-1X-2024, O. Jaime leg., CAUD. CEsARr, Manaure,
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Serrania del Perija, Paramo de Sabana Rubia, a 3.150 m., 10.362347°N, -72.911592°W, 1 &, 07-X-2021, L.
G. Restrepo leg., 229740112. NoRTE DE SANTANDER, Cachira, Paramo de Guerrero, a 3.296 m., 7.771439°N,
272.993280°W, 1 &, 12-1X-2024, O. Jaime leg., ICN-MHN-L 103789. fdem, a 3.357 m., 7.767809°N,
-72.996545°W, 1 &, 13-1X-2024, O. Mahecha-J. leg., ICN-MHN-L 103790. [dem, a 3.532 m., 7.763263°N,
-72.992405°W, 1 &, 13-1X-2024, O. Mahecha-J. leg., ICN-MHN-L 103791. Pamplona, Paramo de Garcia, a
3.357m., 7.322121°N, -72.658407°W, 1 &, 16-1X-2024, O. Jaime leg., ICN-MHN-L 103792. idem, 3.370 m.,
7.321349°N, -72.658558°W, 1 &, 16-1X-2024, O. Mahecha-J. leg., ICN-MHN-L 103793. idem, a 3.397 m.,
7.319325°N, -72.659008°W, 1 &, 16-1X-2024, O. Mahecha-J. leg., ICN-MHN-L 103794.

Registros en Bosque Altoandino: COLOMBIA, Guanra, Serrania del Perija, Vda. Guajira, a 2.791 m.,
10.428278°N, -72.935639°W, 1 &, 09-1X-2015, L. Granados leg., IAVH-ACC474. CUNDINAMARCA, Munici-
pio de Soacha, Br. Juan Pablo 11, a 2.560 m., 4.58126°N, -74.211918°W, 1 &, 26-V-2024, H. J. Herrera leg.,
220612394,

Distribucion geografica: El género Anteos se encuentra distribuido en toda la region Neotropical (Sala-
zar, 2018) incluyendo a las Antillas (Nieves-Uribe et al. 2016), desde el nivel del mar hasta lugares por debajo
de los 2.300 m. Por su parte, A. maerula y A. clorinde presentan una distribucion geografica mas amplia a
nivel mundial en comparacion con 4. menippe que solo se encuentra distribuida en Sudamérica desde el norte
de Colombia hasta Paraguay, y norte de Argentina, por debajo de los 1.800 m. (Nieves-Uribe et al. 2016).
En Colombia, A. clorinde esta presente en las tres cordilleras hasta los 2.300 m.; 4. menippe se distribuye
principalmente en la region tropical de América del Sur, tanto en zonas secas como hiimedas; y 4. maerula
se registra en bosques secos y aridos tropicales del pais, en especial en la Costa Atlantica Colombiana desde
el nivel del mar hasta los 1.000 m. (DeVries, 1987; Constantino, 2004; LeCrom et al. 2004; Nieves-Uribe et
al. 2016; Salazar, 2018). Por lo tanto, con la presente revision se amplia el rango altitudinal de 4. maerula a
3.532 m., y se registra la especie a ecosistemas de paramos y bosques altoandinos en Colombia. A su vez, se
aumenta también el rango altitudinal de 4. clorinde a 2.873 m. Por su parte, se encontrd que la altura maxima
para A. menippe es de 1.180 m. (Figura 4).

Figura 4. Rango Altitudinal para las especies del género Anteos en Colombia (Boxplot con mediana y cuartiles).
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Por otro lado, se evidencia que 4. maerula presenta un rango de temperatura mas amplio (6°C - 34°C),
en comparacion a 4. clorinde (14°C - 34°C) y A. menippe (25°C - 34°C) (Figura 5). Lo anterior permite inferir
que A. maerula presenta una mayor tolerancia térmica lo que le permite habitar en diferentes tipos de ecosiste-
mas, desde zonas calidas y secas hasta bosques altoandinos y paramos. Basado en lo anterior, deducimos que

SHILAP Revta. lepid., 327



O. MAHECHA-J., V. DIAZ-S., O. JAIME, Y. VEGA-GARRIDO & M. G. ANDRADE-C.

es posible que A. maerula también tenga habitos migratorios como sucede en 4. clorinde 'y otros Pieridae (Ne-
gret, 1988; Lamas, 2004; LeCrom et al. 2004; Braby et al. 2006; Hernandez-Mejia et al. 2014), y el presentar
un rango de temperatura tan amplio, le permitiria sin problema dispersarse en diferentes tipos de habitats.

Figura 5. Rango de Temperatura para las especies del género Anteos en Colombia (Boxplot con mediana y cuartiles).
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Por otra parte, se ha reportado que las larvas de 4. maerula se alimentan de plantas de la familia
Caesalpinaceae y Fabaceae especialmente de las especies Senna bicapsularis (L.) Roxb., Senna atomaria
(L.) H.S.Irwin y Barneby, Senna papillosa (Britton & Rose) H. S. Irwin & Barneby, y Senna hayesiana
(Britton & Rose) H. S. Irwin & Barneby (Braby & Trueman, 2006; Robinson et al. 2010). Sin embargo,
no se han observado estas especies en las areas de Paramo en donde se recolectaron los ejemplares, lo que
permite inferir que 4. maerula no se esta estableciendo en el paramo, sino que podria estar usando el area
como parte de una posible ruta de dispersion, permitiendo conectar poblaciones en diferentes zonas de
Colombia, lo que estaria apoyando lo mencionado anteriormente sobre que A. maerula podria presentar
habitos migratorios. No obstante, aun es necesario realizar estudios acerca de este tema en la especie para
poder corroborar lo propuesto aqui.

Asuvez, al observar la informacion de recolecta en las etiquetas de algunos ejemplares, se logr6 eviden-
ciar que, por ejemplo, los ejemplares recolectados en el Paramo de la Cuchilla El Tablazo en Cundinamarca,
las fechas de captura correspondian al mes de septiembre del afio 2021 y 2022, el registrar varios ejemplares
de A. maerula en diferentes afios, pero en el mismo mes y el cual corresponde a la época seca en esta zona
(Montero-A. & Ortiz-P., 2013), permite inferir que la época seca podria estar favoreciendo la presencia de A4.
maerula en este Paramo, y dado al amplio rango de temperatura que presenta A. maerula (Figura 5), es posi-
ble que esté utilizando el amortiguamiento térmico y la tolerancia térmica como estrategias alternativas para
hacer frente al aumento de la temperatura, como se ha reportado en otras especies de mariposas tropicales per-
tenecientes a la familia Pieridae (Ej. Phoebis argante (Fabricius, 1775)), en donde se encontrd que esta familia
presentaba los valores mas altos de amortiguacion térmica en comparacion a las otras familias de Lepidoptera
(Ashe-Jepson et al. 2023). Del mismo modo, se ha reportado que especies mas grandes tienden a tener una
mejor capacidad de amortiguacion térmica que otras especies pequeflas (Bladon et al. 2020; Ashe-Jepson et
al. 2023). Ademas, los insectos grandes generalmente experimentan fluctuaciones mas pequenas en la tempe-
ratura corporal que los insectos pequefios (Gilchrist, 1990; Kemp & Krockenberger, 2004; Ashe-Jepson et al.
2023), por lo que el gran tamafio deberia dar como resultado una mayor capacidad de amortiguacion térmica.
En condiciones frias, los Papilionoidea de alas grandes también pueden usar las grandes areas superficiales de
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sus alas para absorber calor, lo que les permite un calentamiento y una actividad rapida. Igualmente, las alas
grandes aumentarian la movilidad de estas especies, lo que les permitiria acceder a una mayor variedad de
microclimas en un area més amplia que las especies mas pequeflas (Ashe-Jepson et al. 2023).

De igual manera, Bladon et al. (2020) también encontraron alguna evidencia de que el color de las alas
influye en las capacidades de amortiguacion térmica de las especies de Papilionoidea que habitan en zonas
templadas. Sin embargo, esto se atribuy0 a la distribucion de colores entre familias. Se sabe que el color in-
fluye en las tasas de calentamiento de las especies y, estudios anteriores, encontraron que las especies oscuras
tendian a experimentar cambios mas rapidos en la temperatura corporal que las mas claras (Watt, 1968; As-
he-Jepson et al. 2023). Estas fluctuaciones rapidas permitirian que las mas oscuras se calentaran mas rapido en
condiciones frias e irradiaran calor y se enfriaran mas rapidamente en condiciones calidas. Como tal, los ras-
gos morfologicos pueden beneficiar la capacidad de amortiguacion térmica de las especies (Ashe-Jepson et al.
2023). En areas tropicales, las especies mas claras, como A. maerula, pueden beneficiarse del aumento de las
temperaturas, ya que les permite ganar calor y activarse mas rapidamente. No obstante, ademas de calentarse
mas lentamente, las mas claras también son menos capaces de perder calor a temperaturas ambientales altas
en comparacion con las mas oscuras (Watt, 1968; Khazan et al. 2022), y se ha encontrado que estas especies
de colores claros tienen una tolerancia térmica menor que las mas oscuras en el tropico, lo que las expone a
un mayor riesgo de sobrecalentamiento con el aumento de las temperaturas (Ashe-Jepson et al. 2023). En este
sentido, se ha demostrado que diversas especies poseen estrategias de termorregulacion especificas, determi-
nadas por aspectos comportamentales y morfologicos. Estos mecanismos podrian reducir su vulnerabilidad
frente al aumento de la temperatura, lo que sugiere que las especies neotropicales no son necesariamente mas
susceptibles al calentamiento climatico que las especies de regiones templadas (Laird-Hopkins et al. 2023).

También se ha descubierto que aspectos similares de la morfologia de los Papilionoidea que afectan la
amortiguacion térmica influyen en la tolerancia térmica, por ejemplo, una relacion positiva entre la tolerancia
térmica y la masa corporal, como es el caso de Bicyclus anynana (Butler, 1879) (Klockmann et al. 2017),
una especie de Nymphalidae que se encuentra principalmente en el este de Africa, desde el sur de Sudan
hasta Eswatini y que habita principalmente en areas boscosas, vuela cerca del suelo (Molleman et al. 2008)
y los machos, tienden a tener una envergadura alar de 35 a 40 mm y las hembras de 45 a 49 mm (Brakefield,
et al. 2009). En esta especie se reportd que individuos grandes tienen una mayor tolerancia térmica que los
individuos pequefios y un tamafo corporal grande también puede resultar en fluctuaciones reducidas en la
temperatura corporal, lo que implica que los individuos mas grandes pueden tener una mayor capacidad
para mantener la temperatura corporal dentro de limites tolerables y una mayor capacidad de amortiguacion
térmica (Klockmann et al. 2017), lo que podria estar sucediendo en la especie 4. maerula, y posiblemente
también en 4. clorinde.

Conclusiones

Finalmente, el presente estudio corrobora la monofilia del género Anteos, y se propone la relacion filo-
genética de (4. maerula + A. menippe) + A. clorinde. Adicionalmente, se presentan los primeros registros de
A. maerula para algunos Paramos y Bosques Alto Andinos en la Cordillera Oriental en Colombia, permitiendo
aumentar el rango de distribucion altitudinal de 4. maerula desde el nivel del mar hasta los 3.532 m., y de A4.
clorinde a 2.873 m. También, se encontr6é que 4. maerula tiene un rango de temperatura mas amplio que 4.
menippe y A. clorinde, 1o que le permitiria dispersarse en diferentes tipos de habitats al emplear el amortigua-
miento térmico y la tolerancia térmica como estrategias para hacer frente a las fluctuaciones de temperatura.
Sin embargo, es necesario realizar estudios mas profundos en la especie y el género en general, para poder
conocer mejor su autoecologia, sus relaciones sistematicas y sus patrones biogeograficos.
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Tabla I. Nimeros de Acceso de las secuencias del marcador molecular COI obtenidas de BOLD y NCBI e incluidas

en el estudio.

Género Especie Numero de Acceso Pais Sitio de Recolecta

Anteos clorinde ASARD2102-12 Costa Rica San José, Mora

Anteos clorinde DMAZ214-10 Estados Unidos Arizona, Cochise

Anteos clorinde JAGWI324-11 Republica Dominicana La Descubierta, Sierra Neiba

Anteos | clorinde |  JAGWI325-11 | Repiblica Dominicana | * 12 N‘Z"g’a fj;i‘?gna’ Sierra

Anteos clorinde JAGWI326-11 Repuiblica Dominicana La Descubierta, Sierra Neiba

Anteos clorinde JAGWI328-11 Repuiblica Dominicana La Descubierta, Sierra Neiba

Anteos | clorinde | JAGWI330-11 Cuba Sancti Spiritus, La Jiquima,
Fomento

Anteos | clorinde | JAGWI331-11 Cuba Sancti Spiritus, La Jiquima,
Fomento

Anteos clorinde JDMUS007-18 México Sin Informacion

Anteos clorinde LNOA175-16 Argentina Jujuy, Departamento Ledesma

Anteos clorinde LNOA432-16 Argentina Salta, Departamento Anta

Anteos clorinde LNOAA477-16 Argentina Salta, Departamento Anta

Anteos clorinde LNOA501-16 Argentina Salta, Departamento Anta

Anteos clorinde LNOAS522-16 Argentina Salta, Departamento Anta

Anteos clorinde LYPIE147-09 Meéxico Quintana Roo

Anteos clorinde LYPIE150-09 México Quintana Roo

Anteos clorinde LYPIE151-09 México Campeche

Anteos clorinde LYPIE152-09 México Quintana Roo

Anteos clorinde MHAPAO081-05_ Costa Rica Guanacaste, Area de Conservacion

Anteos | clorinde TBGS007-09_ Costa Rica Guanacaste, Scarri:: Cecilia de la

Anteos | clorinde TBGS008-09 Costa Rica Guanacaste, SC“T:: Cecilia de la

Anteos maerula ASARD2921-12 Costa Rica Heredia, Sarapiqui

Anteos maerula GBCAB42382-24 Jamaica Sin Informacion

Anteos maerula JAGWI321-11 Puerto Rico Toro Negro, Cordillera Central

Anteos maerula JAGWI322-11 Republica Dominicana Valle Nuevo Constanza

Anteos maerula JAGWI323-11 Republica Dominicana PN A Bermudez Anton Sape

Anteos maerula LNAUU1420-15 Estados Unidos Texas, Hidalgo

Anteos maerula LNAUW456-17 Estados Unidos Texas

Anteos maerula LPYPC052-08_ México Yucatan

Anteos maerula LYPIE153-09 México Quintana Roo

Anteos maerula LYPIE155-09 México Campeche, Calakmul

Anteos maerula LYPIE156-09 México Campeche, Calakmul

Anteos maerula LYPIE157-09 México Campeche, Calakmul

Anteos maerula LYPIE158-09 Meéxico Campeche, Calakmul

Anteos maerula LYPIE159-09 Meéxico Campeche, Calakmul
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Anteos maerula LYPIE160-09 México Quintana Roo
Anteos maerula LYPIE163-09 México Yucatan
Anteos maerula MHAPA010-05 Costa Rica Guanacaste, Area de Conservacion
Anteos maerula MHAPA079-05 Costa Rica Guanacaste, Area de Conservacion
Anteos maerula PRMARI1018-21 Puerto Rico Coamo
Anteos maerula PRMARI1019-21 Puerto Rico Coamo
Anteos menippe ANDIV1609-23 Pera Madre de Dios
Anteos menippe ANDIV1612-23 Perti Madre de Dios
Colias dimera SACOLO028-16 Colombia Boyaca
Colias dimera SACOL033-16 Ecuador Tungurahua, Ambato
Catopsilia | gorgophone ANICT739-11 Australia Queensland
Catopsilia scylla ANICT740-11 Australia Western Australia
Catopsilia |  pomona BKKP160-18 Tailandia Bangkok
Phoebis sennae BBLWU269-09 Estados Unidos Oklahoma, Marshall
Phoebis hersilia BCIBT490-11 Panama Panama
Phulia nymphula GBGL3677-06 Chile Salar De Suriri
Zerene cesonia ABLCU787-09 México Coahuila Saltillo
Zerene eurydice ABLCUS828-09 Estados Unidos California Los Angeles
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Oxypteryx dubiella Huemer & Sumpich, sp. nov., a
new species of Aristoteliinae from Spain
(Lepidoptera: Gelechiidae)

Peter Huemer & Jan Sumpich
Abstract

Oxypteryx dubiella Huemer & Sumpich, sp. nov. (Gelechiidae, Aristoteliinae), is described from
specimens collected in south and east of Spain (provinces Alicante, Almeria, Valencia). The new species
differs from related congeneric taxa by several characters of male and female genitalia, as well as by the
highly divergent DNA barcode (cytochrome ¢ oxidase subunit 1). Adults, and male and female genitalia are
figured. Considering the isolated position within Oxypteryx Rebel, 1911 and in absence of a suprageneric
revision of Aristoteliinae the generic combination is tentative.

Keywords: Lepidoptera, Gelechiidae, Aristoteliinae, Oxypteryx dubiella, description, new species, Spain.

Oxypteryx dubiella Huemer & Sumpich, sp. nov., una nueva especie de Aristoteliinae
procedente de Espaifia
(Lepidoptera: Gelechiidae)

Resumen

Oxypteryx dubiella Huemer & Sumpich, sp. nov. (Gelechiidae, Aristoteliinae) se describe a partir de
especimenes recolectados en el sur y este de Espafia (provincias de Alicante, Almeria y Valencia). La nueva
especie se diferencia de los taxones congéneres relacionados por varios caracteres de los genitales masculinos
y femeninos, asi como por el codigo de barras de ADN altamente divergente (subunidad 1 de la citocromo
¢ oxidasa). Se ilustran los adultos y la genitalia del macho y de la hembra. Teniendo en cuenta la posicion
aislada dentro de Oxypteryx Rebel, 1911y la ausencia de una revision supragenérica de Aristoteliinae, la com-
binacion genérica es provisional.

Palabras clave: Lepidoptera, Gelechiidae, Aristoteliinae, Oxypteryx dubiella, descripcion, nueva especie,
Espafia.

Introduction

With around 5600 described species, Gelechiidae are a lepidopteran group that occurs on all continents
except for Antarctica. In Europe, the family is overproportionally diverse with around 920 species. For a long
time, it was considered to be particularly difficult from a taxonomic point of view, but the inventory of species
has been massively advanced in recent decades, both regionally and on a continental basis, so that at least
certain tribes or even subfamilies are now easily identifiable (Huemer & Karsholt, 1999, 2010). Meanwhile,
in addition to classical morphologically based methods, the implementation of genetic analyses, in particular
DNA barcoding, has become established for reliable species delimitation. Despite these efforts, however,
around 100 taxa that have already been sampled are considered possible cryptic species that require further
integrative taxonomic investigations (Huemer et al. 2020).

Here we present one of the previously undescribed species. Due to its affiliation to the as yet unrevised
subfamily Aristoteliinae, its generic classification appeared problematic. However, in contrast to other
recently described Gelechiidae genera (e.g. Bidzilya & Karsholt 2008; Corley et al. 2020), we refrain from
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introducing a new generic unit and hope for a future, comprehensive revision of the Aristoteliinae. The newly
described species, previously only known from Spain, is morphologically and genetically closely related to
Oxypteryx Rebel, 1911, but differs significantly in some characteristics. However, as the species delimitation
is completely unambiguous, we would like to make the taxon available despite the deficits mentioned.

Material and methods

In total, we examined 229 individuals of the new Oxypteryx available for morphological and partially for
genetic analysis. Species identification is based on the phenotypic characteristics of adults (wing markings)
and is partly confirmed by dissections and DNA barcoding.

Male genitalia preparation implemented the so-called unrolling technique as introduced for the prepara-
tion of complex male genitalia in Gelechiidae by Pitkin (1986). .

Tissue samples (single hind leg) from six O. dubiella Huemer & Sumpich, sp. nov. were prepared ac-
cording to prescribed standards to obtain DNA barcode sequences of a 658 bp segment of the mitochondrial
COI gene (cytochrome ¢ oxidase subunit 1). The material was successfully processed at the Canadian Cen-
tre for DNA Barcoding (CCDB, Biodiversity Institute of Ontario, University of Guelph) using the standard
high-throughput protocol described in deWaard et al. (2008). In addition, 37 private barcode sequences from
17 species in the Barcode of Life Data Systems (BOLD; Ratnasingham & Hebert, 2007; Ratnasingham, 2018)
with Aristotelia subericinella (Duponchel, [1843]) as out-group were used for analysis. All barcodes range
between 635 and 658 bp. Further details including complete voucher data and images can be accessed in the
public dataset DS-OXYPTSPN “New Oxypteryx from Spain” in BOLD.

All sequences were assigned to Barcode Index Numbers (BIN), algorithm-based operational taxonomic
units that provide an accurate proxy for the true species. BINs were automatically calculated for records in
BOLD that comply with the DNA Barcode standard (Ratnasingham & Hebert, 2013).

Degrees of intra- and interspecific variation of DNA barcode fragments were calculated using the Kimura
two-parameter model on the platform of BOLD systems v. 4.0. (https://boldsystems.org). A Neighbor-Joining
tree was constructed using the Kimura two-parameter model in MEGA11 (Kumar et al. 2021).

Photographs of adults were taken with a Canon 750D camera fitted with a Canon MP-E-65 mm lens (J.
Sumpich), genitalia photographs with a Zeiss Axiolab 5 microscope, mounted with an Olympus OM-D Mark
I camera (P. Huemer). Stacked photographs were edited using Helicon Focus 4.8 and Adobe Photoshop 6.0.

The present study based on material from the following collections

MNCN  Museo Nacional de Ciencias Naturales, Madrid, Spain

NMPC  National Museum of the Czech Republic, Prague, Czech Republic

RCZT  Research collection of Zdeno Tokar, Mocovice, Czech Republic

TLMF  Tiroler Landesmuseum Ferdinandeum, Hall, Austria

ZMUC  Zoological Museum, Natural History Museum of Denmark, Copenhagen, Denmark

Results
Molecular analysis

Molecular analysis is based on full DNA barcodes of 658 bp for 5 specimens of O. dubiella sp. nov., and
a shorter sequence of 550 bp. Furthermore, 37 sequences of 17 European species are considered for analysis.

The sequences grouped into 20 and strongly divergent clusters, each with different BINs, representing
18 species, with two genetically variable species (O. libertinella (Zeller, 1872), O. nigritella (Zeller, 1847).
The O. dubiella sp. nov. sequences were assigned to a unique cluster (Figure 1).

The mean intraspecific p-distance of O. dubiella sp. nov. is 0.19%, maximum p-distance is 0.48%
(BIN:BOLD:AAV7596) (n=7). The minimum p-distance to the nearest neighbor, Teleiodes luculella (Hiibner,
1813) (BIN:BOLD:AEGS5539; n=4), is 10.42%.

Taxonomy
Oxypteryx dubiella Huemer & Sumpich, Sp. nov.
https://zoobank.org/9BB626DB-2FE6-4702-BE86-C832B45B2FC6
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Type material: Holotype @, SPAIN, VaLencia El Saler, Albufera, 5 m 39°19,67°N, 00°18,47°W, 21-V-
2004, leg. Huemer; genitalia slide P. Huemer GEL 13569 (TLMF).

Paratypes: 95 &, 7 ©, same data as holotype, genitalia slide P. Huemer GEL 13559, DNA barcode ID
TLMF Lep 03844; 3 &, ditto, but 16-V-2004; 6 &, ditto, but 18-V-2004; ALICANTE, Sierra de Crevillente, 5 km
NE Albatera, 450 m, 14 &, 38°15,22°N, 00°54,86°W, 23-V-2004, P. Huemer leg.; 6 &, ditto, but 24-V-2004,
DNA barcode IDs TLMF Lep 03237, TLMF Lep 03238; 14 &, ditto, but 26-V-2004, genitalia slide P. Huemer
GEL 1354, DNA barcode IDs TLMF Lep 03239, TLMF Lep 03841, TLMF Lep 03842, TLMF Lep 03843.
ALICANTE 44 3,28 @, 8 km N Albatera, 270 m, 38°15° N, 0°52° W, 28-1V-2008, DNA barcode ID TLMF Lep
25227, J. Sumpich leg. (NMPC); 2 &4, 1 2, ditto, but gen. prep ZT 14983, 14991 and 14984), Z. Tokar leg.; 3
4,3 @, ditto, but 5-V-2008, gen. prep ZT 10950, 10951, 10952, 10953, 14994. ALMERIA, Sierra de Alhamilla,
Nijar env., 560 m, 1 2, 30-IV-2008, gen. prep ZT 10966, Z. Tokar leg. (all RCZT, ZMUC). VALENCIA, Santa
Pola, Playa del Pinet, 5 m, 1 &, 38°9,51°N, 00°37,54°W, 22-V-2004, P. Huemer leg. (all TLMF, MNCN).

Diagnosis: At first glance, the new species resembles unrelated Gelechiidae such as Pragmatodes sp.,
Apatetris sp., Ptocheuusa sp. or Ephysteris sp. Within the genus Oxypteryx, the whitish base colour of the
forewings with fine dark mottling and four obscure light brown spots is unique. The male genitalia are vague-
ly similar to O. helotella (Staudinger, 1859), O. parahelotella (Nel, 1995) and O. marieae Huemer, 2020
(Huemer, 2020; Nel, 1995), but differ in the club-shaped uncus and the shape of the valva and sacculus. The
female genitalia are characterised by extremely long posterior and anterior apophyses, a largely membranous
antrum and prominent appendages of the signum.

Description: Adult (Figures 2-5). Head white-scaled, with increasingly speckled brown towards the
crown; proboscis white; labial palps white, 2nd segment with weak distal brush, brown scaling of varying
extent on the outside and partly also on the inside, 3rd segment slightly shorter than 2nd segment, white with
brown scales, especially on the outside; antenna white with dark brown rings. Thorax and patagia covered
with white scales tipped with dark brown, legs white with extensive dark brown scaling. Forewing length:
d 3.0-4.1 mm, Q 3.8-4.0 mm; upper side of forewing white, numerous white scales tipped light brown, four
weakly developed ochre spots, two in the fold and two in and at the end of the cell, fringe white with distinct
dark dividing line; underside of forewing cream white. Upper side of hindwing light grey, pearlescent, fringe
long, light grey; underside of hindwing white. Abdomen white. No substantial differences between sexes.

Variation: In general, the variability of external appearance is very low. In some specimens, the ochre
spots may be more pronounced on a light background (Figure 4), sometimes dark forms occur, on which the
ochre spots are almost not evident (Figures 3, 5).

Male genitalia (Figures 6-7): Uncus massive, club-shaped, finely spined throughout; tegumen broad,
with strongly sclerotised posterior edge bearing long setae; pedunculi broadly rounded; valva sub-rectangular,
especially distally with some medium-length setae, apex broad and straight-cut, ventroapical with tooth-
shaped projection; sacculus basally broader than valva, lobed, apically pointed, covered with some setae par-
ticularly at edges; saccus triangular, distally evenly tapered; phallus about as long as genital capsule, massive,
very broad basally, distally increasingly tapered, postmedially with tooth-like appendage.

Female genitalia (Figures 8-9): Papillae anales short, oblong; apophysis posterior long,ca. 1.8 mm;
segment VIII ca. 0.5 mm long, membraneous, without structures, posterior edge sclerotizted with long setae;
apophysis anterior nearly length of apophysis posterior, ca. 1.7 mm; ostium bursae hardly discernible, mem-
branous; ductus bursae without sclerotized antrum, long, membraneous, anteriorly gradually dilated without
a clear transition to corpus bursae; corpus bursae leongated sub-obval; Signum with irregualry shaped oblong
basael plate, three very long and strong thorn-like processes and ca. one dozen of small spines (Figure 9).

Biology: Hostplant and early stages are unknown. Adults have been collected from late April to the end
of May at light. The observations come from both sandy coastal areas and steppic inland habitats and range
from sea level to an altitude of around 450 meters (Figure 10).

Distribution: Spain (Alicante, Almeria, Valencia).

Etymology: The species name is derived from the latin adjective dubius (=doubtful) and refers to the
doubtful generic assignment.

Discussion

New descriptions of species that cannot be assigned to undisputed genera are always a particular
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taxonomic challenge and, due to the lack of available conceptual frameworks, require a certain willingness
to compromise on the part of the taxonomists involved. The existing desire for an unambiguous classification
of species into undisputed genera cannot always be realized, even for Lepidoptera in well-studied Europe. A
good example are parts of the family Gelechiidae, which are still insufficiently revised, particularly several
genera of the subfamilies Aristoteliinae and Anomologinae. Although some species-rich genera such as
Bryotropha Heinemann, 1870 , Ptycerata Ely, 1910, Megacraspedus Zeller, 1839, Dirhinosia Rebel, 1905
and Ivanauskiella Ivinski & Piskunov, 1980 have been revised in the recent past (Bidzilya & Karsholt, 2021;
Bidzilya et al. 2023; Huemer & Karsholt, 2018; Karsholt & Rutten, 2005; Tokar & Gozmany, 2005), other
genera such as Aproaerema Durrant, 1897, Isophrictis Meyrick, 1917, Aristotelia Hiibner, [1825], Metzneria
Zeller, 1839and also Oxypteryx remain insufficiently known. Apart from comprehensive descriptions of the
species composition in these genera, there is still a lack of phylogenetic analysis at the genus level that takes
global aspects into account. In many cases, even well-known European species can only be correctly assigned
to a genus after intensive research, as was recently the case with Tiranimia epidolella Chrétien, 2015 and
Lanceoptera panochra Janse, 1960 (Karsholt et al. 2023). Even the isolated introduction of new genera in
the recent past has not provided a fundamental improvement (Bidzilya & Karsholt, 2008; Nel et al. 2022;
Varenne et al. 2017). The acute lack of phylogenetically based generic revisions therefore urgently needs
to be remedied. However, since only very few resources are available for such time-consuming revisionary
work, the systematic survey and formal description of previously unrecognized species diversity is at risk. We
have therefore - 20 years after sampling efforts of an unknown taxon preliminary and incorrectly identified
as Ptocheuusa sp. (Huemer & Wieser, 2010) - opted for assigning a new species to an available genus despite
all reservations, and conversely, in the absence of a global revision of the Aristoteliinae, refraining from
introducing a further genus.

Oxypteryx dubiella is a genetically isolated species whose phylogenetic relationships are doutbful.
Its closest neighbour in the DNA barcode, Teleiodes luculella (Hiibner, [1813]), is assigned to the tribe
Litini within Gelechiinae, and does not appear to be closely related due to the enormous genetic distance of
approximately 10% and the entire morphology. In fact, our tentative assignment to the Aristoteliinae in general
and the genus Oxypteryx in particular is based exclusively on morphological characteristics, especially the
genital armature of both sexes, even though genetic data and the phenotypic appearance of the species cast
doubt on the genus assignment.
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Figure 1. Neighbor-Joining tree of Oxypteryx spp. (Kimura 2-parameter, built with MEGA11 (Kumar et al. 2021), rooted
for Aristotelia subericinella (Duponchel, [1843]) as out-group; Source: DNA Barcode data from BOLD (Barcode of Life

Database; Ratnasingham 2018).
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Figures 2-7. Oxypteryx dubiella Huemer & Sumpich, sp. nov., Spain, paratypes. 2-5. Adults. 6-7. Male genitalia, gen.
slide GEL 1354. 6. Unrolled view. 7. Phallus.

0.5 mm
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Figures 8-10. 8-9. Female genitalia, holotype, gen. slide GEL 1356. 8. General view. 9. Detail of signum. 10. Steppe
habitats north of Albatera (Alicante, Spain), type locality in 2008 year.

2.0 mm
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Comparative Ultrastructure of Antennal and
Mouthpart Sensilla in Larval Instars of Amata bicincta
(Kollar, [1844]) and Areas galactina
(Hoeven, 1840)

(Lepidoptera: Erebidae)

Harsimrat Kaur Dulai & Amritpal Singh Kaleka
Abstract

This study compares the ultrastructural development of antennal and mouthpart sensilla across larval
instars of Amata bicincta (Kollar, [1840]) and Areas galactina (van der Hoeven, 1840) (Lepidoptera: Erebi-
dae) using scanning electron microscopy (SEM). A. bicincta exhibits five larval instars, while 4. galactina has
eight. Key findings include species-specific sensilla reductions and modifications: 4. bicincta loses antennal
sensillum B3 after the first instar, and its spinneret transitions to a broad, leaf-like structure. 4. galactina re-
tains BS5 in later stages but loses B3 entirely, and its spinneret becomes conical in the final instar. Additional
variations include transient appearances and disappearances of galeal sensilla (MSB, LSB/CSB) in 4. galac-
tina. These results underscore the utility of larval ultrastructure in taxonomic and sensory ecology studies, as
well as the importance of examining all larval stages.

Keywords: Lepidoptera, Erebidae, Amata, Areas, larvae, ultrastructure, sensilla, SEM, taxonomy, India.

Ultraestructura comparativa de las sensillas antenales y bucales en los estadios larvarios de Amata
bicincta (Kollar, [1844]) y Areas galactina (Hoeven, 1840)
(Lepidoptera: Erebidae)

Resumen

Este estudio compara el desarrollo ultraestructural de las sensillas antenales y bucales a lo largo de
los estadios larvarios de Amata bicincta (Kollar, [1844]) y Areas galactina (Hoeven, 1840) (Lepidoptera:
Erebidae) mediante microscopia electronica de barrido (SEM). 4. bicincta presenta cinco estadios larvarios,
mientras que A. galactina tiene ocho. Entre los hallazgos mas destacados se encuentran reducciones y mod-
ificaciones de las sensillas especificas de cada especie: A. bicincta pierde la sensilla antenal B3 después del
primer estadio, y su hilera se transforma en una estructura ancha similar a una hoja. 4. galactina conserva la
BS5 en estadios posteriores, pero pierde la B3 por completo, y su hilera se vuelve conica en el estadio final.
Otras variaciones incluyen la aparicion y desaparicion transitorias de sensillas galeales (MSB, LSB/CSB) en
A. galactina. Estos resultados subrayan la utilidad de la ultraestructura larvaria en los estudios taxondémicos y
de ecologia sensorial, asi como la importancia de examinar todas las etapas larvarias.

Palabras clave: Lepidoptera, Erebidae, Amata, Areas, larvas, ultraestructura, sensillas, SEM, taxonomia,
India.
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Introduction

Lepidoptera larvae exhibit diverse morphological adaptations, with sensilla on antennae and mouthparts
playing crucial roles in sensory ecology. Detailed studies across larval instars are essential for understanding
species-specific adaptations and refining taxonomic classifications (Kaleka & Dulai, 2024). This study exam-
ines Amata bicincta (Kollar, 1840) and Areas galactina (van der Hoeven, 1840), two Erebidae with poorly
documented larval stages. By comparing sensilla development across instars, we aim to:

1. Characterize the ontogenetic trajectories of antennal and mouthpart sensilla in both species.
2. Identify species-specific adaptations linked to ecological niches and feeding strategies.
3. Evaluate spinneret morphology as a taxonomic marker, contributing to ongoing phylogenetic studies.

By integrating SEM-based analysis, we extend the work of Kaleka & Dulai (2024) on Lymantriinae
larvae, emphasizing the utility of larval ultrastructure in taxonomic identification.

Materials and Methods

Collection and Rearing: Larvae of A. bicincta (five instars) and A. galactina (eight instars) were col-
lected from localities Kullu, Himachal Pradesh and reared on host plants under controlled conditions (25°C,
70% humidity, 14:10 light-dark cycle). Identification was done on basis of adult morphological characters.

SEM Preparation: Heads of each instar were fixed in Carnoy’s solution (3:1 ethanol: acetic acid) for
3-12 hours, post-fixed in 2% glutaraldehyde (4°C, overnight), and dehydrated through a graded ethanol series
(30-100%). Samples were critical-point dried, gold-coated, and imaged using a scanning electron microscope
(JEOL) JSM-6100 in the Instrumentation Centre, Punjabi university, Patiala, India.

Sensilla Analysis: Sensilla were identified using Schneider (1964) and Zacharuk (1985, 1991). Metric
data (length, distribution) were extracted using ImagelJ software. Statistical analyses were conducted using
ANOVAF test to record the level of significance.

Developmental Trajectory of Sensilla in Amata bicincta: Larvae (Figures 1-5) across five larval instars,
Amata bicincta exhibits dynamic sensilla modifications on antennae and mouthparts, reflecting ontogenetic
adaptations. Antennal sensilla progress from an initial eight sensilla in the first instar (B1-B6, C1-C2, Sty) to
a reduced count in later stages: sensillum B3 disappears by the fifth instar, likely due to compensatory elon-
gation of B1-B2, while B6 becomes obscured by B4’s growth (Figures 1A-B). The terminal segment retains
four sensilla (B4-B6, Sty) in early instars but loses B6 by the fourth instar, mirroring Maeoproctis latifascia’s
regression of B5-B6 in later stagesl. Mouthpart sensilla show stability in labral (C1-C12) and mandibular
(C1-C2) chaetica but dynamic maxillary palp patterns: medial sensillum M2 disappears by the fourth instar,
and apical sensilla (A2-A3) shorten progressively, contrasting with Artaxa vitellina’s retention of all maxil-
lary sensillal. The spinneret transitions from spindle-shaped in early instars to a broad, leaf-like structure in
the fifth, akin to A. vitellina’s elongation].

These shifts align with lepidopteran trends where sensilla reductions correlate with niche-specific forag-
ing, e.g., loss of M2 may reflect tactile over chemosensory reliance in later instars, as seen in foliage-feeding
M. latifascial. The conserved labral chaetica (C1-C12) supports Erebidae taxonomy, while spinneret diver-
gence (leaf-like vs. spindle-shaped) underscores species-level adaptations in silk-spinning behaviorl. Such
ontogenetic patterns provide taxonomic markers and ecological insights, paralleling findings in 4. vitellina
and M. latifasci.

Developmental Patterns in Areas galactina Larvae (Figures 6-10): Across eight larval instars, Areas
galatina exhibits dynamic sensilla modifications on antennae and mouthparts, reflecting ontogenetic and eco-
logical adaptations. Antennal sensilla show progressive reductions: sensillum B3 is absent after the first instar,
while B6 is not observed in the first and seventh instars but present in others. In the final instar, sensillum
BS5 reappears. Mouthpart sensilla display dynamic galeal patterns, including the transient presence of medial
sensillum basiconicum (MSB) in the third instar. Additionally, sensilla LSB/CSB on the galea are present only
in the first four instars. The labrum and mandibles have stable chaetica (C1-C12) and (C1-C2) respectively,
and the maxillary palp maintains similar sensilla counts across instars. The spinneret transitions from spin-
dle-shaped to a conical, prominent structure in the final stage.
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These shifts align with lepidopteran trends where sensilla reductions correlate with niche-specific for-
aging. The transient presence of MSB and the loss of LSB/CSB may indicate a shift in feeding strategies.
The conserved labral chaetica (C1-C12) supports erebid taxonomy, while spinneret divergence underscores
species-level adaptations in silk-spinning behavior. Such ontogenetic patterns provide taxonomic markers and
ecological insights.

Discussion

Antennal Sensilla Development: 4. bicincta: Antennal sensilla show progressive reductions: sensillum
B3 disappears after the first instar, likely due to compensatory elongation of B1-B2, while B6 is obscured
in later stages (e.g., seventh instar) by positional shifts of B4. 4. galactina: B3 is absent after the first instar,
while B6 is not observed in the first and seventh instars but present in others. Sensillum B5 reappears in the
final instar (Table 1).

Table 1. Metrical analysis of sensilla of antennae of different aged instars of Amata bicincta (represented as mean length +

SD micrometers)

Sensilla type 1st instar 2nd instar 3rd instar 4th instar Sth instar
B1 6.691.18 10.66+0.55 16.26 0.70 35.5+1.24 49.11+0.30
B2 6.540.21 9.09+0.84 12.97 1.09 30.15+1.07 289.30+14.28
B3 2.510.36 4.47+0.16 5.950.29 9.08+0.42 Not seen

B4 4.970.19 10.68+0.73 18.23 0.39 23.21£1.03 413.08+5.98
B5 3.17 041 7.09+0.12 4.20+0.23 5.03+0.33 14.09+0.23
B6 2.210.13 3.78+0.15 3.61+£0.17 Not seen 5.22+0.86

Mouthpart Sensilla Development: A. bicincta: Medial sensillum basiconicum (MSB) appears transient-

ly in the third instar, while LSB/CSB on the galea diminish by the fourth instar. The maxillary palp loses M2
by the fourth instar 4. galactina: Transient presence of MSB in the third instar. The spinneret transitions from
spindle-shaped to a conical, prominent structure in the final stage (Table 2).

Table 2. Metrical analysis of mouthparts and its sensilla of different aged instars of Amata bicinata (represented as mean

length + SD micrometers).

Name of structures 1* instar 2" instar 3 instar 4t instar 5t instar
Distal segment of

Maxp 8.55+0.57 10.11+0.43 16.28+0.42 16.09+2.60 18.18+2.23
Galea

ST1 7.46+0.51 9.37+0.25 10.74+0.64 33.61+0.90 22.40+1.39
ST2 3.07+0.48 6.91+0.45 7.79+1.14 32.874+0.96 15.20+0.51
ST3 8.46+0.53 3.55+0.82 12.01£0.15 14.60+0.13 23.24+0.92
Sensilla of Maxillary Palp

Al 1.93+0.09 2.13£0.13 2.94+0.18 2.51£0.15 4.00+0.2
A2 2.09+0.05 1.90+0.24 2.56+0.15 2.08+0.38 0.97+0.09
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A3 1.35+0.05 1.73+0.23 2.46+0.23 2.07+0.19 2.75+0.07
L1 2.34+0.08 1.34+0.14 2.55+0.06 2.59+0.08 1.54+0.24
L2 1.05+0.09 1.36+0.03 2.60+0.09 3.07+0.26 1.47+0.005
L3 1.02+0.03 1.14+0.02 2.06+0.17 3.63+0.36 2.21£0.05
M1 1.29+0.19 1.47+0.14 1.62+0.23 2.28+0.40 1.22+0.22
M2 1.14+0.13 1.98+0.29 1.16+0.28 Not seen Not seen
Sensilla of Labial palp

C 4.84+0.61 2.57+0.19 5.62+0.80 7.27+0.22 7.37+0.46
Sty 15.37+0.41 11.26+1.27 9.99+0.99 12.23+0.56 11.26+1.27

Taxonomic Implications: Consistent sensilla chaetica (C1-C12) on both species’ labrums support their
Erebidae classification. However, 4. galactina’s missing galeal sensilla basiconica distinguish it from A. bi-
cincta, echoing subfamily-level differences in Lymantriinae (Grimes & Neunzig, 1986a).

Table 3. Metrical analysis of sensilla of antennae of different aged instars of Areas galactina (represented as mean length
+ SD micrometers).

Sensilla

type 1*instar | 2"instar | 3" instar | 4" instar | 5" instar | 6" instar | 7™ instar | 8" instar
B1 28.19+1.64 | 31.68+1.92 |48.96+0.61 | 44.45+2.60 | 46.91+2.14 | 44.76+5.46 | 39.47+0.87 | 43.8249.16
B2 8.47+0.81 |25.04+2.26 | 19.124+0.27 | 48.95+4.07 | 25.82+1.72 | 26.50+3.62 | 47.39+0.24 | 24.16+0.73
B3 3.36+0.31 | Not seen Notseen |Notseen |[Notseen |Notseen |Notseen |Notseen

B4 15.64+ 0.29 | 21.96+2.00 | 24.69+0.80 | 26.25+1.31 | 36.24+2.64 | 34.23+0.45 | 42.30+1.35 | 35.47+0.61
B5 5.47+0.83 | 10.24+0.83 | 7.46+0.37 | 8.61+0.17 |7.33+0.16 |6.82+0.78 [9.91£1.48 |5.02+0.11

B6 Not seen 7.69+0.49 |5.774£0.75 |[3.90+0.67 |5.20£3.07 |5.2840.25 |Notseen |3.32+0.99

Table 4. Metrical analysis of mouthparts and its sensilla of different aged instars of Areas galactina (represented as mean
length + SD micrometers).

Name of 1*tinstar |2"instar |3 instar |4" instar 5% instar | 6™ instar | 7" instar | 8" instar
structures
Distal
16.10+ 48.74+ 92.48+ 98.83+ 126.92+
+ + +
segment | 9.43+1.39 |8.54+0.27 016 34.74+2.13 204 548 1.90 0.56
of Mxp
Galea
62.47+ 126.78+ 152.54+ 202.79+ 187.94+
+ + +
ST1 11.97+0.13 | 11.61+0.51 015 86.43+3.45 0.41 025 074 289
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56.30+ 117.27+ [ 149.59+ [206.39+ |347.71+
ST2 9.69+0.55 |13.29+1.81 160 93.63+2.93 179 113 0.41 12.93
38.62+ 141.71+ 197.13+ | 255.93+
ST3 14.73+0.3 | 16.55+1.95 021 29.54+2.06 127 Not seen 022 574
Sensilla of Maxillary Palp
5.43+ 5.88+ 8.41+
Al 2.13+0.28 |3.48+0.37 034 5.24+0.20 039 7.88+1.07 0.65 8.47+ 1.44
4.80+ 4.55+ 445+
A2 1.55+0.10 |2.93+0.22 0.0 5.14+0.17 017 5.64+0.22 0.60 5.99+ 0.42
4.13+ 7.2+ 5.85+
+ + + +
A3 1.66+0.34 |3.49+0.28 |3.71£0.11 | 3.76+0.11 0.01 0.19 071 7.25+1.53
436+
L1 1.15+0.05 |1.36+0.32 |[4.23+0.31 | 3.49+ 0.22+ | 4.42+0.41 | 6.96+ 0.79 0.91 4.68+0.49
2.78+ 2.92+ 5.30+
+ +
L2 1.09+£0.10 | 1.64+0.16 0.42 2.61+0.53 017 8.81+£2.23 o011 4.63+0.40
L3 1.32+0.07 |1.68+0.05 |[4.64+0.46 |2.68+0.45 |4.11£0.64 |5.08+0.10 |5.52+1.26 |8.39+0.57
2.13+ 5.77+
M1 1.20+0.10 |1.95+0.22 |2.47+0.28 | 3.29+0.03 0.01 5.70+0.21 029 5.13£0.48
2.46+
M2 0.7740.04 |2.54+0.15 |2.3940.64 | 4.46+ 0.57 0.62 5.19+0.41 [4.140.42 |8.82+0.66
Sensilla of Labial palp
12.59+ 19.19+ 16.74+ 19.68+ 11.56+
C 5.93+0.34 |8.83+0.04 0.82 10.03+ 1.05 0.82 011 0.44 1.09
14.21+ 29.97+ 41.82+ 57.34+ 59.33+ 23.07+
+ +
Sty 1.37:1.04 0.02 0.22 37.82+ 1.98 1.63 2.61 1.46 0.155
Conclusion

Ontogenetic sensilla patterns in 4. bicincta and A. galactina reveal species-specific adaptations, with B3
loss and spinneret divergence serving as taxonomic markers. These findings align with Lepidoptera trends,
underscoring larval morphology’s utility in sensory ecology and systematics. Further studies are needed to
determine any phylogenetic implications or relationships (Kaleka & Dulai, 2024).

Acknowledgement

We are thankful to Dr. Kanika Aggarwal of Sophisticated Instrumentation Centre, Punjabi University,
Patiala, Punjab for her assistance during the course of present study.

SHILAP Revta. lepid., 54 (214) 30 junio 2026 351



H. KAUR DULAI & A. SINGH KALEKA

Conflict of Interest

The authors declare that there is no known financial interest or personal relationship that could have
influenced the work presented in this article.

References

Fanger, H., & Naumann, C. M. (2001). The morphology of the last instar larva of Aglaope infausta (Lepidop-
tera: Zygaenidae: Chalcosiinae). European Journal of Entomology, 98(2), 201-218. https://doi.org/10.14411/
€je.2001.038

Grimes, L. R., & Neunzig, H. H. (1986a). Morphological survey of the maxillae in last-stage larvae of the subor-
der Ditrysia (Lepidoptera): Palpi. Annals of the Entomological Society of America, 79, 491-509. https://doi.
org/10.1093/aesa/79.3.491

Grimes, L. R., & Neunzig, H. H. (1986b). Morphological survey of the maxillae in last-stage larvae of the suborder
Ditrysia (Lepidoptera): Mesal lobes (laciniogaleae). Annals of the Entomological Society of America, 79, 510-
526. https://doi.org/10.1093/aesa/79.3.510

Kaleka, A. S., & Dulai, H. K. (2024). Comparative analysis of sensilla on antennae and mouthparts of larvae in
two species of Ditrysian moths (Lepidoptera). Journal of Advanced Zoology, 45(2), 188-205. https://doi.
org/10.53555/jaz.v4511.2915

Li, Y., Du, X,, Liu, F., Li, Y., & Liu, T. X. (2018). Ultrastructure of the sensilla on antennae and mouthparts of larval
and adult Plutella xylostella (Lepidoptera: Plutellidae). Journal of Integrative Agriculture, 17(6), 1409-1420.
https://doi.org/10.1016/S2095-3119(17)61844-6

Lin, R. J., Braby, M. F., & Hsu, Y. F. (2019). The immature stages, biology, and phylogenetic relationships of Ro-
tunda rotundapex (Lepidoptera: Bombycidae). Journal of Insect Science, 19(2), 19. https://doi.org/10.1093/
jisesa/iez025 PMid:30953584 PMCid:PMC6451653

Schneider, D. (1964). Insect antennae. Annual Review of Entomology, 9, 103-122. https://doi.org/10.1146/annurev.
en.09.010164.000535

Shields, V. D. C. (2009). Fine structure of the galeal styloconic sensilla of larval Lymantria dispar (Lepidop-
tera: Lymantriidae). Annals of the Entomological Society of America, 102(6), 1116-1125. https://doi.
org/10.1603/008.102.0621 PMid:21057591 PMCid:PMC2971561

Song, Y., Sun, H.-Z., & Wu, J.-X. (2014). Morphology of the sensilla of larval antennae and mouthparts of the ori-
ental fruit moth, Grapholita molesta. Bulletin of Insectology, 67, 193-198.

Zacharuk, R.Y. (1980). Ultrastructure and function of insect chemosensilla. Annual Review of Entomology, 25(1),
27-47. https://doi.org/10.1146/annurev.en.25.010180.000331

Zacharuk, R. Y. (1985). Antennae and sensilla. In G. A. Kerkut & L. 1. Gilberty. Comprehensive Insect Physiology,
Biochemistry and Pharmacology (pp. 29-63). Pergamon Press.

Zacharuk, R. Y., & Shields, V. D. C. (1991). Sensilla of immature insects. Annual Review of Entomology, 36(1), 331-
354. https://doi.org/10.1146/annurev.en.36.010191.001555

*Harsimrat Kaur Dulai

Department of Zoology and Environmental Sciences
Punjabi University Patiala

Punjab-147002

INDIA / INDIA

E-mail: harsimratdulai@gmail.com
https://orcid.org/0000-0003-4156-7719

352 SHILAP Revta. lepid., 54 (214) 30 junio 2026



COMPARATIVE ULTRASTRUCTURE OF ANTENNAL AND MOUTHPART SENSILLA IN LARVAL INSTARS OF AMATA BICINCTA

Amritpal Singh Kaleka

Department of Zoology and Environmental Sciences
Punjabi University Patiala

Punjab-147002

INDIA / INDIA

E-mail: apskaleka@gmail.com
https://orcid.org/0000-0002-9896-7812

* Autor para la correspondencia / Corresponding author

(Recibido para publicacion / Received for publication 11-1V-2025)
(Revisado y aceptado / Revised and accepted 15-V1-2025)
(Publicado / Published 30-V1-2026)

Derechos de autor: El autor(es). Este es un articulo de acceso abierto distribuido bajo los términos de la Licencia de Reconocimiento 4.0 Internacional de
Creative Commons (CC BY 4.0) que permite el uso, distribucion y reproduccion sin restricciones en cualquier medio, siempre que se cite al autor original
y la fuente. / Copyright: The author(s). This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International
License (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

SHILAP Revta. lepid., 54 (214) 30 junio 2026 353



H. KAUR DULAI & A. SINGH KALEKA

Figure 1. Morphology and structure of sensilla on antennae in all larval instars of Amata bicincta.

SEl  15kV . 3 x2,200 10pm
SIC-PUP 3 0007

SEI  15kV WD18mm  SS35 x2,500 10pm
SIC-PUP 0007

354 SHILAP Revta. lepid., 54 (214) 30 junio 2026



COMPARATIVE ULTRASTRUCTURE OF ANTENNAL AND MOUTHPART SENSILLA IN LARVAL INSTARS OF AMATA BICINCTA

Figure 2. Morphology and structure of sensilla on labrum and mandibles in all larval instars of Amata bicincta.
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Figure 3. Morphology and structure of sensilla on galea in all larval instars of Amata bicincta.
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Figure 4. Morphology and structure of sensilla on maxillary palps in all larval instars of Amata bicincta.
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Figure 5. Morphology and structure of sensilla on labial palps in all larval instars of Amata bicincta.
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Figure 6. Morphology and structure of sensilla on antennae in all larval instars of Areas galactina.
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Figure 7. Morphology and structure of sensilla on labrum and mandibles in all larval instars of Areas galactina.
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Figure 8. Morphology and structure of sensilla on galea in all larval instars of Areas galactina.
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Figure 9. Morphology and structure of sensilla on maxillary palps in all larval instars of Areas galactina.
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Figure 10. Morphology and structure of sensilla on labial palps in all larval instars of Areas galactina.
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First record of Choreutis nemorana (Hiibner, [1799])
from Western Ukraine with a distributional checklist
of the family in Ukrainian fauna
(Lepidoptera: Choreutidae)

Viktor Yepishin & Ruslan Mishustin

Abstract

The Choreutis nemorana (Hiibner, [1799]) was discovered in Western Ukraine for the first time. The
larvae of this species were found on Ficus carica L. in the city of Uzhhorod (Transcarpathian region). The
adults were bred in laboratory conditions. Most of the life stages of Choreutis nemorana are illustrated. A
distributional checklist of the Choreutidae family in Ukraine is provided.

Keywords: Lepidoptera, Choreutidae, Transcarpathian region, Ficus carica, Ukraine.

Primer registro de Choreutis nemorana (Hiibner, [1799]) en el oeste de Ucrania con una lista de
distribucion de la familia en la fauna ucraniana
(Lepidoptera: Choreutidae)

Resumen

La especie Choreutis nemorana (Hiibner, [1799]) fue descubierta por primera vez en el oeste de
Ucrania. Las larvas de esta especie se encontraron en Ficus carica L. en la ciudad de Uzhhorod (region de
Transcarpatia). Los adultos se criaron en condiciones de laboratorio. Se ilustran la mayoria de las etapas de la
vida de Choreutis nemorana. Se proporciona una lista de distribucion de la familia Choreutidae en Ucrania.
Palabras clave: Lepidoptera, Choreutidae, region de Transcarpatia, Ficus carica, Ucrania.

Introduction

The family Choreutidae Stainton, 1854, is represented in Ukraine by 13 species. Anthophila fabriciana
(Linnaeus, 1767) and Choreutis pariana (Clerck, 1759) are found throughout Ukraine. Millieria dolosalis
(Heydenreich, 1851) and Tebenna micalis (Mann, 1857) are found in Southern Ukraine. Anthophila abhasica
Danilevsky, 1969, Prochoreutis pseudostellaris Budashkin, 2003 and Tebenna chingana (Danilevsky, 1969)
are known only from Crimea. Tebenna bjerkandrella (Thunberg, 1784) and Choreutis diana (Hiibner, [1822])
are found in the Carpathians.

Until now the Choreutis nemorana (Hibner, [1799]) was known only from southern Ukraine (Odesa
region, Mykolaiv region, Kherson region and Crimea). In 2024, the larvae of this species were found on Ficus
carica L. in Uzhhorod city (Transcarpathian region). Due to the wide distribution of this species in Europe,
the most likely route of entry was from Slovakia or Hungary (GBIF 2025).
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Material and Methods

The material for this research was obtained by the second author in a garden in Uzhhorod, Transcar-
pathian region. The larvae were collected from the leaves of Ficus carica L. in late August. They were kept
under laboratory conditions in cages containing the same fig branches until pupation. The imago specimens
are stored in the private research collection of V. Yepishin. Preimaginal stages, imagoes and pinned specimens
were photographed with a Canon EOS 600D digital camera equipped with a Canon macro lens EF-S 60 mm
and macro rings.

Results

Choreutis nemorana (Hibner, [1799]) (Figures 1-13)

Tortrix nemorana Hibner, [1799]. Samml. eur. Schmett., [7], pl. 1, fig. 3

Type locality: [EUROPE]

Asopia incisalis Treitschke, 1829, in Ochsenheimer. Schmett. Eur., 7, 157-159
Type locality: AUSTRIA

Material examined: UKRAINE, Transcarpathian (Zakarpattia) Region, Uzhhorod City, ex larvae on
Ficus carica, 9 3, 6 9, 26-VI11-2024, leg. R. Mishustin.

Figure 1. Male and female of Choreutis nemorana.

wingspan 14 mm 6\ wingspan 15 mm Q

Distribution: Europe except for North, Tunisia, Turkey, the Caucasus, Iraq, Iran, Uzbekistan, Turkme-
nistan, China (Amsel, 1955; Danilevsky & Kuznetzov, 1973; Diakonoff, 1986; Seven, 1991; Zouba, 2010;
De Prins et al. 2014).

Biology: Larvae of various ages, from very young (second instar) to those ready to pupate (i.e., last
instar) (Figures 2-3), were observed on fig leaves in the city of Uzhhorod on August 26, 2024. The larvae
developed on cut fig branches placed in water under laboratory conditions at a temperature of 24-25°C. The
larvae live on the upper side of the leaves under a not very dense silk with impurities of its excrement, the
silk forms a “shelter” (Figure 4), where the larva quickly hides in case of danger. Caterpillars feed on leaves,
skeletonizing them (Figure 5). Sometimes caterpillars can damage stems (Figure 6), obviously in the absence
of other, more suitable parts of the food plant (leaves, fruits). The first larvae began to pupate on August 28
and the last completed pupation on September 8. The cocoon (Figure 7) is built on the upper side of the leaves
or in other places, but not where the silk shelter was built and in a new place. The cocoon consists exclusively
of silk, is very dense and 3-layered (Figure 8). Adults emerge after 12-16 days. They emerge from the cocoon
a few hours after dawn (9-12 a.m. local time). Imagoes spread their wings and are very quickly able to fly
(Figures 12-13). Even while spreading their wings, imagoes can move very quickly in jumping movements
in case of danger.

Distributional checklist of the Choreutidae Stainton, 1854, in Ukraine

The reports signed as “[?]” are discussed in the “Remarks” section for the corresponding species. To
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avoid multiplying the number of similar links, the reports from online citizen science databases include the
numbers of specific observations. By substituting these numbers at the end of the corresponding link, you can
go to the page of the respective observation. For UkrBIN database the link is https://ukrbin.com/show_image.
php?imageid=178622 and for iNaturalist - https://www.inaturalist.org/observations/190523953 (both links
already include observation numbers).

Figures 2-7. Larval stages of Choreutis nemorana. 2. Second instar larva. 3. The fully grown larva. 4. The caterpillar in a
silk “shelter”. 5. Leaf damage. 6. Stem damage. 7. Building a cocoon (the first, outer layer is ready).

Choreutidae Stainton, 1854
Millieriinae Heppner, 1982
Millieria Ragonot, 1874

Millieria dolosalis (Heydenreich, 1851)

Kyivreg., O. Bidzilya, ex larvae on Aristolochia clematitis L. (pers. comm.). Cherkasy reg. [?], UkrBIN
(2025) (#255709). Poltava reg. [?], UkrBIN (2025) (# 354550). Odesa reg., UkrBIN (2025) (# 152854). Za-
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porizhzhia and Donetsk regs (Kamiani Mohyly Reserve), Bidzilya et al. (2001, p. 81) (Milliereia). Luhansk
reg.: Demyanenko et al. (2021, p. 36). Crimea, Savchuk & Kajgorodova (2020, p. 260); Savchuk 2025.

Remark: The observations from Cherkasy and Poltava regions are represented only by traces of vital
activity on the host plant Aristolochia clematitis Linnaeus, 1753. Therefore, there is no certainty that these
traces relate specifically to Millieria dolosalis.

Figures 8-13. Pupae and imagoes of Choreutis nemorana. 8. Coccoon. 9. Pupa shortly after pupating. 10. Cremaster of
pupa. 11. Pupa shortly before imago emerges. 12. Emerged male. 13. Emerged female.

Choreutinae Stainton, 1854

Anthophila Haworth, 1811
Anthophila abhasica Danilevsky, 1969

Ivano-Frankivsk reg., Diakonoff (1986, p. 90, pl. 2, fig. 18). Crimea, Budashkin (2003, p. 44);
Savchuk (2025).
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Anthophila fabriciana (Linnaeus, 1767)

Rivne reg., iNaturalist (2025) (## 190523953; 167579124; 186869695; 165688433). Zhytomyr reg.,
Ljubomudrov (1917, p. 41) (Simaethis); UkrBIN (2025) (# 255346). Kyiv reg., Zhikharev (1928, p. 257) (Cho-
reutis); Budashkin (2003, p. 44); iNaturalist (2025) (## 109999049; 121067330; 167183313; 253996093).
Chernihiv reg., iNaturalist (2025) (# 238999067). Lviv reg., Brunicki (1913, p. 63) (Simaethis); Schille
(1930, p. 152) (Simaethis); Andrianov (2025); iNaturalist (2025) (## 121969529; 190046422; 121729606;
120125108). Lviv and Transcarpathian regs (the Mount Pikui), Nowicki (1860, pp. 117-118) (alternalis Tr.).
Ternopil reg., Toll (1939, p. 164) (Simaethis). Vinnytsia reg., UkrBIN (2025) (# 204671). Cherkasy reg., iNat-
uralist (2025) (## 119923638; 130445528; 132291296; 181037484). Poltava reg., UkrBIN (2025) (#237789).
Transcarpathian reg., Danilevsky (1969, p. 927); UkrBIN (2025) (# 178622). Ivano-Frankivsk reg., Danile-
vsky (1969, p. 927); Bidzilya et al. (2006, p. 28); iNaturalist (2025) (# 85887477). Chernivtsi reg., Hormuzaki
(1907, p. 78) (Simaethis). Crimea, Danilevsky (1969, p. 927); Budashkin (2003, p. 44); Savchuk (2025).

Prochoreutis Diakonoff & Heppner, 1980
Prochoreutis myllerana (Fabricius, 1794)

Zhytomyr reg., Ksenzhopolskiy (1915, p. 11) (Choreutis). Kyiv reg., Zhikharev (1928, p. 256) (Cho-
reutis). Lviv reg., Nowicki (1860, p. 118) (Choreutis scintilulalis Tr.). Ternopil reg., Swiatkiewicz (1926, p.
130) (Choreutis); Toll (1939, p. 164) (Choreutis). Cherkasy reg., Diakonoff (1986, p. 109); UkrBIN (2025)
(# 353272). ( Kharkiv reg., Karolinskiy et al. (2017, p. 9). Kherson reg., Diakonoff (1986, p. 130) (stellaris
[misidentification, see “Remark” to Prochoreutis stellaris]); Budashkin (2003, p. 48).

Prochoreutis sehestediana (Fabricius, [1777])

Ivano-Frankivsk reg., Diakonoft (1986, p. 112). Crimea: Budashkin (2003, p. 49).
Prochoreutis stellaris (Zeller, 1847)

Kharkiv reg., Karolinskiy et al. (2021, p. 58). Crimea, Budashkin (2003, p. 54).

Remark: The report of P. stellaris from Kherson region (“Kakhovka”) in Diakonoff (1986, p. 130)
should be attributed to P. myllerana due to misidentification, as pointed out by Budashkin (2003, p. 48).
Prochoreutis pseudostellaris Budashkin, 2003

Crimea: Budashkin (2003, p. 54); Savchuk (2025).

Tebenna Billberg, 1820
Tebenna bjerkandrella (Thunberg, 1784)

Ivano-Frankivsk reg., Swiatkiewicz (1926, p. 131) (Choreutis); Schille (1930, p. 151) (Choreutis);
Bidzilya et al. (2006, p. 28) [the report is in question]. Chernivtsi reg.: iNaturalist (2025) (## 224293420,
225406282).

Tebenna micalis (Mann, 1857)

Odesa reg.: UkrBIN (2025) (## 94624; 94633). Kherson reg., Budashkin (2003, p. 48). Zaporizhzhia
reg., Budashkin (2003, p. 48). Crimea, Budashkin (2003, p. 48, 2004, p. 342); Savchuk & Kajgorodova (2015,
p. 178); iNaturalist (2025) (# 145700161); Savchuk 2025.

Tebenna chingana (Danilevsky, 1969)

Crimea: Budashkin (1997, p. 15, 2003, p. 48, 2004, p. 342); Savchuk (2025).
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Choreutis Hiibner, [1825]
Choreutis diana (Hiibner, [1822])

“Polissia”, Kostjuk & Gershenson (1988, pp. 262-263). Ivano-Frankivsk reg., Swiatkiewicz (1924, p.
98) (Simaethis). Chernivtsi reg., Hormuzaki (1907, p. 78) (Lutschina)

Choreutis pariana (Clerck, 1759)

Volyn reg., Zdun (1961, p. 49) (Anthophila). Rivne reg., UkrBIN (2025) (# 304848). Zhytomyr reg.,
Ksenzhopolskiy (1915, p. 11) (Simaethis); iNaturalist (2025) (# 137946040). Kyiv reg., Ljubomudrov (1917,
p. 41) (Simaethis); Zhikharev (1928, p. 256) (Simaethis); Sovinskij (1938, p. 83) (Simaethis); Danilevsky &
Kuznetzov (1973, p. 15) (Hemerophila),; UkrBIN (2025) (# 96728). Chernihiv reg., Shreiner (1906, p. 26)
cit. after Sovinskij (1938, p. 83) (Simaethis) [?]; iNaturalist (2025) (# 232706029). Lviv reg., Nowicki (1860,
p. 117) (parialis Tr.); Brunicki (1913, p. 63) (Simaethis); Swiatkiewicz (1924, p. 98) (Simaethis); Bublyk
(1959, p. 153) (Simaethis), iNaturalist (2025) (# 248903673). Ternopil reg., Toll (1939, p. 164) (Simaethis).
iNaturalist (2025) (# 302842725). “Podillia”, Sovinskij (1938, p. 83) (Simaethis) [?]. Khmelnytskyi reg.,
Chranewytsch (1927, pp. 11-13) (Simaetis). Vinnytsia reg., iNaturalist (2025) (# 98269291). Cherkasy reg.,
Grossheim & Pjatakova (1928, p. 18) (Hemerophila). Poltava reg., Sovinskij (1938, p. 83) (Simaethis); Dani-
levsky & Kuznetzov (1973, p. 15) (Hemerophila). Kharkiv reg., Sovinskij (1938, p. 83) (Simaethis) [?]. Tran-
scarpathian reg., Fasulati & Sikura (1956, p. 74) (Simaethis); UkrBIN (2025) (## 251451, 178664; 161974).
Transcarpathian and Ivano-Frankivsk regs (the Mount Hoverla), Budashkin (2003, p. 45). Ivano-Frankivsk
reg., iNaturalist (2025) (# 243298066). Chernivtsi reg., Hormuzaki (1907, p. 78) (Simaethis). Dnipropetrovsk
reg., Alberti & Soffner (1962, p. 195) (Simaethis); Apostolov (1981, p. 43) (Simaethis); iNaturalist (2025)
(# 183241624). Odesa reg., Sovinskij (1938, p. 83) (Simaethis) [?]. Zaporizhzhia reg., Budashkin (2003, p.
45). Donetsk reg., Sovinskij (1938, p. 83) (Simaethis). Crimea, Porchinskiy (1885) cit. after Chranewytsch
(1927, p. 11); Chranewytsch (1927, p. 11) (Simaetis); Danilevsky & Kuznetzov (1973, p. 15) (Hemerophila);
Budashkin (2003, p. 45).

Remark: The reports from Chernihiv, Kharkiv and Odesa regions in Sovinskij (1938) in question be-
cause the author does not provide exact localities. Since the publication of the paper, the borders of the regions
have changed and now it is impossible to accurately determine the affiliation of these reports to the modern
administrative division of Ukraine.

Choreutis nemorana (Hiibner, [1799])

Transcarpathian reg., first record. Odesa reg., iNaturalist (2025) (## 100221687; 170461216;
229117124). Mykolaiv reg., iNaturalist (2025) (# 303674737). Kherson reg., iNaturalist (2025) (#216525171).
Crimea, Danilevsky & Kuznetzov (1973, p. 11) (Hemerophila); Budashkin (2004, p. 342); iNaturalist (2025)
(## 27680649; 38543652; 49170916; 53264117; 55803296, 85743445; 86436180; 103034345; 103379805;
125901809; 131604602; 180920426; 18410123 1; 194578381; 195750209; 195753128); Savchuk (2025).

Remark: While this manuscript was under review, a new observation from a novel locality in the Tran-
scarpathian region was added to the iNaturalist website (Tiachiv city, # 292930911).

Conclusions

Thereby, 13 species of the family Choreutidae are present in the fauna of Ukraine. The novel record
from the Transcarpathian region complements existing information about the distribution of Choreutis nemo-
rana in Ukraine and Eastern Europe.
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Tenemos en nuestras manos, un interesante libro sobre la fauna de Pa-
pilionidae Latreille, 1802, presentes en México, como resultado de la investi-
gacion realizada por los autores durante 50 afios, siendo uno de los libros mas
completos sobre esta familia en el area de estudio. Si bien hemos de lamentar
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[1819], Troilides Hiibner, [1825], Priamides Hibner, [1819], Papilio Linnaeus, 1758, Pterourus Scopoli, 1777 y
Pyrrhosticta Butler, 1872.
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lista detalladas de todas las especies y subespecies presentes en el area de estudio, una destacada bibliografia y una
interesante resefia de los autores.

Si ya es importante las aportaciones cientificas de este libro, se ven incrementadas con la descripcion de una
nueva especie Neographium tlahuica R. & J. de la Maza y once nuevas subespecies, asi como destacadas nuevas
combinaciones.

No podemos terminar estas lineas, sin felicitar a los autores por este extenso y detallado trabajo y que, sin
duda, ayudara a todos los interesados en esta interesante familia presente en América central y a la Editorial por la
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New addition to the Distribution of two species of Curetis
Hiibner, [1819] from southern West Bengal, India
(Lepidoptera: Papilionoidea, Lycaenidae)

Aniruddha Singhamahapatra, Arnab Kumar Samanta, Pradeep
Nayak, Sandip Das, Anitava Roy & Subhajit Roy

Abstract

The present study extends the distributional range of two Curetis Hiibner, [1819] species in the southern
part of West Bengal state, India. This study reports Curetis saronis Moore, 1877 for the first time from the
coastal mangrove forests of India. Curetis bulis (Westwood, 1852) is reported for the first time from the
Chhotanagpur plateau region of India and is the first report from West Bengal outside the Himalayan ranges.
Keywords: Lepidoptera, Papilionoidea, Lycaenidae, Curetis, Sundarban, Purulia, Chhotanagpur, West
Bengal, India.

Nueva adicién a la distribucion de dos especies de Curetis Hiibner, [1819] del sur de Bengala
Occidental, India
(Lepidoptera: Papilionoidea, Lycaenidae)

Resumen

El presente estudio amplia el area de distribucion de dos especies de Curetis Hiibner, [1819] en la parte
meridional del estado de Bengala Occidental, India. Este estudio informa de la presencia de Curetis saronis
Moore, 1877 por primera vez en los manglares costeros de la India. Curetis bulis (Westwood, 1852) se cita
por primera vez en la region de la meseta de Chhotanagpur de la India y es el primer informe de Bengala
Occidental fuera de las cordilleras del Himalaya.

Palabras clave: Lepidoptera, Papilionoidea, Lycaenidae, Curetis, Sundarban, Purulia, Chhotanagpur,
Bengala Occidental, India.

Introduction

The genus Curetis Hiibner, [1819] is the only genus from subfamily Curetinae (Family: Lycaenidae)
(Eliot, 1990), 6 of which are distributed in India (Varshney & Smetacek, 2015). Of these six, Curetis siva (C. &
R. Felder, [1865]) is known to be endemic to the Sahyadri mountains of south-western India, and Curetis naga
Evans, 1954 (previously considered as a subspecies of Curetis acuta Moore, 1877) is known to be restricted
to the mountainous region of Naga Hills of Nagaland, India, adjacent Yunnan in south China (Huang, 2003)
and possibly in Myanmar (Savela, 2016). All the remaining four species are known to be distributed in the
state of West Bengal (Varshney & Smetacek, 2015). However, the state of West Bengal is peculiar in the
sense that it is the only state in the biogeographically megadiverse country of India which includes both
parts of the Himalayan Mountain range and has a coastline with mangrove forest. It also includes a part of
the Chhotanagpur plateau and the Rarh region (which is a transitional zone between the plateau and the flood
plains of the Gangetic basin) in its south-western part.
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Materials and Methods

AKS, out of his virgin interest in nature, found an individual of Curetis species, which was basking on a
pumpkin leaf grown outside his rural house in a neighbourhood of Namkhana, South 24 Parganas district, on
the edge of Sundarban in southern West Bengal the morning on 14-X1-2022. The observation was photographed
using the Samsung Galaxy A 13 mobile phone of AKS and was uploaded in iNaturalist (Samanta, 2024) with
the initial misidentification of Curetis thetis (Drury, [1773]), which is the commoner, but soon it was rectified
by peers as the yellow on the upper side of the wings clearly indicated it to be a female of Curetis saronis
Moore, 1877. The authors, particularly SR, SD and AS, are conducting opportunistic surveys in various parts
of'the state for around a decade, particularly focusing to fill up the Wallacean and Eltonian shortfalls regarding
the knowledge of Papilionoidea in West Bengal. As part of that, they visited the location on 26-X1-2022, and
along with AKS, visited the mangroves in the outskirts of the nondescript neighbourhood, which outgrew on
the banks of the Bhagirathi-Hooghly River, and found around 9 individuals of Curetis saronis, along with
three individuals of Curetis thetis, which is otherwise the most common member of the genus throughout
most of the country and the state. Individuals of the species were repeatedly sighted henceforth by AKS in
that mangrove stretch till February 2023. Though the species was not sighted in the locality in the winter of
2023-2024 in spite of regular surveys by AKS, three individuals of the species were observed again by SR,
along with SD and AKS, in a planted Casuarina Forest adjacent to the Bonbibi temple in the heavily touristed
Bakkhali sea beach, South 24 Parganas district, around 27 kilometres south of the previous location on 30-
XI11-2023.

As part of the state-wide Papilionoidea survey, AS and AR, along with PKN, visited Garh Panchakot hill
in Purulia district in western part of southwest Bengal on 29-VI1-2023, and among various other Lepidoptera,
observed and photographed a Curetis species mud puddling on the ground in a sunny day. The individual
was later identified as Curetis bulis (Westwood, [1851]), but later confirmed to be Curetis acuta Moore, 1877
with the help of available literature and consultation with various experts in social media platforms. However,
an upper wing photograph of a male individual from the photo archive of AR was identified as Curetis bulis
(Westwood, [1851]), which was photographed from the same study site (Garh Panchakot hill) on 05-1V-2023,
a few months prior.

Lepidoptera nets or traps were not used and none of the individuals were collected. The individuals were
photographed with Nikon D7500, Nikon D5300 with Nikon AF-P 70-300 lens, Canon R7 camera with Canon
100-400 Rf lens. Field guides and published literature were used to verify the identification and hitherto
known distribution range of the species.

To study the temporal and spatial distribution of the Curetis spp. found across the state of West Bengal,
occurrence data of the genus was extracted (GBIF, 2024) using appropriate filters. Photographic data stored
in the WikiCommons (Anonymous, 2024a) as part of the Wiki Loves Butterfly Project across the North-East
India, and IFoundButterflies (Kunte et al., 2024) website are also added to our data, omitting the duplicate
data already considered from GBIF, through checking the dates of observation and co-ordinates, using SQL
query. Considering the importance of social media platforms, particulary Facebook, to gather biodiversity
data generated by citizens (Barman et al. 2022), data from Facebook groups, particularly Butterfly of West
Bengal facebook group, dedicated to butterflies of the study area, was also extracted, which significantly filled
in some sampling gaps of data in GBIF, at the same time generating a lot of redundant data. The redundant
data resulting from observations of same individual in multiple databases were eliminated along with those
where multiple photos of same individual were posted as different observational records. The data related to
the museum specimens were also omitted. The existing and novel observational records were plotted using
ESRI® ArcMap™ 10.8.0.12790 (ESRI, 2020) installed, as part of ESRI® ArcGIS Desktop 10.8. India Street
Map, a subset of the World Street Map (ESRI, 2017) is used as the basemap to plot the records.

Study Area
The state of West Bengal (Figure 1) is eastern India, mostly the lower part of Gangetic plain, also
covers parts of various other biogeographic zones including Himalaya in its north, coastal mangroves in its

south and extension of Deccan plateau in the south-west (Rodgers & Panwar, 1988). The western districts
of Purulia, Jhargram and western parts of Bankura, Birbhum and Paschim Bardhaman district in the state,
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along with neighbouring Jharkhand state, Mayurbhanj and Sundargarh districts of Odisha state and Jashpur
district of Chhattisgarh state encompass the north-eastern extension of the Deccan Plateau, which is known
as Chhotanagapur Plateau. The region is interspersed with residual remnant hillocks and hill ranges and hosts
dry deciduous forests (Roy et al. 2022), fragmented in parts due to industrialisation and mining activities.

Southern parts of South 24 Parganas, and the south-eastern fringe of North 24 Parganas on the eastern
bank of Bhagirathi-Hooghly River cover the Sundarban, world’s largest mangrove forest, most of which lies
in neighbouring Bangladesh. The northern districts of Darjeeling and Kalimpong along with northern fringes
of Alipurduar district in the state is located within the Himalayan mountainous region, while the remaining
part of the state is very densely populated fertile alluvial flood plain centred around the Ganga River and its
tributaries and distributaries.

Results
Order Lepidoptera Linnaeus, 1758
Family Lycaenidae Leach, 1815
Genus Curetis Hiibner, [1819]

Curetis saronis Moore, 1877

Curetis saronis is larger than the more common Curetis thetis, having average wingspan 46 mm
compared to 44 mm of the latter (Kehimkar, 2016). The female of Curetis saronis is readily identifiable from
other sympatric species of the genus by the golden yellow discal area (Figure 2), instead of white, in the
upperside of both the wings (Moore, 1884; Bingham, 1907; Evans, 1932). The male of Curetis saronis can
be distinguished from Curetis thetis by as the upper side of the former has significantly larger black costal
and terminal border (Bingham, 1907; Eliot, 1990), as evident from Figure 3. The underside of Curetis saronis
is quite like Curetis thetis, except the fact that the faint discal band of black lunules is better defined and the
subterminal series of black dots is also better marked than C. thetis (Bingham, 1907).

Curetis bulis (Westwood, [1851])

Males of Curetis bulis can be differentiated with Curetis acuta from the upper forewing (Figure 4) by
the lack of a black tooth in the cell end and by absence of orange above the base of vein 5 in its upper forewing
(van der Poel & Smetacek, 2022). The orange area in the forewing extends into the space 6, which is typical
for Curetis acuta (Ek-Amnuay, 2012). From the underwing, Curetis bulis and Curetis acuta are quite similar,
but Curetis bulis can be identified by the central band in the under hindwing not in line with bar at cell end,
while the faint central band is in line with bar at cell-end for Curetis acuta (Kehimkar, 2016). However,
given the obscurities and the variations in description of the underwings (Chapman, 1915; Ek-Amnuay,
2012), distinguishing these only from the underwing is tricky (Figure 5) and not recommended without close
observation of their upper wings. It may be worth noting that the individual photographed at Garh Panchakot
hill on 29-VI1I-2023 was initially misidentified as Curetis bulis based on under wing photographs, but later an
accidental flight shot clicked by AR helped to conclude its identity as Curetis acuta from the presence of the
black tooth in the cell end and the extension of orange in space 6, similar to the one in Figure 3a. In contrast,
the individual shown in Figure 4 is identified to be Curetis bulis male through restricted presence of orange in
the upper wings and the lack of prominent teeth in upper forewings.

Discussion

Of the four Curetis species distributed in the state of West Bengal, Curetis thetis, is the most common
and distributed (Figure 6) almost throughout the state, barring the alpine regions. The apparent absence of
C. thetis in central part of West Bengal (Figure 1) is nothing more than a result of sampling gaps and lack
of observers and recorders in citizen science portals and social media, and the similarity of the landscape,
human interference and other environmental parameters are a clear indicator that the species should be quite
commonly present in this region too. Curetis bulis and C. saronis were known in the state only from the forests
of Himalayan foothills adjacent to the state of Assam. Curetis acuta is also found mostly in the deciduous
forests of the western plateau region along with the foothills of Himalayas in the northern part of the state.
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Curetis saronis Moore, 1877

Originally described from Port Blair in the Andaman islands of India, the species is distributed throughout
the south-east Asian countries of Myanmar (Bingham, 1907), Thailand (Godfrey, 1927; Pinratana, 1981; Ek-
Amnuay, 2012), Malaysia (Druce, 1896; Bingham, 1907; Sulaiman et al. 2022), Indonesia (Druce, 1896),
Singapore (Khew, 2015), Cambodia (Chartier & Kosterin, 2022), Laos (Motono & Negishi, 1989) and Vietnam
(Inoué & Kawazoé, 1965) along with India and Bangladesh. While a significant part of its distribution is in the
low elevations of montane rainforests (north-eastern India in the states of Assam, Meghalaya, Arunachal Pradesh
(Kehimkar, 2016); Sylhet of Bangladesh (Moore, 1884; Larsen, 2004), Arakan state of Myanmar (Bingham,
1907), Cambodia, Tenasserim, Kinabalu, in Malaysia, a large area of its distribution is in the mangrove forests
(Andaman and Nicobar islands of India (Moore, 1877; Chapman, 1915; Evans, 1932); Sundarbans of Bangladesh
(Larsen, 2004); Thailand, Singapore (Tan, 2010), Labuan of Malaysia and Banjarmasin in Indonesia (Druce,
1896)). While the species is locally common in certain montane evergreen forests of south-east Asia, it is rare
throughout the Indian subcontinent.

In India, apart from the Andaman and Nicobar Islands where it is quite a commoner, it is distributed
only in the lower slopes of montane rainforests from the states of Assam, Arunachal Pradesh, Meghalaya and
West Bengal, where it is quite uncommon (van Gasse, 2018; Anonymous, 2024b). In West Bengal, the species
was reported from the foothills of the Himalayan range in Buxa Tiger Reserve of Alipurduar district (in the
north-eastern part of the state) by Subhajit Mazumder in 2015 (Sinha et al., 2019; Anonymous, 2024). The
observational report presented here is the first report of the species from southern part of West Bengal and is the
second report overall from the state. The new sighting from Namkhana, around 575 kilometres (aerial distance)
south of Alipurduar, indicates the presence of species from the Sundarbans of West Bengal. Curetis saronis is
also reported from northern hilly regions of Sylhet (adjacent to the hilly regions of Meghalaya and Assam in
India) and tentatively listed from the Sundarbans in the neighbouring country of Bangladesh (Larsen, 2004).
This report is thus the first report of the species from the Indian part of Sundarbans and the first sighting of
the species from mangrove forests of mainland India, extending its range in the country beyond the Andaman
archipelago and the mountainous rainforests of the north-eastern part of the country.

Apart from Pongamia pinnata (L.) Pierre, which is the common host plant of all the four Curetis species
(Robinson et al. 2010) distributed in West Bengal, Derris trifoliata Lour., a mangrove associate, deciduous
climber, is documented as its host plant (Tan, 2010). The plant is distributed along the coasts of East Africa
including Madagascar all along tropical and subtropical Asia to tropical Australia and is found in sandy beaches,
mangroves and coastal swamps (Tomlinson, 1986). The abundance and biomass of this mangrove associate
plant is known to have increased in recent years (Zhang et al., 2021). The presence of this mangrove associate
plant in the mangroves of both Namkhana and Bakkhali should be a factor for the presence of Curetis saronis
in this region. The report of the species from the Indian Sundarbans, bolsters the faunal diversity of Sundarban
Biosphere Reserve.

Curetis bulis (Westwood, [1851])

Originally described from Shimla of Himachal Pradesh in India, the species is distributed through India
(Varshney & Smetacek, 2015), Nepal (van Gasse, 2018; van der Poel & Smetacek, 2022), Bhutan (Wangdi &
Sherub, 2015), Bangladesh (Larsen, 2004), Myanmar (Moore, 1879), Thailand (Pinratana, 1981; Ek-Amnuay,
2012), Vietnam (Metaye, 1957; Inoué¢ & Kawazoé, 1965), China (Fruhstorfer, 1908; Chou, 1994; Zhang et al.
2013), Cambodia (Chartier & Kosterin, 2022), Laos (Motono & Negishi, 1989).

In India, the species is known to be distributed across the Himalayan range from Jammu and Kashmir
(Sheikh et al. 2021), Himachal Pradesh, Uttarakhand, Arunachal Pradesh, Assam, Meghalaya, Nagaland, Sikkim
and northern West Bengal (Varshney & Smetacek, 2015; Kehimkar, 2016) where it is fairly common (van Gasse,
2018) and uncommon (van Gasse, 2018) in Eastern Ghats (the states of Andhra Pradesh (Rao et al. 2004) and
Odisha (Paria et al. 2018)) and Satpura hills of Madhya Pradesh (Bingham, 1907). Though fairly common in the
Himalayan ranges, it is yet to be recorded from the states of Tripura and Mizoram (van Gasse, 2018). However,
previous studies from the Purulia district (Mukherjee et al. 2023), and its neighbouring districts of Bankura
(Mukherjee & Mondal, 2020), Jhargram (Mandal & Ray, 2023) in West Bengal and in the states of Jharkhand
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(Morrison-Godfrey, 1948; Verma, 2009; Singh, 2010; Reddy et al. 2023), Mayurbhanj district of Odisha (Payra
et al. 2016; Boruah et al. 2018) could not find evidence of the species from the Chhotanagpur Plateau. The
Kuldiha wildlife sanctuary situated in Balasore district of Odisha is the nearest location of the species where
it was previously sighted (Paria et al. 2018), which is, however, geographically part of the Eastern Ghat hills
(Reddy et al. 2014) and not part of the Chhotanagpur Plateau (Singh, 2012). This is thus the first report of the
species from the Chhotanagpur Plateau.

Of'its known host plants (Robinson et al. 2010), Pongamia pinnata, the common host plant of all the Curetis
spp. is quite common and distributed throughout West Bengal, excepting the coniferous and alpine vegetation
of the Himalayan slopes. Neustanthus phaseoloides (Roxb.) Benth., also known to be its host plant, is quite
common in the deciduous forests of Garh Panchakot and other forested regions in the Deccan plateau. Ougeinia
oojeinensis Hochreutiner, though not common in the area, is also distributed in Purulia and its surrounding
districts (Das Das et al. 1992). Thus, all the three known host plants are distributed in the Chhotanagpur plateau
region, which establishes a potential of its distribution in the plateau region too.

It is interesting to note that Curetis acuta is quite common in the study site, and has been observed multiple
times from Garh Panchakot Conservation Area by SR and AR. It is also quite common in the Ajodhya Hills of
this district (Mukherjee et al. 2023) and is reported from the surrounding districts of Bankura (Mukherjee &
Mondal, 2020) and Jhargram (Dwari & Mondal, 2020). However, Curetis thetis has not been observed in the
Garh Panchakot hills and is quite rare also in the Ajodhya hills of Purulia. It may thus be quite feasible that in
spite of commonness in the availability of at least one of the host plants (Pongamia pinnata) in the rural and
urban human habitats, Curetis acuta and Curetis bulis are rare or unavailable as they do not face stiff competition
from Curetis thetis.

Conclusion

While some Papilionoidea surveys have been conducted in the Chhotanagpur Plateau region, various new
observational reports from this region including this report of Curetis bulis is a testimony to sampling gaps in this
region. The sympatry and syntopy of Curetis bulis and Curetis acuta in the region and their localised allopatry
with Curetis thetis may be indicative of the dominance of Curetis thetis in habitats suffering from anthropogenic
interferences.

The presence of Curetis saronis in two different spots of Sundarbans confirms the presence of the species in
the Indian part of Sundarbans along with previous reports from the Bangladesh part of Sundarbans. The presence
of this species in the mangroves of Ganga-Brahmaputra delta indicates that it might also be distributed in the
mangroves of the Mahanadi delta situated nearby in Odisha and thorough study of Bhitarkanika National Park is
necessary to ascertain the south-western boundary of its range. The repeated observations of Curetis saronis in
winter and absence of it beyond the winter in the patch indicates that it may undergo seasonal migration. Only
detailed studies throughout its distributional range can provide conclusive evidence on the migratory status and
patterns of this species.
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Figure 1. Map of West Bengal state, India showing the observational records of Curetis spp. along with the novel
distributional records.
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Figure 2. 2a. Open wing of Curetis saronis female. 2b. Closed wing of Curetis saronis female, Bakkhali (South 24 Parganas
district, West Bengal), 29-XI1-2023 (Photographs by Sandip Das and Subhajit Roy respectively).

Figure 3. 3a. Open wing of Curetis saronis male 3b. Open wing of Curetis thetis male, Namkhana (South 24 Parganas
district), 26-X1-2022 (Photographs by Sandip Das).
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Figure 4. 4a. Open wing of Curetis acuta male. 4b. Open wing of Curetis bulis male, Susunia Hill (Bankura district)
and Garh Panchakot Hill (Purulia district), 05-XII-2017 and 05-1V-2023 (Photographs by Aniruddha Singhamahapatra and
Anitava Roy respectively).

Figure 5. 5a. Closed wing of Curetis bulis male. Sb. Open wing of Curetis acuta male, Garh Panchakot Hill (Purulia
district), 29-VII-2023 (Photographs by Anitava Roy).

[
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Figure 6. Temporal observational records of the Curetis spp. in West Bengal, India from peer-reviewed citizen science
portals
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Target and non-target Lepidoptera species captured
in semiochemical-baited traps for Zygaenidae in two
NATURA 2000 protected areas in Bulgaria
(Insecta: Lepidoptera)

Teodora B. Toshova, Ana Nahirni¢-Beshkova, Vasily V. Anikin,
Stoyan Beshkov, Boyan Zlatkov, Konstantin A. Efetov, Elena E.
Kucherenko, Joseph Burman & Miklos Toth

Abstract

Semiochemical lures known to attract Zygaenidae species were screened by means of sticky Delta
traps and CSALOMON® VARL funnel traps in two Natura 2000 protected areas in Bulgaria - Nikopolsko
plato (near Lozitsa village) (northern central Bulgaria) and Lozenska planina Mts, in 2015-2018 and 2023,
respectively. As a result, Rhagades (Rhagades) pruni, Theresimima ampellophaga, Zygaena (Agrumenia)
carniolica and Z. (Zygaena) filipendulae were recorded in the vineyards near Lozitsa vill. while Adscita
(Eurasiterna) geryon, A. (Tarmannita) mannii, Jordanita (Tremewania) notata and Rh. (Rh.) pruni were re-
gistered in Lozenska planina Mts. Rhagades (Rh.) pruni was newly recorded in northern central Bulgaria. In
addition to Zygaenidae species, a total of 62 non-target species belonging to following Lepidoptera families:
Coleophoridae, Crambidae, Erebidae, Gelechiidae, Geometridae, Noctuidae, Nolidae, Nymphalidae, Oeco-
phoridae, Pieridae, Plutelliidae, Pyralidae, Tortricidae and Yponomeutidae, were recorded. Sex attractants for
one Coleophoridae, one Cambidae, one Gefiechiidae and two Noctuidae species were established for the first
time. Two Augasma species are new records for the fauna of the Balkan Peninsula.

Keywords: Insecta, Lepidoptera, new attractants, new distributional records, Balkan Peninsula.

Especies de Lepidoptera objetivo y no objetivo, capturadas en trampas con cebo semioquimico para
Zygaenidae en dos espacios protegidos NATURA 2000 de Bulgaria
(Insecta: Lepidoptera)

Resumen

Se seleccionaron semioquimicos conocidos por atraer a especies de Zygaenidae mediante trampas Delta
adhesivas y trampas de embudo CSALOMON® VARL en dos zonas protegidas Natura 2000 en Bulgaria:
el plato de Nikopolsko (cerca del pueblo de Lozitsa), en el centro-norte de Bulgaria, y los montes Lozenska
planina, en 2015-2018 y 2023, respectivamente. Como resultado, se registraron Rhagades (Rhagades) pruni,
Theresimima ampellophaga, Zygaena (Agrumenia) carniolica y Z. (Zygaena) filipendulae en los vifiedos
cercanos a la aldea de Lozitsa, mientras que Adscita (Eurasiterna) geryon, A. (Tarmannita) mannii, Jordanita
(Tremewania) notata y Rh. (Rh.) pruni se registraron en Lozenska planina Mts. Rhagades (Rh.) pruni se re-
gistr6 por primera vez en el centro-norte de Bulgaria. Ademas de las especies de Zygaenidae, se registraron
un total de 62 especies no objetivo pertenecientes a las siguientes familias de Lepidoptera: Coleophoridae,
Crambidae, Erebidae, Gelechiidae, Geometridae, Noctuidae, Nolidae, Nymphalidae, Oecophoridae, Pieridae,
Plutelliidae, Pyralidae, Tortricidae e Yponomeutidae. Se establecieron por primera vez atrayentes sexuales
para una especie de Coleophoridae una de Crambidae, una de Gelechiidae y dos de Noctuidae. Dos especies
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de Augasma son nuevos registros para la fauna de la peninsula balcanica.
Palabras clave: Insecta, Lepidoptera, nuevos atrayentes, nuevos registros de distribucion, peninsula Balca-
nica.

Introduction

The earliest publication reporting a synthetic chemical attractant of a zygaenid species was the study
of Benz & von Salis (1973), who reported attraction of Zygaena transalpina Esper, 1780, males to com-
pounds in a field test organized for the Larch bud moth Zeiraphera griseana (Hibner, 1799) (= Z. diniana
(Guenée, 1845)). Focused studies on zygaenid sex attractants started with the investigations of Decamps et
al. (1981), Renou & Decamps (1982), Priesner et al. (1984) and Renou & Zagatti (1984). Over the last fifty
years sex attractants for species belonging to the following genera have been published: Acoloithus, Adscita,
Doratopteryx, Epizygaenella, Goazrea, Harrisina, Illiberis, Jordanita, Neoalbertia, Neoilliberis, Neoprocris,
Pyromorpha, Reissita, Rhagades, Staphylinochrous, Theresimima, Triprocris, Zygaena and Zygaenopro-
cris (Efetov et al. 2011, 2023; Efetov & Kucherenko, 2020; El-Sayed, 2025; Subchev, 2014; Yardim et al.
2025). However, sex pheromones are known for a few species in Zygaenidae. Two pests of Vitis vinifera
L., viz. Harrisina brillians Barnes & McDunnough, 1910, and Theresimima ampellophaga (Bayle-Bare-
lle, 1809), use the enantiomers of 2-butyl-(7Z)-tetradecenoate in their intraspecific chemical communication
systems, (25)-butyl (7Z)-tetradecenoate (S-7-14) (Myerson et al. 1982; Soderstrom et al. 1985) and a mixtu-
re of (2R)-butyl (7Z)-tetradecenoate (main pheromone compound) (R-7-14) and S-7-14 (minor pheromone
compound) (Subchev et al. 1998, erratum - 1999), respectively. Subchev et al. (2009) identified (2R)-butyl
(7Z)-dodecenoate (R-7-12) and (2R)-butyl (92)-tetradecenoate (R-9-14) as sex pheromone compounds of
1lliberis (Primilliberis) rotundata Jordan, 1907 females. Zagrobelny et al. (2015) analysed volatile emissions
from males and females of the six-spot burnet moth, Zygaena (Zygaena) filipendulae (Linnaeus, 1758), which
resulted in the identification of novel putative pheromones for this species. Thus, sex pheromone components
exactly established for only three species of Zygaenidae from the subfamily Procridinae. All of them are
esters of butan-2-ol and higher unsaturated carboxylic acids. Similar esters are known as sex attractants for
much more Zygaenidae species from two subfamilies, viz. Procridinae and Zygaeninae. In particular, the
enantiomers of 2-butyl 2-dodecenoate are sex attractants from the series ‘EFETOV-2’ (patented name), which
are active for the males of almost 30 Zygaenidae species from two subfamilies noted above (Can et al. 2019;
Can Cengiz et al. 2018; Drouet et al. 2021; Efetov et al. 2016, 2018, 2019, 2020, 2024, 2025; Efetov & Ku-
cherenko 2021; Yardim et al. 2024).

The aim of the current study was to investigate the occurrence and diversity of forester and burnet
moths (Zygaenidae) in an agricultural land in northern Bulgaria and in a mountain habitat in western part of
the country; both study places fall in Natura 2000 protected areas. The paper presents also data about other
lepidopteran species captured during the study including the first records of two Augasma species in Bulgaria
and new sex attractants for five lepidopteran species.

Materials and methods
STUDY SITES

The experiments were carried out in two regions - Nikopolsko plato situated in northern central Bulgaria
and Lozenska Mts situated in southwest Bulgaria in areas included within NATURA 2000 ecological network
under Directive 92/43 / EEC for the Conservation of Natural Habitats and Wild Flora and Fauna, NATURA
2000 sites BG0000274 and BG0000165, respectively.

Investigations were performed over a three-year period (2015-2018) in vineyards in Nikopolsko plato
near Lozitsa village (Nikopol Municipality, Pleven Province). The wine grape varieties were ‘Muskat Ottonel’
and ‘Mavrud’. The area is characterized by vineyards of different type of management - well managed, ne-
glected or abandoned vineyards (Toshova et al. 2017), arable lands and perennial meadows. The last two types
of vineyards are habitats, which also offer suitable host-plants of numerous insect species including pests.

In 2023, the tests with attractant lures were performed in Lozenska planina Mts at the base of Lalina
mogila peak, where the habitat is characterized by mixed deciduous forest and meadows. The dendroflora
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in the studied sites is represented by Quercus cerris L., Quercus frainetto Ten., Ulmus minor Mill., Fagus
sylvatica L., Corylus avellana L., Carpinus orientalis Mill., Pyrus pyraster (L.) Burgsd., Prunus spinosa L.,
Cornus mas L., Juniperus communis L. and Rosa sp.

TrAPS

For Procridinae tests home-made transparent Delta traps with replaceable sticky inserts were used while
for Zygaeninae tests the traps were CSALOMON® VARL funnel traps (Plant Protection Institute, Centre for
Agricultural Research, HUN-REN, Budapest; www.csalomontraps.com). Delta sticky inserts were with a size
10 cm x 16 cm. A piece (1 % 1 cm) of a household anti-moth insecticide strip (Chemotox®, Slouth, UK; active
ingredient 15% dichlorvos) was placed into the collection container of the VARL funnel traps to kill captured
insects. The traps used in the experiments are shown on Figure 1.

LuUREs
LURES FOR PROCRIDINAE

For preparing the lures, the synthetic pheromone compounds, R-7-14 and R-7-12 and the enantiomer of
the last compound, S-7-12, in a dose of 100 pg were applied singly onto serum vial caps of grey rubber as a
hexane solution. The two-component lure of R-7-14 and R-7-12 (tested in Lozitsa vill. in 2017 and Lozenska
planina Mts in 2023) was in a ratio 100:100 (R-7-14 + R-7-12). The lures were prepared at the Institute of
Biodiversity and Ecosystem Research, Bulgarian Academy of Sciences (IBER-BAS). The sex attractant EFE-
TOV-2, the rubber caps were impregnated with 100 pl of the racemic mixture of (2R)-butyl 2-dodecenoate
and (25)-butyl 2-dodecenoate, which was prepared in the Crimean Federal University, Simferopol (Crimea)
(Efetov et al. 2014).

LURES FOR ZYGAENINAE

The synthetic compounds used were (2)-5-dodecenyl acetate (Z5-12Ac), (Z)-7-dodecenyl acetate (Z7-
12Ac), (Z)-7-tetracenyl acetate (Z7-14Ac), (Z2)-9-dodecenyl acetate (Z9-12Ac), (Z£)-9-tetradecenyl acetate
(Z9-14Ac), (Z)-11-hexadecenyl acetate (Z11-16Ac), and (Z)-8-dodecenyl acetate (Z8-12Ac). They were pur-
chased from Sigma-Aldrich® or obtained from Pherobank (Netherlands) and their purity was > 96%.

The following one-compound lures and mixtures were prepared at IBER-BAS by the method described
above: Z5-12Ac, Z7-12Ac, Z9-14Ac, Z7-12Ac + Z9-14Ac (100:100) and Z7-12Ac + Z9-14Ac + Z8-12Ac
(100:100:100).

The lures for Zygaena (Mesembrinus) purpuralis (Brinnich, 1763) (Z_pur) and Z. (Agrumenia) viciae
([Denis & Schiffermiiller], 1775) (Z_vic) were prepared by the Ecology Research Group, Canterbury Christ
Church University, England (UK). The lure preparation and composition for Z. (M.) purpuralis and Z. (A.)
viciae were described in Can et al. (2019) and Vrenozi et al. (2020) and contained Z7-12Ac + Z7-14Ac + Z9-
14Ac (100:10:100) and Z5-12Ac + Z7-12Ac + Z29-12Ac + Z9-14Ac + Z11-16Ac (10:100:1:10:5) for Z_pur
and Z_vic, respectively.

Dispensers were wrapped singly in pieces of aluminum foil and were stored at -30°C until use.

FiELD EXPERIMENTS

In seven field experiments we evaluated the attractiveness of lures for Procridinae and Zygaeninae
in two sites in Bulgaria in the period of 2015-2018 and 2023. One to five lures were tested within each
experiment. Two replications/blocks of the treatments were deployed at each site, and the traps in a replicate
were spaced 10-15 m apart along the field. Distance between the vineyards in Lozitsa vill. was about 0.800
km while the distance between localities in Lozenska planina Mts - about 0.500 km. For unbaited controls,
traps without any lure were also used in the most of the experiments. Lures last for different lengths of
time. Previous experience obtained in many years in different countries showed that the traps baited with
the lures for Th. ampellophaga and also lures containing R-7-12, S-7-12 and their blend do not attract any
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other lepidopteran species, and they are active at least six - seven weeks (Subchev et al. 2004; Toshova et
al., unpublished data) while EFETOV-2 lures are active not less than six months (Efetov et al. 2022, 2024;
Vrenozi et al. 2019). Other lures tested were replaced every four weeks. Details about the experiments are
provided in Table 1.

Traps were checked at approximately weekly intervals and only in some single cases for a longer period,
however not exceeding four weeks (August, 2016 and 9-VI - 21-VII-2018, Lozitsa vill.). Trap positions within
each trap block were rotated at each inspection date. In tests where sticky traps were used at each sample
interval, the sticky layers were replaced with new bottoms. The collected moths were taken to the laboratory
for species identification. For accurate identification of Microlepidoptera species captured into the sticky
traps, insects were kept in glass vials with xylenes purriss., > 96.0% (Sigma-Aldrich®) for 48 hours to remove
the sticky material from the insect’s body. After any residual sticky materials were dissolved the specimens
were placed on filter paper to dry. The procedure of cleaning of insects was done under a fume hood in the
laboratory. The identification of specimens caught during the field tests was based on external morphological
characters and genitalia examination. The species were identified using the following identification keys:
Anikin & Sinichkina (2018), Danilevsky & Kuznetzov (1968), Falkovitsh (1986), Razowski (2003), and
without identification guides for the “Macrolepidoptera” species.

Statistical analysis

A minimum of 30 specimens of a non-target species per year was the criterion chosen for performing the
statistical analysis. For a robust analysis we included in each analysis only data that had a sufficient number of
replicates (n > 10 replicates). The data were tested for normal distribution using the Kolmogorov-Smirnov test.
Since these conditions were not met, a Kruskal-Wallis test was used as nonparametric test to determine the
significance of treatments. When the Kruskal-Wallis test indicated significant differences between treatment
means, subsequent pairwise Mann-Whitney U test was used to detect the significant differences between the
tested variants. All statistical analyses were performed in STATISTICA v.7.0 (StatSoft, Tulsa, OK, USA). The
significant difference was set at P < 0.05.

Results
TARGET SPECIES

A total of 230 males of the following seven Zygaenidae species were captured during the study. All
Zygaenidae were captured in the sticky traps. Rhagades (Rhagades) pruni ([Denis & Schiffermiiller], 1775),
Th. ampellophaga, Zygaena (Agrumenia) carniolica (Scopoli, 1763) and Z. (Z.) filipendulae were recorded
in the vineyards near Lozitsa vill. while Adscita (Eurasiterna) geryon (Hiibner, 1813), A. (Tarmannita)
mannii (Lederer, 1853), Jordanita (Tremewania) notata (Zeller, 1847) and Rh. (Rh.) pruni were registered
in Lozenska planina Mts (Tables 2-3). In Lozitsa vill., the most numerous species were Th. ampellophaga
and Z. (Z2.) filipendulae captured in the traps baited with R-7-14 + R-7-12 and mainly Z vic, respectively.
In 2017, one flight peak of the males of the vine bud moth occurred with catches from the middle of June
to the middle of July. In the same year, Z. (Z.) filipendulae catches were registered during the whole period
of the investigation from the middle of June to the end of August - beginning of September. In Lozenska
planina Mts, A. (T') mannii was the most abundant species followed by J. (T') notata captured in the traps
baited with S-7-12 and R-7-12 (alone or in combination with the opposite enantiomer), respectively. In
Lozitsa vill., catches of the males of RA. (Rh.) pruni were recorded during the period of 12-26-VI-2015
(males attracted to R-7-12 and S-7-12) and 3-12-VI-2016 (single males attracted to R-7-12 and EFETOV-2
lures, respectively) while in Lozenska planina Mts - 15-28-VII-2023 (single male attracted to R-7-12).

NON-TARGET SPECIES

In addition to the Zygaenidae species, traps tested captured a wide range of species from different
Lepidoptera families - Coleophoridae, Crambidae, Erebidae, Gelechiidae, Geometridae, Noctuidae, Nolidae,
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Nymphalidae, Oecophoridae, Pieridae, Plutelliidae, Pyralidae, Tortricidae and Yponomeutidae, and some of
them were caught in high numbers. Catches of the individual species are shown in Tables 2-3.

In Lozitsa vill., the most numerous non-target species was Augasma aeratella (Zeller, 1839)
(Coleophoridae) followed by Autographa gamma (Linnaeus, 1758) (Noctuidae) and Evergestis aenealis
([Denis & Schiffermiiller], 1775) (Crambidae) (Table 2). The trap catches in the experiments performed in
2015 and 2016 indicated that the highest mean catches of 4. aeratella males were found in the traps baited
with Z7-12Ac alone or in combination with Z9-14Ac (100:100) and no significant difference between catches
was observed despite the trap type was different in the two years (Table 4). The flight of the adults was at least
five months from the end of April - beginning of May to the end of September. In 2015, when Delta sticky
traps were used similar results were obtained with 4. gamma males. However, in the next year when lures
were tested in combination with VARL funnel traps Z7-12Ac attracted significantly more males compared
with the two-component mixture.

Evergestis aenealis ([Denis & Schiffermiiller], 1775) males were captured in the traps baited with the
two-component mixture of Z7-12Ac and Z9-14Ac in Lozitsa vill. and Lozenska planina Mts, and a single
male was recorded also in the traps baited with Z9-14Ac in Lozitsa vill. in 2016. The period of flight activity
differed between the study sites and years. In the vineyards in Lozitsa vill. in 2015, catches were registered
in the period of 19-VI - 20-IX, and two peaks of flight were observed: 1) the end of June - beginning of July
and the second half of August. In 2016 in the same area, the flight activity began earlier - at the end of April
- beginning of May while the last catch was recorded at the end of September. In Lozenska planina Mts, E.
aenealis males were captured during the whole monitoring period - from the beginning of June to the middle
of July.

In Lozitsa vill., where EFETOV-2 lures were tested Udea ferrugalis (Hiibner, 1796) (Crambidae) males
were attracted. Catches were recorded in the period of 3-25-VI-2016 and 9-VI - 5-VIII-2018.

Pammene gallicolana (Lienig & Zeller, 1846) was caught in the traps baited with the triple mixture of
Z7-12Ac + Z9-14Ac + Z8-12Ac in unusually high number of males in June 2023 in Lozenska planina Mts
Bulgaria.

In addition to the lepidopteran species, a single male specimen of Tilloidea unifasciata (Fabricius, 1787)
(Coleoptera: Cleridae) was registered in Lozitsa vill. in the trap baited with EFETOV-2 lure during the period
of 25-VI - 2-VII-2015.

Discussion
TARGET SPECIES

The Zygaenidae species recorded during the study are widely distributed species in Bulgaria in exception
of Rh. (Rh.) pruni. Rhagades (Rh.) pruni is newly recorded in the region of northern central Bulgaria. In the
whole northern part of Bulgaria, on the north of Stara planina Mts, RA. (Rh.) pruni has been recorded only in
Sveshtari vill. (Razgrad Province) in 1923 (Buresh & Tuleshkov, 1943). There are only two more historical
records in the Danube plain, Bucharest and Comana, originating from 1916 (Popescu-Gorj, 1964). In the
wider area of Sofia, only one record has been known so far. Subchev et al. (2010) recorded RA. (Rh.) pruni in
Botanical garden of the Bulgarian Academy of Sciences in Sofia in 2005. Our record from Lozenska planina
Mts confirms its presence in this region. Both of new records fill in considerable wide gaps in distribution
of this species (Figure 2). Prunus spinosa L., Rosa sp. and Rubus fruticosus L., which are host-plants for the
caterpillars of Rh. (Rh.) pruni were observed in vineyards in Lozitsa vill. and the studied habitats in Lozenska
planina Mts (Toshova, personal observations). Zygaena (A4.) carniolica and Z. (Z.) filipendulae are common
species in Bulgaria and neighbouring countries, however there are no published records after 1923 for Z. (4.)
carniolica and after 1982 for Z. (Z.) filipendulae for the wider area of Danube Plain in Bulgaria and Romania.

Our results confirm the data obtained earlier that S-7-12 (alone or in mixtures) attracts A. (Eur.) geryon
and A. (T") mannii while R-7-12 (alone or in mixtures) is an attractant for J. (') notata (Drouet et al. 2021;
Efetov et al. 2015; Subchev et al. 2010; Vrenozi et al. 2020). Attraction of RA. (Rh.) pruni males to R-7-12
alone or in mixtures has been reported from Bulgaria, Crimea, Hungary and France (Drouet et al. 2021;
Subchev et al. 2010). It was also reported that the males of this species were attracted to EFETOV-2 in the
Crimea (Efetov et al. 2016) and its S-enantiomer, EFETOV-S-S-2, in Spain (Efetov et al. 2019; Efetov &
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Kucherenko, 2021). The five-component lure Z vic (Z5-12Ac + Z7-12Ac + Z9-12Ac + Z9-14Ac + Z11-
16Ac in a ratio 10:100:1:10:5) attracted for the first time the male specimens of Z. (Z.) filipendulae. Single
specimens of Z. (Z.) filipendulae and Z. (A.) carniolica were captured in the traps baited with Z7-12Ac +
Z9-14Ac (100:100) in Lozitsa vill. in July, 2015. The last two compounds have been reported in the attractive
mixtures for these species with Z7-12Ac as a dominant component in these mixtures (El-Sayed, 2025). It
seems the addition of the sex pheromone component of /. (P) rotundata (R-7-12) to the main sex pheromone
compound of Th. ampellophaga females (100:100) does not influence the activity of the latter compound. In
2017, male specimens recorded in the traps with the two-component mixture in Lozitsa vill. belongs to the
first generation of this species.

All zygaenid species were captured in the baited sticky Delta traps in the two localities - Lozitsa vill. and
Lozenska planina Mts. Knodel & Agnello (1990) reported that sticky traps caught higher number of moths
than various funnel traps. When comparing different trap designs baited with sex pheromone including VARL
funnel traps for effectiveness in capturing of 7h. ampellophaga males Subchev et al. (2004) reported that there
was no statistically significant difference between the catches of males in all types of traps, although numeri-
cally somewhat more moths were caught in sticky Delta traps than in VARL funnel traps.

NON-TARGET SPECIES
Augasma nitens Amsel, 1935 and 4. uljanovi Anikin, 2017

Augasma nitens and A. uljanovi are new records for the Bulgarian fauna and Balkan Peninsula. 4u-
gasma nitens was described by Amsel (1935) from Palestine (Jéricho) by a moth caught in the first half
of August, 1930, and no other localities have been reported. Male genital apparatus was presented by Toll
(1962). Female and developmental stages are unknown. In our study, 4. nitens was captured in the traps
baited with Z7-12Ac + Z9-14Ac at the second half of July, in the period of 17-14-VII-2015 in Lozitsa
vill. Augasma uljanovi was described by Anikin (2017) from Uljanovsk region in Russia. Recently it was
recorded in Volgograd and Saratov regions in Russia (Anikin & Khapugin, 2024) and in the vicinity of
Mingechaur in Azerbaijan (Anikin et al. 2025). The moths of the type series of 4. uljanovi have emerged
from galls of Atraphaxis frutescens (L.) Eversm. (Polygonaceae) (Anikin, 2017). Atraphaxis frutescens
is native to European Russia, Siberia, Kazakhstan, Turkmenistan, Uzbekistan, Mongolia and China (Abi-
lkassymova et al. 2024).

Augasma aeratella (Zeller, 1839)

The results of the present study confirmed literature data on Z7-12Ac as being a sex attractant of 4.
aeratella males (Toth et al. 1992). Although a high number of males was found also in the traps baited
with the mixture with Z9-14Ac (100:100) in Nikopolsko plato in 2015-2016 we consider that Z7-12Ac
was responsible for the attraction. The larva of 4. aeratella lives on Polygonum aviculare Linnaeus, 1753
and Persicaria lapathifolia (L.) Delarbre 1800 (Toll, 1962) from October to April and the species fly from
May to August (Fazekas & Schreurs, 2010). However, we recorded catches of males in the period from the
end of April - beginning of May to the end of September, 2016. Kulikov & Naumkin (2004) reported A.
aeratella as a pest of buckwheat, Fagopyrum esculentum Moench (Polygonaceae).

It is worth mentioning that some dry Augasma specimens captured in the sticky traps were sent for
molecular analysis. Unfortunately probably the rapid degradation of DNA in the insects has rendered them
unsuitable for genetic analyses. Later Butterwort et al. (2022) presented a DNA extraction method designed
for the detection of insects from sticky traps.

Tuberculia albitarsella Zeller, 1849
During screening test in Pancharevo (Sofia) Subchev et al. (1990) reported two-component sex attrac-

tant, Z5-10Ac + Z7-12Ac, for T. albitarsella males as captures were registered in various ratios of the two
compounds (100:100, 100:10 and 10:100). However, the single compounds were inactive in their study. We
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recorded a single male of this species in a VARL funnel trap baited with Z7-12Ac in Lozitsa vill.
Evergestis aenealis ([Denis & Schiffermiiller], 1775)

Toth et al. (1994) reported that the mixture of Z7-12Ac + Z9-14Ac is an attractant for E. aenealis in
Hungary. In the current study, the same mixture was proved to be attractive to E. aenealis males in Lozitsa
vill. (2015-2016) and Lozenska planina Mts (2023). In Bulgaria, this species is widely distributed from
the sea level to above 2000 m (Ganev, 1986; Plant, 2016). The species develops two generations per year
in Bulgaria but in some years (Plant, 2016). Our results from Lozitsa vill., where monitoring periods were
longer showed that E. aenealis had two generations. The flight of the first generation was from the end of
August - beginning of May to the beginning of July, and catches of the males from the second generation
were recorded from the second half of July to the middle of September.

Udea ferrugalis (Hiibner, 1796)

Udea lutealis (Hiibner, [1809]), is the only species of the genus Udea with known sex attractant (Z11-
16Ac) (El-Sayed 2025). However, during our study with the exception of RA. (Rh.) pruni the rusty dot pearl
moth, U. ferrugalis was the only species attracted to EFETOV-2 lures in Lozitsa vill. in 2016 and 2018. This
species is a common and widespread species in Bulgaria. Udea ferrugalis is polyphagous attacking numerous
plant species (Slamka, 2013). It is considered as a pest of greenhouse plants in Bulgaria (Loginova, 1992).

Bryotropha tachyptilella (Rebel, 1916)

This species was described by Rebel (1916) by two males captured by Petar Chorbadziev from Burgas,
Bulgaria in June 1910. Additional data about distribution of this species in Bulgaria has been provided by
Karsholt & Rutten (2005): Arkutino (Black sea coast), Sliven, Sandanski, all sites in southern Bulgaria.
The attraction of males of B. tachyptilella to the two-component blend of Z7-12Ac and Z9-14Ac in Lozitsa
vineyards was documented for the first time. According to the literature, Z9-14Ac alone or in mixtures with
other compounds attracts B. similis (Stainton, 1854) (Roelofs & Comeau, 1969), B. galbanella (Zeller,
1839), B. terrella ([Denis & Schiffermiiller], 1775) (Moziraitis et al. 1998) and B. senectella (Zeller, 1839)
(Kovaleva et al. 1975). From the other hand, Arn et al. (1974) reported that B. terrella males have been
attracted by the opposite isomer, trans-9-tetradecenyl acetate. According to Kovacs & Kovacs (2022), B.
tachyptilella has two generations, adults from the first generation fly in May and June and the moths from
the second generation — from the beginning of August to the middle of September. We recorded catches in
August-September, which correspond to the adults of the second generation. There is no information available
on the host-plant of B. tachyptilella but Bryotropha larvae are known to feed on mosses and some species on
grasses (Karsholt & Rutten, 2005).

Chloantha hyperici ([Denis & Schiffermiiller], 1775)

Captures of Ch. hyperici males in the traps baited with Z7-12Ac in 2015 and 2016 in Lozitsa vill. to the
traps baited with Z7-12Ac is an indication that this alcohol acts as a sex attractant of the males of this species.
No reports about sex attractants have been published for this species. Ch. hyperici occurs in two or partially three
generations between March and September. Larva feeds on Hypericum (Hypericaceae). This species is widely
distributed in Bulgaria (Beshkov et al. 1999; Kostova et al. 2019; Zlatkov, 2007).

Axylia putris (Linnaeus, 1761)
Our results confirmed the attraction of the males of A. putris, to Z9-14Ac already reported for several
European and Asian countries (El-Sayed, 2025). The flight period of male moths in Lozitsa vill. (April-July)

overlaps that reported by Zlatkov (2007) (April - August). Host-plants for the larvae of this species are variety
of plants belonging to Fabaceae, Poaceae, Polygonaceae, Rubiaceae, Urticaceae, etc. (Agius, 2023). Molinari et
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al. (1996) reported A. putris as a pest of peach orchards in Italy.
Hoplodrina respersa ([Denis & Schiffermiiller], 1775)

No sex attractant has been previously described for H. respersa and our results showed behavioral activity
of three lures containing Z9-14Ac. The attraction of males of this species to the three-component lure tested in
Lozenska planina Mts, Z7-12Ac + Z9-14Ac + Z8-12Ac, should be confirmed.

Pammene gallicolana (Lienig & Zeller, 1846)

Pammene gallicolana is a species associated with wasp galls of oak (Kemal & Kogak, 2010). Our results
confirm the importance of Z8-12Ac in attraction of P. gallicolana males (Olenici et al. 2007; Rotundo et al.
1991; Sziraki, 1978). Velcheva (2000) reported relatively low number of males of this species captured in the
traps baited with Z8-12Ac in combination with the geometrical isomer, frans-8-dodecenyl acetate, and the single
Z8-12Ac in Sofia (Pancharevo), Bulgaria. Males of several Pammene species including P. albuginana (Guenée,
1845) respond to the commercially available sex attractants containing Z8-12Ac (Jakubikova et al. 2016; Mayer
& McLaughlin, 1991).

Autographa gamma (Linnaeus, 1785) and Macdunnoughia confusa (Stephens, 1850) males were attrac-
ted most strongly by the single-component lure of Z7-12Ac. This compound has been previously identified in
the sex pheromone mixtures of the conspecific females. From the other hand the importance of Z9-14Ac in the
intraspecific communication of Noctua janthina ([Denis & Schiffermiiller], 1775) and Panemeria tenebrata
(Scopoli, 1763) has been documented (El-Sayed 2025). Our data confirmed the attraction of the turnip moth
Agrotis segetum ([Denis & Schiffermiiller], 1775) to the binary mixture of Z7-12Ac and Z9-14Ac in Bulgaria
(Subchev et al. 1986).

We confirmed the attraction of the checkered beetle Tilloidea unifasciata to EFETOV-2, which was
reported by Efetov & Kucherenko (2024) in five sites in the Crimea in 2013-2015.

Protected area effectiveness depends on both the quantity (e.g., coverage) and quality (e.g., represen-
tativeness, abundance, good condition, high species richness) (Cooke et al. 2023). Our results highlight the
role of two protected areas in Bulgaria for lepidopteran diversity studied by sex pheromone/ attractant traps.
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Figure 1. Traps in the study sites: A. Delta sticky traps and B. VARL funnel traps in Lozitsa vill. C. Delta sticky traps and
D. VARL funnel traps in Lozenska planina Mts.

Figure 2. Distribution of Rhagades (Rhagades) pruni in Bulgaria and surrounding countries. Grey dots - published records
before 1974, black dots - published records after 2000, red dots - new records, 1 -Lozenska planina Mts, 2 - Nikopolsko plato.
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Table 1. Details about the experiments near Lozitsa vill. (2015-2018) and Lozenska planina Mts (2023): site, habitat
type, geographic coordinates of the localities, duration of the experiment (period), date of lure replacement, lure

tested and trap type.
Experiment Site. habitat Coordinates, Period Date of lure Lure/ Trap
Ne ’ altitude, m a.s.l. start - end | replacement treatments type
locality 1 R-7-12
43.60656°N ST-12
Lpzﬁsa vill., 24.97407°E, 239 m | 12-V1-2015- 03-VII-2015 Z5-12Ac D_elta
Exp. 1 vineyard, locality 2 07-X-2015 30-VII-2015 Z7-12Ac sticky
arable land ty o 12-1X-2015 Z7-12Ac + Z9- | trap
43.60942°N, L4Ac
24.98929°E, 228 m Unbaited
locality 1 02-VII-2016
Lozitsa vill 43.60656°N, (except EFE R-7-12 Delta
Exo.2 iy 7 |24.97407°E, 239 m | 28-V-2016- Tév-g lores | S7-12 ok
. aragi/e land locality 2 29-VI-2016 | pich wl(l)ris:clll EFETOV-2 tsrac Y
43.60942°N, soaso) Unbaited P
24.98929°E, 228 m
locality 1 Z7-12Ac
24-V-2016
. . 43.60656°N, 79-14Ac
Lozitsavill, 4 6740708, 239 m | 17-1v-2016- | 2VE2016 179 1oac+ zo. | VARL
Exp. 3 vineyard, . 30-VII-2016 funnel
ble land locality 2 25-1X-2016 03-1X-2016 14Ac "
arable fan 43.60942°N, A Unbaited Taps
24.98929°E, 228 m
locality 1 06-VIII-2017
43.60942°N, (R-7-
Lozitsa vill.,, | 24.98929°E, 14+R-7-12) R-7-14 + R-7- Delta
. 16-VI-2017- 12 Z pur
Exp. 4 vineyard, 218 m 16-1X-2017 20-VII-2017 7 vi traps
arable land | locality 2 20-vi-2017 |4V
43.59872°N, (Zygaena
24.97404°E, 239 m lures)
locality 1
43.60942°N,
s s metsa (;7111., 5411‘898929 E, 06-VI-2018- 1 ) EFETOV-2 Pelta
Xp. vineyard, m 05-VII-2018 | n© replacement | oo o raps
arable land locality 2
43.59872°N,
24.97404°E, 239 m
locality 1
L K 42.57772°N,
pl‘;flelgz s, § | 23:49367°E, R-7-12
. N 1034 m 02-VI-2023- S-7-12 Delta
Exp. 6 L"Tl‘“; ;“"g‘t]a’ locality 2 28-vi-2023 | PVI2023 1R 7054057, | traps
o 7 [42.57564°N, 12
W 23.49673°E,
1012 m
locality 1 Z7-12Ac
Losenska 42.58006°N, 79-14Ac
planina Mis, S 23.49298°E, Z7-12Ac+Z9- VARL
Exp. 7 Lalina mogila. 1079 m 02-V1-2023- no replacement 14Ac funnel
p- e foffs L | tocality 2 15-VI1-2023 | O FEPHACCENT 79 12 Act+Z9- . :
meadow > | 42.57564°N, 14Ac+ P
23.49673°E, Z8-12Ac
1012 m Unbaited
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Table 2. Catches of lepidopteran species in baited and control (unbaited) traps, Lozitsa village.

Number of moths caught

1758)

1 4 (VI-2016); Z7-12Ac+Z9-14Ac

Family/Species (period of collection: months and year); Lure Sum

Coleophoridae
539 & (VI-IX-2015); Z7-12Ac (402) and Z7-12Ac+Z9-14Ac
Augasma aeratella (Zeller, 1839) | (137) 154 & (IV-IX-2016); Z7-12Ac (83), Z7-12Ac+Z9-14Ac 693
(70) and Z9-14Ac (1)
Augasma nitens Amsel, 1935 1 & (VII-2015); Z7-12Ac+Z9-14Ac 1
*Augasma uljanovi Anikin, 2017 |5 & (VI-VII-2016); Z7-12Ac 5
Tuberculia albitarsella Zeller, .
1849 1 & (IV-V-2016); Z7-12Ac 1
Crambidae
Evergestis aenalis ([Denis & 74 & (VI-IX-2015); Z7-12Ac+Z9-14Ac 108
Schiffermiiller], 1775) 34 & (V-1X-2016); Z7-12Ac+Z9-14Ac (33) and Z7-12Ac (1)
Platytes cerusella ([Denis & .
Schiffermiiller], 1775) 1 & (VI-2016); Z7-12Ac+Z9-14Ac 1
. . 14 & (VI-2016); EFETOV-2

*Udea ferrugalis (Hiibner, 1796) 5 SC?(\(/II—VIH-;OIS) EFETOV-2 19
Erebidae
Dysgonia sp. 1 & (VII-VIII-2018); EFETOV-2 1
Lygephila craccae ([Denis & : e :
Schiffermiiller], 1775) 2 & (IX-2015); Z5-12Ac (1) and Z7-12Ac (1) 2
Gelechiidae
Anarsia lineatella Zeller, 1839 14,19 (VII-2015); control 2
Bryotropha senectella (Zeller, )
1839) 2 & (VII-2016); control 2
*Bryotropha tachyptilella (Rebel, |30 3,2 Q (VII-IX-2015); Z7-12Ac+Z9-14Ac 33
1916) 1 & (IX-2016); Z7-12Ac+Z9-14Ac
Dichomeris alacella (Zeller, 1839) | 3 & (39) (VII-2015); R-7-12 3
Helcystogramma triannulella .
(Herrich-Schiffer, 1854) 18 (VII-IX-2016); R-7-14 !
Geometridae
Ematurga atomaria (Linnaeus, 1 3 (VI-2015); R-7-14 )

Scopula sp.

1 & (VII-2015); Z7-12Ac

Noctuidae

Agrotis exclamationis (Linnaeus,
1758)

1 & (V-2016); Z7-12Ac+Z9-14Ac
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Agrotis segetum ([Denis & Schi-

63 & (VII-X-2015); Z7-12Ac+Z9-14Ac (33); Z7-12Ac (23) and

1758)

2 ¢ (VII-2016); control

N Z5-12Ac¢ (7) 78
ffermiiller], 1775) 15 3 (IV-IX-2016); Z7-12Ac+79-14Ac (14) and Z7-12Ac (1)
Autographa gamma (Linnaeus, 33 & (VII-IX-2015); Z7-12Ac (16) and Z7-12Ac+Z9-14Ac (17) o1
1758) 178 & (V-IX-2016); Z7-12Ac (177) and Z7-12Ac+Z9-14Ac (1)

Axylia putris (Linnaeus, 1761) 43 & (IV-VII-2016); Z9-14Ac 43
Caradrina flavirena Guenée, 1852 | 1 &' (IV-2016); Z7-12Ac 1
Charanyca trigrammica .

(Hufnagel, 1766) 14,12 (V-2016); control 2
*Chloantha hyperici ([Denis & 4 & (VII-IX-2015); Z7-12Ac 3
Schiffermiiller], 1775) 4 4 (VI-2016); Z7-12Ac

Helicoverpa armigera (Hiibner, 1 d (VII-2016); Z7-12A¢ |
[1808])

Macdunnoughia confusa 2 & (VII-2015); Z7-12Ac (1) and Z7-12Ac+Z9-14Ac (1) 44
(Stephens, 1850) 42 & (IV-VI-2016); Z7-12Ac (33) and Z7-12Ac+Z9-14Ac (9)
]1”7‘35551’“’"‘3“ secalis (Linnacus, | 2 (y111:2015): control (1) and Z5-12A¢ (1) 2
Mythimna albipuncta ([Denis & 2 & (VIII-2015); Z5-12Ac (1) 3
Schiffermiiller], 1775) 1 & (IX-2016); control

j[‘fygtlh;;')‘"“ congrua (Hibner, 1 & (IX-2015); Z7-12Ac+Z9-14Ac 1
Mythimna ferrago (Fabricius, 3 & (VIII-2015); Z5-12Ac (2) and Z7-12Ac (1) 4
1787) 1 & (VIII-2016); Z7-12Ac

Mythimna vitellina (Hiibner, .

[1808)) 2 & (IX-2016); control 2
Noctua janthina ([Denis & Schi- .

ffermiiller], 1775) 1 & (IX-2016); Z9-14Ac 1
Noctua pronuba (Linnaeus, 1758) | 1 & (IX-X-2015); control

Oligia latruncula ([Denis & Schi- .

fermiiller], 1775) 1 & (V-2016); control 1
Panemeria tenebrata (Scopoli, 1 d (IV-2016); Z9-14Ac 1
1763)

Dta luctuosa ([Denis & Schiffer- .

miiller], 1775) 1 & (VIII-2016); Z7-12Ac+Z9-14Ac 2
Xestia xanthographa .

([Denis & Schiffermiller], 1775) 4 & (IX-2015); Z5-12Ac (2), Z7-12Ac (1) and R-7-12 (1) 4
Nolidae

Nola cicatricalis (Treitschke, 1 4 (IX-2015); R-7-14 1
1835)

Pieridae

Gonepteryx rhamni (Linnaeus, .

1758) 6 & (IV-2016); Z7-12Ac (5) and Z9-14Ac (1) 6
Plutelliidae

Plutella xylostella (Linnaeus, 1 @ (VII-2015); R-7-12 3

Pyralidae

Oncocera semirubella (Scopoli,
1763)

1 & (VIII-2015); Z5-12Ac
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Tortricidae

Cochylis hybridella (Hiibner,
[1813])

1 & (IX-2016); Z7-12Ac

Epinotia abbreviana (Fabricius,

1794) 3 & (V-2016); Z7-12Ac 3
Hedya pruniana (Hiibner, [1799]) |2 ¢ (VI-2016); control 2
Neosphaleroptera nubilana .
(Hiibner, [1799]) 2 3,2 9 (V-2016); Z7-12Ac+Z9-14Ac 4
Yponomeutidae
Paraswammerdamia albicapitella .
(Scharfenberg, 1805) 1 @ (IX-2015); Z7-12Ac+Z9-14Ac 1
Zygaenidae
Rhagades pruni ([Denis & 10 & (VI-2015); R-7-12 (9) and S-7-12 (1) 12
Schiffermiiller], 1775) 2 & (VI-2016); R-7-12 (1); EFETOV-2 (1)
Theresimima ampellophaga .
(Bayle-Barelle, 1809) 68 & (VI-VII-2017); R-7-14+R-7-12 68
Zygaena carniolica (Scopoli, 1 & (VII2015); Z7-12Ac+Z9-14Ac 1
1763) i
Zygaena filipendulae (Linnaeus, 2 & (VII-2015); Z7-12Ac+Z9-14Ac 49
1758) 47 &3 (VI-IX-2017); Z vic**

*species for which new attractants were found for the first time

**new attractant for the species with known attractants

Table 3. Catches of lepidopteran species in baited and control (unbaited) traps, Lozenska planina Mts.

Species Number of moths caught Sum
P (period of collection: months and year); Lure

Crambidae
Evergestis aenealis ([Denis & .
Schiffermiiller], 1775) 37 & (VI-VII-2023); Z7-12Ac + Z9-14Ac 37
Erebidae
f;’scg)”ﬁ“ glyphica (Linnacus, 19,13 (VI-VII-2023); Z7-12Ac (1 9) and R-7-12 (1 &) 2
Geometridae
Chiasmia clathrata (Linnaeus, .
1758) 2 & (VI-2023); S-7-12 2
Gandaritis pyraliata ([Denis & .
Schiffermiiller], 1775) 18 (VI-2023); R-7-12 !
Heliomata glarearia ([Denis & .
Schiffermiiller], 1775) 18 (VII-2023); 8-7-12 !
Horisme corticata (Treitschke, 2 & (VI-VII-2023); control (1) and Z7-12Ac + Z9-14Ac + Z8- 2
1835) 12Ac (1)
Noctuidae
Autographa gamma (Linnaeus, 43 (VI-2023); Z7-12A¢ 4

1758)
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Cucullia umbratica (Linnaeus,

1758) 1 & (VI-2023); Z7-12Ac + Z9-14Ac 1
‘Hoplodrina respersa ([Denis VII- 3 Z7- ¢+ Z9- c+Z8- c(9); 29- c
*Hoplod, is& |13J 2023 12A 9-14A 8-12Ac (9); Z9-14A 13

Schiffermiiller], 1775) (2) and Z7-12Ac + Z9-14Ac (2)

Sideridis reticulata (Goeze, 1781) | 1 & (VII-2023); Z7-12Ac + Z9-14Ac + Z8-12Ac 1

Nymphalidae

Coenonympha glycerion e

(Borkhausen, 1788) 19 (V1-2023); Z7-12A¢ !

Coenonympha leander (Esper, Q.

[1784]) 1 4 (VI-2023); S-7-12 1

Brintesia circe (Fabricius, 1775) 1 & (VII-2023); R-7-12 + S-7-12 1

Oecophoridae

ﬁ%’é‘f’]‘;”se”i“ unitella (Hibner, 11 o 11 5023). 77-12A¢ + Z9-14A + Z8-12A¢ 1

Tortricidae 1

Pammene gallicolana (Lienig & | 745 & (V1-2023); Z7-12Ac + Z9-14A + Z8-12Ac** (743) and 745

Zeller, 1846) 79-14Ac (2)

Endothenia gentianaeana )

(Hiibner, [1799]) 1 & (VI-2023); Z9-14Ac 1
Grapholita )

tenebrosana (Duponchel, 1842) 2 & (VI-2023); Z7-12Ac + Z9-14A + Z8-12Ac 2

f gﬁ’;’e"e albuginana (Guenée, | 4 2 1 2023). 77-12A¢ + Z9-14A + Z8-12Ac 4

Zygaenidae

Adscita geryon (Hiibner, [1813]) |2 & (VII-2023); S-7-12 2

Adscita mannii (Lederer, 1853) 71 & (VI-VII-2023); S-7-12 (48) and R-7-12 + S-7-12 (23) 71

Jordanita notata (Zeller, 1847) 26 & (VI-VII-2023); R-7-12 (20) and R-7-12 + S-7-12 (6) 26

Rhagades pruni ([Denis & 1 & (VI-2023); R-7-12 1

Schiffermiiller], 1775)

*species for which new attractants were found for the first time
**new attractant for the species with known attractants
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Table 4. Results of screening of Z5-12Ac, Z7-12Ac, Z9-14Ac and a mixture of Z7-12Ac and Z9-14Ac (100:100), Lozitsa
vill., 12- VI - 7-X-2015, Delta sticky traps, two replications; 25-1V — 25-1X-2016, VARL funnel traps, two replications and
Lozenska Planina Mts, 2-VI — 15-VII-2023, VARL funnel traps, two replications. Means captures marked with different
letter within a column are significantly different (Kruskal-Wallis test followed by Mann-Whitney U test, P < 0.05).

Compound Mean number of male moths captured (+ SE) in the respective year
Dose, ug per lure
B. A M.
75- | 77- | Z9- A. aeratella E. aenealis bachyp- A. segetum A. gamma o, .
12Ac | 12A¢ | 14Ac tilella pulris | confisa
2015 | 2016 | 2015 | 2016 | 2023 | 2015 2015 | 2016 | 2015 | 2016 | 2016 | 2016
0 0 0 0.00b | 0.00b | 0.00b | 0.00b | 0.00b 0(')225 4i 0.00b | 0.00b | 0.00b | 0.00b | 0.00b | 0.00b
0.58 + 0.08 +
100 0 0 0.00b - 0.00b - - 0.00 031b - 0.08b - - -
0.08 8.05
4020+ (3.86+ 192+ | 006+ | 133+ 413+
0 ] 1001013737, | 098 | 0000 | & 100061 0.00 | | 00eb | 0.51a | E | %0 | 2500
0.08b 191a
0.05+ 358+
0 0 100 - 0.05b - 0.00b | 0.00b - - 0.00b - 0.00b 208 0.00b
o 100 | 100 | 1370 [318% SN2 3T0 N 054 | 2754 | 078 | 142 | OO o000 | 1137
+49l1a| 1.16a 146a | 0.91a | 1.36a 3.77 1.35a | 0.24a | 1.42a 0.05b 0.88ab

- Lure not tested
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Tenemos en nuestras manos un interesante libro sobre la fauna de los Noc-
tuoidea de Polonia y, por ende, del Centro de Europa, de la mano de nuestro esti-
mado colega el Dr. Nowacki, que ya nos tiene acostumbrados a trabajos similares
realizados a lo largo de tantos afos.

Este trabajo esta incluido en la Monografia 21, de la “Polish Entomological
Society” y es un resumen del conocimiento reunido de los trabajos cientificos y de
la labor de campo, de esta interesante superfamilia presente en Polonia, tratindose
un total de 505 especies, incorporando, en los tltimos 40 afios, hasta 45 nuevas especies para esta fauna.

Después de un resumen e introduccion, nos presenta un interesante capitulo de la historia sobre la investiga-
cion realizada sobre la fauna de los Noctuoidea, presentes en Polonia. Contintia hablandonos sobre las caracteristicas
de éstos, sobre su morfologia, genitalia, estados inmaturos, crisalida y su biologia, ecologia, proteccion e importan-
cia econdmica.

A continuacion, nos presenta una lista de todas las especies consideradas, los agradecimientos y ya dentro de
la parte principal del libro las familias, subfamilias y todas y cada una de las especies.

De cada especie, nos da un diagnostico, nos habla sobre su habitat, distribucion conocida y distribucion en
Polonia e incluso, en algunas ocasiones, mapas informativos y un capitulo sobre la fauna polaca de estas familias.

Para facilitar la identificacion, nos presenta 58 laminas a todo color, con excelentes fotografias de los adultos
y 60 microfotografias, en blanco y negro, de la genitalia del macho y de la hembra, que facilita la identificacion de
especies problematicas, finalizando la obra con una detallada bibliografia y un indice.

No podemos terminar estas lineas, sin felicitar al autor por este extenso y detallado trabajo sobre esta intere-
sante superfamilia Noctuoidea, que, sin duda, ayudara a todos los interesados en estas familias presentes en Polonia 'y
Europa central y a la Editorial por la excelente presentacion del libro, obra que no puede faltar en cualquier biblioteca
que se precie.

El precio de este libro no ha sido comunicado, pero los interesados lo pueden pedir a:
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Uniwersytet Przyrodniczy w Poznaniu

ul. Dabrowskiego, 159
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Discovery of Graellsia isabelae (Graells, 1849) in
a high-mountain biotope of the Catalan Pyrenees
(Spain)

(Lepidoptera: Saturniidae)

Josep Ylla

Abstract

This work was conducted in two stages separated by approximately 33 years, which is why it is presented
in two parts. The first stage took place between 1993 and 1995, within the framework of the author’s Doctoral
Thesis research (Ylla, 1997). The author transferred 28 cocoons of Graelisia isabelae (Graells, 1849) to a
forest of Pinus uncinata Miller located above the village of Queralbs, at 1600 m a.s.l., (El Ripolleés, Gerona,
Catalonia, Spain). The objective was to test the hypothesis that “the pupa of G. isabelae cannot withstand
the cold winter temperatures typical of this ecosystem”. If verified, this would explain why the species has
failed to establish stable populations in high-altitude P. uncinata forests. However, the results did not support
the hypothesis. Thirty years later, the situation remains unchanged: G. isabelae has still not been detected in
P. uncinata forests. It will likely be necessary to repeat the study over several additional seasons in order to
obtain a more robust dataset. This new research has been carried out in 2026, and the last results are presented
in the second part of this paper.

Keywords: Lepidoptera, Saturniidae, Graellsia isabelae, Pinus uncinata, supercooling point, larval
development, altitudinal distribution, host plant suitability, pheromone, Spain.

Descubrimiento de Graellsia isabelae (Graells, 1849) en un biotopo de alta montaiia en el Pirineo
catalan (Espaiia)
(Lepidoptera: Saturniidae)

Este trabajo se ha realizado en dos etapas separadas entre si unos 33 afios, siendo este el motivo de
que se presente dividido en dos partes. La primera parte tuvo lugar entre 1993 y 1995, en el marco de las
investigaciones de su Tesis Doctoral (Ylla, 1997). El autor transportd 28 capullos de Graellsia isabelae
(Graells, 1849) a un bosque de Pinus uncinata Miller situado en las cercanias del pueblo de Queralbs, a 1.600
m de altitud, (EI Ripollés, Gerona, Catalufia, Espaia). El objetivo era contrastar la hipdtesis siguiente: “las
crisalidas de G. isabelae no pueden soportar las frias temperaturas hibernales propias de este ecosistema”. En
caso de confirmarse, ello hubiera explicado porqué dicha especie no ha conseguido establecer poblaciones en
estos bosques de P. uncinata propios de altitudes elevadas. Los resultados no confirmaron la hipétesis, por lo
que 30 afos después, la situacion sigue sin cambios: G. isabelae no ha sido detectada aun en los pinares de
P. uncinata, llegandose a la conclusion de que probablemente serd necesario repetir el trabajo de campo unas
cuantas temporadas mas, llevando a cabo mas y mejores muestreos. Esta nueva investigacion ha sido llevada
a cabo en 2026, presentando los ltimos resultados en la segunda parte del presente articulo.

Palabras clave: Lepidoptera, Saturniidae, Graellsia isabelae; Pinus uncinata; ‘“‘supercooling point”;
desarrollo larval; distribucion altitudinal, plantas huésped propicias, feromona, Espaia.
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Introduction

It is well established among entomologists that Pinus sylvestris L. and Pinus nigra salzmannii Dunal,
are the only known host plants utilized by Graellsia isabelae (Graells, 1849) under natural conditions. Aside
from these two conifer species, no larvae have ever been observed feeding in the wild on any of the other
conifer species that occur throughout the Iberian Peninsula.

Pinus uncinata Miller, or black pine, is a species of conifer in the Pinaceae family native to the
high European mountains, where it lives in the subalpine stage. It is found mainly in the Pyrenees, Alps,
Carpathians and Balkans. It forms extensive forest stands within the subalpine belt of the Pyrenees, typically
between 1,700 and 2,400 metres a.s.l., where it defines the characteristic plant community Rhododendron
uncinatae typicum (Folch, 1981).

Besides the Pyrenees, Pinus uncinata is restricted to a few isolated populations within the Iberian System,
notably in Sierra Cebollera (Soria and La Rioja) and Sierra de Gudar (Teruel), the latter representing the
southernmost limit of its distribution. Notably, G. isabelae has not been recorded in any of these locations.

A similar situation is those which occur in the extensive forests of P. sylvestris located in the Northern
Iberian System (Soria, Segovia, Burgos, La Rioja) in which there is also no evidence of its presence. Chefaoui
& Lobo (2007) also indicate other areas, potentially suitable for G. isabelae, but where it has not yet been found
(mountains of Cantabria, Zamora and Galicia).

It is worth highlighting that, in the Pyrenees, P. uncinata extends well into the alpine zone and, conversely,
also penetrates the montane belt, where it coexists with P. sylvestris, occasionally descending in isolated
individuals into shaded ravines as low as 1,000 metres or even lower (Vigo, 1976).

So, (why has this species not colonized habitats where this pine is the characteristic arboreal species? The
altitudinal and climatic range in which this hardy pine grows may lie beyond the cold tolerance of the moth’s
immature stages, which could explain why there is no recent evidence of naturally occurring colonies feeding on
that pine species (Monasterio et al. 2017; Gonzalez-Castellano et al. 2023).

Many other researchers have reached the conclusion that, under natural conditions, only two trophic
substrates are currently documented for Graellsia isabelae: Pinus sylvestris and Pinus laricio salzmannii (Yla,
1997), De Arce-Crespo et al. 2010; Baixeras, 2001; Romo et al. 2012; Sanchez-Fernandez & De Arce-Crespo,
2017; Mari-Mena et al. 2018; Gonzalez-Castellano et al. 2023). There is even one study that proves a direct
relation among G. isabelae and P. sylvestris and P. laricio (Chefaoui & Lobo, 2007). Nissig, 1991, demonstrated
the acceptance of P. mugo Turra, but it was a captive breeding experience.

In laboratory rearing experiments where G. isabelae larvae were offered different host plants, the tested
species could be grouped into the following three categories based on larval development success:

1. Clearly toxic species. Larvae fail to complete the first instar (L1) and die prematurely. Examples: Pinus
halepensis Mill., P. pinea L., Larix spp., Abies spp. and Picea spp.

2. Partially suitable species. Some larvae successfully pupate, and a few adults may emerge. Examples: P,
pinaster Ait and Cedrus spp.

3. Highly suitable species. These species are well accepted under captive conditions, yielding developmental
results comparable to those obtained with Pinus sylvestris. Example: P. uncinata.

To date, no natural populations of G. isabelae have been found feeding on any of the eight former species
mentioned in categories 1, 2 and 3.

Regarding the use of P. uncinata as a good trophic substrate, Ylla (1997) experiments clearly demonstrated
that this pine is a perfectly suitable trophic substrate for the proper development of Graellsia isabelae. The
results obtained were comparable to, and in some cases exceeded, those recorded for Pinus sylvestris, with
pupation rates reaching up to 50%.

Several factors may help explain the absence of Graellsia isabelae in Pinus uncinata forests of the
Pyrenees. First, the ecological requirements of the species may not be fully met in these habitats, despite their
apparent suitability in terms of altitude and temperature. For example, although P. uncinata is a valid trophic
substrate, it may not provide the same chemical, nutritional or structural properties as P. sylvestris, which is
known to be the preferred host plant. In addition, the fragmented distribution and limited dispersal ability of G.
isabelae could hinder its colonization of these isolated high-altitude forests. Historical biogeographical factors

412 SHILAP Revta. lepid., 54 (214) 30 junio 2026



DISCOVERY OF GRAELLSIA ISABELAE (GRAELLS, 1849) IN A HIGH-MOUNTAIN BIOTOPE OF THE CATALAN PYRENEES (SPAIN)

and postglacial recolonization patterns may also have played a role, preventing the species from reaching certain
mountain areas. Lastly, biotic interactions, such as the presence of predators, parasitoids, or the absence of
mutualistic relationships, could further contribute to its absence from these ecosystems.

Some more questions to take in consideration are:

1. Insufficient field surveys at the appropriate time of year. This is something that has to be considered. The
author has conducted repeated and targeted sampling in subalpine pine forests in the Ripollés region,
employing light traps and even virgin females during the species’ flight period, but without obtaining any
positive detections.

2. Winter temperatures: are low winter temperatures the cause of Graellsia’s failure to colonize Pinus uncinata
forests? The extremely low winter temperature could potentially affect the pupal stage, as this is the
overwintering phase during which G. isabelae would be exposed to low temperatures possibly below the
supercooling point.

In temperate regions, insects survive the winter in a frozen state (freezing-tolerant species) or prevent
freezing through the synthesis of antifreeze or cryoprotectant compounds which lower the Supercooling point
(freezing-intolerant species). As we will see, Graellsia belongs to the second group, with a Supercooling Point
in principle sufficient to cope with the expected winter thermal drops at ground level, often covered by a more
or less thick layer of snow.

Interestingly, the upper altitudinal limit of G, isabelae (approximately 1,700-1,750 m), coincides with the
elevation at which P, uncinata typically begins to appear. The highest recorded occurrence of the species is at
1,866 m, at the summit of “La Mogorrita” in the Serrania de Cuenca, where the larval host plant is P. sylvestris
(De Arce-Crespo et al. 2010).

Ibaiez et al. (2008) reported the presence of a population in Sierra Maria (Almeria), where the dominant
tree species are Pinus halepensis and Pinus pinaster. Given that P. halepensis is not a viable larval host (larvae
die in the first instar), and that captive rearing experiments with P. pinaster have shown extremely low success
rates (not a single imago was obtained from a total of 79 eggs) (Ylla, 1997), the trophic substrate utilised by the
Sierra Maria population remains uncertain. The possibility of isolated individuals of P. nigra in the area cannot
be ruled out.

Part One: Considerations on winter temperature as a cause for the absence of G. isabelae in the
Pyrenees (Spain).

Materials and Methods (first part)

Field data collection took place over two seasons: 1993-1994 and 1994-1995. The same site was chosen
for both seasons: a typical P. uncinata forest in the “Serra de I’Estremera”, Ripollées, near the village of
Queralbs (Gerona, Spain). A point near the path to the “Font de I’Home Mort™ at an altitude of 1,800 m was
selected (Figure 1).

Figure 1. Exact point (see arrow) where the chrysalides spent winter.
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The Supercooling Point (SCP) of G. isabelae was determine by Ylla (1997) following the method
described by Leather et al. (1993). The chilling experiments are described also in Ylla (1997).

The Supercooling Point (SCP) is the lowest temperature an insect can reach before ice inevitably forms.
When this threshold is exceeded, freezing occurs suddenly and is almost always lethal if the species is not
freezing-tolerant.

SEASON 1993-1994

On November 23, 1993, a group of 8 chrysalids obtained from captive breeding in the same year were
transported to the previously chosen location. After confirming their healthy condition, they were placed
inside a sealed plastic container with small holes to allow gas exchange and water drainage. This container
was designed to protect the chrysalids from predators such as shrews. All eight chrysalids were male.

The container, filled with pine litter, was closed and camouflaged among the forest litter near the base
of a pine tree. A Hamster TWIN temperature logger was placed next to it, programmed to take automatic
readings every 30 minutes for 333 days. The entire setup was camouflaged with forest litter and marked with
a wooden stake (Figure 2).

Figure 2. Images of the data logger and the plastic box with the chrysalides.

On March 31, 1994, after 128 days, the chrysalids were transferred to the urban area of Serrabonica
(Gurb, Barcelona) at 650 m altitude, where they remained under natural conditions until adult emergence.

Control group: Comprised of 8 identical chrysalids that remained in Serrabonica for the same 128-day
period.

SEASON 1994-1995

The same procedure was repeated with a few changes. Three groups of 10 cocoons (male and female)
were used: one group was left on the ground, camouflaged with forest litter; another was hung from a branch
1.0 m above ground; and the third was the control group kept in Serrabonica. The mountain site was the same
as the previous season. The cocoons were transported on October 27, 1994, and retrieved on April 4, 1995,
thus remaining for 159 days.

The author wishes to emphasize the antiquity of the dataset which, despite being in many cases more
than 30 years old, remains fully valid at the present time. This statement applies unequivocally to all the data
and information reported in Ylla (1997). Admittedly, over the past three decades, global knowledge of G.
isabelae has expanded in several areas. For instance: pheromone identification, improving its geographical
distribution, development of predictive distribution models, conservation strategies and population
monitoring. Nevertheless, about the specific issue under consideration here, the state of knowledge has
essentially remained unchanged.

Results

Figure 3 shows the temperature graph for the 1993-1994 season at the Pyrenean site. Temperatures were
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slightly below 0°C for much of late January and almost all of February. The lowest temperature recorded was
-2.8°C in January 1994.

Figure 3. Temperature graph for the 1993-1994 season.
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Thermometric values from the first season were unexpectedly high for an altitude of 1,800 m in the
Pyrenees. This becomes clear when compared with the second season’s values (Figure 4).

Figure 4. Temperature trend from the 1994-1995 season, with measurements taken at 1.0 meters above ground (in red)
and at ground level (in grey).
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As expected, air temperatures were more extreme than those recorded at ground level. This implies
that the maximum and minimum values correspond to the higher measurement point, whereas the chrysalids,
which invariably remain within their cocoons beneath the forest litter, were not directly exposed to such
extremes. Table 1 presents the three lowest temperatures recorded at 1.0 m above ground (all from the same
season), together with the corresponding ground-level values. These data clearly illustrate the considerable
thermal insulation provided by the snow layer.
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Table 1. Lowest temperatures recorded at 1.0 m compared to ground temperatures at the same time. These are

the three lowest values observed.

J.YLLA

Data Temp. at 1,0 m Temp. at grown level Differences
22-X11 -8,3°C -5,8°C 25°C
3-1 -9,0 °C -3,2°C 58°C
11-1 -8,3°C -3,8°C 4,5°C

Table 2. The minimal and maximal monthly two season temperatures and the number of available chrysalids, are registered

in Table 3. In the same table are indicated the quantity of pupae available, their location and the quantity of emerged one.

Location of the probes
Months om LOm
Minimum °C Maximum °C Minimum °C Maximum °C
December 93 -1,9 +52 | e e
January 94 -2.8 +12 | e s
February 94 -1,5 -0,1 | e e
March 94 -0,6 +92 | e e
November 94 +1,3 +9,6 +0,3 +16,6
December 94 -7,0 +8.,3 -8,3 + 14,4
January 95 -7,7 +42 -9,0 +99
February 95 -5,1 +38,0 -5.8 +13,1
March 95 -54 +12,2 - 70 +13,8
mber of
Year Location z:;:i;dzz zll:'ysl::idzs %
emerged
1994 0m 8 6 75
1995 0Om 10 9 90
1995 1,0m 10 7 70
Total 28 Total 22 78,6

The minimal and maximal monthly two season temperatures and the number of available chrysalids,
are registered in Table 2. The same table shows the number of available pupae, their location, and the number
of individuals that emerged.

Combining data from different seasons, overwintering in the Pyrenees did not harm the chrysalids.
The emergence rate was even higher in the mountain group (78.6%) compared to the control group (66.7%)
(Table 3).

Discussion
Supercooling is a physiological and physical phenomenon that many insects use to survive subzero

temperatures without freezing. Under normal conditions, water freezes at 0°C, but within insect tissues this
only happens if there are ice-nucleating agents (particles or structures that promote the formation of ice
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crystals). If insects manage to eliminate or control these nucleators, their body fluids can be cooled below
0°C without immediately freezing.

Table 3. Comparison, of percentage of emerged pupa between the Pyrenees and Serrabonica.

Pupae at Pyrenees Pupae at Serrabonica
Total 8+10+10=28 10+8=18
Emerged 6+7+9=22 9+3=I12
% emerged 78,6 % 66,7 %

This means that their body temperature can drop to -20°C, -30°C, or even lower, while the fluids remain
in a liquid state.

As it has been said before, the lowest temperature an insect can reach before ice inevitably forms are called
the supercooling point (SCP). Once this threshold is exceeded, freezing occurs suddenly and is almost always
lethal if the species is not freezing-tolerant.

Discussion of insect cold tolerance typically revolves around the paradigm that insects use two main
strategies to survive low temperatures: (1) freezing avoidance, in which insects endure sub-zero conditions by
preventing the formation of ice crystals within their bodies, and (2) freezing tolerance, in which insects withstand
sub-zero conditions by tolerating the presence of ice within their tissues. The degree of freezing tolerance may be
classified as partial, moderate, or strong, depending on the amount of ice formed (Sinclair, 1999).

Bale (1996), proposed a new categorisation of the insect cold tolerant group, suggesting five distinct
situations, ranging from least to most cold hardy, based upon when mortality occurs.

(1) Opportunistic, species cannot enter a dormant state and die when temperatures are too low to maintain
normal metabolism.

(2) Chill-susceptible, those species that die after brief chilling at moderate to high sub-zero temperatures.

(3) Chill-tolerant, those species that die after prolonged chilling at moderate to low sub-zero temperature
above the freezing temperature of SCP.

(4) Freezing avoiding, those that can survive extensive periods in the supercooled state (supercooling), but
die when the organism freezes (i.e., at the SCP)

(5) Freezing tolerant, those that can survived the formation of ice in their body tissues.

Figure 5. SCP curve of two G. isabelae pupae. Note the sudden temperature rise at the SCP, as a result of the release of the
latent heat of crystallization of water. See Ylla (1997) to know how it is performed.
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Ylla (1997) showed that 100% of Graellsia pupae emerged normally after spending 240 hours (10
days) at -8°C. However, when the temperature dropped to -10°C, 80% of the pupae died after 216 hours.
Considering these results, G. isabelae can be categorized as a chill-tolerant species, corresponding to point 3
of the five previously established physiological categories.

In natural biotope of Pyrenees, at 1,600 m, temperatures of -8°C to -10°C are easy to occur, suggesting
that the chilling generates by itself a cumulative harmful effect that produced pupal mortality even without
freezing.

Supercooling point (SCP), as previously mentioned, represents a thermal threshold which, once
reached, in the case of freezing avoiding, results in 100% mortality. Ylla (1997) determined the supercooling
point (SCP) using 40 pupae, obtaining an average value of -15.46°C + 1,83 (Table 4) with minimum and
maximum values of -18.3°C and -8.2°C, respectively. Figure 5 presents the supercooling curves of two G.
isabelae pupae, highlighting the considerable inter-individual variation (approximately 4°C between the two
specimens).

Table 4. Supercooling point determined with 40 pupae.

Average of the Supercooling Point -15,46°C
Standard deviation -1,83°C
Minimum value -18,3°C
Maximum value -8,2°C

This study confirms that it is possible in the ground litter in the Pyrenees to reach and sustain temperatures
below -10°C, as nearly occurred in the second studied season. In any case, neither of the two possibilities
(dying because of SCP or dying because of the chilling) took placed in winters of 1993-1994 and 1994-1995,
as was demonstrated next Spring by the emergence of normal imago’s.

In the Pyrenees, in neither of the two trials did the temperature fall low enough to reach the supercooling
point (SCP). During the first season, it remained close to -2/-3°C, while in the second season it decreased
considerably further. Therefore, the six death chrysalids were not due to freezing, but most likely to chilling
injury.

Table 5 presents the SCP values of different moth species for comparison.

Table 5. Examples of SCP of some European and American species.

Species Supercooling point (SCP) Observations

Graellsia isabelae (Graells, 1849) o o = 120

(Saturniidae) from -8°C to -18°C; X =-15°C Ylla (1997)
Mythimna unipuncta (Haworth, 1809) o

(Noctuidae) -24,29°C Roberts et al. (1972)
A4 grotis. ypsilon (Hufnagel, 1766) 24.42°C2 Roberts et al. (1972)
(Noctuidae)

Plodia interpunctella Hiibner, [1813] 14/ -16°C

Pyralidae

(®y ) Carrillo et al. (2005)
Plodia interpunctella Hiibner, [1813] 21°C

(Pyralidae)

-15,6°C prediapause
-20,1°C diapause
-17,5°C postdiapause

Antheraea pernyi (Guérin-Méneville, 1855)

(Saturniidae) Liu et al (2016)

Malacosoma disstria Hiibner, [1820])

(Lasiocampidac) From -26,8°C to -40,3°C Uelmen et al. (2016)
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Erebia medusa (Fabricius, 1787) o o

(Nymphalidac) From -10,8°C to -16,5°C Vrba et al. (2022)
Erebia pronoe o o

(Nymphalidac) From -16,1°C to -18,7°C Vrba et al. (2022)
Gynaephora groenlandica Wocke ex Homeyer,

1874 -8°C Danks et al. (1994)
(Lymantriidae)

Chilo supresalis (Walker, 1863) o

(Pyralidac) -11°C Atapour M (2009)
Pieris brassicae (Linnaeus, 1758) 93°C / -28°C Pullin et al. (1991)
(Pieridae) '

Epirrita autumnata (Borkhausen, 1794) 35/-36°C Tenow & Nilssen (1990);
(Geometridae) Nilssen & Tenow (1990)

One of the most surprising results is the value of -8°C recorded for Gynaeohora. groenlandica (Wocke
ex Homeyer, 1874). This relatively high SCP indicates that it is a freezing tolerant species whose survival
depends on its ability to withstand body freezing at comparatively high temperatures, rather than on extreme
supercooling capacity. A possible explanation is that achieving and maintaining very low SCP values over
long periods may be energetically too costly. Indeed, many Arctic species are freezing-tolerant, surviving
despite internal ice formation.

It is therefore clear that having an SCP located at high or very high temperatures is an advantage if you
are a freezing-tolerant organism living in cold or very cold environments, since it is energetically less costly
to survive frozen than unfrozen.

Among the other species listed in the table, Graellsia isabelae shares its habitat with the Noctuidae
Agrotis ypsilon (Hufnagel, 1766) and Mythimna unipuncta (Haworth, 1809), both of which have considerably
lower SCPs than G. isabelae.

G. isabelae seems to be perfectly designed to overcome the low winter temperatures that occur in the
high mountains, at ground level, among the fir. For example, the SCP decreases as the seasons progress,
and the probability of colder conditions increases. That is, the SCP of just formed pupae, at the end of July,
is -12,65°C, whereas this same parameter at the end of January, when pupae really need to withstand low
temperatures, the supercooling point have dropped to -16,43°C (Ylla, 1997).

Undoubtedly, the behaviour of sheltering from the cold by hiding beneath forest litter and/or under a
variable layer of snow also constitutes an advantage for the species.

The frequency with which winter temperatures reach the SCP remains unknown and can only be
determined through repeated experimentation. Since winters vary in severity, the two examined here are
illustrative only. Long before reaching the SCP, most pupae are likely to die from cumulative cold stress.
Should the SCP be reached, all individuals in advanced or developing colonization stages would inevitably
perish, forcing the population to restart.

The author emphasizes that this study focuses solely on the potential establishment of new colonies in
higher, cooler areas, using Graellsia as an example. Nevertheless, the possible effects of summer overheating
should not be overlooked, as elevated temperatures may affect the eggs or larvae of Graellsia or other species
which are generally more sensitive to desiccation. For instance, the eggs of Graellsia fail to develop when
temperatures reach 30°C (Ylla, 1997).

Conclusions of the first part

1. Of the 28 pupae of G. isabelae that overwintered in the Pyrenees over the two-year period, a 78.6%
successfully completed its biological cycle, showing that it is possible for G. isabelae pupae to spent
winter satisfactorily in the P. uncinata forests of the region.

2. During the winters of 1993-94 and 1994-95, neither of the two seasonal minimum temperatures
approached the SCP (-15.46°C), with a minimum of -9.0°C at 1 m in January 1995 and -7.7°C at
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ground level, also in January 1995.

. G. isabelae is a chill-tolerant species who combines a degree of resistance to freezing (with the SCP
as a threshold) with the advantage provided by its behaviour of sheltering from the cold, by hiding
beneath the forest litter and/or under a variable layer of snow.

4. 1t has not been possible to demonstrate mortality of G. isabelae due to low winter temperatures, as in
neither of the two seasons did temperatures reach the SCP. The 6 chrysalids (27,2%) that died likely
did so because of chilling injury.

. It has been showed that the SCP threshold is not reached every year. Only in exceptionally cold years,
which may occur infrequently, the temperature can drop so low as to reach the SCP value.

6. The low SCP value undoubtedly provides strong protection to the pupae of G. isabelae, which rarely
die from freezing. Moreover, given the standard deviation of the SCP and the distance between the
minimum and maximum values, it is likely that some individuals survive.

7. Since winter temperatures have remained well above the SCP threshold (-15.46°C), any hypothetical
populations present would likely have successfully endured the characteristic cold of high-elevation
zones.

8. Therefore, it cannot be ruled out that Graellsia isabelae could successfully inhabit the same habitat as
P. uncinata pine forests in the Pyrenees.

9. Considering all the evidence presented (the presence of a suitable host plant, the low SCP of the pupae,
winter temperatures remaining above the SCP, and the undeniable effects of climate change) together
with intensified surveys, the author thinks that G. isabelae could eventually be detected in Pinus
uncinata forests in the Pyrenees.

(98]

W

Part Two: Confirmation of the presence of G. isabelae in the Pyrenees (Spain)
Materials and Methods (part two)

To maximize the likelihood of finding a potential Graellsia isabelae population, male-targeted detection
methods were essential from the start. Individuals of this sex are much more active than females, especially
during the first two hours of darkness. At this time, stimulated by the varying concentration of pheromones
released by females, they fly erratically and intensely in search of them.

These flying males can be detected using the following four methods:

1. With a butterfly net and a flashlight. Success is highly unlikely.

2. With synthetic pheromone. Good results.

3. With actinic light traps or other types of light. These usually yield good results.

4. With virgin females in calling position. Good results, but females must be available. Unmated females
that are three or four days old have the highest attraction capacity.

In this study, the first three methods were used simultaneously. The light traps were the classic Heath
traps, equipped with 8W actinic light and the synthetic pheromone was provided by INRA (Institut National
de la Recherche Agronomique). Two vials were borrowed, each containing 4 nanograms of the pheromone
synthesized by Jocelyn Millar in 2010 and kept frozen at -20°C.

The vials containing the pheromone were suspended inside a 15 cm diameter transparent methacrylate
cylinder, which was wrapped with a rope whose texture mimicked the female’s furry abdomen. Figure 6. The
purpose was to confuse the males, which would attach themselves to it, believing they were copulating, as
indeed occurred.

In principle, doubts could have arisen regarding the functionality of a pheromone synthesized 16 years
ago and custom-made for the French subspecies G. isabelae galliaegloria Oberthiir, 1922. However, initial
trials in Pinus sylvestris forests quickly dispelled any uncertainty, hence, it was confirmed that the synthetic
French pheromone, after all these years, was still able to attract the Catalan subspecies G. isabelae paradisea
Marten, 1955.

On May 11, 2026, traps were installed at 1,800 m in a dense P. uncinata forest at “Font de I’Home Mort”,
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in Queralbs (UTM 312TDG28), the same place where, more than 30 years ago, the cocoons were brought to
overwinter.

Figure 6. Methacrylate cylinder wrapped with rope, with a pheromone septum suspended inside.

Two pheromone traps and one actinic light trap were placed in a line along approximately 500 m of a
forest track that runs parallel to the upper part of the valley carved out by the “Tosa River” Figures 7-8. Sam-
pling lasted for the first two hours of darkness, which is when the males are active.

Figure 7-8. 7. Male “copulating” with the rope. It is one of the three specimens detected at 1800 m. In the background, the
needles of P. uncinata can be observed. 8. Site where the three specimens were detected.

In total, three specimens were detected, all males attracted by the pheromone and none by the actinic
light.
The fact that three males arrived makes it highly improbable, if not impossible, that they were lost in-
dividuals coming from lower down the mountain where P. sylvestris is present. Everything indicates that they
were individuals belonging to an autochthonous population established in the same habitat as P. uncinata.
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Conclusions of part two

1. The presence of G. isabelae in high-mountain habitats colonized by P. uncinata is unequivocally con-
firmed.

2. As shown in the first part of this study, no factor against the presence of G. isabelae at high altitudes
was identified, for the simple reason that none exists.

3. P. uncinata is definitively confirmed as a new host plant for Graellsia under natural conditions.

4. This discovery considerably expands the potential distribution area of Graellsia, at least in the Pyrenees.

5. These findings demonstrate that Graellsia, as a species, exhibits greater resilience to climate change
than previously anticipated. Pinus uncinata woodlands occupy an extensive area (110.000 Ha)
characterized by a cold climate regime which, functioning as a climate refugium, should enable G.
isabelae to tolerate the thermal increase that empirical evidence suggests is already underway.

Observation concerning genus

As is evident, the author has consistently included the taxon isabelae within the genus Graellsia Grote,
1896, a view contrary to that of most current works, in which this taxon is placed within the genus Actias
Leach, 1815. The use of the binomen Graellsia isabelae is advocated based on the validity of the cladistic
analysis in which 93 characters (morphological, molecular, and ethological) from 16 species of Saturniidae
were compared, leading to the conclusion that the genus Graellsia is valid (Ylla et al. 2005).
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