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Abstract
This study compares the variation of richness, abundance and diversity of butterfly species along an at-
mospheric pollution gradient and during different seasons in the Monterrey Metropolitan Area, Mexico. 
Likewise, we analyse the influence of environmental variables on the abundance and richness of butterfly 
species and quantify the indicator species for each atmospheric pollution category. Based on spatial analy-
sis of the main atmospheric pollutants and the vegetation cover conditions, four permanent sampling sites 
were delimited. The sampling was carried out monthly in each of the sites using aerial entomological nets 
and ten Van Someren-Rydon traps during May 2018 to April 2019. A total of 8,570 specimens belong-
ing to six families and 209 species were collected. Both species richness and abundance were significantly 
different between all sites, except for the comparison between the moderate contamination site and the 
high contamination site; diversity decreased significantly with increasing levels of contamination. The sea-
sonality effect was absent on species richness; however, for species abundance the differences between dry 
season and rainy season were significant in each site excepting the moderate contamination site. Regard-
ing diversity, the seasonal effect showed different distribution patterns according to each order. Relative 
humidity, vegetation cover and three pollution variables were highly correlated with both abundance and 
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species richness. From the total number of species found, only 47 had a significant indicator value. This 
study constitutes the first faunistic contribution of butterflies as indicators of the environmental quality 
of urban areas in Mexico, which will help in the development of strategies for the management, planning 
and conservation of urban biodiversity.
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Introduction

The dynamics of the demographic growth that cities are facing represents a serious 
threat to the environment, to the health and quality of life of its inhabitants (Vlahov 
and Galea 2002). The excessive exploitation of the natural resources, land use changes, 
industrial and urban concentrations and the large quantity of pollutants being emitted 
to the atmosphere, damage the environment in a process that seems irreversible (García 
et al. 2013). These effects not only harm living beings, but also generate phenomena 
that affect the ecosystem (López et al. 2001). This unregulated urbanisation process 
and ecosystems degradation occurs more rapidly in countries located in regions classi-
fied as developing economies, particularly in Latin America, where it is estimated that 
75% of the population lives in cities (UN–HABITAT 2010).

In Mexico, atmospheric pollution has deteriorated air quality in various cities, in-
cluding the Valle de México Metropolitan Zone, the Guadalajara Metropolitan Zone 
and the Monterrey Metropolitan Zone (MMZ) (García et al. 2012; Cerón et al. 2014; 
Mancilla et al. 2015; Menchaca et al. 2015). It should be noted that the main problem 
is the perception of society which often does not realise the severity of the problem, 
mainly because there is no clear awareness of pollutant emissions, their concentrations 
and the damage they cause to health, urban infrastructure, ecosystems and biodiversity 
(Lezama 2010). The State of Nuevo León, in the northeast of Mexico, has an unregu-
lated urban growth. Its main city, the Monterrey Metropolitan Zone, presents serious 
environmental problems: geological and hydrological risks, water scarcity, green areas 
loss, air pollution, amongst many others (Cantú et al. 2013; Badillo et al. 2015; Orta et 
al. 2016; Sanchez-Castillo et al. 2016; Sisto et al. 2016; Sanchez-Castillo et al. 2017).

Studies on species diversity in urban ecosystems with air pollution problems are 
necessary to understand the effect of anthropogenic development on the integrity and 
livelihood of the ecosystem (Mukherjee et al. 2015). However, arthropods in such 
environments are poorly studied despite being crucial components and indicators of 
urban ecosystems and biodiversity (McIntyre 2000; Magle et al. 2012; Bonebrake and 
Cooper 2014). Butterflies, in general, are very sensitive to changes in temperature, 
humidity and solar radiation produced by disturbances in their habitat, for which 
the inventory of their communities, through measures of diversity and richness, rep-
resents a valid tool for evaluating the state of alteration between an urbanised area 
with pollution problems and a natural environment (Kremen 1993; Wagner et al. 
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2003; García et al. 2007; Settele et al. 2008; Li et al. 2009). In this way, these insects 
act as biological indicators, which can reflect the state of the biota in terms of biodi-
versity, its variation along gradients, endemism or the degree of human intervention, 
including air pollution (Fagua 2001; Moreno et al. 2007; Butchart et al. 2010; Defra 
2016). Various studies demonstrate that butterfly species richness decreases as urbani-
sation increases (Blair and Launer 1997; Blair 1999; Hardy and Dennis 1999; Brown 
and Freitas 2002; Di Mauro et al. 2007; Konvička and Kadlec 2011; Bonebrake and 
Cooper 2014; Ramírez and MacGregor 2016), not only because the construction of 
buildings and roads replaces or reduces the area of natural and semi-natural habitats, 
but because the quality of residual habitats is affected by various forms of pollution 
(Corke 1998; Hardy and Dennis 1999; Mulder et al. 2005; Jones and Leather 2012; 
Philips et al. 2017).

Some other studies have yielded results that support the intermediate disturbance 
hypothesis, in which species diversity peaked in areas with an intermediate level of 
habitat alteration (Dial and Roughgarden 1998; Niell 2001; Giuliano et al. 2004; 
Koh and Sodhi 2004; Jones and Leather 2012). On the other hand, most insect stud-
ies investigating seasonality are based on relatively pristine ecosystems and few have 
examined the relationship between urban ecosystems seasonality and their butterfly 
assemblages. Only very few studies have explored the seasonality of urban butterflies, 
including Brown and Freitas (2002) in Sao Paulo, Brazil; Shapiro (2002) in Califor-
nia, USA; Koh and Sodhi (2004) in Singapore; Chowdhury et al. (2017) in Dhaka, 
Bangladesh; Gupta et al. (2019) in Delhi, India. The objectives presented here have the 
caveat that urban gradient studies are clearly a simplification of the complex patterns 
produced by urbanisation, such as pollution (Alberti et al. 2001; Hahs and McDon-
nell 2006; McKinney 2008). Therefore, the objectives of this study are: (1) Identify the 
butterfly species richness in the Monterrey Metropolitan Zone, Mexico; (2) Compare 
the variation in richness, abundance and diversity of butterfly species along an atmos-
pheric pollution gradient and during the seasons of the year; (3) Analyse the influence 
of environmental variables (atmospheric pollutants, temperature, relative humidity, so-
lar radiation and vegetation cover) on the abundance and richness of butterfly species; 
and (4) quantify the indicator value of the species per atmospheric pollution category.

Methods

Study area

The Monterrey Metropolitan Zone (MMZ) is the largest urban area in northeast Mexico 
and the third largest urban centre in the country, extending from 25°15' to 26°30' of 
north latitude and from 99°40' to 101°10' of west longitude (Figure 1A, B). The area 
is limited by the coastal plain of the Gulf of Mexico and the Sierra Madre Oriental 
mountain range. The MMZ urban sprawl integrates the Municipality of Monterrey in 
the central portion, the Municipalities of Guadalupe, San Nicolas de los Garza and San 
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Pedro Garza Garcia in the pericentral portion, Apodaca, Escobedo and Santa Catarina 
Municipalities in the periphery and El Carmen, Garcia, Santiago, Juarez, Cadereyta and 
Salinas Victoria in the surrounding area (Alanís 2005; González et al. 2011; Mancilla 
et al. 2015; Ybáñez and Barboza 2017). The MMZ has a vehicle fleet of 1.7 million 
(INEGI 2010) and 4.1 million of inhabitants (INEGI 2011), which is probably higher 
nowadays. Likewise, there is a variety of industrial complexes that include the production 
of glass, steel, cement and paper, amongst others (Menchaca et al. 2015). The centre of 
the city has an average altitude of 540 m a.s.l, its steppe climate is dry and warm with 
temperatures above 35 °C during the summer and below 8 °C during the winter (Alanís 
2005; González et al. 2011; Menchaca et al. 2015).

Delimitation of the pollution and vegetation cover gradients

Since November 1992, the MMZ operates a network of air quality monitoring stations 
known as the Integral Environmental Monitoring System (SIMA). The SIMA network 
currently consists of 13 registration stations, located following the criteria of meteoro-
logical, epidemiological, land use and population density studies. The concentrations 
registered in the monitoring stations are: PM10 (particulate matter of less than 10 µm), 
PM2.5 (particulate matter of less than 2.5 µm), carbon monoxide (CO), ozone (O3), ni-
trogen dioxide (NO2), nitrogen oxides (NOx) and sulphur dioxide (SO2). In addition, 
some meteorological variables are reported, such as barometric pressure (Bp), rainfall 
(R), relative humidity (Rh), solar radiation (Sr), temperature (T) and the direction 
(Wd) and magnitude of wind (Ws) (Arreola and González 1999; González et al. 2011; 
Mancilla et al. 2015). The data recorded by SIMA stations for air quality and meteoro-
logical variables during the period from 2008 to 2017 were obtained from the website 
of the National System of Air Quality Information (SINAICA). Descriptive measures 
for each of the months and each registered year were obtained in the Statistica 13.3 
software (TIBCO Software Inc. 2017).

To identify the main air quality descriptor pollutants in the MMZ during the peri-
od 2008–2017, a Principal Component Analysis (PCA) was carried out. Subsequently, 
to differentiate the changes in the spatial distribution of the air quality indicator pollut-
ants in the MMZ, maps were prepared using the annual average information per moni-
toring station. The creation of maps was carried out using Inverse Distance Weighting 
Interpolation (IDW), with a value of 2 as Coefficient of Distance and the pixel size of 
the output raster re-defined to 10 metres. As reference of the extension for each inter-
polation, the minimum and maximum distances were taken from the vector sections 
corresponding to the urban areas that form the MMZ; such vectors were obtained from 
the National Land Use and Vegetation Series 6 layer (INEGI 2016). The procedures 
described above were performed using the QGis 3.2 software (QGIS Development 
Team 2018). As a result, three categories of air pollution were generated: low (0.19 to 
26.51 µg/m3 of NOx; 3.22 to 10.56 µg/m3 of PM2.5), moderate (26.51 to 52.83 µg/m3 
of NOx; 10.56 to 17.92 µg/m3 of PM2.5) and elevated (52.83 to 79.19 µg/m3 of NOx; 
17.92 to 25.3 µg/m3 of PM2.5) (Figure 1C).
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Figure 1. Study area and location of sampling sites A location of Nuevo Leon in Mexico B location of 
MMZ inside of Nuevo Leon C location of the sampling sites according to the level of atmospheric pollut-
ant D location of the sampling sites according to the levels of vegetation cover.

Percentage of vegetation cover was determined through an analysis of MODIS im-
ages for the period 2008–2017, obtained from GIOVANNI online server. Consequent-
ly, three categories of vegetation cover were designated: low (23 to 40%), moderate 
(40 to 57%) and high (57 to 74%) (Figure 1D).

Selection of sampling sites

Four permanent sampling sites were delimited, based on the spatial overlapping of 
four geographic elements: (1) the IDW analysis of the main atmospheric pollutants 
(Figure 1C), (2) the vegetation cover (Figure 1D), (3) images obtained from Google 
Earth Pro software and (4) a mesh with a grid size of 150 × 150 metres. The proce-
dures of superimposition and selection were performed in QGis 3.2 software. Site 1 
is found in the Municipality of Santiago, an atmospheric pollution-free area with sec-
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ondary vegetation of submontane scrub (25°30'41.184"N, 100°11'53.159"W). Site 2 
is located in the central zone of the Municipality of Guadalupe with low values of at-
mospheric pollution and secondary vegetation of submontane scrub (25°40'4.944"N, 
100°14'45.564"W). Site 3 is located in the northern zone of the Municipality of Gua-
dalupe with moderate atmospheric pollution and secondary vegetation of submontane 
scrub (25°42'44.017"N, 100°13'58.825"W). Site 4 is in the Municipality of San Pedro 
Garza Garcia with high atmospheric pollution and anthropogenic vegetation of sub-
montane scrub (25°38'11.112"N, 100°21'30.815"W) (Table 1, Figure 1).

Sampling and processing of specimens

Monthly samplings were carried out for each of the sites, during the period from 
May 2018 to April 2019, resulting in a total of six samplings per season: dry season 
(November, December, January, February, March and April) and rainy season (May, 
June, July, August, September and October). The seasons were defined based on his-
torical data of monthly total values of temperature and rain (average from 2008 to 
2017), which were obtained from the SIMA stations located within the study area 
(Figure 2). Therefore, a total of 48 samplings were considered (six samplings for two 
seasons and four sites).

The sampling of individuals was carried out using an entomological aerial net. In 
each of the sites, tours were made inside a pre-established quadrant of 150 m × 150 
m, following the techniques recommended by Villarreal et al. (2006). The sampling 
time at each site was nine hours in the period from 08:00 h to 17:00 h. Furthermore, 
along with the use of aerial nets, Van Someren-Rydon traps were used (Rydon 1964). 
Ten traps were placed, five at one end of the quadrant and five at the opposite end, at 
a distance of 30 m from each other and between 1 and 2.5 m from the ground, with 
an exposure time of nine hours (08:00 h to 17:00 h). The bait used for the traps con-
sisted of a fermented mixture of seasonal fruits: banana (Musa paradisiaca), pineapple 
(Ananas comosus), mango (Mangifera indica) and guava (Psidium guajava).

Table 1. Descriptive synthesis of the sampling sites.

Site Vegetation Frequent species General description
1 Secondary 

submontane 
scrub

Ehretia anacua, Ebenopsis ebano, Havardia pallens, 
Prosopis glyulosa, Celtis laevigata, Sideroxylon 

celastrinum and Eragrostis barrelieri.

Vacant site located in the Municipality of Santiago, with 
elevation of 530 m a.s.l. The site is outside the limits of 

registration of atmospheric pollution and with vegetation 
cover of 71.06%.

2 Secondary 
submontane 

scrub

Ehretia anacua, Ebenopsis ebano, Prosopis glyulosa, 
Fraxinus americana, Celtis laevigata, Leucaena 

leucocephala and Euphorbia hirta.

Site inside La Pastora Park Zoo in the Municipality of 
Guadalupe. Elevation of 492 m a.s.l, as well as low levels of 
atmospheric pollution and a vegetation cover of 53.47%.

3 Secondary 
submontane 

scrub

Ebenopsis ebano, Leucaena leucocephala, Fraxinus 
americana, Cordia boissieri, Parkinsonia aculeata, 

Caesalpinia mexicana and Eragrostis barrelieri.

Vacant site in the northern limit of the Municipality of 
Guadalupe, at an elevation of 486 m a.s.l. It presents 

moderate levels of atmospheric pollution, and a vegetation 
cover of 46.3%.

4 Anthropogenic 
submontane 

scrub

Fraxinus americana, Ligustrum lucidum, Populus 
tremuloides and Phyla nodiflora.

Abandoned square in the Municipality of San Pedro Garza 
García. Site with an elevation of 663 m a.s.l., high levels of 
atmospheric pollution and a vegetation cover of 58.03%.
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Figure 2. Average monthly variation of temperature and accumulated rain in the MMZ.



Edmar Meléndez-Jaramillo et al.  /  ZooKeys 1037: 73–103 (2021)80

The collected specimens were mounted according to the described procedure of 
Andrade et al. (2013). For taxonomic identification of specimens, the works of Scott 
(1986), Llorente et al. (1997), Luis et al. (2003), Garwood and Lehman (2005), Vargas 
et al. (2008), Luis et al. (2010) and Glassberg (2018) were consulted. The interactive 
list and the phylogenetic ordering of Warren et al. (2012) were taken as reference. All 
the specimens were labelled and deposited in the entomological collection of the Con-
servation Department of the Forestry Sciences Faculty at the Autonomous University 
of Nuevo León, Linares, Nuevo León, Mexico.

Data analysis

The observed species richness was measured as the total number of species in the study 
area, as well as at each of the sites. The constancy index was determined and the spe-
cies were classified as: constant (species found more than 50% of the time during 
sampling), accessory (species present between 25 to 50%) and accidental (species in 
less than 25%) (Sackis and Morais 2008). Significant differences in the number of spe-
cies between sites were determined using a generalised linear model (GLM) (they were 
modelled as Poisson-distributed variables with a log link) and one-way ANOVA, with 
Statistica software 13.3. The sampling efficiency was calculated for the entire study area 
and for each study site using the interpolation and extrapolation methodology pro-
posed by Chao and Jost (2012), available in the package iNEXT (Hsieh et al. 2016).

Five species categories were considered according to the total registered abundance: 
rare (species with one individual), scarce (from 2 to 5), frequent (from 6 to 21), com-
mon (from 22 to 81) and abundant (with 82 or more individuals) (Luna et al. 2010). 
Differences in the abundance of butterfly communities at the sites were calculated 
with a GLM and one-way ANOVA. For the analysis of alpha diversity, we adopted 
the analytical method of Chao and Jost (2015) to obtain diversity profiles in which 
diversity is evaluated in terms of “effective numbers of species” (qD), an approach that 
is equivalent to Hill's numbers (Hill 1973). The analysis was made for all the study 
area and for each study site using the 3.5.3 version of R (R Development Core Team 
2019), with the package SpadeR (Chao et al. 2016). To examine the differences in spe-
cies composition amongst the four sites, we performed a non-metric multidimensional 
scaling analysis (NMDS), based on the similarity matrix using the Bray-Curtis Index. 
A one-way PERMANOVA was also performed to test for differences in species com-
position between sites. Both analyses were performed using R 3.5.3 with the package 
Vegan (Oksanen et al. 2019).

The seasonal effect was measured separately, comparing the species richness, abun-
dance and diversity observed per study site during the rainy season (May to October 
2018) and dry season (November of 2018 to April 2019). The indexes and statistical 
tests mentioned above were used for such comparisons: GLM and nested ANOVA tests 
for differences in species richness and abundance, estimation of species richness and al-
pha diversity index, which were performed in Statistica 13.3 and R 3.5.3. In addition, a 
two-way PERMANOVA and NMDS analyses were carried out, to include the seasonal 
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effect in the species composition, with the aim of grouping sites and seasons. These 
analyses were performed in Statistica 13.3 and R 3.5.3. A Canonical Correlation Test 
was applied between the community parameters (number of species and abundance) 
and the different environmental variables: monthly averages of the main variables of at-
mospheric pollution (with the highest loading values in the PCA previously obtained) 
(NO2, NOx, CO and PM2.5), climatological variables (temperature, relative humidity 
and solar radiation) and vegetation cover variables extracted from the SIMA stations 
and from MODIS images nearest to the sampling sites, using Statistica 13.3.

Finally, to calculate the association value of each butterfly species with the habitat 
type, the Indicator Value Index, or IndVal, was used (Dufrêne and Legendre 1997). 
This index is based on the degree of specificity (exclusivity of the species to a particular 
site, based on its abundance) and the degree of fidelity (frequency of occurrence within 
the same habitat) (Tejeda et al. 2008), expressed in a percentage value. The analysis was 
performed with the labsdv package on platform R 3.5.3, using 1,000 random permu-
tations to define the level of significance. The indicator species with an index equal to 
or greater than 75% were classified as “characteristics”, which are defined by their high 
specificity for a given habitat; species with a value less than 75%, but equal to or greater 
than 50% are considered as “detectors”, which show different degrees of preference for 
diverse habitats (McGeoch et al. 2002).

Results

Variation of butterflies per pollution category

A total of 8,570 Papilionoidea specimens were collected, distributed in six families, 
19 subfamilies, 31 tribes, 138 genera and 209 species. From this total, only 26 species 
(499 individuals) were registered exclusively with Van Someren-Rydon baited traps, 
while the remaining 183 species (8,071 individuals) were collected with entomological 
nets (Appendix 1). Nymphalidae was the most abundant family with 3,008 individu-
als, which represents 35.1% of total abundance in the study area. A lower abundance 
was recorded in Hesperiidae (23.2%), Pieridae (19.5%), Lycaenidae (11.9%), Papil-
ionidae (6.6%) and Riodinidae (3.6%). The highest species richness was found in the 
Hesperiidae family with 32.5% of the total obtained species, followed by Nymphali-
dae (31.1%), Lycaenidae (14.4%), Pieridae (11%), Papilionidae (6.7%) and Riodi-
nidae (4.3%). Twenty-two species were categorised as abundant (with more than 82 
individuals) and represented 25.9% of the total abundance. Kricogonia lyside (Godart, 
1819) (142 individuals), Anaea aidea (Guérin-Méneville, 1844) (122), Phoebis sennae 
marcellina (Cramer, 1777) (120), Pyrisitia proterpia (Fabricius, 1775) (117) and Lib-
ytheana carinenta larvata (Strecker, 1878) (113), amongst others, showed the highest 
abundance. One hundred and three species were considered as common, being 65.2% 
of the total number of individuals recorded. Fifty-four species were considered as fre-
quent, occupying 8.2% of the total abundance. Seventeen were scarce (0.7% of total 



Edmar Meléndez-Jaramillo et al.  /  ZooKeys 1037: 73–103 (2021)82

abundance) and three were rare (0.04%) (Appendix 1). On the other hand, 93 species 
(44.5%) were categorised as constant, 47 (22.5%) were accessory species and 69 (33%) 
were accidental. Kricogonia lyside and Phoebis sennae marcellina were the most frequent 
species (87.5%) during all the samplings.

The sample coverage estimator indicated that our inventory for the MMZ is 99.7% 
complete. In Figure 3, we plotted the proposed diversity with the method of Chao and 
Jost (2015) and the confidence intervals for q = 0, 1 and 2 for each pollution category 
and station.

Both species richness and abundance were significantly different (p < 0.05) be-
tween all sites, except for the comparison between Site 3 (moderate pollution) and 
Site 4 (high pollution) (Table 2, Figure 4A, B). Both parameters (species richness and 
abundance) decreased with increasing levels of pollution. In Site 1 (pollution free) 
2,683 individuals and 199 species were registered, representing a sampling coverage 
of 99.7%. In Site 2 (low pollution), the values were reduced to 2,334 individuals and 

Figure 3. Alpha diversity profiles (0D, 1D and 2D) of butterflies along the pollution gradient and by 
season (dry and rainy) in the MMZ. The error bars represent 95% confidence intervals.

Table 2. Summary of ANOVA (GLM) results for butterfly abundance and species richness by pollution 
categories in the MMZ.

Pollution categories Estimate 95%Lower 95%Upper p-Value
Species richness
Intercept
Pollution free 0.266 0.218 0.313 < 0.001
Low pollution 0.112 0.063 0.162 < 0.001
Moderate pollution -0.128 -0.182 -0.074 < 0.001
Species abundance
Intercept 5.168 5.146 5.190 < 0.001
Pollution free 0.242 0.207 0.276 < 0.001
Low pollution 0.102 0.067 0.138 < 0.001
Moderate pollution -0.116 -0.155 -0.077 < 0.001
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Figure 4. Effect of pollution and seasonality on species richness and abundance of butterflies (mean ± 
standard errors) of the MMZ. Different letters represent significant differences between categories (p < 0.05).

162 species (coverage of 99.9%). For Site 3 (moderate pollution), 1,876 individuals 
and 133 species were registered (coverage of 99.9%), while for Site 4 (high pollution), 
1,677 individuals and 112 species (coverage of 100%).

For 0D, 1D and 2D, Site 1 (pollution free) had the highest diversity. All comparisons 
between sites were significantly different (with 95% confidence intervals) (Figure 3A, 
B and C). The one-way PERMANOVA test detected significant differences in species 
composition amongst Sites 1, 2 and 3 (free, low and moderate contamination) (SStotal = 
6.63; SSwithin-group = 5.05; F = 4.575, p < 0.001). Butterflies collected during each month 
for Sites 1, 2 and 3 (free, low and moderate contamination) formed separate groups in 
the NMDS diagram (Stress = 0.23) (Figure 5A).

Effect of seasonality on butterfly changes per pollution category

In the MMZ, the highest abundance was registered during the rainy season, while the 
highest species richness was shown during the dry season. The highest completeness of 
the inventory was recorded during the rainy season (Table 2).

The differences in the abundance of the dry and rainy season were significant 
(p < 0.05) in each site with the exception of Site 3 (moderate contamination) (Table 3, 
Figure 4D). Regarding diversity, the seasonal effect was absent in Site 1 (pollution free) 
for 0D and 1D, while for 2D, Site 1 (pollution free), 2 (low contamination) and 4 (high 
contamination) did not show significant differences between seasons (Figure 3D, F).
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Figure 5. Non-metric multidimensional scaling ordination (NMDS) of the butterfly communities for 
contamination categories and seasons of the year of the MMZ A pollution free (blue colour), low pollu-
tion (green colour), moderate pollution (yellow colour) and high pollution (red colour) B rainy season 
(blue colour) and dry season (red colour).

Two-way PERMANOVA allowed us to identify a significant effect of season 
(F = 7.702, df = 1, p < 0.001) and pollution (site) (F = 5.682, df = 3, p < 0.001) 
on species composition, as well as an interaction effect between the two factors 
(F = 2.315, df = 3, p < 0.001). Butterflies collected each month in each of the 
study sites formed separated groups by seasons in the NMDS ordination diagram 
(Stress = 0.23) (Figure 5B).

The variables NO2, NOx, PM2.5, relative humidity and vegetation cover were high-
ly correlated, both with abundance and species richness. The individual interaction of 
NO2, NOx, PM2.5 and relative humidity with abundance and species richness resulted 
negative, while the interaction of vegetation cover with both ecological parameters 
resulted positive (Table 4).
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Table 3. Summary of the nested ANOVA (GLM) for the species richness and abundance of butterflies 
by categories of contamination and seasons of the year in the MMZ.

Pollution categories Estimate 95% Lower 95% Upper p-Value
Species richness
Intercept 4.277 4.182 4.371 < 0.001
Dry season (Pollution free) -0.017 -0.121 0.087 > 0.05
Rainy season (Pollution free) 0.000
Dry season (Low pollution) 0.008 -0.104 0.120 > 0.05
Rainy season (Low pollution) 0.000
Dry season (Moderate pollution) 0.075 -0.052 0.201 > 0.05
Rainy season (Moderate pollution) 0.000
Dry season (High pollution) -0.031 -0.165 0.104 > 0.05
Rainy season (High pollution) 0.000
Species abundance
Intercept 5.063 4.999 5.126 < 0.001
Dry season (Pollution free) -0.201 -0.277 -0.125 < 0.001
Rainy season (Pollution free) 0.000
Dry season (Low pollution) -0.165 -0.246 -0.083 < 0.001
Rainy season (Low pollution) 0.000
Dry season (Moderate pollution) -0.083 -0.174 0.007 > 0.05
Rainy season (Moderate pollution) 0.000
Dry season (High pollution) -0.263 -0.359 -0.166 < 0.001
Rainy season (High pollution) 0.000

Table 4. Correlation analysis between environmental variables with the abundance and richness of but-
terfly species in the MMZ. The marked correlations (*) are significant (p < 0.05).

Abundance Species richness
CO (ppm) 0.046 0.137
NO2 (ppm) -0.725 * -0.590 *
NOx (ppm) -0.595 * -0.418 *
PM2.5 (µg/m³) -0.652 * -0.580 *
Temperature (°C) -0.003 0.047
Relative humidity (%) -0.487 * -0.603 *
Solar radiation (Klux) -0.007 0.027
Vegetation cover (%) 0.492 * 0.481 *

Indicator value of butterflies in a gradient of pollution

From the 209 species found in the study area, only 47 had a significant indicator value 
(p < 0.05). The highest proportion included detector species, with an IndVal between 
50 and 75% (30 species). The remaining 17 were characteristic, with values greater 
than 75% (Table 5). Anteros carausius Westwood, 1851 was considered the only indi-
cator (detector) species at Site 4 (high pollution). In Site 2 (low pollution), the species 
Polygonia interrogationis (Fabricius, 1798), Lasaia agesilas callaina Clench, 1972; Cy-
anophrys miserabilis (Clench, 1946), Panoquina lucas (Fabricius, 1793), Strymon yojoa 
(Reakirt, 1867) and Heraclides thoas autocles Rothschild & Jordan, 1906 were con-
sidered as detector indicator species. Likewise, 23 species were considered as detector 
indicators of Site 1 (free pollution), amongst which, Quinta cannae (Herrich-Schäffer, 
1869) and Memphis pithyusa pithyusa (R. Felder, 1869) have the highest values of Ind-
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Table 5. Butterfly species with a significant indicator value in the pollution gradient of the MMZ. Index 
values are expressed as a percentage. Legend: C = characteristic; D = detector; p = probability. The marked 
species (*) were collected with Van Someren-Rydon traps.

Taxon Site 1 Site 2 Site 3 Site 4 p Indicator category
Anteros carausius carausius Westwood, 1851 0.0 0.0 18.2 53.0 0.001 D
*Polygonia interrogationis (Fabricius, 1798) 2.8 69.4 0.0 0.0 0.000 D
Lasaia agesilas callaina Clench, 1972 20.8 63.9 0.0 0.0 0.004 D
Cyanophrys miserabilis (Clench, 1946) 18.2 60.6 0.0 0.0 0.017 D
Panoquina lucas (Fabricius, 1793) 9.5 59.5 0.0 0.0 0.001 D
Strymon yojoa (Reakirt, 1867) 13.1 51.8 0.0 0.0 0.018 D
Heraclides thoas autocles Rothschild & Jordan, 1906 31.7 51.6 0.0 0.0 0.001 D
Quinta cannae (Herrich-Schäffer, 1869) 75.0 8.3 0.0 0.0 0.000 D
*Memphis pithyusa pithyusa (R. Felder, 1869) 68.5 0.0 0.0 0.0 0.001 D
Protographium epidaus epidaus (Doubleday, 1846) 66.7 0.0 0.0 0.0 0.001 D
Heraclides anchisiades idaeus Fabricius, 1793 66.7 0.0 0.0 0.0 0.013 D
Atlides halesus corcorani Clench, 1942 66.7 0.0 0.0 0.0 0.001 D
Michaelus hecate (Godman y Salvin, 1887) 66.7 0.0 0.0 0.0 0.000 D
*Temenis laothoe (Cramer, 1777) 66.7 0.0 0.0 0.0 0.001 D
Thorybes pylades albosuffusa H. Freeman, 1943 66.7 0.0 0.0 0.0 0.001 D
Autochton cellus (Boisduval & Le Conte, 1837) 66.7 0.0 0.0 0.0 0.018 D
Calephelis rawsoni McAlpine, 1939 64.8 11.1 0.0 0.0 0.020 D
*Asterocampa idyja argus (H. Bates, 1864) 64.3 21.4 0.0 0.0 0.001 D
Strymon bazochii bazochii (Godart, 1824) 61.1 0.0 0.0 0.0 0.001 D
*Limenitis arthemis astyanax (Fabricius, 1775) 59.5 0.0 0.0 0.0 0.021 D
Eurema daira eugenia (Wallengren, 1860) 56.9 35.9 0.0 0.0 0.002 D
Anteos clorinde (Godart, 1824) 56.8 23.8 0.0 0.0 0.002 D
Polyctor enops (Godman & Salvin, 1894) 56.7 0.0 0.0 0.0 0.006 D
Anthanassa tulcis (H. Bates, 1864) 55.2 37.4 0.0 0.0 0.000 D
Rekoa zebina (Hewitson, 1869) 54.8 19.0 0.0 0.0 0.011 D
Eurema boisduvaliana (C. Felder & R. Felder, 1865) 51.0 10.3 25.6 0.0 0.004 D
*Megisto rubricata rubricata (W. H. Edwards, 1871) 50.0 0.0 0.0 0.0 0.009 D
Carrhenes canescens canescens (R. Felder, 1869) 50.0 0.0 0.0 0.0 0.008 D
Wallengrenia otho otho (J. E. Smith, 1797) 50.0 0.0 0.0 0.0 0.009 D
Anatrytone mazai (H. Freeman, 1969) 50.0 0.0 0.0 0.0 0.009 D
Pyrisitia dina westwoodii (Boisduval, 1836) 100.0 0.0 0.0 0.0 0.000 C
Heliconius erato petiverana (E. Doubleday, 1847) 100.0 0.0 0.0 0.0 0.000 C
Timochares ruptifasciata (Plötz, 1884) 100.0 0.0 0.0 0.0 0.000 C
Eumaeus childrenae (G. Gray, 1832) 90.7 0.0 0.0 0.0 0.000 C
Dymasia dymas dymas (W. H. Edwards, 1877) 90.7 0.0 0.0 0.0 0.002 C
Leptophobia aripa elodia (Boisduval, 1836) 90.4 0.0 0.0 0.0 0.001 C
Cyanophrys herodotus (Fabricius, 1793) 83.3 0.0 0.0 0.0 0.000 C
Anthanassa ardys (Hewitson, 1864) 83.3 0.0 0.0 0.0 0.004 C
Sostrata nordica Evans, 1953 83.3 0.0 0.0 0.0 0.000 C
Parides erithalion polyzelus (C. Felder & R. Felder, 1865) 83.3 0.0 0.0 0.0 0.000 C
Allosmaitia strophius (Godart, 1824) 83.3 0.0 0.0 0.0 0.003 C
Strymon bebrycia (Hewitson, 1868) 83.3 0.0 0.0 0.0 0.000 C
Tmolus echion echiolus (Draudt, 1920) 83.3 0.0 0.0 0.0 0.000 C
Heliopetes macaira macaira (Reakirt, 1867) 83.3 0.0 0.0 0.0 0.000 C
Cymaenes trebius (Mabille, 1891) 83.3 0.0 0.0 0.0 0.000 C
Staphylus azteca (Scudder, 1872) 83.3 0.0 0.0 0.0 0.003 C
Pterourus palamedes leontis Rothschild & Jordan, 1906 76.5 0.0 0.0 0.0 0.001 C

Val. In Site 1, 17 species were considered as characteristic indicator species, those being 
Pyrisitia dina westwoodii (Boisduval, 1836), Heliconius erato petiverana (E. Doubleday, 
1847) and Timochares ruptifasciata (Plötz, 1884) with the highest IndVal (Table 5).
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Discussion

This study constitutes the first faunistic contribution of butterflies as indicators of the 
environmental quality of an urban area in Mexico and the first inventory of butterflies 
systematically carried out in the State of Nuevo León. The 209 registered species in the 
MMZ constitute 78.6% of the described richness so far in Nuevo Leon, according to 
Luz and Madero (2011) in collaboration with the North American Butterfly Associa-
tion (NABA) and 10.2% to what was recorded for Mexico (Warren 2000; Llorente 
et al. 2006). However, it should be noted that urban gradient studies are clearly a 
simplification of the complex patterns produced by urbanisation (Alberti et al. 2001; 
Hahs and McDonnell 2006; McKinney 2008). The specific impacts of urbanisation 
on species richness vary, depending on variables, such as geographic location and many 
historical and economic factors that are unique to each city (McKinney 2008).

Urbanisation intensity is correlated with increased disturbance and structural simpli-
fication of the remaining vegetation through landscaping practices that remove woody 
plants, leaf litter and other microhabitats from natural communities (Marzluff and Ewing 
2001). Combination of all these factors reduces the area and quality of animal habitat 
and tends to increase with the intensity of urbanisation (Alberti et al. 2001; Hahs and 
McDonnell 2006). Studies using spatial gradients in urban areas have shown that the 
development of these areas can strongly and negatively affect many sensitive butterfly 
species (Blair and Launer 1997; Blair 1999; Clark et al. 2007). The close relationship be-
tween the abundance of host plants and the persistence status of butterflies suggests that 
the decline of plants may cause the co-extinction of some associated butterflies (Koh et 
al. 2004) or the host plant’s own rarity (rather than decrease) could be associated with an-
other trait of the butterfly that makes it vulnerable to extirpation (Harrison 1991). Corke 
(1999), Mulder et al. (2005) and Öckinger et al. (2006) suggest that the butterfly decline 
in urban areas could be a secondary effect of heavy metal stress presence on local plants, 
not resulting in a decrease in the number of host-plants, but in a selective pressure of 
pollutants on the plant vigour, subsequently affecting their associated fauna. Either way, 
our results corroborate similar studies of declining butterfly populations, suggesting that 
habitat degradation may be a devastating threat to the persistence of certain sensitive taxa, 
such as butterflies characteristic of unpolluted and low-pollution sites (Schultz and Dlu-
gosch 1999; Weiss 1999; Wagner and Van Driesche 2010; Bonebrake and Cooper 2014).

A study of butterfly communities in fragments of urban forests in Brazil (Brown 
and Freitas 2002) similarly found that the most important factors affecting diversity 
and composition, excluding site size and sampling time, were connectivity, vegetation, 
flowers and negative human impact, such as pollution (indirect effect of urbanisation). 
Observations of butterfly diversity provide information on variations in species rich-
ness and abundance formed by vegetation throughout the landscape and the interac-
tion between species (Öckinger et al. 2009). Although local determinants of diversity, 
such as competition and predation, remained undetermined in these studies, to a large 
extent, landscape characteristics influence butterfly richness and abundance in differ-
ent geographic areas (Öckinger et al. 2006; Öckinger et al. 2009). Spatial scale differ-
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ences in butterfly diversity can be attributed to heterogeneity at the landscape level, 
while timescale differences can be attributed to changes in climatic conditions at both 
local and regional scales (Mukherjee et al. 2015). In the current context, it can be as-
sumed that butterfly diversity varies in the four sampling sites as a matter of differences 
in pollutants concentration and composition of vegetation.

In general, the differences in species distribution in the four areas were prominent, 
although the abundance of the different species was not profound (indirect effect of 
the high degree of urbanisation), possibly due to the high concentrations of the con-
taminants, as well as the corresponding abundance of host plants in the affected areas. 
The observed variations in species richness in areas without apparent pollution provide 
an impression of differences in food plants abundance and landscape characteristics in 
the region. Previous studies on the diversity of butterflies in landscapes with high pol-
lution in contrast to the regions of moderate and low pollution show that the richness 
increased with the availability of green space and the heterogeneity of habitats in terms 
of the available plant species and dominant microenvironmental conditions (Kuussaari 
et al. 2007). According to these studies, our observations register a greater diversity in 
the areas with no apparent pollution and low urbanisation, followed by the areas of 
low, moderate and high pollution and urbanisation (Blair and Launer 1997; Kitahara 
and Sei 2001; Hogsden and Hutchinson 2004).

Regardless of variations between different landscapes, observations of butterfly 
diversity in the study area suggest that conservation management is necessary to en-
sure the livelihood of the different ecosystem services derived from butterflies. The 
abundance of butterflies in urban landscapes will promote the pollination and hence 
the propagation of different plant species that can reduce the decrease in vegetation, 
consequently diminishing other variables, such as noise and mainly pollution levels 
(Mukherjee et al. 2015; Selmi et al. 2016; Alfie and Salinas 2017). To understand 
the ways these insects respond to urbanisation, different authors have suggested three 
ecological patterns that are related to our results: (1) there are fewer butterfly species 
in highly urbanised areas (Knapp et al. 2008; Soga et al. 2014); (2) the number of 
specialised butterflies decreases with increasing urbanisation, a case demonstrated by 
the number of indicator species in each gradient category (Bergerot et al. 2011; Lizée 
et al. 2011; Soga and Koike 2012, 2013); and (3) urbanisation can lead to local disap-
pearance of rare and not abundant, specialised butterfly species, as shown in this study 
(Fattorini 2011; Soga and Koike 2012).

We found that the variables associated with the increase in urbanisation (NO2, 
NOx and PM2.5) were negatively correlated with the richness of butterflies, while the 
measures associated with less developed areas (green space) were positively correlated. 
These results are consistent with those of Ruszczyk (1986), Ruszczyk and DeAraujo 
(1992) and Stefanescu et al. (2004), who found lower diversity of species with higher 
urbanisation. Growing more trees and shrubs that provide nectar for adult butterflies 
and using a greater variety of larval food plants species in planting schemes, may be 
more effective in maintaining populations of these insects than simply increasing the 
amount of plant cover cultivated (Koh and Sodhi 2004).
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The richness and distribution of butterfly species fluctuates according to their life 
cycle, which is linked to seasonal changes. However, compared to butterflies in tem-
perate climates, seasonal variation generally does not have a great impact on tropical 
butterflies, which are reported as well distributed throughout the year, the case cor-
responding to the present study, as there is no seasonal differentiation for most of 
the comparisons (Hamer et al. 2005). In the MMZ, the butterflies showed a highest 
species richness during the dry season with 88% of the total species observed during 
the evaluation period. This finding is contrary to other studies, which report higher 
numbers in the rainy season (Devries et al. 1997; Hamer et al. 2005; Hernández-Mejía 
et al. 2008; Meléndez-Jaramillo et al. 2019). This can be attributed to human interven-
tion, when irrigation provides higher food resources for butterflies and also attracts a 
higher number of species than normal during the dry season.

Biodiversity inventories provide crucial reference information for future ecologi-
cal and conservation studies. The existence of species lists at various stages of the ur-
banisation process allows documentation of changes in species composition over time. 
However, few lists of butterfly species have been published in cities, most of which 
are restricted to few countries, for example, Brasil, Argentina or India (Núñez 2008; 
Chowdhury and Soren 2011; Silva et al. 2012). Until now, significant efforts have been 
made in and around cities to conserve endangered butterfly species (Daniels 2009; 
Ramírez and MacGregor 2016). Butterfly conservation in urban areas is a feasible task, 
since many species can thrive in these areas. Hopefully, creative urban planning and 
management, such as habitat design and planting of native, nectar-rich plants, could 
improve urban habitats for butterflies. However, all actions must be monitored and 
must build on prior knowledge about the biology and ecology of the target species to 
be successful (Snep et al. 2006; Kadlec et al. 2008).

Conclusions

For the first time in Mexico, butterflies were systematically sampled in order to moni-
tor the environmental quality in an urban area. A total of 8,570 specimens belonging 
to six families, 19 subfamilies, 31 tribes, 138 genera and 209 species of butterflies were 
collected for the study area. The highest species abundance and richness, as well as 
alpha diversity, are recorded at the site free from air pollution, that is associated with 
a less impacted landscape. Both species richness and abundance were significantly dif-
ferent between all sites, except for the comparison between the moderate contamina-
tion site and the high contamination site, while diversity decreased significantly with 
increasing levels of contamination. The overall trend of distribution of butterflies to 
the levels of air pollution shown in the Monterrey Metropolitan Area is a decrease, this 
being in agreement with the general disturbance hypothesis.

The seasonality effect was absent on species richness; however, for species abun-
dance, the differences between dry season and rainy season were significant in each 
site, excepting the moderate contamination site. Regarding diversity, the seasonal effect 
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showed different distribution patterns according to each order. The variables NO2, 
NOx, PM2.5, relative humidity and vegetation cover, were highly correlated, both with 
species abundance and richness, so they could be the main reasons for the variation of 
butterfly communities in this study.

This work is one of the first studies of butterflies in a specific area of northeast 
Mexico, in which the environmental quality and seasonality in an urban area were ana-
lysed. The information presented here provides benchmarks that allow the comparison 
of the diversity and richness of Papilionoidea species at regional and national levels. 
This information can be used as an initial step to analyse the possible use of butterflies 
as an indicator group of the biodiversity in Mexico.

Acknowledgements

The first author recognises the great support of the Cantú Bendeck family for their 
kindness during the development of the collections. Bernal Herrera Fernández provid-
ed support and recommendations during the planning of this investigation. Consejo 
Nacional de Ciencia y Tecnología of Mexico (CONACYT) gave financial support to 
carry out this study (Doctoral scholarship No. 704911).

References

Alanís GJ (2005) El arbolado urbano en el área metropolitana de Monterrey. Ciencias UANL 
8(1): 20–32.

Alberti M, Botsford E, Cohen A (2001) Quantifying the urban gradient: linking urban plan-
ning and ecology. In: Marzluff JM, Bowman R, Donnelly R (Eds) Avian Ecology in an 
Urbanizing World. Kluwer, Norwell, Massachusetts, 68–85. https://doi.org/10.1007/978-
1-4615-1531-9_5

Alfie CM, Salinas CO (2017) Ruido en la ciudad. Contaminación auditiva y ciudad caminable. 
Estudios demográficos y urbanos 32(1): 65–96.

Andrade MG, Bañol ERH, Triviño P (2013) Técnicas y procesamiento para la recolección, 
preservación y montaje de mariposas diurnas en estudios de biodiversidad y conservación 
(Lepidoptera: Hesperioidea y Papilionoidea). Revista de la Academia Colombiana de Cien-
cias 37(144): 311–325. https://doi.org/10.18257/raccefyn.12

Arreola JL, González G (1999) Análisis espectral del viento y partículas menores de 10 mi-
crómetros (PM10) en el área Metropolitana de Monterrey México, Revista Internacional 
de Contaminación Ambiental 15(2): 95–102.

Badillo CT, Garza L, Garza MCH, Zanatta MT, Caballero A (2015) Heavy metal content in PM2.5 
air samples collected in the Metropolitan Area of Monterrey, México. Human and Ecological 
Risk Assessment 21(8): 2022–2035. https://doi.org/10.1080/10807039.2015.1017873

Bergerot B, Fontaine B, Julliard R, Baguette M (2011) Landscape variables impact the structure 
and composition of butterfly assemblages along an urbanization gradient. Landscape Ecol-
ogy 26(1): 83–94. https://doi.org/10.1007/s10980-010-9537-3

https://doi.org/10.1007/978-1-4615-1531-9_5
https://doi.org/10.1007/978-1-4615-1531-9_5
https://doi.org/10.18257/raccefyn.12
https://doi.org/10.1080/10807039.2015.1017873
https://doi.org/10.1007/s10980-010-9537-3


Butterflies on an atmospheric pollution gradient 91

Blair RB (1999) Birds and butterflies: surrogate taxa for assessing biodiversity? Ecological Ap-
plications 9(1): 164–170. https://doi.org/10.1890/1051-0761(1999)009[0164:BABAAU
]2.0.CO;2

Blair RB, Launer AE (1997) Butterfly diversity and human land use: species assemblages along 
an urban gradient. Biological Conservation 80: 113–125. https://doi.org/10.1016/S0006-
3207(96)00056-0

Bonebrake TC, Cooper DS (2014) A Hollywood drama of butterfly extirpation and persistence 
over a century of urbanization. Journal of Insect Conservation 18(4): 683–692. https://
doi.org/10.1007/s10841-014-9675-z

Brown Jr KS, Freitas AVL (2002) Butterfly communities of urban forest fragments in Campi-
nas, São Paulo, Brazil: Structure, instability, environmental correlates, and conservation. 
Journal of Insect Conservation 6(4): 217–231.

Butchart SH, Walpole M, Collen B, van Strien A, Scharlemann JPW, Almond REA, Baillie 
JEM, Bomhard B, Brown C, Bruno J, Carpenter KE, Carr GM, Chanson J, Chenery 
AM, Csirke J, Davidson NC, Dentener F, Foster M, Galli A, Galloway JN, Genovesi 
P, Gregory RD, Hockings M, Kapos V, Lamarque J-F, Leverington F, Loh J, McGeoch 
MA, McRae L, Minasyan A, Morcillo MH, Oldfield TEE, Pauly D, Quader S, Revenga 
C, Sauer JR, Skolnik B, Spear D, Stanwell-Smith D, Stuart SN, Symes A, Tierney M, 
Tyrrell TD, Vié J-C, Watson R (2010) Global biodiversity: indicators of recent declines. 
Science 328: 1164–1168. https://doi.org/10.1126/science.1187512

Cantú C, Rovalo M, Marmolejo J, Ortiz S, Seriñá F (2013) Historia natural del Parque Nacional 
Cumbres de Monterrey. Universidad Autónoma de Nuevo León, Conanp, Pronatura. Mon-
terrey, N.L, México.

Cerón JG, Cerón RM, Kahl JDW, Ramírez LE, Guarnaccia C, Aguilar CA, Montalvo RC, An-
guebes F, López CU (2014) Diurnal and seasonal variation of BTEX in the air of Monter-
rey, Mexico: preliminary study of sources and photochemical ozone pollution. Air Quality, 
Atmosphere & Health 8(5): 469–482. https://doi.org/10.1007/s11869-014-0296-1

Chao A, Gotelli NJ, Hsieh TC, Sander EL, Ma KH, Colwell, RK, Ellison AM (2014) Rarefac-
tion and extrapolation with Hill numbers: a framework for sampling and estimation in 
species diversity studies. Ecological Monographs 84: 45–67. https://doi.org/10.1890/13-
0133.1

Chao A, Jost L (2012) Coverage-based rarefaction and extrapolation: standardizing samples by com-
pleteness rather than size. Ecology 93(12): 2533–2547. https://doi.org/10.1890/11-1952.1

Chao A, Jost L (2015) Estimating diversity and entropy profiles via discovery rates of new 
species. Methods in Ecology and Evolution 6(8): 873–882. https://doi.org/10.1111/2041-
210X.12349

Chao A, Ma KH, Hsieh TC, Chiu CH (2016) SpadeR (Species-richness prediction and diver-
sity estimation in R): an R package in CRAN. Program and User’s Guide also published at 
http://chao.stat.nthu.edu.tw/wordpress/software_download/.

Chowdhury S, Hesselberg T, Böhm M, Islam MR, Aich U (2017) Butterfly diversity in a tropi-
cal urban habitat (Lepidoptera: Papilionoidea). Oriental Insects 51(4): 417–430. https://
doi.org/10.1080/00305316.2017.1314230

Chowdhury S, Soren R (2011) Butterfly (Lepidoptera: Rhopalocera) fauna of East Calcutta 
wetlands, West Bengal, India. Check List 7: 700–703. https://doi.org/10.15560/10960

https://doi.org/10.1890/1051-0761(1999)009%5B0164:BABAAU%5D2.0.CO;2
https://doi.org/10.1890/1051-0761(1999)009%5B0164:BABAAU%5D2.0.CO;2
https://doi.org/10.1016/S0006-3207(96)00056-0
https://doi.org/10.1016/S0006-3207(96)00056-0
https://doi.org/10.1007/s10841-014-9675-z
https://doi.org/10.1007/s10841-014-9675-z
https://doi.org/10.1126/science.1187512
https://doi.org/10.1007/s11869-014-0296-1
https://doi.org/10.1890/13-0133.1
https://doi.org/10.1890/13-0133.1
https://doi.org/10.1890/11-1952.1
https://doi.org/10.1111/2041-210X.12349
https://doi.org/10.1111/2041-210X.12349
http://chao.stat.nthu.edu.tw/wordpress/software_download/
https://doi.org/10.1080/00305316.2017.1314230
https://doi.org/10.1080/00305316.2017.1314230
https://doi.org/10.15560/10960


Edmar Meléndez-Jaramillo et al.  /  ZooKeys 1037: 73–103 (2021)92

Clark PJ, Reed JM, Chew FS (2007) Effects of urbanization on butterfly species richness, guild 
structure, and rarity. Urban Ecosystems 10(3): 321–337. https://doi.org/10.1007/s11252-
007-0029-4

Corke D (1999) Are Honeydew/Sap-feeding Butterflies (Lepidoptera: Rhopalocera) affected by 
particulate air-pollution? Journal of Insect Conservation 3(1): 5–14.

Daniels JC (2009) Cooperative conservation efforts to help recover an endangered south Florida 
butterfly. Insect Conservation and Diversity 2(1): 62–64. https://doi.org/10.1111/j.1752-
4598.2008.00039.x

Defra (2016) UK Biodiversity Indicators 2015. Department for Environment, Food and Rural 
Affairs, London.

Devries PJ, Murray D, Lande R (1997) Species diversity in vertical, horizontal, and temporal dimen-
sions of a fruit-feeding butterfly community in an Ecuadorian rainforest. Biological Journal of 
the Linnean Society 62(3): 343–364. https://doi.org/10.1111/j.1095-8312.1997.tb01630.x

Di Mauro D, Dietz T, Rockwood L (2007) Determining the effect of urbanization on generalist 
butterfly species diversity in butterfly gardens. Urban Ecosystems 10(4): 427–439. https://
doi.org/10.1007/s11252-007-0039-2

Dial R, Roughgarden J (1998) Theory of marine communities: the intermediate dis-
turbance hypothesis. Ecology 79(4): 1412–1424. https://doi.org/10.1890/0012-
9658(1998)079[1412:TOMCTI]2.0.CO;2

Dufrene M, Legendre P (1997) Species assemblages and indicator species: the need for a 
flexible asymmetrical approach. Ecological Monographs 67(3): 345–366. https://doi.
org/10.2307/2963459

Fagua G (2001) Manual de metodologías para el desarrollo de Inventarios y Monitoreo de la 
Biodiversidad: Mariposas diurnas (Lepidoptera) Grupo de Exploración y Monitoreo am-
biental, Bogotá, Colombia.

Fattorini S (2011) Insect extinction by urbanization: A long term study in Rome. Biological 
Conservation 144(1): 370–375. https://doi.org/10.1016/j.biocon.2010.09.014

García JF, Ospina LA, Villa FA, Reinoso G (2007) Diversidad y distribución de mariposas 
Satyrinae (Lepidoptera: Nymphalidae) en la cuenca del río Coello, Colombia. Revista de 
Biologia Tropical 55(2): 645–653. https://doi.org/10.15517/rbt.v55i2.6039

García M, Ramírez H, Ulloa H, García O, Meulenert Á, Alcalá J (2013) Concentración de con-
taminantes SO2, NO2 y correlación con H+, SO4-2 y NO3- durante la temporada de llu-
vias en la Zona Metropolitana de Guadalajara, Jalisco, México. Revista chilena de enferme-
dades respiratorias 29(2): 81–88. https://doi.org/10.4067/S0717-73482013000200004

García M, Sánchez HUR, Godínez HU, Pérez A, Arias S (2012) Las inversiones térmicas y la 
contaminación atmosférica en la zona Metropolitana de Guadalajara (México) Investiga-
ciones geográficas (58): 9–29. https://doi.org/10.14198/INGEO2012.58.01

Garwood K, Lehman R (2005) Butterflies of Northeastern Mexico. Nuevo León, San Luis 
Potosí and Tamaulipas. A Photographic Checklist (2nd edn.) Eye Scry Publishing, McAllen, 
Texas, 194 pp.

Giuliano WM, Accamando AK, Mcadams EJ (2004) Lepidoptera-habitat relationships in urban 
parks. Urban Ecosystems 7(4): 361–370. https://doi.org/10.1007/s11252-005-6835-7

https://doi.org/10.1007/s11252-007-0029-4
https://doi.org/10.1007/s11252-007-0029-4
https://doi.org/10.1111/j.1752-4598.2008.00039.x
https://doi.org/10.1111/j.1752-4598.2008.00039.x
https://doi.org/10.1111/j.1095-8312.1997.tb01630.x
https://doi.org/10.1007/s11252-007-0039-2
https://doi.org/10.1007/s11252-007-0039-2
https://doi.org/10.1890/0012-9658(1998)079%5B1412:TOMCTI%5D2.0.CO;2
https://doi.org/10.1890/0012-9658(1998)079%5B1412:TOMCTI%5D2.0.CO;2
https://doi.org/10.2307/2963459
https://doi.org/10.2307/2963459
https://doi.org/10.1016/j.biocon.2010.09.014
https://doi.org/10.15517/rbt.v55i2.6039
https://doi.org/10.4067/S0717-73482013000200004
https://doi.org/10.14198/INGEO2012.58.01
https://doi.org/10.1007/s11252-005-6835-7


Butterflies on an atmospheric pollution gradient 93

Glassberg J (2018) A Swift Guide to the Butterflies of Mexico and Central America. Sunstreak 
books, Morristown, 304 pp. https://doi.org/10.1515/9781400889860

González SO, Badillo CT, Kahl JD, Ramírez LE, Balderas RI (2011) Temporal Analysis of 
PM10 in Metropolitan Monterrey, México. Journal of the Air & Waste Management As-
sociation 61(5): 573–579. https://doi.org/10.3155/1047-3289.61.5.573

Gupta H, Tiwari C, Diwakar S (2019) Butterfly diversity and effect of temperature and humid-
ity gradients on butterfly assemblages in a sub-tropical urban landscape. Tropical Ecology 
60(1): 150–158. https://doi.org/10.1007/s42965-019-00019-y

Hahs AK, McDonnell MJ (2006) Selecting independent measures to quantify Melbourne’s 
urban-rural gradient. Landscape and Urban Planning 78(4): 435–448. https://doi.
org/10.1016/j.landurbplan.2005.12.005

Hamer KC, Hill JK, Mustaffa N, Benedick S, Sherratt TN, Chey VK, Maryati M (2005) 
Temporal variation in abundance and diversity of butterflies in Bornean rain forests: op-
posite impacts of logging recorded in different seasons. Journal of Tropical Ecology 21(4): 
417–425. https://doi.org/10.1017/S0266467405002361

Hardy PB, Dennis RL (1999) The impact of urban development on butterflies with-
in a city region. Biodiversity and Conservation 8(9): 1261–1279. https://doi.
org/10.1023/A:1008984905413

Harrison S (1991) Local extinction in a metapopulation context: an empirical evalu-
ation. Biological Journal of the Linnean Society 42(1-2): 73–88. https://doi.
org/10.1111/j.1095-8312.1991.tb00552.x

Hernández-Mejía C, Llorente JB, Vargas IF, Luis AM (2008) Las mariposas (Papilionoidea y 
Hesperioidea) de Malinalco, Estado de México. Revista Mexicana de Biodiversidad 79: 
117–130.

Hill MO (1973) Diversity and Evenness: A unifying notation and its consequences. Ecology 
54(2): 427–432. https://doi.org/10.2307/1934352

Hogsden KL, Hutchinson TC (2004) Butterfly assemblages along a human disturbance gradi-
ent in Ontario, Canada. Canadian Journal of Zoology 82(5): 739–748.

Hsieh TC, Ma KH, Chao A (2016) iNEXT: An R package for interpolation and extrapolation 
of species diversity (Hill numbers). To appear in Methods in Ecology and Evolution.

INEGI (2010) Estadísticas de vehículos de motor registrados en circulación. Información es-
tadística. Instituto Nacional de Estadística y Geografía, México D. F.

INEGI (2011) XIII Censo de Población y Vivienda de México, Resultados definitivos. Instituto 
Nacional de Estadística y Geografía. México, D. F.

INEGI (2016) Conjunto de Datos Vectoriales de Uso de Suelo y Vegetación. Escala: 1: 250 
000. Serie VI (Capa Union) Edición: 1. Instituto Nacional de Estadística y Geografía. 
Aguascalientes, México.

Jones EL, Leather SR (2012) Invertebrates in urban areas: A review. European Journal of Ento-
mology 109(4): 463–478. https://doi.org/10.14411/eje.2012.060

Kadlec T, Benes J, Jarosik V, Konvička M (2008) Revisiting urban refuges: Changes of butterfly 
and burnet fauna in Prague reserves over three decades. Landscape and Urban Planning 
85(1): 1–11. https://doi.org/10.1016/j.landurbplan.2007.07.007

https://doi.org/10.1515/9781400889860
https://doi.org/10.3155/1047-3289.61.5.573
https://doi.org/10.1007/s42965-019-00019-y
https://doi.org/10.1016/j.landurbplan.2005.12.005
https://doi.org/10.1016/j.landurbplan.2005.12.005
https://doi.org/10.1017/S0266467405002361
https://doi.org/10.1023/A:1008984905413
https://doi.org/10.1023/A:1008984905413
https://doi.org/10.1111/j.1095-8312.1991.tb00552.x
https://doi.org/10.1111/j.1095-8312.1991.tb00552.x
https://doi.org/10.2307/1934352
https://doi.org/10.14411/eje.2012.060
https://doi.org/10.1016/j.landurbplan.2007.07.007


Edmar Meléndez-Jaramillo et al.  /  ZooKeys 1037: 73–103 (2021)94

Kitahara M, Sei K (2001) A comparison of the diversity and structure of butterfly com-
munities in semi-natural and human-modified grassland habitats at the foot of Mt. 
Fuji, central Japan. Biodiversity and Conservation 10(3): 331–351. https://doi.
org/10.1023/A:1016666813655

Knapp S, Kühn I, Mosbrugger V, Klotz S (2008) Do protected areas in urban and rural land-
scapes differ in species diversity? Biodiversity and Conservation 17(7): 1595–1612.

Koh LP, Sodhi NS (2004) Importance of reserves, fragments, and parks for butterfly conserva-
tion in a tropical urban landscape. Ecological Applications 14(6): 1695–1708. https://doi.
org/10.1890/03-5269

Koh LP, Sodhi NS, Brook BW (2004) Ecological correlates of extinction proneness in tropi-
cal butterflies. Conservation Biology 18(6): 1571–1578. https://doi.org/10.1111/j.1523-
1739.2004.00468.x

Konvička M, Kadlec T (2011) How to increase the value of urban areas for butterfly conserva-
tion? A lesson from Prague nature reserves and parks. European Journal of Entomology 
108(2): 219–229. https://doi.org/10.14411/eje.2011.030

Kremen CRK, Colwell TL, Erwin DD, Murphy RF, Sanjayan MA (1993) Terrestrial arthro-
pod assemblages: their use in conservation planning. Conservation Biology 7: 796–808. 
https://doi.org/10.1046/j.1523-1739.1993.740796.x

Kuussaari M, Heliölä J, Luoto M, Pöyry J (2007) Determinants of local species richness of di-
urnal Lepidoptera in boreal agricultural landscapes. Agriculture, Ecosystems Environment 
122(3): 366–376. https://doi.org/10.1016/j.agee.2007.02.008

Lezama JL, Graizbord B (2010) Los Grandes Problemas de México. IV Medio Ambiente. 1a. 
Edición. El Colegio de México. México, D. F. https://www.jstor.org/stable/j.ctt1657t3w

Li X Luo Y, Zhang Y, Schweiger O, Settele J, Yang Q (2009) On the conservation biology of a 
Chinese population of the birdwing Troides aeacus (Lepidoptera: Papilionidae) Journal of 
Insect Conservation 14(3): 257–268. https://doi.org/10.1007/s10841-009-9254-x

Lizée M, Bonardo R, Mauffrey J, Bertaudière V, Tatoni T, Deschamps-Cottin M (2011) Relative 
importance of habitat and landscape scales on butterfly communities of urbanizing areas. 
Comptes Rendus Biologies 334(1): 74–84. https://doi.org/10.1016/j.crvi.2010.11.001

Llorente JB, Luis AM, Vargas IF (2006) Apéndice general de Papilionoidea: Lista sistemática, 
distribución estatal y provincias biogeográficas. In: Morrone JJ, Llorente JB (Eds) Compo-
nentes bióticos principales de la entomofauna mexicana, vol. II. Las Prensas de Ciencias, 
Facultad de Ciencias, UNAM, México, D. F., 945–1009.

Llorente JB, Oñate LO, Luis AM, Vargas IF (1997) Papilionidae y Pieridae de México: distribución 
geográfica e ilustración. Facultad de Ciencias, Universidad Nacional Autónoma de México/ 
Comisión Nacional para el Uso y Conocimiento de la Biodiversidad, México, 235 pp.

López E, Bocco G, Mendoza M, Duhau E (2001) Predicting land-cover and land-use change in 
the urban fringe. Landscape and Urban Planning 55(4): 271–285. https://doi.org/10.1016/
S0169-2046(01)00160-8

Luis AM, Llorente JB, Vargas IF (2003) Nymphalidae de México I. Danainae, Apaturinae, 
Biblidinae y Heliconiinae: distribución geográfica e ilustración. Comisión Nacional para 
el Conocimiento y Uso de la Biodiversidad/ Universidad Nacional Autónoma de México, 
México, 249 pp.

https://doi.org/10.1023/A:1016666813655
https://doi.org/10.1023/A:1016666813655
https://doi.org/10.1890/03-5269
https://doi.org/10.1890/03-5269
https://doi.org/10.1111/j.1523-1739.2004.00468.x
https://doi.org/10.1111/j.1523-1739.2004.00468.x
https://doi.org/10.14411/eje.2011.030
https://doi.org/10.1046/j.1523-1739.1993.740796.x
https://doi.org/10.1016/j.agee.2007.02.008
https://www.jstor.org/stable/j.ctt1657t3w
https://doi.org/10.1007/s10841-009-9254-x
https://doi.org/10.1016/j.crvi.2010.11.001
https://doi.org/10.1016/S0169-2046(01)00160-8
https://doi.org/10.1016/S0169-2046(01)00160-8


Butterflies on an atmospheric pollution gradient 95

Luis AM, Llorente JB, Vargas IF, Pozo C (2010) Nymphalidae de México III. Nymphali-
nae: distribución geográfica e ilustración. Las Prensas de Ciencias, Facultad de Ciencias, 
UNAM, México, 196 pp.

Luna MR, Llorente JB, Luis AM, Vargas IF (2010) Composición faunística y fenología de 
las mariposas (Rhopalocera: Papilionoidea) de Cañón de Lobos, Yautepec, Morelos, 
México. Revista Mexicana de Biodiversidad 81: 315–342. https://doi.org/10.22201/
ib.20078706e.2010.002.257

Luz M de la, Madero A (2011) Guía de mariposas de Nuevo León. Fondo Editorial de Nuevo 
León, UANL, México, 366 pp.

Magle SB, Hunt VM, Vernon M, Crooks KR (2012) Urban wildlife research: Past, pre-
sent, and future. Biological Conservation 155: 23–32. https://doi.org/10.1016/j.bio-
con.2012.06.018

Mancilla Y, Herckes P, Fraser MP, Mendoza A (2015) Secondary organic aerosol contributions 
to PM2.5 in Monterrey, Mexico: Temporal and seasonal variation. Atmospheric Research 
153: 348–359. https://doi.org/10.1016/j.atmosres.2014.09.009

Marzluff JM, Ewing K (2001) Restoration of fragmented landscapes for the conservation of 
birds: A general framework and specific recommendations for urbanizing landscapes. Res-
toration Ecology 9(3): 280–292. https://doi.org/10.1046/j.1526-100x.2001.009003280.x

McGeoch MA, Rensburg BJV, Botes A (2002) The verification and application of bioindica-
tors: a case study of dung beetles in a savanna ecosystem. Journal of Applied Ecology 39: 
661–672. https://doi.org/10.1046/j.1365-2664.2002.00743.x

McIntyre NE (2000) Ecology of urban arthropods: a review and a call to action. Annals of 
the Entomological Society of America 93: 825–835. https://doi.org/10.1603/0013-
8746(2000)093[0825:EOUAAR]2.0.CO;2

McKinney ML (2008) Effects of urbanization on species richness: A review of plants and ani-
mals. Urban Ecosystems 11(2): 161–176. https://doi.org/10.1007/s11252-007-0045-4

Meléndez-Jaramillo E, Cantú-Ayala C, Sánchez-Reyes UJ, Sandoval-Becerra FM, Herrera-
Fernández B (2019) Altitudinal and seasonal distribution of butterflies (Lepidoptera, Papil-
ionoidea) in Cerro Bufa El Diente, Tamaulipas, Mexico. ZooKeys 900: 31–68. https://doi.
org/10.3897/zookeys900.36978

Menchaca HL, Mercado R, Mendoza A (2015) Diurnal and seasonal variation of volatile or-
ganic compounds in the atmosphere of Monterrey, Mexico. Atmospheric Pollution Re-
search 6(6): 1073–1081. https://doi.org/10.1016/j.apr.2015.06.004

Moreno CE, Sánchez-Rojas G, Escobar F, Pineda E (2007) Atajos para la evaluación de la 
biodiversidad: una revisión de la terminología y recomendaciones para el uso de grupos 
objetivo, bioindicadores y sustitutos. IJEnvH’s 1: 71–86. https://doi.org/10.1504/IJEN-
VH.2007.012225

Mukherjee S, Banerjee S, Saha GK, Basu P, Aditya G (2015) Butterfly diversity in Kolkata, 
India: An appraisal for conservation management. Journal of Asia-Pacific Biodiversity 8(3): 
210–221. https://doi.org/10.1016/j.japb.2015.08.001

Mulder C, Aldenberg T, de Zwart D, van Wijnen HJ, Breure AM (2005) Evaluating the impact 
of pollution on plant-Lepidoptera relationships. Environmetrics 16(4): 357–373. https://
doi.org/10.1002/env.706

https://doi.org/10.22201/ib.20078706e.2010.002.257
https://doi.org/10.22201/ib.20078706e.2010.002.257
https://doi.org/10.1016/j.biocon.2012.06.018
https://doi.org/10.1016/j.biocon.2012.06.018
https://doi.org/10.1016/j.atmosres.2014.09.009
https://doi.org/10.1046/j.1526-100x.2001.009003280.x
https://doi.org/10.1046/j.1365-2664.2002.00743.x
https://doi.org/10.1603/0013-8746(2000)093%5B0825:EOUAAR%5D2.0.CO;2
https://doi.org/10.1603/0013-8746(2000)093%5B0825:EOUAAR%5D2.0.CO;2
https://doi.org/10.1007/s11252-007-0045-4
https://doi.org/10.3897/zookeys900.36978
https://doi.org/10.3897/zookeys900.36978
https://doi.org/10.1016/j.apr.2015.06.004
https://doi.org/10.1504/IJENVH.2007.012225
https://doi.org/10.1504/IJENVH.2007.012225
https://doi.org/10.1016/j.japb.2015.08.001
https://doi.org/10.1002/env.706
https://doi.org/10.1002/env.706


Edmar Meléndez-Jaramillo et al.  /  ZooKeys 1037: 73–103 (2021)96

Niell RS (2001) Butterfly community change in response to rural residential development. 
Masters Thesis, University of Nevada, Reno, NV.

Núñez E (2008) Las especies urbanas de Rhopalocera de la Reserva Ecológica Costanera Sur, 
Ciudad de Buenos Aires, Argentina (Lepidoptera: Hesperioidea y Papilionoidea) SHILAP 
Revista de Lepidopterología 36: 435–447.

Öckinger E, Dannestam A, Smith HG (2009) The importance of fragmentation and habitat 
quality of urban grasslands for butterfly diversity. Landscape and Urban Planning 93(1): 
31–37. https://doi.org/10.1016/j.landurbplan.2009.05.021

Öckinger E, Eriksson AK, Smith HG (2006) Effects of grassland abandonment, restoration and 
management on butterflies and vascular plants. Biological Conservation 133(3): 291–300. 
https://doi.org/10.1016/j.biocon.2006.06.009

Öckinger E, Hammarstedt O, Nilsson SG, Smith HG (2006) The relationship between local 
extinctions of grassland butterflies and increased soil nitrogen levels. Biological Conserva-
tion 128(4): 564–573. https://doi.org/10.1016/j.biocon.2005.10.024

Oksanen J, Blanchet FG, Friendly M, Kindt R, Legendre P, McGlinn D, Minchin PR, O’Hara 
RB, Simpson GL, Solymos P, Stevens MHH, Szoecs E, Wagner H (2019) vegan: Communi-
ty Ecology Package. R package version 2.5–4. https://CRAN.R-project.org/package=vegan

Orta ST, Ochoa AC, Carrizalez L, Varela JA, Pérez FJ, Pruneda LG, Torres A, Guzmán JL, Pérez 
IN (2016) Persistent organic pollutants and heavy metal concentrations in soil from the 
Metropolitan Area of Monterrey, Nuevo Leon, Mexico. Archives of Environmental Con-
tamination and Toxicology 70(3): 452–463. https://doi.org/10.1007/s00244-015-0239-3

Philips KH, Kobiela ME, Snell EC (2017) Developmental lead exposure has mixed effects on 
butterfly cognitive processes. Animal Cognition 20(1): 87–96. https://doi.org/10.1007/
s10071-016-1029-7

Quantum GIS Development Team (2018) Quantum GIS Geographic Information System. 
Open Source Geospatial Foundation Project. https://qgis.org/es/site/

R Development Core Team (2019) R: a language and environment for statistical computing. R 
Foundation for Statistical Computing, Vienna.

Ramírez L, MacGregor-Fors I (2016) Butterflies in the city: a review of urban diurnal Lepi-
doptera. Urban Ecosystems 20(1): 171–182. https://doi.org/10.1007/s11252-016-0579-4

Ruszczyk A (1986) Distribution and abundance of butterflies in the urbanization zones of 
Porto Alegre, Brazil. Journal of Research on the Lepidoptera 25(3): 157–178.

Ruszczyk A, de Araujo AM (1992) Gradients in butterfly species diversity in an urban area in 
Brazil. Journal of the Lepidopterists’ Society 46: 255–264.

Rydon AHB (1964) Notes on the use of butterfly traps in East Africa. Journal of the Lepidop-
terists’ Society 18(1): 57–58.

Sackis GD, Morais ABB (2008) Borboletas (Lepidoptera: Hesperioidea e Papilionoidea) do 
campus da Universidade Federal de Santa Maria, Santa Maria, Rio Grande do Sul. Biota 
Neotropica 8(1): 21–28. https://doi.org/10.1590/S1676-06032008000100018

Sanchez-Castillo L, Kubota T, Cantú I, Moriyama T, Hasnawir (2016) A probability method of 
rainfall warning for sediment-related disaster in developing countries: a case study in Sierra 
Madre Oriental, Mexico. Natural Hazards 85(3): 1893–1906. https://doi.org/10.1007/
s11069-016-2669-2

https://doi.org/10.1016/j.landurbplan.2009.05.021
https://doi.org/10.1016/j.biocon.2006.06.009
https://doi.org/10.1016/j.biocon.2005.10.024
https://CRAN.R-project.org/package=vegan
https://doi.org/10.1007/s00244-015-0239-3
https://doi.org/10.1007/s10071-016-1029-7
https://doi.org/10.1007/s10071-016-1029-7
https://qgis.org/es/site/
https://doi.org/10.1007/s11252-016-0579-4
https://doi.org/10.1590/S1676-06032008000100018
https://doi.org/10.1007/s11069-016-2669-2
https://doi.org/10.1007/s11069-016-2669-2


Butterflies on an atmospheric pollution gradient 97

Sanchez-Castillo L, Kubota T, Cantu I, Yanez M, Hasnawir, Pequeno M (2017) Comparisons 
of the root mechanical properties of three native Mexican tree species for soil bioengineer-
ing practices. Botanical Sciences 95(2): 259–269. https://doi.org/10.17129/botsci.802

Schultz CB, Dlugosch KM (1999) Nectar and host plant scarcity limit populations of an 
endangered Oregon butterfly. Oecologia 119(2): 231–238. https://doi.org/10.1007/
s004420050781

Scott JA (1986) The Butterflies of North America. A Natural History and Field Guide. Stanford 
University Press, Stanford, 583 pp.

Selmi W, Weber C, Rivière E, Blond N, Mehdi L, Nowak D (2016) Air pollution removal by 
trees in public green spaces in Strasbourg city, France. Urban Forestry & Urban Greening, 
17: 192–201. https://doi.org/10.1016/j.ufug.2016.04.010

Settele J, Kudrna O, Harpke A, Kühn I, van Swaay C, Verovnik R, Warren M, Wiemers M, 
Hanspach J, Hickler T, Kühn E, van Halder I, Veling K, Vliegenthart A, Wynhoff I, Sch-
weiger O (2008) Climatic risk Atlas of European Butterflies. BioRisk 1: 1–712. https://
doi.org/10.3897/biorisk.1

Shapiro AM (2002) The Californian urban butterfly fauna is dependent on alien plants. Diver-
sity Distributions 8(1): 31–40. https://doi.org/10.1046/j.1366-9516.2001.00120.x

Silva ARM, Castro COD, Mafia PO, Mendonça MOC, Alves TCC, Beirão MDV (2012) Bor-
boletas frugívoras (Lepidoptera: Nymphalidae) de uma área urbana (Área de Proteção Es-
pecial Manancial Cercadinho) em Belo Horizonte, Minas Gerais, Brasil. Biota Neotropica 
12: 292–297. https://doi.org/10.1590/S1676-06032012000300028

Sisto NP, Ramírez AI, Aguilar I, Magaña V (2016) Climate threats, water supply vulnerability and 
the risk of a water crisis in the Monterrey Metropolitan Area (Northeastern Mexico) Physics 
and Chemistry of the Earth, Parts A/B/C 91: 2–9. https://doi.org/10.1016/j.pce.2015.08.015

Snep R, Opdam P, Baveco J, Devries PJ, Timmermans W, Kwak R, Kuypers V (2006) How 
peri-urban areas can strengthen animal populations within cities: A modeling approach. 
Biological Conservation 127(3): 345–355. https://doi.org/10.1016/j.biocon.2005.06.034

Soga M, Koike S (2012) Relative importance of quantity, quality and isolation of patches for 
butterfly diversity in fragmented urban forests. Ecological Research 27(2): 265–271. htt-
ps://doi.org/10.1007/s11284-011-0896-2

Soga M, Koike S (2013) Mapping the potential extinction debt of butterflies in a modern city: 
implications for conservation priorities in urban landscapes. Animal Conservation 16(1): 
1–11. https://doi.org/10.1111/j.1469-1795.2012.00572.x

Soga M, Yamaura Y, Koike S, Gaston KJ (2014) Land sharing vs. land sparing: does the com-
pact city reconcile urban development and biodiversity conservation? Journal of Applied 
Ecology 51(5): 1378–1386. https://doi.org/10.1111/1365-2664.12280

Stefanescu C, Herrando S, Páramo F (2004) Butterfly species richness in the north-west Medi-
terranean Basin: the role of natural and human-induced factors. Journal of Biogeography 
31(6): 905–915. https://doi.org/10.1111/j.1365-2699.2004.01088.x

Tejeda-Cruz C, Mehltreter K, Sosa VJ (2008) Indicadores ecológicos multi-taxonómicos. In: 
Manson RH, Hernández-Ortiz V, Gallina S, Mehltreter K (Eds) Agroecosistemas Cafetale-
ros de Veracruz: Biodiversidad, Manejo y Conservación. Instituto Nacional de Ecología A. 
C, México: 123–134.

https://doi.org/10.17129/botsci.802
https://doi.org/10.1007/s004420050781
https://doi.org/10.1007/s004420050781
https://doi.org/10.1016/j.ufug.2016.04.010
https://doi.org/10.3897/biorisk.1
https://doi.org/10.3897/biorisk.1
https://doi.org/10.1046/j.1366-9516.2001.00120.x
https://doi.org/10.1590/S1676-06032012000300028
https://doi.org/10.1016/j.pce.2015.08.015
https://doi.org/10.1016/j.biocon.2005.06.034
https://doi.org/10.1007/s11284-011-0896-2
https://doi.org/10.1007/s11284-011-0896-2
https://doi.org/10.1111/j.1469-1795.2012.00572.x
https://doi.org/10.1111/1365-2664.12280
https://doi.org/10.1111/j.1365-2699.2004.01088.x


Edmar Meléndez-Jaramillo et al.  /  ZooKeys 1037: 73–103 (2021)98

TIBCO Software Inc. (2017) Statistica (data analysis software system): version 13.3. Palo Alto, 
CA. https://www.tibco.com/products/tibco-statistica

UN-HABITAT (2010) State of the World’s Cities 2010/2011: Bridging the Urban Divide. 
London: Earthscan and UN-Habitat. https://doi.org/10.4324/9781849774864

Vargas IF, Llorente JB, Luis AM, Pozo C (2008) Nymphalidae de México II. Libytheinae, 
Ithomiinae, Morphinae y Charaxinae: Distribución Geográfica e Ilustración. Facultad de 
Ciencias, Universidad Nacional Autónoma de México/ Comisión Nacional para el Uso y 
Conocimiento de la Biodiversidad, México, 225 pp.

Villarreal H, Álvarez M, Córdoba S, Escobar F, Fagua G, Gast F, Mendoza H, Ospina M, 
Umaña AM (2006) Manual de Métodos Para el Desarrollo de Inventarios de Biodiver-
sidad. Programa de Inventarios de Biodiversidad. Instituto de Investigación de Recursos 
Biológicos Alexander von Humboldt, Bogotá, 236 pp.

Vlahov D, Galea S (2002) Urbanization, urbanicity, and health. Journal of Urban Health: Bul-
letin of the New York Academy of Medicine 79(Suppl. 1): 1–12. https://doi.org/10.1093/
jurban/79.suppl_1.S1

Wagner DL, Nelson MW, Schweitzer DF (2003) Shrubland Lepidoptera of southern New Eng-
land and southeastern New York: ecology, conservation, and management. Forest Ecology 
and Management 185(1-2): 95–112. https://doi.org/10.1016/S0378-1127(03)00249-4

Wagner DL, Van Driesche RG (2010) Threats Posed to Rare or Endangered Insects by Inva-
sions of Non-native Species. Annual Review of Entomology 55(1): 547–568. https://doi.
org/10.1146/annurev-ento-112408-085516

Warren AD (2000) Hesperioidea (Lepidoptera). In: Llorente JB, González ES, Papavero N 
(Eds) Biodiversidad, taxonomía y biogeografía de artrópodos de México: hacia una síntesis 
de su conocimiento (Vol. II). Las Prensas de Ciencias, Facultad de Ciencias, UNAM, Mé-
xico, D. F., 535–580.

Warren AD, Davis KJ, Grishin NV, Pelham JP, Stangeland EM (2012) Interactive Listing of 
American Butterflies. http://www.butterfliesofamerica.com/

Weiss SB (1999) Cars, cows, and checkerspot butterflies: nitrogen deposition and management 
of nutrient-poor grasslands for a threatened species. Conservation Biology 13: 1476–1486. 
https://doi.org/10.1046/j.1523-1739.1999.98468.x

Ybáñez E, Barboza C (2017) Trayectorias recientes de la migración interna en la Zona Metro-
politana de Monterrey: características, orígenes y destinos a nivel municipal, 2010. Estu-
dios Demográficos y Urbanos 32(2): 245–281. https://doi.org/10.24201/edu.v32i2.1722

https://www.tibco.com/products/tibco-statistica
https://doi.org/10.4324/9781849774864
https://doi.org/10.1093/jurban/79.suppl_1.S1
https://doi.org/10.1093/jurban/79.suppl_1.S1
https://doi.org/10.1016/S0378-1127(03)00249-4
https://doi.org/10.1146/annurev-ento-112408-085516
https://doi.org/10.1146/annurev-ento-112408-085516
http://www.butterfliesofamerica.com/
https://doi.org/10.1046/j.1523-1739.1999.98468.x
https://doi.org/10.24201/edu.v32i2.1722


Butterflies on an atmospheric pollution gradient 99

Appendix 1

Taxonomic list of Papilionoidea by season in each pollution category in the Monterrey Metropolitan Area. 
Legend: S 1 = Site 1 (Pollution free), S 2 = Site 2 (Low pollution), S 3 = Site 3 (Moderate pollution), S 4 
= Site 4 (High pollution). The marked species (*) were collected with Van Someren-Rydon traps.

Taxon Dry season Rainy season General (MMZ)
S 1 S 2 S 3 S 4 S 1 S 2 S 3 S 4

Papilionidae Latreille, 182
Papilioninae Latreille, 182
Troidini Talbot, 1939
Parides photinus (Doubleday, 1844) 3 3 6
Parides erithalion polyzelus (C. Felder & R. Felder, 1865) 5 5
Battus philenor philenor (Linnaeus, 1771) 8 12 13 8 17 16 10 16 100
Battus polydamas polydamas (Linnaeus, 1758) 9 11 11 6 11 17 8 13 86
Leptocircini W. F. Kirby, 1896
Protographium epidaus epidaus (Doubleday, 1846) 4 4
Protographium philolaus philolaus (Boisduval, 1836) 4 3 5 6 18
Papilionini Latreille, 182
Papilio polyxenes asterius (Stoll, 1782) 4 5 10 7 12 7 8 11 64
Pterourus pilumnus Boisduval, 1836 12 10 8 9 9 7 55
Pterourus palamedes leontis Rothschild & Jordan, 196 10 7 17
Heraclides cresphontes Cramer, 1777 12 9 5 10 6 8 9 7 66
Heraclides thoas autocles Rothschild & Jordan, 196 8 13 21
Heraclides astyalus pallas G. Gray, 1853 7 8 7 12 10 11 55
Heraclides ornythion Boisduval, 1836 13 9 5 12 7 8 54
Heraclides anchisiades idaeus Fabricius, 1793 8 10 18
Pieridae Swainson, 182
Coliadinae Swainson, 1821
Kricogonia lyside (Godart, 1819) 14 14 21 16 23 12 16 26 142
Nathalis iole iole Boisduval, 1836 12 17 7 12 20 13 18 9 108
Eurema daira eugenia (Wallengren, 186) 13 14 20 11 58
Eurema boisduvaliana (C. Felder & R. Felder, 1865) 9 8 16 19 52
Eurema mexicana mexicana (Boisduval, 1836) 13 16 11 15 14 15 17 101
Abaeis nicippe (Cramer, 1779) 20 12 14 13 14 16 7 9 105
Pyrisitia proterpia (Fabricius, 1775) 19 23 9 13 13 10 12 18 117
Pyrisitia lisa centralis (Herrich-Schäffer, 1865) 12 10 14 12 7 11 16 16 98
Pyrisitia nise nelphe (R. Felder, 1869) 4 14 12 18 18 11 77
Pyrisitia dina westwoodii (Boisduval, 1836) 17 21 38
Colias eurytheme Boisduval, 1832 9 11 12 32
Zerene cesonia cesonia (Stoll, 179) 15 9 16 9 10 19 17 14 109
Anteos clorinde (Godart, 1824) 14 9 23 15 61
Anteos maerula (Fabricius, 1775) 20 15 16 15 11 9 16 102
Phoebis sennae marcellina (Cramer, 1777) 11 19 11 9 20 23 15 12 120
Phoebis philea philea (Linnaeus, 1763) 10 6 9 14 13 52
Phoebis agarithe agarithe (Boisduval, 1836) 16 11 6 14 7 18 15 13 100
Pierinae Swainson, 182
Pierini Swainson, 182
Glutophrissa drusilla tenuis (Lamas, 1981) 8 4 4 5 8 9 6 3 47
Catasticta nimbice nimbice (Boisduval, 1836) 6 4 6 16
Leptophobia aripa elodia (Boisduval, 1836) 8 11 19
Pontia protodice (Boisduval & Le Conte, 183) 7 6 10 13 12 8 56
Ascia monuste monuste (Linnaeus, 1764) 4 1 5 7 6 12 13 48
Ganyra josephina josepha (Salvin & Godman, 1868) 4 2 5 6 17
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Taxon Dry season Rainy season General (MMZ)
S 1 S 2 S 3 S 4 S 1 S 2 S 3 S 4

Lycaenidae Leach, 1815
Theclinae Swainson, 1831
Eumaeini E. Doubleday, 1847
Eumaeus childrenae (G. Gray, 1832) 5 13 18
Atlides halesus corcorani Clench, 1942 7 7
Rekoa zebina (Hewitson, 1869) 6 6 9 21
Rekoa marius (Lucas, 1857) 7 2 5 8 14 36
Arawacus jada (Hewitson, 1867) 6 6 6 8 10 5 41
Ocaria ocrisia (Hewitson, 1868) 5 5 11 10 31
Chlorostrymon telea (Hewitson, 1868) 2 2
Cyanophrys herodotus (Fabricius, 1793) 5 10 15
Cyanophrys miserabilis (Clench, 1946) 4 10 7 12 33
Allosmaitia strophius (Godart, 1824) 8 10 18
Laothus erybathis (Hewitson, 1867) 5 4 9
Electrostrymon guzanta (Schaus, 192) 5 9 4 8 11 6 13 7 63
Calycopis isobeon (Butler & H. Druce, 1872) 6 5 8 8 14 10 10 7 68
Strymon melinus melinus Hübner, 1818 3 7 5 8 9 13 10 12 67
Strymon rufofusca (Hewitson, 1877) 3 5 10 18
Strymon albata (C. Felder & R. Felder, 1865) 3 3
Strymon bebrycia (Hewitson, 1868) 13 13
Strymon yojoa (Reakirt, 1867) 4 8 5 11 28
Strymon bazochii bazochii (Godart, 1824) 2 10 12
Strymon istapa istapa (Reakirt, 1867) 9 6 10 1 6 10 9 10 61
Tmolus echion echiolus (Draudt, 192) 9 9
Ministrymon clytie (W. H. Edwards, 1877) 9 7 8 4 9 14 13 8 72
Ministrymon azia (Hewitson, 1873) 3 6 5 15 5 34
Michaelus hecate (Godman & Salvin, 1887) 5 5
Polyommatinae Swainson, 1827
Leptotes cassius cassidula (Boisduval, 187) 14 11 9 9 4 14 14 11 86
Leptotes marina (Reakirt, 1868) 8 7 19 10 13 57
Brephidium exilis exilis (Boisduval, 1852) 10 9 19
Cupido comyntas comyntas (Godart, 1824) 12 12 24
Echinargus isola (Reakirt, 1867) 6 5 12 13 15 15 11 7 84
Hemiargus ceraunus astenidas (Lucas, 1857) 10 9 10 3 13 15 9 69
Riodinidae Grote, 1895
Riodininae Grote, 1895
Calephelis nemesis australis (W. H. Edwards, 1877) 7 2 9 5 9 2 5 5 44
Calephelis perditalis perditalis W. Barnes & McDunnough, 1918 5 5 6 8 11 8 5 12 60
Calephelis rawsoni McAlpine, 1939 7 4 7 18
Caria ino melicerta Schaus, 189 7 2 8 7 6 7 37
Lasaia agesilas callaina Clench, 1972 6 10 7 13 36
Anteros carausius carausius Westwood, 1851 4 7 11
Emesis tenedia C. Felder & R. Felder, 1861 8 7 5 3 10 5 6 9 53
Emesis emesia (Hewitson, 1867) 7 7 6 8 3 10 3 4 48
Apodemia hypoglauca hypoglauca (Godman & Salvin, 1878) 2 2
Nymphalidae Rafinesque, 1815
Libytheinae Boisduval, 1833
*Libytheana carinenta larvata (Strecker, 1878) 11 9 12 14 16 19 16 16 113
Danainae Boisduval, 1833
Danaini Boisduval, 1833
Danaus plexippus plexippus (Linnaeus, 1758) 5 5 8 11 7 9 6 10 61
Danaus gilippus thersippus (H. Bates, 1863) 7 5 7 7 8 10 6 3 53
Danaus eresimus montezuma Talbot, 1943 6 10 11 10 37
Ithomiini Godman & Salvin, 1879 
Pteronymia cotytto (Guérin-Méneville, 1844) 1 1
Heliconiinae Swainson, 1822
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Taxon Dry season Rainy season General (MMZ)
S 1 S 2 S 3 S 4 S 1 S 2 S 3 S 4

Heliconiini Swainson, 1822
Agraulis vanillae incarnata (N. Riley, 1926) 8 5 3 2 5 11 11 10 55
Dione moneta poeyii Butler, 1873 5 5 10
Dryas iulia moderata (N. Riley, 1926) 7 3 6 7 8 12 11 10 64
Heliconius charithonia vazquezae W. Comstock & F. Brown, 195 6 8 11 3 6 7 11 7 59
Heliconius erato petiverana (E. Doubleday, 1847) 7 7
Argynnini Swainson, 1833
Euptoieta claudia (Cramer, 1775) 6 6 8 11 9 5 9 54
Euptoieta hegesia meridiania Stichel, 1938 10 6 10 9 7 8 10 10 70
Limenitidinae Behr, 1864
Limenitidini Behr, 1864
*Limenitis arthemis astyanax (Fabricius, 1775) 4 3 7
*Adelpha paroeca paroeca (H. Bates, 1864) 9 8 17
*Adelpha fessonia fessonia (Hewitson, 1847) 7 9 5 6 9 11 7 16 70
*Adelpha basiloides (H. Bates, 1865) 9 6 8 3 8 34
Apaturinae Boisduval, 184
*Asterocampa celtis antonia (W. H. Edwards, 1878) 9 14 7 6 6 7 6 13 68
*Asterocampa leilia (W. H. Edwards, 1874) 8 11 10 4 7 8 10 15 73
*Asterocampa clyton louisa D. Stallings & Turner, 1947 4 7 10 9 9 12 8 11 70
*Asterocampa idyja argus (H. Bates, 1864) 13 6 9 28
*Doxocopa pavon theodora (Lucas, 1857) 9 11 20
Doxocopa laure laure (Drury, 1773) 6 9 9 11 5 10 50
Biblidinae Boisduval, 1833
Biblidini Boisduval, 1833
*Biblis hyperia aganisa Boisduval, 1836 9 3 6 9 14 12 10 5 68
Mestra amymone (Ménétriés, 1857) 10 13 9 7 15 11 5 10 80
Catonephelini Orfila, 1952
*Eunica tatila tatila (Herrich-Schäffer, 1855) 10 5 10 9 14 48
*Eunica monima (Stoll, 1782) 9 10 10 29
*Myscelia ethusa ethusa (Doyère, 184) 9 9 8 8 7 8 4 8 61
Ageroniini E. Doubleday, 1847
*Hamadryas februa ferentina (Godart, 1824) 9 6 5 5 10 13 11 10 69
*Hamadryas glauconome glauconome (H. Bates, 1864) 4 4 11 5 5 29
Epiphelini Jenkins, 1987
*Epiphile adrasta adrasta Hewitson, 1861 2 3 7 12
*Temenis laothoe (Cramer, 1777) 4 4
Eubagini Burmeister, 1878
Dynamine postverta mexicana d’Almeida, 1952 5 4 2 6 3 5 3 5 33
Cyrestinae Guenée, 1865
Cyrestini Guenée, 1865
Marpesia petreus (Cramer, 1776) 3 3 1 7
Nymphalinae Rafinesque, 1815
Nymphalini Rafinesque, 1815
Vanessa virginiensis (Drury, 1773) 6 5 6 17
Vanessa cardui (Linnaeus, 1758) 8 10 4 10 8 8 6 54
*Vanessa atalanta rubria (Fruhstorfer, 199) 3 3 2 6 3 6 4 4 31
*Polygonia interrogationis (Fabricius, 1798) 1 5 6
Victorinini Scudder, 1893
Anartia jatrophae luteipicta (Fruhstorfer, 197) 3 3 6 4 9 7 6 10 48
Anartia fatima fatima (Fabricius, 1793) 4 6 6 5 6 11 9 9 56
Siproeta stelenes biplagiata (Fruhstorfer, 197) 7 4 7 5 4 11 10 13 61
Junoniini Reuter, 1896
Junonia coenia coenia Hübner, 1822 4 1 1 4 3 4 17
Melitaeini Newman, 187
Chlosyne janais janais (Drury, 1782) 10 9 8 8 5 13 16 15 84
Chlosyne definita definita (E. Aaron, 1885) 3 9 7 7 26
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Taxon Dry season Rainy season General (MMZ)
S 1 S 2 S 3 S 4 S 1 S 2 S 3 S 4

Chlosyne endeis pardelina Scott, 1986 11 8 7 9 8 7 50
Chlosyne rosita browni Bauer, 1961 8 13 7 9 10 11 4 11 73
Chlosyne theona bollii (W. H. Edwards, 1877) 9 12 7 13 5 14 17 77
Chlosyne lacinia adjutrix Scudder, 1875 7 8 5 10 12 15 11 13 81
Microtia elva elva H. Bates, 1864 12 4 7 11 17 13 9 10 83
Dymasia dymas dymas (W. H. Edwards, 1877) 8 10 18
Texola elada ulrica (W. H. Edwards, 1877) 5 9 8 10 32
Anthanassa texana texana (W. H. Edwards, 1863) 11 7 12 7 11 14 12 17 91
Anthanassa ardys (Hewitson, 1864) 12 12 24
Anthanassa ptolyca (H. Bates, 1864) 10 10 8 28
Anthanassa argentea (Godman & Salvin, 1882) 6 7 12 7 15 12 9 18 86
Anthanassa tulcis (H. Bates, 1864) 16 13 29
Phyciodes graphica (R. Felder, 1869) 6 8 8 10 32
Phyciodes phaon phaon (W. H. Edwards, 1864) 11 13 6 30
Phyciodes tharos tharos (Drury, 1773) 6 10 8 9 5 12 12 14 76
Charaxinae Guenée, 1865
Anaeini Reuter, 1896
*Anaea aidea (Guérin-Méneville, 1844) 15 11 12 12 12 20 22 18 122
*Fountainea glycerium glycerium (E. Doubleday, 1849) 2 5 3 9 6 25
*Memphis pithyusa pithyusa (R. Felder, 1869) 5 4 9
Satyrinae Boisduval, 1833
Satyrini Boisduval, 1833
*Cyllopsis dospassosi L. Miller, 1974 3 4 7 14
*Cyllopsis gemma freemani (D. Stallings & Turner, 1947) 7 8 7 8 20 14 17 13 94
*Megisto rubricata rubricata (W. H. Edwards, 1871) 3 3
Hermeuptychia hermes (Fabricius, 1775) 8 9 8 8 11 13 5 8 70
Hesperiidae Latreille, 189
Eudaminae Mabille, 1877
Phocides polybius lilea (Reakirt, 1867) 1 1
Phocides urania urania (Westwood, 1852) 4 2 1 5 12
Polygonus leo arizonensis (Skinner, 1911) 2 2
Chioides albofasciatus (Hewitson, 1867) 6 5 5 8 5 6 8 11 54
Chioides zilpa (Butler, 1872) 6 5 7 8 5 7 15 9 62
Aguna asander asander (Hewitson, 1867) 3 1 4 4 2 4 18
Aguna metophis (Latreille, 1824) 2 5 3 3 13
Typhedanus undulatus (Hewitson, 1867) 1 1 3 5
Urbanus proteus proteus (Linnaeus, 1758) 7 4 7 6 11 11 10 56
Urbanus dorantes dorantes (Stoll, 179) 7 6 7 10 7 7 44
Urbanus procne (Plötz, 1881) 8 8 9 5 11 14 8 4 67
Astraptes fulgerator azul (Reakirt, 1867) 3 6 7 6 11 7 15 9 64
Astraptes alector hopfferi (Plötz, 1881) 7 10 17
Astraptes anaphus annetta Evans, 1952 2 2
Autochton cellus (Boisduval & Le Conte, 1837) 6 7 13
Autochton cincta (Plötz, 1882) 1 4 9 6 5 5 30
Autochton neis (Geyer, 1832) 7 4 6 7 24
Achalarus toxeus (Plötz, 1882) 8 5 9 4 5 5 3 8 47
Thorybes pylades albosuffusa H. Freeman, 1943 6 6
Cabares potrillo potrillo (Lucas, 1857) 8 7 9 7 3 8 5 7 54
Spathilepia clonius (Cramer, 1775) 2 4 5 11
Cogia hippalus hiska Evans, 1953 3 8 7 7 25
Pyrginae Burmeister, 1878
Carcharodini Verity, 194
Arteurotia tractipennis tractipennis Butler & H. Druce, 1872 7 4 5 7 23
Polyctor enops (Godman & Salvin, 1894) 3 7 10
Noctuana lactifera bipuncta (Plötz, 1884) 7 5 12
Bolla brennus brennus (Godman & Salvin, 1896) 4 6 6 4 5 25
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Taxon Dry season Rainy season General (MMZ)
S 1 S 2 S 3 S 4 S 1 S 2 S 3 S 4

Staphylus mazans (Reakirt, 1867) 8 6 4 8 10 6 11 14 67
Staphylus azteca (Scudder, 1872) 7 6 13
Pholisora catullus (Fabricius, 1793) 3 7 6 4 7 8 8 11 54
Erynnini Brues & F. Carpenter, 1932
Gorgythion begga pyralina (Möschler, 1877) 9 4 5 3 7 9 4 7 48
Sostrata nordica Evans, 1953 7 7
Grais stigmaticus stigmaticus (Mabille, 1883) 8 9 6 8 3 34
Timochares ruptifasciata (Plötz, 1884) 10 10
Chiomara georgina georgina (Reakirt, 1868) 5 6 5 9 7 14 9 13 68
Gesta invisus (Butler & H. Druce, 1872) 4 7 3 6 2 6 8 5 41
Erynnis funeralis (Scudder & Burgess, 187) 1 3 6 8 18
Achlyodidini Burmeister, 1878
Eantis tamenund (W. H. Edwards, 1871) 5 6 10 5 12 7 11 8 64
Zera hyacinthinius hyacinthinus (Mabille, 1877) 5 7 6 6 4 28
Pyrgini Burmeister, 1878
Carrhenes canescens canescens (R. Felder, 1869) 3 3
Systasea pulverulenta (R. Felder, 1869) 7 8 9 6 6 7 6 4 53
Celotes nessus (W. H. Edwards, 1877) 8 6 4 6 24
Pyrgus albescens Plötz, 1884 8 10 7 3 12 8 13 16 77
Pyrgus oileus (Linnaeus, 1767) 6 11 6 5 22 7 14 19 90
Pyrgus philetas W. H. Edwards, 1881 1 1 1 3 6
Heliopyrgus sublinea (Schaus, 192) 6 6 7 8 5 32
Heliopetes laviana laviana (Hewitson, 1868) 9 5 5 5 8 4 9 8 53
Heliopetes macaira macaira (Reakirt, 1867) 9 9
Hesperiinae Latreille, 189
Thymelicini Tutt, 195
Ancyloxypha arene (W. H. Edwards, 1871) 7 7 3 7 12 4 2 9 51
Copaeodes aurantiaca (Hewitson, 1868) 4 3 6 4 7 11 3 10 48
Copaeodes minima (W. H. Edwards, 187) 2 5 5 6 12 12 10 10 62
Calpodini A. Clark, 1948
Panoquina lucas (Fabricius, 1793) 2 5 7
Anthoptini A. Warren, 29
Synapte pecta Evans, 1955 1 1
Moncini A. Warren, 28
Remella rita (Evans, 1955) 2 2
Amblyscirtes tolteca tolteca Scudder, 1872 2 2
Cymaenes trebius (Mabille, 1891) 5 5
Lerodea eufala eufala (W. H. Edwards, 1869) 4 3 8 4 6 25
Lerema accius (J. E. Smith, 1797) 5 5 3 6 6 10 9 7 51
Lerema liris Evans, 1955 5 7 4 5 7 3 6 6 43
Vettius fantasos (Cramer, 178) 2 4 6
Hesperiini Latreille, 189
Hylephila phyleus phyleus (Drury, 1773) 3 3 3 2 3 5 8 7 34
Polites vibex praeceps (Scudder, 1872) 4 5 3 4 7 7 2 5 37
Wallengrenia otho otho (J. E. Smith, 1797) 4 4
Atalopedes campestris huron (W. H. Edwards, 1863) 1 2 4 3 5 4 4 4 27
Poanes melane vitellina (Herrich-Schäffer, 1869) 4 4 8
Anatrytone mazai (H. Freeman, 1969) 3 3
Quasimellana eulogius (Plötz, 1882) 4 2 3 4 3 16
Quinta cannae (Herrich-Schäffer, 1869) 6 2 8
Nyctelius nyctelius nyctelius (Latreille, 1824) 5 3 5 6 6 9 7 9 50
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