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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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