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Butterflies of the family Pieridae (Lepidoptera: Papilionoidea) of the Frio river
basin, northeastern Andes of Santander, Colombia

Mariposas de la familia Pieridae (Lepidoptera: Papilionoidea) de la cuenca de rio Frio, nororiente
de los Andes de Santander, Colombia

Alfonso Villalobos-Moreno! ™, Néstor Cepeda-Olave? , Julidn A. Salazar-Escobar®
and Juan Carlos Agudelo-Martinez*

Director Grupo de Investigaciones Entomologicas y Ambientales-GENA. Calle 91 No. 22-104 Apto 403,
Bucaramanga, Colombia. *Grupo de Investigacion en Ciencias Animales — GRICA, Universidad Cooperativa
de Colombia. *Museo de Historia Natural. Universidad de Caldas. *Universidad Nacional de Colombia, sede
Orinoquia. B avillalobosmo@unal.edu.co, alfvillalmo@gmail.com

ZooBank: urn:Isid:zoobank.org:pub: B0867E70-05C2-4D9B-9CB4-24E3C19628D7
https:/ /doi.org/10.35249 / rche.46.3.20.20

Abstract. The sample was collected during the Characterization of wild Entomofauna of the Frio
river basin jurisdiction of CDMB, in secondary forests in an altitudinal gradient from 1,000 to 2,911
masl. 79 specimens of the family Pieridae were collected, belonging to 13 genera of which Leptophobia
had 5 species, and Catasticta and Eurema had 3 species each. We obtained 22 species distributed in six
sampling locations, where the highest richness of species was in Diviso Experimental Center with 12
species and Esperanza Experimental Center with 10. The analysis of the inventory quality showed
a potential richness of 32.81 species, a proportion of the observed species of 67.05% and a sampling
effort of 76.41%. The comparison of inventories for each locality showed a certain similarity between
La Nevera, La Mariana and La Judia, and fewer similarities with El Diviso. While La Esperanza had
the least similarity with all the others sampling locations, which could be explained by the altitudinal
distance from the other localities.

Key words: Altitudinal gradient, Colombian Andes, diversity, inventory quality, similarity.

Resumen. El muestreo se realizé durante la Caracterizacion de la Entomofauna Silvestre de la cuenca
de rio Frio del area de jurisdicciéon de la CDMB, dentro de bosques secundarios a lo largo de un
gradiente altitudinal desde los 1.000 hasta los 2.911 msnm. Se capturaron 79 especimenes de la familia
Pieridae, pertenecientes a 13 géneros de los cuales Leptophobia tuvo 5 especies, y Catasticta y Eurema
presentaron 3 especies cada uno. Se encontraron 22 especies distribuidas en las cinco localidades
muestreadas, donde El Diviso presenté mayor abundancia (29) y riqueza de especies (12). El andlisis
dela calidad del inventario indicé una riqueza potencial de 32,81 especies, una proporcién de especies
observadas del 67,05% y un esfuerzo de muestreo del 76,41%. La comparacién de los inventarios entre
sitios de muestreo permitié observar cierta similitud entre La Nevera, La Mariana y La Judia, con
menor proporcién con El Diviso, mientras que La Esperanza presenté la menor similitud con todos
los sitios de muestreo, lo cual podria explicarse por la distancia altitudinal con las otras localidades.

Palabras clave: Andes colombianos, calidad del inventario, diversidad, gradiente altitudinal,
similitud.
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Introduction

The order Lepidoptera has the third highest number of species in the world, with
about 200,000 species, behind Coleoptera and Hymenoptera (Forbes et al. 2018). The
family Pieridae has mostly white, green, yellow, or orange colorations, many species with
migratory habits and play an important role as pollinators for large groups of plants. This
family of diurnal butterflies contains 70 genera, 2,000 species in the world, belonging
to four subfamilies: Pseudopontiinae, Dismorphiinae, Coliadinae and Pierinae (Lamas
2004; Maes 2007; Nijhout 1991). As other butterfly groups, the family Pieridae presents
high abundance, are usually easy of sample and identify, and have a stable and well-
known taxonomy, which makes them a useful bioindicator in studies of conservation,
environment impact, monitoring and biodiversity (Llorente-Bousquets ef al. 1996).

The knowledge of biodiversity is a powerful tool for efficient management of
natural resources for those who make decisions and create public policies, promoting
the sustainable development in natural ecosystems (Heller and Zavaleta 2009). Despite
its importance in many regions of Colombia, a poor knowledge of biodiversity and
the increasing demand of natural resources for human needs generate unfavorable
expectations for the preservation of ecosystems. In the northeastern region of the
Colombian Andes, which includes the departments of Boyacd, North of Santander and
Santander, the conflicts between the economic development and the preservation of
natural resources are frequent. The studies of the diversity of butterflies in wild zones of
department of Santander are relatively recent (Casas-Pinilla et al. 2017; Villalobos-Moreno
2013; Villalobos-Moreno et al. 2012; Villalobos-Moreno and Gémez 2015; Villalobos-
Moreno and Salazar 2020a, b), even so, specific studies on family Pieridae are scarce
(Villalobos-Moreno and Gémez 2020; Villalobos et al. 2020).

In the department of Santander, the Regional Autonomous Corporation for the
Defense of the Bucaramanga Plateau (CDMB for its initials in Spanish) has worked to
build an inventory of the biodiversity of representative ecosystems of the municipalities
of Bucaramanga, Floridablanca and Giron, specifically the Frio river basin. This is a
relatively well-preserved area with a gradient from 650 to 3,000 masl. It is considered a
zone of environmental interest due to the diversity of wild flora and fauna (Brand 2004;
Villalobos-Moreno 2004; Villalobos-Moreno and Salazar 2020a). The aim of this study was
to describe the composition and structure of the community of butterflies of the family
Pieridae from the Frio river basin in an altitudinal gradient from 1,000 to 2,911 masl,
contributing to the knowledge of the lepidopterofauna of the northeastern Colombian
Andes.

Materials and Methods

Study area. The Frio river basin is located to the south and southeast of Bucaramanga,
capital for the department of Santander, in the northeastern of the Colombian Andes (Fig.
1). The basin has an area of 11,820 hectares (118.2 km?) and is 30 km in length approximately
(Gémez-Borrero and Lopez-Melo 2005; Ingeominas 2007). The locations studied in the
Frio river basin were La Esperanza Experimental Center (7°04'20.2”N; 73°04'27.0”W; 1,100
masl), El Diviso Experimental Center (7°08'37.0”N; 73°02'08.6”"W; 1,733 masl), La Judia
hill (7°04'77.0”N; 73°04’90.6”W; 1,890 masl), La Mariana farm (7°08'14.1”N; 73°00°88.0”W;
2,226 masl) and La Nevera (7°06'48.3”N; 73°00'47.6”W; 2,911 masl). The sampling localities
have secondary forests, but La Judia include a primary forest where important flora and
fauna elements there has been registered, which resulted in the establishment of the Judia
Regional Natural Park (Sudrez 2012).
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The locations belong to the Tropical Rain Forest (bh-T by the initials in Spanish) in La
Esperanza, to Low Montane Rain Forest (bh-MB by the initials in Spanish) in El Diviso, La
Judia and La Mariana, and to Low Montane Very Humid Forest (bmh-MB by the initials in
Spanish) in La Nevera (Holdridge 2000). Regarding the classification of Cuatrecasas (1989),
the localities belong to sub-Andean Neotropical jungle (La Esperanza, El Diviso, La Judia
and La Mariana) and Andean Neotropical jungle (La Nevera).

LaMariana
e P -

5 P %
.~ El'Diviso

La Nevera

La Judia

» La Esperanza

Figure 1. Location of study zone and sampling places (modified from Google Earth Pro 2020).

Sampling and identification. In each location, the sampling was carried out for 5 or 6
days, depending on the climatic conditions, from 9:00 to 17:00 hours by two collectors. The
captures were made using entomological nets, within free paths of undefined length, which
included forest cover, road edges and riverbanks. The collected specimens were stored
in glassine envelopes and were transported to the CDMB entomology laboratory where
they were mounted, labelled, and stored in Cornell boxes (Triplehorn and Johnson 2005).
The butterflies were deposited in the CDMB Entomological Collection. The taxonomic
identification was made with established literature (D’Abrera 1981; Le Crom et al. 2004;
Salazar 2007; Villalobos-Moreno et al. 2020) and compared with specimens from CDMB
Entomological Collection in Bucaramanga and Natural Sciences Institute of National
University of Colombia in Bogota.

Analysis of inventory quality. We performed an analysis of sampling effort to establish the
level of knowledge regarding the inventory of species and to predict the potential richness
in the sampling zone. Each sampling day was considered as unit of sampling effort (USE)
to, therefore, 22 USE were established. The abundance corresponded to the sum of the
data of each sampling day. To avoid bias in the potential richness estimation, the data was
randomized (1,000 iterations) using the EstimateS program (Colwell 2000). To predict the
potential richness, the nonparametric Chaol (based in abundance) was used. This was
selected because it has been established as a robust estimator of the minimum richness
and, usually, it offers better results than other estimators (Gotelli and Colwell 2001; Walther
and Moore 2005). Using the CurveExpert program (Hyams 2009), estimates were adjusted
to a Clench asymptotic curve, to be able calculate the different parameters of the curve
(Jiménez-Valverde and Hortal 2003).

Analysis of similarity. To establish possible differences between the sampling localities
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in the Frio river basin, a matrix of presence-absence of species by sampling site was
organized. Later, a grouping analysis was done to identify similarity patterns between
them. The Bray-Curtis index was used as a similarity indicator and a single linkage to
create the dendrogram (Ludwing and Reynolds 1988; Magurran 1988). The Past3 program
was used to make the respective calculations and graphics (Hammer 2017).

Results and Discussion

In the samplings made in the five localities of the Frio river basin, 79 specimens were
recorded, belonging to 3 subfamilies, 13 genera and 22 species (Table 1, Appendix 1). The
subfamily Pierinae was represented by 11 species, as this is the most diverse group of
Pieridae in the world; the subfamily Dismorphiinae only had 5 species, because this is
considered less diverse, rarer and scarcer (Braby et al. 2006; Lamas 2004; Villalobos-Moreno
and Gémez 2020). The genus with highest richness of species were Leptophobia with 5
species, followed by Catasticta and Eurema with 5 species each, which coincides in part
with Henao and Stiles (2018), Murillo et al. (2018), and Sepulveda and Ramirez (2014). The
localities with greater abundance were El Diviso (29), La Esperanza (18) and La Mariana
(18). Likewise, the greater richness of species were El Diviso (12) and La Esperanza (10)
(Fig. 2). In addition, the genera with the widest altitudinal range were Leptophobia between
1,000-2,911 masl and Colias 1,700-2,911 masl (Fig. 3). Nathalis plauta Doubleday, 1847 and
Colias dimera Doubleday, 1847 were the species that fly at the highest altitude in the Frio
river basin, given that some specimens were collected above 3,300 masl (Villalobos-Moreno
and Mantilla 2002; Villalobos-Moreno 2020). The preliminary list of species of family
Pieridae in the Frio river basin is organized based on Kristensen (1976), Scott (1985) and
Llorente-Bousquets et al. (1996).

Table 1. List of species of family Pieridae in the Frio river basin. N: Abundance, CT.: Category. A:
Abundant, C: Common, E: Scarce, R: Rare.

Subfamily Tribe Species N | CT
Pseudopieris nehemia (Boisduval, 1836) 1 R
Dismorphia medora medora (Doubleday, 1844) 8 C
DISMORPHIINAE Patia orise cordillera (C. & R. Felder, 1832) 1 R
Enantia melite melite (Linnaeus, 1763) 3 E
Lieinix nemesis nemesis (Latreille, 1813) 4 E
Colias dimera Doubleday, 1847 10 C
Phoebis argante (Fabricius, 1775) 4 E
Eurema albula (Cramer, 1775) 3 E
COLIADINAE
Eurema salome (C. & R. Felder, 1861) 1 R
Eurema xanthochlora xanthochlora (Kollar, 1850) 1 R
Nathalis plauta Doubleday, 1847 3 E
PIERINAE Anthocharidini Hesperocharis marchalii (Guérin-Méneville, 1844) 3 E
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Leodonta tellane tellane (Hewitson, 1860) 1 R
Leodonta zenobia zenobia (C. & R. Felder, 1861) 2 E
Catasticta colla (Doubleday, 1847) 8 C
Catasticta manco manco (Doubleday, 1847) 2 E
Catasticta sisamus sisamus (Fabricius, 1793) 2 E
PIERINAE Pierini
Leptophobia aripa (Boisduval, 1836) 10| C
Leptophobia caesia phanokia Fruhstorfer, 1907 3 E
Leptophobia eleone eleone (Doubleday, 1847) 6 C
Leptophobia eleusis eleusis Lucas, 1852 1 R
Leptophobia tovaria tovaria (C. & R. Felder, 1861) 2 E

The species were classified in four categories: abundant with more than 10 records,
common between 6 and 10 records, scarce between 2 and 5 records, and rare with only
one record (Fagua 1996; Henao 2006; Henao and Stiles 2018). None of the species collected
belong to the abundant category, while the 22.73% was common, 50% scarce and 27.27%
rare. The species of the family Pieridae with the greatest abundances in the Frio river
basin were Colias dimera Doubleday, 1847 (10) and Leptophobia aripa (Boisduval, 1836)
(10), followed by Dismorphia medora (Doubleday, 1844) (8) and Catasticta colla (Doubleday,
1847) (8). In contrast, 6 species were considered in the rare category: Pseudopieris nehemia
(Boisduval, 1836), Patia orise (C. & R. Felder, 1832), Eurema salome (C. & R. Felder, 1861),
Eurema xanthochlora (Kollar, 1850), Leodonta tellane (Hewitson, 1860) and Leptophobia eleusis
Lucas, 1852 (Table 1).
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Figure 2. Abundance and richness of species by sampling sites.
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Figure 3. Altitudinal distribution of the genera of family Pieridae in the Frio river basin.

Analysis of inventory quality. The potential richness reached 32.81 species and was
estimated based on the Clench curve (asymptote of the function; Fig. 4). While the slope of
the curve is still high (0.27), which can be explained by the high number of single species,
the proportion of observed species was 67.05% and the sampling effort estimated was
76.41%, which would be considered that the inventory is relatively adequate. To obtain a
more complete list of species, it is important to increase the samples in these zones and in
other localities of the basin, as well as at different seasons of the year.
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Figure 4. Analysis of sampling effort. S Mean: curve of randomized observed richness; Chaol Mean:
curve of potential richness obtained with the nonparametric estimator Chao 1; Clench: curve adjusted
to the Clench asymptote [y= (4.83¢x) / (1+0.15¢x)]; standard error: 0.56; coefficient of correlation: 0.99.
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Analysis of similarity. The comparison of inventories of each locality allowed the observation
of a certain similarity between La Nevera, La Mariana and La Judia, and with a lesser
proportion with El Diviso (Fig. 5), which could be explained by the geography and altitudinal
proximity between these localities. While La Esperanza had the least similarity with all the
others sampling places (18%), which could be explained by the altitudinal distance from the
other localities, as well as the proximity of increasingly growing urban areas.

Similarity
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
L 1 1 1 L L 1 | 1
El Diviso
La Judia
La Mariana
La Nevera

La Esperanza

Figure 5. Analysis of similarity between locations in the Frio river basin, based in collected species of
family Pieridae. Bray-Curtis index; single linkage; coefficient of correlation: 0.95.

Conclusions

We collected 79 specimens belonging to 22 species, none of which are considered in the
category abundant (more than 10 records), which may be supported by the methodology
of the project, but it can also be explained by the phenology and behavior of the species.
The species with greater abundances were C. dimera (10), L. aripa (10), D. medora (8) and
C. colla (8), normally recorded in medium and high mountain areas. The genus with the
widest altitude range was Leptophobia, and the species recorded at higher altitude were N.
plauta and C. dimera, collected above 3,500 masl. All species are associated with conserved
forest areas except for C. dimera and eventually E. albula and N. plauta, which are associated
with open areas, such as paddocks and pastures. The analysis of the data shows the need
for more collections in these sampled locations to obtain a complete list of species of family
Pieridae for the study area. It is recommended to do more sampling in these and other
locations, as well as at all season of the year.
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Appendix 1. Some species of family Pieridae collected in the Frio river basin, Santander. Scale: 1 cm.
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