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ABSTRACT—We collected 423 species of diurnal butterflies (Rhopalocera) during 250 days of
observations from March 1997 through January 2000 in the region of Calakmul, Campeche, Mex-
ico. We present a list of 428 species recorded for Calakmul. This is the first reported list of
butterflies for the state of Campeche, and it includes 290 new records for the state, 374 new
records for Calakmul, and 1 new record for Mexico: Monca telata. Museum records were found
for 5 additional species: Caria melino, Cissia labe, Tmolus echion, Emesis lupina lupina, and Calephelis
azleca. The accumulation curve of species estimates that 457 species should be present in Calak-
mul, which suggests the list presented is 93% complete. We found that medium, tropical, semi-
evergreen forest is the richest (371 species); more than a quarter of the butterflies of the Calakmul
region were found exclusively in this forest. We also found the southern area slightly more abun-
dant in species (82%) than the northern area (79%). Additionally, a comparison was made of the
list generated for Campeche to lists from previous studies for Quintana Roo, Tikal-Guatemala
National Park, and Belize. The comparison shows that 70%, 58%, and 54% of the butterfly species
in Calakmul also are found in Tikal, Quintana Roo, and Belize, respectively.

RESUMEN—Recolectamos 423 especies de mariposas diurnas (Rhopalocera) de la region de Ca-
lakmul, en el estado de Campeche, México, desde marzo de 1997 a enero del 2000 completando
250 dias de muestreo. Se presenta una lista de 428 especies registradas para Calakmul. Esta es la
primera lista reportada de mariposas para el estado de Campeche y en ella se presentan 290
nuevos registros para este estado, 374 nuevos registros para la regién de Calakmul y un nuevo
registro para México: Monca telata. Cinco especies mas fueron encontradas en ejemplares de mu-
seos: Caria melino, Cissia labe, Tmolus echion, Emesis lupina lupina'y Calephelis azteca. Se presenta una
curva de acumulacién de especies con un ndmero tedrico de especies esperadas de 457. De
acuerdo con este cilculo, la lista presentada esta completa en un 93%. Encontramos que la selva
tropical, mediana subperennifolia es mayor en riqueza especifica (371), incluso mas de un cuarto
de las especies reportadas aqui para Calakmul se encontr6 exclusivamente en este tipo de vege-
tacion. También encontramos que el sur es ligeramente mas rico en especies (82%) que la regién
del norte de Calakmul (79%). Adicionalmente, se hizo una comparacién con listas de especies
encontradas en el estado de Quintana Roo, en el Parque Nacional Tikal-Guatemala y en Belice,
donde se muestra que el 70%, 58% y 54% de las especies de Calakmul se comparten con Tikal,
Quintana Roo y Belice, respectivamente.

DECEMBER 2003

The Calakmul Biosphere Reserve (CBR) was
designated in 1989 to protect both biological
and cultural heritage. With 723,185 ha, CBR is
the largest protected tropical forest in Mexico.
The area also includes extensive Mayan ar-
chaeological sites. After the collapse of the Ma-
yan culture, the area was sparsely occupied. It

was not until 1940 that the logging of mahog-
any (Swietenia macrophylla) and cedar (Cedrela
odorata) led to the settlement of Zoh-Laguna,
which is located in the center of the region.
From 1960 to the present, the area has become
accessible by road and many settlements have
started as a consequence of the government
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strategy to encourage land settlement of the
area (Weber, 1999). The settlements are in and
around CBR, and the predominant economic
activities for this region are agriculture and
forestry. Preliminary results indicate that the
Biosphere Reserve supports significant biolog-
ical diversity. The area is comprised of 7 trop-
ical ecosystems, representing a diverse fauna of
vertebrates (Aranda, 1991; Smith et al., 2001;
Calderon et al., 2003), invertebrates (Pozo y
Cedeno-Vazquez, 1998), and plants (Martinez
et al., 2001). The growth of the human com-
munity and the need for more usable land has
produced a mosaic landscape of primary for-
est, second-growth forest, and agricultural
fields (Martinez and Galindo-Leal, 2002).

There are no works reporting organized in-
ventories of butterflies in Campeche. The
study on Mexican butterflies by Godman and
Salvin (1879-1901) cited only 2 species of but-
terflies for Campeche: Furema daira eugenia
and Anaea troglodyta aidea. Eurema daira eugenia
had also been previously cited by Felder
(1869). Of the few works that report species
for Campeche, the most important works are
those by Field (1939), who reported 20 species
of Papilionoidea, and Hoffmann (1940, 1941),
who reported 39 species of Papilionoidea and
15 of Hesperiidae. This study represents the
first organized inventory of butterflies for
Campeche. The purpose of our investigation
was to monitor amphibians, reptiles, and but-
terflies of the Calakmul area. In this paper, we
present the butterfly inventory.

METHODS—Sludy Area—The Calakmul region
(19°15" to 17°50'N, 90°20" to 89°00'W) is located in
Mexico in the southern part of the Yucatan Penin-
sula, which extends from the Gulf of Honduras to
the Términos Lagoon (Miranda, 1958). Calakmul is
in the state of Campeche and borders the El Peten
area of Guatemala (Fig. 1). This region is character-
ized by a flat lowland landscape with no important
terrain elevations (100 to 250 m). Soils are shallow
and calcareous and overlie a limestone platform
(Stedman-Edwards, 2000). Precipitation is highly
seasonal. A rainy season extends from June to No-
vember and a dry season from December to May.
Annual precipitation varies from an average of 550
mm to 1,634 mm, producing dry and wet years. Al-
though flooding occurs during the rainy season,
once the rain stops, little water remains on the sur-
face (Galindo-Leal, 2001). The mean annual tem-
perature is 24.6°C.

The forest in this region is transitional between
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the dryer scrub forest of the north of the Yucatan
Peninsula to the humid tropical forest of the south
in El Peten, Guatemala (Stedman-Edwards, 2000).
The CBR has 50% medium tropical semi-evergreen
forest, 35% low tropical semi-evergreen forest, and
5% high tropical evergreen forest, with the remain-
der of the habitats as grasslands and wetlands (INE
y CONABIO, 1995; Garcia-Gil et al., 2001). In the
high tropical evergreen forest (H), located south of
the CBR, the canopy can be higher than 25 m and
some trees reach 40 m. The trees that dominate this
forest belong to the family Sapotaceae. The most
common species are Manilkara zapota, M. chicle, Pou-
teria sapota, P. amygdalina, P. campechiana, and P. retic-
ulata (Galindo-Leal, 2001). In the medium tropical
semi-evergreen forest (M), the canopy reaches 15 to
25 m, and 25 to 50% of these trees are deciduous.
The commonest species are Brosimun alicastrum, M.
zapota, and Pouteria reticulata. In some areas, trees
lose almost 75% of their leaves. In this case, the most
common species are Guaiacum sanctum, Esenbeckia
(Rutaceae), Beucarnea pliabilis, and Thouinia pauci-
dentata. In the low tropical semi-evergreen forest
(L), the canopy never reaches more than 15 m, and
75% of these trees are deciduous. This forest is dom-
inated by 7. paucidentata, B. pliabilis, G. sanctum, Lon-
chocarpus yucatanensis, Bursera simaruba, Haematoxy-
lum campechianum, Ceiba schotti, Pseudobombax ellipti-
cum, and Maytenus schippi.

Literature and Collections—We consulted the com-
puterized database at the Museum of Zoology, Fa-
cultad de Ciencias (MZFC) at the Universidad Na-
cional Auténoma de México. The database includes
data from Mexican butterfly specimens examined in
foreign and Mexican museums and collections, as
well as data from the literature.

Sampling Protocot—The inventory effort began in
March 1997 and ended in January 2000, with a total
of 250 days in the field. This is part of a larger study
in which we conducted standardized surveys for
long-term monitoring in both disturbed and pro-
tected habitats with a sampling protocol similar to
Austin et al. (1996) in Tikal National Park, Guate-
mala. We chose 6 localities within or near the north-
ern portion of the CBR and 5 more within or near
of southern portion (Fig. 1). To attract some species,
we used 35 Van Someren-Rydon traps (Rydon, 1964)
baited with banana, pineapple, and beer. We also
used hand nets and visual identification when pos-
sible. During the first year, we collected in the wet
and dry season, the second year we collected only
during the wet season, and the third year we visited
the localities on a monthly basis. Of all the individ-
uals captured, about 30% were collected and placed
in glassine bags labeled with date, collector, locality,
and vegetation type. For specimens with difficult
identification, we were advised by J. Llorente-Bous-
quets from MZFC, A. D. Warren from Oregon State
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F16. 1—Map of the Calakmul Biosphere Reserve, México. Study sites indicated by a black circle. Longest
distance between northern sites and southern sites was 112.5 km.

University, and G. Austin from the Nevada Natural
History Museum. Specimens are currently stored at
the Museum of Zoology at El Colegio de la Frontera
Sur-Chetumal, Mexico. Duplicate specimens are de-
posited at MZFC, Mexico.

Analysis—We combined data from the literature,
museum records, and the data we obtained in the
field to construct a table in which we specified the
new records for the Calakmul region, for the state

of Campeche, and for Mexico. We also reported the
vegetation type and the area of distribution for each
species we recorded. The species recorded 3 or few-
er times in a year were considered rare, whereas
common species were those recorded in at least 25%
of the study sites and during 25% of the sampling
days (Sparrow et al., 1994). Our species list follows
the phylogenetic classification by Lamas et al. (pers.
comm.). We checked the adequacy of our inventory
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FI1G. 2—Species cumulative curve for butterflies in
all vegetation types surveyed in Calakmul Biosphere
Reserve, México. Asymptote calculated by Clench
method. Number of species expected (Se) for study
area is 457.

by generating a species accumulation curve using
the EstimateS 5 software (Colwell, 1997). We calcu-
lated the theoretical species number for this area
using the method described by Clench (1979).

ResuLTS—We recorded in the field a total of
65,385 individuals, representing 423 species of
butterflies from southwestern Campeche, in-
cluding 230 genera in 20 subfamilies and 5
families in the superfamilies Hesperioidea and
Papilionoidea. Only 5 species were not collect-
ed, but were found in museums. These are Car-
ia melino, Cissia labe, T'molus echion, Emesis lupina
lupina (Coleccion Nacional de Insectos. Insti-
tuto de Biologia, Universidad Nacional Auton-
oma de México CNIN), and Calephelis azteca
(American Museum of Natural History). Of
the 423 species collected, only 129 had been
previously reported or collected for Campe-
che, and only 47 for the Calakmul region. We
report 290 species in Campeche for the first
time. For the Calakmul area, 374 species are
new records. One species, Monca telata, is a new
record for Mexico. The theoretical species
number calculated for this area was 457 species
(Fig. 2). We present a list of 428 species of but-
terflies from the Calakmul region (Appendix
1). The list includes 231 genera in 20 subfam-
ilies.

We found the medium semi-evergreen trop-
ical forest the richest (371 species), represent-
ing 88% of the total species recorded in the
Calakmul area. We found 27% of the species
in Calakmul only in the M forest (Fig. 3). In
the H forest, we found 22% of the species. Six
species (Philaethria diatonica, Castilia ofella, Ti-
gridia acesta ssp., Mechanitis menapis doryssus, Me-
chanitis polymnia lycidice, and Zizula cyna cyna)
are restricted to this forest type. The L forest
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F16. 3—Species richness of butterflies found in
cach type of vegetation in Calakmul Biosphere Re-
serve, México. Species shared among 3 forest types
referred to as Generalist. L = low, tropical, semi-
evergreen forest; M = medium, tropical, semi-ever-
green forest; H = high, tropical, evergreen forest.
See text for description of forest types.

shared 86% of species with the M forest. The
majority of species restricted to 1 type of veg-
etation were Hesperiidae (84 species) followed
by lycaenid species (53 species). These were re-
stricted to the L and M forest (Fig. 4).

About 60% of the species were distributed
in the entire region. The remaining species
were found exclusively in the south (21%) or
the north (18%). The south had a slightly
more abundant representation. When compar-
ing our list with other studies for Quintana
Roo, Tikal-Guatemala National Park, and Be-
lize, we found that 70% of the butterflies listed
for Calakmul can be also found in Tikal. The
numbers of species shared with Quintana Roo
and Belize are much less, with 58% and 54%
shared, respectively (Table 1).

B Exclusive 0 Shared

160

Low Medium

Number of species
@
o

F1G. 4—Richness of butterfly species shared by and
exclusive to the low, tropical, semi-evergreen forest
and medium, tropical, semi-evergreen forest by fam-

ily.
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TaBLE 1—Distribution of species recorded from
Calakmul (CAL; this study), contiguous state of
Quintana Roo (QROO; de la Maza and Gutiérrez,
1992), country of Belize (BEL; Meerman, 1993,
1999), and the park of Tikal, Guatemala (TIKAL;
Austin et al., 1996), showing percentages of Calak-
mul species unique to each region. Numbers in pa-
rentheses are the number of the species exclusively
from Calakmul

CAL-

QROO-

CAL- CAL- CAL-  BEL-

CAL total  TIKAL QROO BEL  TIKAL
498 (66) 208 249 230 158
100% (15%)  70%  58%  54%  37%

DiscussioN—According to the theoretical
species total (SE = 457) calculated for Calak-
mul, we sampled 93% of its total butterfly fau-
na. Based on these calculations, our list is al-
most a complete species list of this region;
however, it is important to point out that the
main study effort was made in 2 types of veg-
etation in the region: the L forest and M forest.
There are some places in the south with patch-
es of H forest, but these areas are difficult to
reach in the rainy season. We think some of
the species reported by Austin et al. (1996) for
Tikal might also be found in these inaccessible
H forest patches in southern Calakmul. If we
are correct, this could increase our list of spe-
cies to 665.

The proportion of the species shared be-
tween L and M forests is similar to the propor-
tion of the tree species shared between those
forests (Pérez-Salicrup, in press) in the Calak-
mul region (86% versus 82%, respectively).
Also, the proportion of the species endemic to
the L forest (9%) is the same for the tree spe-
cies (Pérez-Salicrup, in press).

Fifteen percent of the fauna recorded in Ca-
lakmul has not been recorded in Quintana
Roo, the border region of Belize, or the Tikal
area in Guatemala. The species lists reported
for Belize (Meerman, 1993, 1999) and Quin-
tana Roo (de la Maza-Elvira and Gutiérrez,
1992) were obtained through a shorter time
and with a different survey method. We believe
that increasing the sampling effort at Quintana
Roo likely would increase the number of spe-
cies for Quintana Roo, thus increasing the
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number of species shared between Calakmul
and Quintana Roo. This is especially true for
the southern part of Quintana Roo, where the
landscape is similar to Calakmul. The case of
Belize is different, because it has habitats not
present in Calakmul. The study by Meerman
(1999) included butterflies recorded in locali-
ties of the Maya Mountains. This is the richest
area for butterfly species in Belize (Meerman,
1999), and it has a cloud forest that is not
found in any other area of the Yucatan Pen-
insula.

Regarding the 5 species found in museums
and not observed in our field work, we know
that Tmolus echion, found in the CNIN collec-
tion for the Calakmul region, was reported in
abundance in Quintana Roo (de la Maza-Elvira
and Gutiérrez, 1992), and it also is reported
for Tikal (Austin et al., 1996) and Belize
(Meerman, 1999). In Tikal, 7. echion is found
in the L forest, the same kind of habitat that
we surveyed in the region of Calakmul 35 km
south of X-Pujil. We cannot explain why we did
not find 7. echion in Calakmul. Emesis lupina
lupina was reported for the north and center
of Quintana Roo, and in Corozal and the Maya
Mountains in Belize. The species Caria melino
is rare in the southern part of Quintana Roo.
Cissia labe and Calephelis azteca are only found
in the Maya Mountains in Belize, making it
likely that we would not find either of these 2
species in Calakmul (even considering a great-
er survey effort for Quintana Roo or Belize).

The species distribution among the 5 fami-
lies is similar to those reported for Tikal Park
by Austin et al. (1996): 4.2% of Papilionidae,
4.9% of Pieridae, 25.7% of Nymphalidae, 25%
of Lycaenidae, and 40.2% of Hesperiidae.
These proportions are also similar to those re-
ported by Llorente-Bousquets et al. (1996) for
Mexico, but are somewhat different from those
reported by Heppner (1991) for the Neotrop-
ical butterfly fauna. In our list, hesperiids and
papilionids are over-represented. It is neces-
sary to continue the systematic collection and
documentation of the butterflies in all the
states of Campeche and Quintana Roo, and
also in the country of Belize.

We are grateful to the following people for their
help in identifying certain species in the following
groups, Hesperiidae: A. Warren (Oregon State Uni-
versity); Theclinae: R. K. Robbins (USNM); and Ly-
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caenidae: G. T. Austin (Nevada Natural History Mu-
seum). We thank A. T. Novelo for his highly profes-
sional and meticulous work in the field, and J. A.
Padilla-Saldivar for the elaboration of the map. We
also thank J. Llorente-Bousquets, M. Balcazar Lara,
and C. Galindo Leal for their constructive comments
on the manuscript and S. Kissmann and J. J. Mor-
rone Lupi for the English review. Funding for this
study was provided by CONABIO (projects J112 and
Q049), CONACyT (32002), Pronatura Peninsula de
Yucatan, The Nature Conservancy, and AICAS.
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