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Fireflies (Coleoptera: Lampyridae) serve as bioindicators due to their sensitivity to environmental changes; 
however, their ecological distribution remains insufficiently documented. The Tacaná Volcano in Chiapas, 
Mexico, represents a biodiversity hotspot with diverse altitudinal ecosystems. This study investigates the 
altitudinal distribution of fireflies in this region through systematic sampling at four sites ranging from 278 
to 2181 m a.s.l. between July and November 2023, employing both aerial nets and Malaise traps. A total 
of 226 specimens, representing 20 species across seven genera and five tribes, were identified. The 
greatest species richness was observed at mid-elevations (740–1191 m a.s.l.), particularly in shade-grown 
coffee plantations, where humidity and canopy cover emerged as significant environmental variables. 
Species richness was quantified using Hill numbers, while the Jaccard index assessed compositional 
similarities among sites. Generalized linear models (GLMs) and canonical correspondence analysis 
(CCA) evaluated the relationships between firefly abundance, species richness, and environmental 
parameters. Firefly abundance demonstrated positive correlations with temperature, humidity, and canopy 
cover, while precipitation exhibited a negative correlation. Nevertheless, no single environmental variable 
was identified as a definitive determinant of species richness. New distributional records reinforce the 
conservation significance of the Tacaná Volcano. Malaise traps proved to be an effective complement to 
traditional sampling techniques, facilitating the capture of diurnal and non-bioluminescent species. The 
highest species diversity and abundance were recorded in shaded coffee plantations, which provide stable 
microclimatic conditions conducive to firefly populations. Conversely, lower diversity was documented 
at the lowest and highest elevations, likely attributable to habitat constraints. This study highlights the 
importance of continued research to elucidate the ecological drivers influencing firefly distribution and to 
inform conservation strategies. Given the identification of novel species and new distributional records, 
the Tacaná Volcano should be recognized as a priority site for biodiversity conservation and entomological 
studies.
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BACKGROUND

The family Lampyridae (Coleoptera) is a diverse 
group, with approximately 2,500 species described 
worldwide (Zaragoza-Caballero et al. 2023). In 
Mexico, 301 species of fireflies have been documented 
(Zaragoza-Caballero et al. 2020 2023 2024), with 
44 species recorded in the state of Chiapas (Pérez-
Hernández et al. 2022). Despite Coleoptera being 
among the best-studied orders in Chiapas, no studies 
have focused specifically on the Lampyridae family 
(León-Cortés et al. 2005).

Most firefly research has concentrated on 
taxonomy, particularly in tropical and subtropical 
regions, often neglecting areas with less favorable 
climatic conditions (Crisci 2006). Furthermore, most 
taxonomic descriptions are based on adult males, and 
only recently have morphological characteristics of 
females been incorporated (Ballantyne and Menayah 
2002; Fu et al. 2012). Few efforts have been made 
to understand key aspects of their ecology (Vaz et 
al. 2020), and studies related to altitudinal gradients 
are even scarcer. In Malaysia, Nada et al. (2023) 
documented an altitudinal pattern in wich the greatest 
species richness was concentrated at mid-elevations. 
Similarly, Macedo et al. (2017) found that fireflies 
species were predominantly specialists in lowland areas 
rather in high-altitude regions. Likewise, Smith (2009) 
reported greater abundance and richness of lampyrids 
in lowland areas, with much lower diversity in mid-
elevation zones.

It is imperative to generate information on 
the ecology of fireflies along altitudinal gradients, 
given the susceptibility of many lampyrid species to 
environmental changes and their distribution being 
closely linked to environmental factors such as humidity 
or specific climatic conditions (Branham 2015). A 
comprehensive understanding of their ecology could 
facilitate their use as bioindicators of ecosystem health 
(Nak-eiam et al. 2011), inform the design of tourist 
attractions in parks (Lewis et al. 2021), or contribute 
to biological control strategies, as observed in some 
mollusks species (Ramos-Abuin 2019).

Given the ecological significance of fireflies, their 
wide distribution, and their sensitivity to environmental 
changes, this study aims to determine the diversity 
and altitudinal distribution of fireflies (Coleoptera: 
Lampyridae) in the Tacaná volcano, Chiapas, Mexico.

MATERIALS AND METHODS

Study area and site selection

The Tacaná volcano is located in the eastern Sierra 
Madre de Chiapas, in the state of Chiapas (Mexico) and 
the Department of San Marcos, Guatemala. It covers an 
area of approximately 300 km2 and reaches a maximum 
altitude of 4,092 m above sea level (CONANP 2013). 
The predominant climate in the area includes humid 
temperate with summer rains (C(m)(w)ig), humid semi-
warm with summer rains (A(c)m(w)ig), and humid 
warm with summer rains (Am(w")ig), with an annual 
precipitation of up to 3,640 mm and an average annual 
temperature of 20.7°C (García 1998; SMN 2019). 

Six vegetation types are present in the study area: 
pine forest, oak forest, cloud forest, evergreen tropical 
forest, grasslands, and coffee plantations, with cloud 
forest occupying the largest area (CONANP 2013). 
However, significant portions of the original vegetation 
have been converted into coffee plantations and pastures 
(Martínez-Camilo and Martínez-Meléndez 2010).

Four sampling sites were selected across an 
altitudinal gradient ranging from 270 to 2,181 meters 
above sea level (m a.s.l.) (Fig. 1). This range was 
chosen based on previous studies reporting higher 
abundances of the Lampyridae at altitudes between 800 
and 1,300 m a.s.l. (Nada et al. 2023; Branham 2015; 
Colares et al. 2021). Site selection was primarily based 
on altitude, along with other factors such as vegetation 
type, site accessibility, and fireflies presence (Table 1).

Sampling of fireflies

A study was designed to sample fireflies during 
the rainy season, which is typically the period of highest 
abundance and diversity of fireflies, as documented in 
other studies (e.g., Branham 2015; Zaragoza-Caballero 
and Ramirez-Garcia 2009). The study was conducted 
from July to November 2023.

There is no standardized method for sampling 
fireflies. However, two types of sampling were used in 
this study: 1) nocturnal search with entomological nets 
and 2) use of Malaise traps. Both types of sampling 
were carried out at the selected sites, for which transects 
were established with a length between 300 to 500 m 
and an approximate width of 6 m, considering the 
topography and accessibility of the sites (Nada et al. 
2023; Ochoa-García et al. 2019). Direct search was 
conducted in the transects between 6:00 p.m. and 10:00 
p.m., targeting adult firefly specimens, particularly those 
species that possess bioluminescent organs and are 
easily discernible during nocturnal hours. This method 
entailed a sampling effort of two or three individuals 
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during the conducted tours.
Malaise traps is a passive method designed for 

the capture of Diptera, Hymenoptera, and Lepidoptera. 
However, its effectiveness in capturing Coleoptera has 
been reported as limited (Martin 1977), although it 
has been observed to be a selective method for certain 
beetle species (Fernández-García and Favila 2007). 
Based on previous observations, its use has been 
justified for capturing fireflies that lack bioluminescent 
organs or primarily exhibit diurnal activity. A Malaise 
trap was installed at the center of each transect and 
remained active during the sampling period, with 
inspections conducted every 15 days (Silveira et al. 
2020). Specimen collected were preserved in 80% ethyl 

alcohol. All biological material was deposited in the 
Entomological Collection (ECO-TAP-E) of El Colegio 
de la Frontera Sur (ECOSUR - Unidad Tapachula).

Taxonomic identification

Taxonomic identification was conducted using the 
taxonomic keys provided by Zaragoza-Caballero (1995), 
Zaragoza-Caballero et al. (2020), Lima et al. (2021), 
and Zaragoza-Caballero (2023), as well as original 
descriptions available in Biologia Centrali-Americana 
(Gorham 1880–1886). Additionally, the classification 
proposed by Bouchard et al. (2011) and Martin et al. 
(2019) was followed. To verify species determinations, a 

Table 1.  Selection of sampling sites at Tacaná volcano, Chiapas

Sites Municipality Altitude (m a.s.l.) Type of vegetation

Cantón Pumpuapa (CP) Tapachula 278 Pastures and small proportions of evergreen tropical forest
Ejido Puente Colorado (PC) Cacahoatán 740 Shade-grown coffee
El Capulín (EC) Cacahoatán 1,191 Shade-grown coffee
Chiquihuites (CH) Unión Juárez 2,181 Cloud forest

Fig. 1.  Study area and sampling sites on the Tacaná volcano, Chiapas.
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visit was made to the Entomological Collection (IEXA) 
of Instituto de Ecología A.C. in Xalapa, Veracruz.

A portion of the biological material was dissected 
and mounted following the technique described by 
Gutiérrez-Carranza (2023). For most species, dorsal 
habitus photographs were taken using the stacking 
technique with a Nikon D3400 camera adapted to 
a Nikon SMZ-U stereoscopic microscope, utilizing 
the DigiCamControl and Helicon Focus programs. 
Finally, images and slides were processed using Adobe 
Photoshop.

Environmental variables measurement

At each site, environmental variables considered 
important for fireflies were recorded, including 
temperature, relative humidity, precipitation, canopy 
cover, and vegetation structure (Branham 2015; 
Ramírez-Manzano et al. 2023). Temperature and 
relative humidity were measured using an ELITECH 
RC-51H thermohygrometer (accuracy: T ± 1°C, RH ± 
5%), while precipitation data were obtained from the 
National Water Commission (CONAGUA) through 
monitoring stations located within the study area.

Canopy cover, defined as the ground surface 
covered by tree crowns, was assessed using the 
CANOPEO application (Patrignani and Ochsner 
2015), with an average of nine measurements per site, 
following the recommendations of Korhonen and 
Heikkinen (2009).

Vegetation structure was determined using 50 
× 20 m transects (0.1 ha) at each site, following the 
methodology proposed by Gentry (1982). Within each 
plot, woody plants with a diameter at breast height 
(DBH) ≥ 5 cm were recorded and counted. DBH was 
measured using a diameter tape, and tree height was 
estimated with a digital laser rangefinder and/or visual 
assessment. Data collection and plant identification were 
conducted by Dr. Karen Beatriz Hernández-Esquivel 
from the Herbarium of El Colegio de la Frontera Sur 
(ECOSUR, Unidad Tapachula).

Data analysis

The abundance (number of individuals) and 
species diversity were assessed using Hill numbers, 
which quantify the effective number of species 
in a sample and reflect the distribution of relative 
abundances among species (Magurran 2004). Three 
orders of Hill numbers were considered: species 
richness (0D), the Shannon exponential index (1D), 
and the inverse Simpson index (2D). To compare Hill 
numbers across sites, interpolation/extrapolation curves 
were generated using the iNEXT package (Chao et al. 

2014; Chao et al. 2016).
The Jaccard index was used to evaluate species 

composition among sites, and a dendrogram was 
constructed to visually represent the percentage 
of similarity between localities (Magurran 1988). 
Additionally, generalized linear models (GLMs) with a 
Poisson distribution were applied to determine which 
environmental variables influenced firefly richness 
and abundance. To assess the relationship between 
species and environmental variables, a canonical 
correspondence analysis (CCA) was performed. Both 
the dendrogram and CCA were conducted using the 
vegan package. All analyses were performed in RStudio 
(González et al. 2007).

RESULTS

Checklist of the Lampyridae from Tacaná 
Volcano, Chiapas

The checklist does not include seven morphospecies. 
Five of them are currently being described by 
researchers from the Institute of Biology at UNAM 
(Mexico). One will be assigned to a new genus within 
the tribe Cratomorphini, while the remaining ones 
correspond to new species of the genus Photinus. The 
other two morphospecies also belong to the genus 
Photinus. One is a female, and male specimens are 
required to confirm its taxonomic status, while the other 
corresponds to a new species, represented by a single 
male specimen.

Distributional information and additional remarks 
are provided for each species, with countries and 
Mexican states listed in alphabetical order.

Family Lampyridae Rafinesque
Subfamily Psilocladinae McDermott

Genus Psilocladus Blanchard

1.	 Psilocladus scutellaris (Gorham)
= Drilolampadius scutellaris Gorham

Distribution: COSTA RICA, GUATEMALA, 
MEXICO (new country record, Chiapas), PANAMA 
(Gorham 1880).

2.	 Psilocladus stolatus (Gorham)
= Drilolampadius stolatus Gorham

D i s t r i b u t i o n :  B E L I Z E ,  G U AT E M A L A , 
HONDURAS, MEXICO (Veracruz), NICARAGUA 
(Gorham 1880).
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Subfamily Lampyrinae Rafinesque
Tribe Photinini LeConte

Genus Photinus Laporte

3.	 Photinus aff. malinalxochiltlae Zaragoza-
Caballero & González-Ramírez

Distribution: MEXICO (Estado de México) 
(Pérez-Hernández et al. 2022).

4.	 Photinus paracongruus Zaragoza-Caballero
Distribution :  MEXICO (new state record, 

Chiapas, Veracruz) (Pérez-Hernández et al. 2022).

5.	 Photinus pulchellus Gorham
Distribution: GUATEMALA, MEXICO (new 

state record, Chiapas, Veracruz) (Pérez-Hernández et al. 
2022).

6.	 Photinus ruficollis Gorham
Distribution: GUATEMALA, MEXICO (new state 

record, Chiapas, Guerrero, Morelos) (Pérez-Hernández 
et al. 2022).

Genus Pyropyga Motschulsky

7. Pyropyga alticola Green
Distribution: JAPAN (Introduced), MEXICO 

(Coahuila, Chiapas, Guerrero, Morelia, Oaxaca, Puebla, 
Veracruz) (Pérez-Hernández et al. 2022).

8.	 Pyropyga minuta (LeConte)
= Ellychnia minuta LeConte

Distribution: UNITED STATES, GUATEMALA, 
HONDURAS, MEXICO (Colima, Chiapas, Durango, 
Guerrero, Guanajuato, Hidalgo, Jalisco, Morelos, 
Nayarit, Nuevo León, Oaxaca, Puebla, Querétaro, 
Sinaloa, Veracruz) (Pérez-Hernández et al. 2022).

Tribe Pleotomini Summers
Genus Phaenolis Gorham

9.	 Phaenolis laciniatus Gorham
Distribution: COSTA RICA, NICARAGUA, 

MEXICO (new country record, Chiapas) (Gorham 
1880).

Subfamily Photurinae Lacordaire
Tribe Photurini Lacordaire

Genus Bicellonycha Motschulsky

10.	Bicellonycha amoena (Gorham)
= Photuris amoena Gorham

Distribution: GUATEMALA, MEXICO (Colima, 
Chiapas, Guerrero, Guanajuato, Hidalgo, Jalisco, 
Michoacán, Morelos, Nayarit, Oaxaca, Puebla, Quintana 
Roo, Sinaloa, Tamaulipas, Veracruz), NICARAGUA, 
PANAMA (Pérez-Hernández et al. 2022).

Genus Photuris Dejean

11.	Photuris aff lugubris Gorham
Distribution: GUATEMALA, HONDURAS, 

MEXICO (Ciudad de México, Guerrero, Jalisco, 
Morelos, Oaxaca, Tamaulipas), (Pérez-Hernández et al. 
2022).

12.	Photuris tenuisignathus Zaragoza-Caballero
Distribution:  MEXICO (Chiapas, Sinaloa, 

Veracruz) (Pérez-Hernández et al. 2022).

13.	Photuris trivittata Lloyd & Ballantyne
D i s t r i b u t i o n :  B E L I Z E ,  G U AT E M A L A , 

HONDURAS, MEXICO (Chiapas, Guerrero, Tabasco, 
Veracruz) (Pérez-Hernández et al. 2022).

Species richness and diversity of fireflies

A total of 226 individuals were collected, 
representing 20 species, six genera, five tribes, and 
three subfamilies (Table 2). The subfamily Lampyrinae 
was the most representative, accounting for 50% of the 
individuals collected and 70% of the species recorded in 
the study. Within this subfamily, the genus Photinus was 
the most abundant.

Firefly activity was observed throughout the 
sampling period, with the highest abundance and 
species richness recorded in August, while November 
showed the lowest representation (Fig. 2A and 2B). 
Similarly, September was the only month in which 
firefly activity at three of the four sites, as Pumpuapa 
had firefly activity only in August and Chiquihuite only 
in September.

Regarding the altitudinal range studied, the highest 
species richness was found at intermediate elevations, 
with 80% of the captured species recorded between 740 
and 1,191 m above sea level (Fig. 3). Likewise, when 
considering the tribes to which the collected species 
belong, the tribe Photurini was found at low elevations, 
whereas tribe Cratomorphini was recorded above 2,000 
m above sea level. The remaining tribes were observed 
at intermediate elevations.

Sample coverage was high across all sites, 
reaching 94% at El Capulín, 96% at Puente Colorado, 
and 100% at Cantón Pumpuapa. Species diversity varied 
among the studied sites (Fig. 4). Puente Colorado and 
El Capulín exhibited similar diversity across the three 
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orders of diversity and had the highest values, whereas 
Pumpuapa showed the lowest values and differed 
significantly from the other sites. The highest diversity 
values were recorded at the two sites that located at mid-
elevations (740 to 1,191 m a.s.l.). Species composition 
similarity was moderate between El Capulín and Puente 
Colorado (38%), while the remaining sites exhibited 
lower similarity (Fig. 5).

The results obtained from the GLM indicated that 
firefly species richness was not influenced by the studied 
variables; however, abundance was negatively related to 
precipitation (Z = -3.91, p-value < 0.001) and positively 
related to temperature (Z = 5.75, p-value < 0.001), 
humidity (Z = 5.27, p-value < 0.001) and canopy cover 
(Z = 2.45, p-value = 0.01) (Table 3).

The canonical correspondence analysis (CCA) 
showed that the relationship between species abundance, 
sampling sites, and environmental variables explained 
85.3% of the total variance for the two ordination axes, 
with eigenvalues of 0.89 (axis 1) and 0.35 (axis 2) 
(Fig. 6). The CCA accounted for 36% of the species-
environment variation in axis 1, indicating that the 
factors most strongly influencing species composition 
and distribution were tree richness (r  = 0.99), 
temperature (r = 0.56), and humidity (r = -0.94). Axis 
2 explained 24% of the species-environment variation, 
with canopy cover (r = -0.94) being the most important 
factor influencing species distribution along this axis. 

Regarding species distribution, Bicellonyca 

amoena was associated with Pumpuapa, where 
the highest temperature values and greatest tree 
richness were recorded. Meanwhile, Photinus aff 
malinalxochiltlae, Photinus pulchellus, Photinus sp1, 
Photinus sp2, Photinus sp3, Photinus sp4, Photuris aff. 
lugubris, and Psilocladus scutellaris were associated 
with El Capulín, which exhibited the highest canopy 
cover and lowest humidity values.

The results do not indicate a clear altitudinal 
pattern in firefly richness or abundance. Instead, 
individual environmental variables appear to determine 
the presence and distribution of species within the 
sampled sites, resulting in species turnover along the 
gradient. No relationship with floristic diversity was 
observed either, as both Puente Colorado and El Capulín 
exhibited very high firefly diversity despite relatively 
low plant diversity (Fig. 7). In contrast, Cantón 
Pumpuapa, although characterized by greater floristic 
diversity, harbored only a few firefly species.

DISCUSSION

Globally, knowledge about fireflies remains 
limited. However, in Mexico, efforts over the past four 
years have significantly expanded current understanding, 
particularly in the central and northwestern regions, 
with the description of 85 new species (Zaragoza-
Caballero et al. 2020 2023). This suggests that as 

Table 2.  Species and abundance of fireflies from the sampling sites

Tribe Species CP PC EC CH

Psilocladini Psilocladus scutellaris 1
Psilocladus stolatus 16 42

Cratomorphini gen. nov., sp. nov. 1
Photinini Photinus aff. malinalxochiltlae 1

Photinus paracongruus 2 5
Photinus pulchellus 4
Photinus ruficollis 1 4
Photinus sp1 1
Photinus sp2 2
Photinus sp3 1
Photinus sp4 1
Photinus sp5 7 44
Photinus sp. nov. 1
Pyropyga alticola 2 4
Pyropyga minuta 3 3

Pleotomini Phaenolis laciniatus 3 5
Photurini Photuris aff. lugubris 1

Photuris tenuisignathus 3
Photuris trivittata 5 13
Bicellonyca amoena 32

CP: Cantón Pumpuapa, PC: Puente Colorado, EC: El Capulín, CH: Chiquihuite.

page 6 of 14Zoological Studies 65:19 (2026)



© 2026 Academia Sinica, Taiwan

research on firefly fauna progresses in other regions of 
Mexico, the number of recorded firefly species in the 
country will likely continue to grow.

The number of species recorded in this study 

represents only 7% of the total firefly fauna reported for 
Mexico (Zaragoza-Caballero et al. 2023) and 35% of 
the species documented in Chiapas (Pérez-Hernández et 
al. 2022). However, the Tacaná Volcano is recognized 

Fig. 2.  Variation in Firefly abundance (A) and richness (B) during the sampling period across the studied sites.
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Fig. 3.  Altitudinal distribution of fireflies on Tacaná Volcano, Mexico.

Fig. 4.  Diversity of firefly species at each site based on Hill numbers (0D = species richness, 1D = Shannon exponential index, 2D = inverse Simpson 
index).
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as one of the most important firefly hotspots in the 
Americas (Gutiérrez-Carranza et al. 2023), a status 
supported by our findings. Notably, 35% of the species 
identified in this study correspond to new species in the 
process of description.

Although there is no single optimal collection 
method for firefly sampling, the combination of Malaise 
traps and direct sampling provides a comprehensive 
representation of lampyrid diversity in a given region. In 
our study, six unique species were recorded exclusively 
in Malaise traps, 11 species were found only through 
direct sampling, and three species were collected using 
both methods. Additionally, light traps have proven to 
be a complementary method in other regions, such as 
the Sierra de Huautla (Zaragoza-Caballero et al. 2003), 
and could enhance the completeness of the firefly 
inventory for the Tacaná Volcano.

The activity pattern of fireflies observed in this 
study is similar to that reported by Zaragoza Caballero 
(1995) in Los Tuxtlas and by Zaragoza-Caballero et 
al. (2003) in the Sierra de Huautla, where peak activity 
occurred during the rainy season, with high values 
beginning in August and subsequently declining toward 
the end of the season (November). As in those studies, 
species distribution throughout the sampling months 
was not homogeneous, as some species were present 
only for short periods. In our study, 50% of the recorded 
species were observed in only one month of sampling, 
whereas Psilocladus stolatus and Photinus sp5 were 
recorded throughout the entire sampling period in both 
El Capulín and Puente Colorado, confirming distinct 
temporal patterns for each especies.

Firefly species distribution was not homogeneous 
across the altitudinal gradient, showing differentiation 

Fig. 5.  Dendrogram showing the similarity among studied sites based on the Jaccard index.

Table 3.  Summary of statistics of two generalized linear models (GLM) to analyze the richness and abundance of 
fireflies on the environmental variables. The values in parentheses are the standard errors of the estimate

Variable* Estimate (SE) Test statistic (Z) P

Richness
Temperature -0.1577 (8.95) -1.761 0.0782
Precipitation -0.0011 (0.00073) -1.572 0.1160
Humidity 14.90 (6.812) 2.187 0.6880
Canopy cover 3.024 (3.173) 0.953 0.3406

Abundance
Temperature 0.4530 (0.078) 5.755 < 0.001
Precipitation -0.00142 (0.0003) -3.911 < 0.001
Humidity 0.02073 (3.932) 5.273 < 0.001
Canopy cover 4.213 (1.717) 2.454 0.014

*Vegetation structure was omitted from this analysis due to the limited data available.
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Fig. 6.  Canonical Correspondence Analysis (CCA) of firefly species in relation to environmental variables. Abbreviations: RichArb = Tree richness, 
Pho_sp1 = Photinus sp1, Pho_sp2 = Photinus sp2, Pho_sp3 = Photinus sp3, Pho_sp4 = Photinus sp4, Pho_sp5 = Photinus sp5, Pho _sp6 = 
Photinus sp6, P_ten = Photuris tenuisignathus, Pho_par = Photinus paracongruus, Pho_ruf = Photinus ruficollis, P_triv = Photuris trivittata, Pyr_
min = Pyropyga minuta, Pha_lac = Phaenolis laciniatus, Psi_sto = Psilocladus stolatus, Psi_scu = Psilocladus scutellaris, Bic_amo = Bicellonyca 
amoena.

Fig. 7.  Diversity of floristic species at each site based on Hill numbers (0D = species richness, 1D = Shannon exponential index, 2D = inverse 
Simpson index).

page 10 of 14Zoological Studies 65:19 (2026)



© 2026 Academia Sinica, Taiwan

among the sampled sites. Luna-Luna et al. (2022) 
reported a similar pattern, where approximately 40% 
of aquatic beetles species in their study were found at 
sites below 1,200 m a.s.l. in the study area. Similarly, 
studies conducted by Nada et al. (2023) in Malaysia and 
Wattanachaiyingcharoen et al. (2016) in Thailand found 
that fireflies diversity was highest at low and medium 
altitudes, no exceeding 1,250 m a.s.l. This pattern may 
be influenced by the transition between vegetation types 
in lowland and high-altitude, which generates a greater 
number of microhabitats and environmental variations, 
ultimately supporting a higher species richness (Olson 
1994).

The limited ecological available does not allow 
us to determine whether the tribes or genera exhibit any 
specific association with certain altitudes. However, the 
data obtained indicate that the tribe Photurini is found in 
the lower zone (< 750 m a.s.l.), the tribe Cratomorphini 
occurs above 2,000 m a.s.l., while Photinini, Pleotomini 
and Psilocladini are distributed in the middle portion of 
the studied gradient.

Among the species recorded, Photuris trivittata 
and Bicellonycha amoena are considered the most 
tolerant. Photuris trivittata has a broad distribution 
(Chiapas, Quintaná Roo, Tabasco, Veracruz, Belize, 
Guatemala and Honduras) and exhibits high tolerance 
to environmental changes, as it has even been observed 
along roadsides (Pérez-Hernández et al. 2022; Lloyd 
and Ballantyne 2003). Similarly, Bicellonycha amoena, 
the third most abundant species, has been recorded in 
grasslands and open areas at elevations up to 2,100 m 
a.s.l. (Arrivillaga-Cano et al. 2023), suggesting that 
it could be present at other sites along the studied 
altitudinal gradient.

The sites Puente Colorado and El Capulín 
exhibited the highest firefly richness and abundance, 
despite having the lowest floristic diversity. Both sites 
are shaded coffee plantations, where canopy cover helps 
maintains moderate temperatures and high relative 
humidity (Sosa et al. 2020), conditions that favor the 
presence of Lampyridae (Branham 2015). In contrast, 
Cantón Pumpuapa and Chiquihuite have lower species 
richness, with only two and one species recorded, 
respectively. This distribution pattern is consistent with 
the findings of Nada et al. (2023), who reported that 
firefly diversity peaks at intermediate altitudes, not 
exceeding 1,300 m a.s.l. (Braham 2015; Nak-eiam et al. 
2011).

Among the significant environmental variables 
influencing fireflies, Nada et al. (2023) suggested that 
canopy cover can affect species richness. Although 
precipitation was not significant in our study, Zaragoza-
Caballero et al. (2003) reported that firefly abundance 
peaked during periods of higher rainfall. In Thailand, 

Jaikla et al. (2020) found a positive relationship 
between humidity and the abundance of Pteroptyx 
asymmetria Ballantyne, a pattern similar to our findings, 
where humidity favored a group of fireflies (Photinus 
sp. nov., Photuris tenuisignathus, Photuris trivittata, 
and Photinus paracongruus) in the Puente Colorado 
locality. 

For Bicellonycha amoena, its higher occurrence 
was associated with temperature, an environmental 
variable that may benefit certain firefly species by 
increasing their activity, such as enhancing flash 
frequency during mate searching (Arrivillaga-Cano et 
al. 2023). However, temperature could also negatively 
affect some firefly species, as observed with Photinus 
palaciosi (Zaragoza-Caballero)  in the “Firefly 
Sanctuary” in Tlaxcala (Ramírez-Manzano et al. 
2023) and with Pteroptyx bearni Olivier and Pteroptyx 
malaccae (Gorham) in Malaysia (Abdullah et al. 2020).

Despite growing attention towards fireflies, 
information on the environmental factors influencing 
their distribution and abundance in Mexico remains 
limited. The few existing studies have focused on 
geographically distant regions, highlighting the need 
for local research (Nada et al. 2023; Viviani 2001). 
This suggests that further studies are essential to better 
understand the ecology of additional Mexican firefly 
species. The heterogeneity of landscapes, such as shade-
grown coffee plantations, is likely to play a crucial role 
in the structuring firefly communities by providing a 
variety of microhabitats for different species. Previous 
studies on other insect groups suggest that these 
agroecosystems can be function as biodiversity hotspots 
(Arellano et al. 2008).

As one of the most important biodiversity hotspots 
in the region, the Tacaná volcano stands out for its high 
endemism, particularly among insects, with numerous 
new species or genera already described or currently 
in the process of description. It is therefore essential to 
continue studying taxonomic groups that inhabit these 
high-biodiversity sites to develop effective conservation 
strategies and promote the sustainable use of natural 
resources.

CONCLUSIONS

The altitudinal distribution of fireflies on the 
Tacaná volcano is not homogeneous, with a greater 
representation at medium altitudes than at high or low 
altitudes.

For future firefly inventories, the use of Malaise 
traps is recommended as a complementary method 
to traditional aerial net sampling, as it allows for the 
collection of different species that may not be captured 
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using other techniques.
There appears to be a relationship between 

humidity and canopy cover with the distribution of 
some firefly species on the Tacaná volcano. However, 
it was not possible to determine a single environmental 
factor driving species distribution in the region; rather, 
site-specific condictions likely play a determining role. 

The new records for Mexico and Chiapas, along 
with the six potentially new species identified, highlight 
the Tacaná volcano as a crucial area for biodiversity 
conservation. Givens its relatively unexplored status, 
further studies on Lampyridae diversity in the region 
are strongly recommended.

Acknowledgments: The authors thank Juanita 
Morales (Chiquihuite), Godofredo Ramírez Escobar (El 
Capulín), Eufemio González López (Puente Colorado), 
and Dr. José Pablo Liedo (Cantón Pumpuapa) for 
facilitating access to the sampling sites. We also extend 
our gratitude to José de la Rosa Bolón, Juan López, Said 
Palomeque, María Dina Estrada Marroquín, and Erick 
Antonio Chacón Hartleven for their support in the field. 
Additionally, we thank Dr. Karen Beatriz Hernández, 
José Emmanuel Pacheco Montejo, and Ángel Gabriel 
Vázquez Calvo (Herbarium, ECOSUR) for their 
assistance in determining the vegetation structure of the 
sampled sites. The first author acknowledges the support 
of the Consejo Nacional de Ciencia y Tecnología 
(CONACYT) through a grant (CVU 1237993) and 
thanks El Colegio de la Frontera Sur (ECOSUR) for 
funding the project.

Authors’ contributions: VILP and ERCV carried 
out the fieldwork; VILP and VVB identified specimens; 
VILP and ERCV analyzed the data; KBHE coordinated 
fieldwork and vegetation data analysis; VILP, ERCV, 
VVB and BGG wrote the manuscript. All authors 
revised and approved the manuscript. 

Competing interests: All authors declare that they 
have no conflict of interest. 

Availability of data and materials: Specimens are 
deposited at the Colección Entomológica (ECO-TAP-E) 
of El Colegio de la Frontera Sur (ECOSUR, Unidad 
Tapachula), Chiapas, México. All pertinent data are 
included in the manuscript. 

Consent for publication: Not applicable. 

Ethics approval consent to participate: Not 
applicable.

REFERENCES

Abdullah NA, Ashri LN, Radzi SNF, Musbah M, Hazmi IR et al. 
2020. Abiotic factors influencing diversity and abundance 
of congregating fireflies (Coleoptera: Lampyridae) in Miri, 
Sarawak, Malaysia. Oriental Insects 55:149–164. doi:10.1080/0
0305316.2020.1757529.

Arellano L, León-Cortes JL, Halffter G. 2008. Response of dung 
beetle assemblages to landscape structure in remnant natural and 
modified habitats in southern Mexico. Insect Conserv Divers 
1:253–262. doi:10.1111/j.1752-4598.2008.00033.x.

Arrivillaga-Cano EA, Muñoz-Soler MP, Pineda D, Rosales ER, 
Schuster JC. 2023. Description of the bioluminescent emission 
spectrum of Bicellonycha amoena Gorham, 1880 (Coleoptera: 
Lampyridae) in Guatemala. Insecta Mundi 0997:1–9.

Ballantyne LA, Menayah R. 2002. A description of larvae and 
redescription of adults of the firefly Pteroptyx valida Olivier in 
Selangor, Malaysia (Coleoptera: Lampyridae: Luciolinae), with 
notes on Luciolinae larvae. Raffles Bull Zool 50:101–109.

Bouchard P, Bousquet Y, Davies AE, Alonso-Zarazaga MA, Lawrence 
JF et al. 2011. Family-group names in Coleoptera (Insecta). 
ZooKeys 88:1–972. doi:10.3897/zookeys.88.807.

Branham MA. 2015. Beetles (Coleoptera) of Peru: a survey of 
the families. Lampyridae. J Kans Entomol Soc 88:248–250. 
doi:10.2317/kent-88-02-248-250.1.

Chao A, Gotelli NJ, Hsieh TC, Sander EL, Ma KH et al. 2014. 
Rarefacción y extrapolación con números de Hill: un marco para 
el muestreo y la estimación en estudios de diversidad de especies. 
Monografías Ecológicas 84:45–67. doi:10.1890/13-0133.1.

Chao A, Ma KH, Hsieh TC. 2016. iNEXT (iNterpolation and 
EXTrapolation) Online: Software for Interpolation and 
Extrapolation of Species Diversity. Program and User’s Guide 
published at http://chao.stat.nthu.edu.tw/wordpress/software_
download/.

Colares C, Roza AS, Mermudes JRM, Silveira LFL, Khattar G et 
al. 2021. Elevational specialization and the monitoring of the 
effects of climate change in insects: Beetles in a Brazilian 
rainforest mountain. Ecol Indic 120:106888. doi:10.1016/
j.ecolind.2020.106888. 

Comisión Nacional de Áreas Naturales Protegidas (CONANP). 2013. 
Programa de manejo Reserva de la Biosfera Volcán Tacaná. 
México, D.F.

Crisci JV. 2006. Espejos de nuestra época: biodiversidad, sistemática 
y educación. Gayana Botánica 63:106–114. doi:10.4067/S0717-
66432006000100006.

Fernández-García I, Favila ME. 2007. Evaluación de dos métodos de 
captura para inventariar coleópteros terrestres. Poeyana 495:23–
28.

Fu XH, Ballantyne LA, Lambkin CL. 2012. The external larval 
morphology of aquatic and terrestrial Luciolinae fireflies 
(Coleoptera: Lampyridae). Zootaxa 3405:1–34. doi:10.11646/
zootaxa.3405.1.1.

García E. 1998. Modificaciones al sistema de clasificación climática 
de Köppen. Instituto de Geografía Universidad Nacional 
Autónoma de México. México, D.F.

Gentry AH. 1982. Patterns of Neotropical plants species diversity. In: 
Hecht MK, Wallace B, Prance GT (eds) Evolutionary biology. 
Plenum Press. New York, USA.

González I, Déjean S, Pascal PGP, Baccini A. 2007. CCA: An R 
Package to Extend Canonical Correlation Analysis. J Stat Softw 
23:1–14. doi:10.18637/jss.v023.i12.

Gorham HS. 1880–1886. Biologia Centrali-Americana. Insecta. 
Coleoptera. Malacodermata. vol. 3, Part 2. R. H. Porter, London.

Gutiérrez-Carranza IG. 2023. Protocolo para disección y montaje de 

page 12 of 14Zoological Studies 65:19 (2026)

https://doi.org/10.1080/00305316.2020.1757529
https://doi.org/10.1111/j.1752-4598.2008.00033.x
https://doi.org/10.3897/zookeys.88.807
https://doi.org/10.1890/13-0133.1
https://doi.org/10.1016/j.ecolind.2020.106888
http://dx.doi.org/10.4067/S0717-66432006000100006
https://doi.org/10.11646/zootaxa.3405.1.1
https://doi.org/10.18637/jss.v023.i12
https://doi.org/10.2317/kent-88-02-248-250.1


© 2026 Academia Sinica, Taiwan

luciérnagas (Coleoptera: Lampyridae). Boletin de la Asociación 
Mexicana de Sistemática de Artrópodos 7:2–6. 

Gutiérrez-Carranza I, Rodríguez-Mirón G, Zaragoza-Caballero S, 
López-Pérez S, Domínguez León D et al. 2023. Lampyridae 
(Coleoptera) de la Reserva de la Biósfera Volcán Tacaná; 
un hotspot de luciérnagas en México. Paper presented at III 
Congreso AMXSA. Universidad de Guadalajara, 26–28 April 
2023.

Jaikla S, Lewis SM, Thancharoen A, Pinkaew N. 2020. Distribution, 
abundance, and habitat characteristics of the congregating firefly, 
Pteroptyx Olivier (Coleoptera: Lampyridae) in Thailand. J Asia 
Pac Biodivers 13:358–366. doi:10.1016/j.japb.2020.06.002.

Korhonen L, Heikkinen J. 2009. Automated analysis of in situ canopy 
images for the estimation of forest canopy cover. For Sci 
55:323–334. doi:10.1093/FORESTSCIENCE/55.4.323.

León-Cortes JL, Ruiz-Montoya L, Morón-Ríos A. 2005. La diversidad 
de insectos en Chiapas. Génesis y estado del conocimiento. En: 
González-Espinosa M, Ramírez-Marcial N y Ruiz-Montoya L. 
(Eds.). Diversidad Biológica en Chiapas. Ecosur-COCYTECH-
Plaza y Valdés. México, pp. 163–194.

Lewis SM, Thancharoen A, Wong CH, López-Palafox T, Santos VP 
et al. 2021. Firefly tourism: Advancing a global phenomenon 
toward a brighter future. Conserv Sci Pract e391:1–18. 
doi:10.1111/csp2.391.

Lima, W, Lima-da Silveira L, Vasconcelos-da Fonseca CR, Zaragoza-
Caballero S. 2021. Cratomorphus leoneli: a new firefly from 
Mexico (Coleoptera: Lampyridae: Cratomorphini). Rev Mex 
Biodiv 92:e923831. doi:10.22201/ib.20078706e.2021.92.3831.

Lloyd JE, Ballantyne LA. 2003. Taxonomy and behavior of 
Photinus trivittata sp. n. (Coleoptera: Lampyridae: Photurinae), 
redescription of Aspisoma trilineata (Say) comb. n. (Coleoptera: 
Lampyridae: Lampyrinae: Cratomorphini). Florida Entomologist 
86:464473. doi:10.1653/0015-4040(2003)086[0464:TABOPT]2.
0.CO;2.

Luna-Luna AM, Califre Martins C, López-Pérez A, Ramírez-Ponce 
A, Contreras-Ramos A. 2022. Aquatic beetle diversity from 
Volcán Tacaná, Mexico: altitudinal distribution pattern and 
biogeographical affinity of the fauna. Zookeys 1111:301–338. 
doi:10.3897/zookeys.1111.68665.

Macedo MV, Monteiro RF, Flinte V, Almeida-Neto M, Khattar G et al. 
2017. Insect elevational specialization in a tropical biodiversity 
hotspot. Insect Conserv Divers 11:240–254. doi:10.1111/icad. 
12267.

Martin GJ, Stanger-Hall KF, Branham MA, Da Silveira LFL, Lower 
SE et al. 2019. Higher-Level phylogeny and reclassification of 
Lampyridae (Coleoptera: Elateroidea). Insect Syst Divers 3:1–15. 
doi:10.1093/isd/ixz024.

Martín, JEH. 1977. The insects and arachnids of Canada. Part 1. 
Collecting, preparing and preserving insects, mites and spider. 
Agric vol 1643. Canada. Public, pp. 182.

Magurran AE. 1988. Ecological diversity and its measurement. 
Princeton University Press, New Jersey, Pp. 179.

Magurran AE. 2004. Measuring biological diversity. Blackwell 
Publishing, London, UK.

Martínez-Camilo R, Martínez-Meléndez N. 2010. Características 
físico-ambientales de los bosques mesófilos de Chiapas. In: 
Pérez M, Tejeda C, Silva E (eds) Los bosques mesófilos de 
montaña en Chiapas: situación actual, diversidad y conservación. 
Universidad de Ciencias y Artes de Chiapas. Tuxtla Gutiérrez, 
México, pp. 37–63.

Nada B, Beckerman A, Evans K, Ballantyne L. 2023. The effects 
of tropical elevations and associated habitat changes on firefly 
(Coleoptera: Lampyridae) diversity in Malaysia. Diversity 15:79. 
doi:10.3390/d15010079.

Nak-eiam S, Wattanachaiyingcharoen W, Thancharoen A. 2011. 

Distribution and habitat of the firefly, Asymmetricata circumdata 
(Motsch.) (Coleoptera: Lampyridae: Luciolinae) in the North of 
Thailand. NU Science Journal 8:12–18.

Ochoa-García D, Fernández JA, Jimenéz-Hernández VS, Camargo-
Sanabria AA, Hernández-Cumplido J et al. 2019. Diversidad 
de Coleoptera (Insecta) en dos comunidades vegetales del 
rancho Teseachi, Chihuahua, México. Acta Zool Mex 35:1–13. 
doi:10.21829/azm.2019.3502213.

Olson DM. 1994. The distribution of leaf litter invertebrates along 
a Neotropical altitudinal gradient. J Trop Ecol 10:129–150. 
doi:10.1017/S0266467400007793.

Patrignani A, Ochsner T. 2015. Canopeo: A powerful new tool for 
measuring fractional green canopy cover. Agron J 107:2449–
2352. doi:10.2134/agronj15.0150.

Pérez-Hernández CX, Zaragoza-Caballero S, Romo-Galicia A. 2022. 
Updated checklist of the fireflies (Coleoptera; Lampyridae) of 
Mexico. Zootaxa 5092:291–317. doi:10.11646/zootaxa.5092.3.3.

Ramírez-Manzano SI, Cano-Santana Z, Cibrián-Tovar J, Luna-Cavazo 
M, Romero-Manzanares A et al. 2023. Influencia de los factores 
abióticos y del tipo de vegetación sobre la abundancia de los 
adultos de Photinus palaciosi (Coleoptera; Lampyridae) en 
Nanacamilpa, Tlaxcala, México. Rev Mex Biodiv 94:e945091. 
doi:10.22201/ib.20078706e.2023.94.5091.

Ramos-Abuin JA. 2019. Artrópodos Helicófagos, Revista de 
Entomología y Aracnología Iberica 5:17–18.

Silveira LFL, Khattar G, Vaz S, Wilson V, Souto P et al. 2020. Natural 
history of the fireflies of the Serra dos Órgãos mountain range 
(Brazil: Rio de Janeiro) – one of the ‘hottest’ firefly spots on 
Earth, with a key to genera (Coleoptera: Lampyridae). Journal of 
Natural History 54:275–308. doi:10.1080/00222933.2020.17493
23.

Smith BW. 2009. Firefly diversity in Colombia: patterns across a 
dynamic landscape. PhD dissertation, University of Florida, 
USA.

SMN. 2019. Normales climatológicas 1971-2013. Servicio 
Meteorológico Nacional. Estación Unión Juárez, Chiapas, 
México.

Sosa V, López-Bar F, Manson R, Jiménez L. 2020. XV Biodiversidad 
en cafetales. In: López Morgado L, Díaz-Padilla G. (Comp). 
Diagnóstico, productividad y ambiente en cafetales: estudios 
regionales y de caso. Instituto Nacional de Investigaciones 
Forestales, Agrícolas y Pecuarias (INIFAP), pp. 361–3394.

Vaz S, Lima-Da Silveira LF, Rosa SP. 2020. Morphology and life 
cycle of new species of Psilocladus Blanchard 1846 (Coleoptera, 
Lampyridae, Psilocladinae), the first known bromeliad-inhabiting 
firefly. Papeis Avulsos de Zoologia 60:24. doi:10.11606/1807-
0205/2020.60.special-issue.24.

Viviani VR. 2001. Fireflies (Coleoptera: Lampyridae) from 
Southeastern Brazil: habitats, life history, and bioluminescence. 
Annof The Ento Soc Of Ame 94:129–145. doi:10.1603/0013-
8746(2001)094[0129:FCLFSB]2.0.CO;2.

Wattanachaiyingcharoen W, Nak-Eiam S, Phanmuangma W, 
Boonkiaew S, Nimlob N. 2016. Species diversity of firefly 
(Coleoptera: Lampyridae) in the Highlands of Northern 
Thailand. NU Int J Sci 13:24–32. 

Zaragoza-Caballero S. 1995. La familia Lampyridae (Coleoptera) 
en la Estación de Biología Tropical “Los Tuxtlas”, Veracruz, 
México. Publicaciones Especiales 14. Instituto de Biología, 
Universidad Nacional Autónoma de México. Ciudad de México, 
D.F.

Zaragoza-Caballero S, Ramírez-García E. 2009. Diversidad de 
Cantharidae, Lampyridae, Lycidae, Phengodidae y Telegeusidae 
(Coleoptera: Elateroidea) en un bosque tropical caducifolio de la 
Sierra de San Javier, Sonora, México. Rev Mex Biodiv 80:675–
686. doi:10.22201/ib.20078706e.2009.003.164.

page 13 of 14Zoological Studies 65:19 (2026)

https://doi.org/10.1016/j.japb.2020.06.002
https://doi.org/10.1093/forestscience/55.4.323
https://doi.org/10.1111/csp2.391
https://doi.org/10.22201/ib.20078706e.2021.92.3831
https://doi.org/10.3897/zookeys.1111.68665
https://doi.org/10.1111/icad.12267
https://doi.org/10.1093/isd/ixz024
https://doi.org/10.3390/d15010079
https://doi.org/10.21829/azm.2019.3502213
https://doi.org/10.1017/S0266467400007793
https://doi.org/10.2134/agronj15.0150
https://doi.org/10.11646/zootaxa.5092.3.3
https://doi.org/10.22201/ib.20078706e.2023.94.5091
https://doi.org/10.1080/00222933.2020.1749323
https://doi.org/10.11606/1807-0205/2020.60.special-issue.24
https://doi.org/10.1603/0013-8746(2001)094[0129:FCLFSB]2.0.CO;2
https://doi.org/10.22201/ib.20078706e.2009.003.164
https://doi.org/10.1653/0015-4040(2003)086[0464:TABOPT]2.0.CO;2


© 2026 Academia Sinica, Taiwan

Zaragoza-Caballero S, López-Pérez S, González-Ramírez M, 
Rodríguez-Mirón GM, Vega-Badillo V et al. 2023. Luciérnagas 
(Coleoptera: Lampyridae) del norte-occidente de México, con la 
descripción de 48 especies nuevas. Rev Mex Biodiv 94:e945028. 
doi:10.22201/ib.20078706e.2023.94.5028. 

Zaragoza-Caballero S, López-Pérez S, González-Ramírez M, 
Rodríguez-Mirón GM, Vega-Badillo V et al. 2024. Luciérnagas 
de la región golfo-Caribe de México y descripción de 16 
especies nuevas. Revista Mex Biodiv 95:e955476. doi:10.22201/
ib.20078706e.2024.95.5476.

Zaragoza-Caballero S, López-Pérez S, Vega-Badillo V, Domínguez-
León DE, Rodríguez-Mirón GM et al. 2020. Luciérnagas del 
centro de México (Coleoptera: Lampyridae): descripción de 37 
especies nuevas. Revista Mex Biodiv 91:e913104. doi:10.22201/
ib.20078706e.2020.91.3104.

Zaragoza-Caballero S, Noguera F, Chemsak J, Soriano E, Palafox 
A et al. 2003. Diversity of Lycidae, Phengodidae, Lampyridae, 
and Cantharidae (Coleoptera) in a tropical dry forest region in 
Mexico: Sierra de Huautla, Morelos. Pan-Pacific Entomologist 
79:23–37.

page 14 of 14Zoological Studies 65:19 (2026)

https://doi.org/10.22201/ib.20078706e.2023.94.5028
https://doi.org/10.22201/ib.20078706e.2024.95.5476
https://doi.org/10.22201/ib.20078706e.2020.91.3104

	BACKGROUND
	MATERIALS AND METHODS
	Study area and site selection
	Sampling of fireflies
	Taxonomic identification
	Environmental variables measurement
	Data analysis

	RESULTS
	Checklist of the Lampyridae from TacanáVolcano, Chiapas
	Family Lampyridae Rafinesque
	Subfamily Psilocladinae McDermott
	Genus Psilocladus Blanchard
	Subfamily Lampyrinae Rafinesque
	Tribe Photinini LeConte
	Genus Photinus Laporte
	Genus Pyropyga Motschulsky
	Tribe Pleotomini Summers
	Genus Phaenolis Gorham
	Subfamily Photurinae Lacordaire
	Tribe Photurini Lacordaire
	Genus Bicellonycha Motschulsky
	Genus Photuris Dejean
	Species richness and diversity of fireflies

	DISCUSSION
	CONCLUSIONS
	Acknowledgments
	Authors’ contributions
	Competing interests
	Availability of data and materials
	Consent for publication
	Ethics approval consent to participate
	REFERENCES

