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Biodiversity conservation in Costa Rica: a correspondence analysis between
identified biodiversity hotspots (Araceae, Arecaceae, Bromeliaceae, and
Scarabaeinae) and conservation priority life zones

Conservacion de la biodiversidad en Costa Rica: analisis de la correspondencia entre areas
identificadas clave por su biodiversidad (Araceae, Arecaceae, Bromeliaceae y Scarabaeinae) y
zonas de vida prioritarias para la conservacion
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Abstract. This paper undertook an analysis of the distribution of high species richness and areas of endemism based on
plants (Araceae, Arecaceae, and Bromeliaceae) and dung beetles (Scarabaeinae) inhabiting the different Holdridge Life
Zones of Costa Rica. Using a geographic information system (GIS) we analyzed biogeographic provinces, in terms of
their representativity in sampling areas, life zones, and protected areas. Species richness and endemism maps served as a
base for conducting a gap analysis and defining 6 different levels of high priority conservation areas. What percentages of
these priority areas are under some type of protection or conservation scheme and which of these areas should be enlarged
were also investigated. The degree of feasibility that these areas under protection have for enlargement is indicated. A list
is included of all the aforementioned registered species for Costa Rica, as well as their presence in the different Holdridge
Life Zones and their endemism status. Four areas with the highest species richness were identified, and 3 new areas of
endemism are proposed. The most important conservation priority areas are the tropical wet forests on the northeastern
lowlands, the Osa Peninsula region, and the premontane wet forest along the Guanacaste, Tilardn and Central mountain
ranges. This study clearly demonstrates the need to include and compare different groups of organisms in biodiversity-
endemism studies, in order to obtain more robust and finer-grained studies.

Key words: high species richness areas, areas of endemism, life zones, representativity, Araceae, Arecaceae, Bromeliaceae,
Scarabaeinae.

Resumen. El presente estudio analiza la distribucién de areas de alta riqueza especifica y endemismos basado en plantas
(Araceae, Arecaceae, y Bromeliaceae) y escarabajos del estiércol (Scarabaeinae), que habitan las diferentes Zonas de
Vida de Holdridge en Costa Rica. Mediante el uso de un sistema de informacion geografica (SIG) analizamos provincias
biogeograficas, en relacién a la representatividad de las dreas de muestreo, las zonas de vida y las areas protegidas. Los
mapas de alta riqueza especifica y endemismo sirvieron de base para realizar un andlisis de vacios (gaps) y definir 6 niveles
distintos de alta prioridad de dreas de conservacién. También se investigé qué porcentaje de estas dreas prioritarias se
encontraba bajo alglin esquema de proteccion o conservacion, y cuales de estas dreas son susceptibles de ser ampliadas. Se
indica igualmente el grado de factibilidad para que estas areas crezcan. Incluimos una lista de todas las especies registradas
para las familias antes mencionadas en Costa Rica, e indicamos su presencia en las diferentes Zonas de Vida de Holdridge,
asi como su condicién de endemismo. Se identificaron 4 areas de maxima riqueza especifica y 3 dreas nuevas de alto
endemismo. Las dreas prioritarias para la conservacion identificadas fueron: (1), el bosque hiimedo tropical de las tierras
bajas del noreste; (2), la regién de la peninsula de Osa, y (3), el bosque hiimedo premontano, a lo largo de las vertientes
de las cordilleras de Guanacaste, Tilaran y Central. Este estudio demostr6 claramente la necesidad de incluir y comparar a
diferentes grupos de organismos en estudios sobre patrones espaciales de biodiversidad-endemismo, con lo cual es posible
obtener resultados mds robustos y mds detallados.

Palabras clave: dreas de alta riqueza especifica, dreas de endemismo, zonas de vida, representatividad, Araceae, Arecaceae,
Bromeliaceae, Scarabaeinae.
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Introduction

Biodiversity conservation has become one of the most
urgent tasks facing humanity because of the accelerating
rates of biodiversity loss (Pimm et al., 1995). It is precisely
(and perhaps perversely) that the most biodiverse areas
and those with the highest levels of biodiversity loss are
the least protected and with the greatest need for data
regarding their species richness and levels of endemism
(Pimm, 2000). An appropriate action toward this goal
would be the establishment of global inventories, although
the time required for both surveying and documenting
this plethora of taxa far outreaches our present capacity.
Availability of adequate data is also a limiting factor
(Prendergast et al., 1999). Therefore, development of
biogeographic atlases can be proposed as a practical tool
for biodiversity conservation (Prendergast et al., 1993;
Morrone, 2000) and hotspot identification (areas that
combine a high biodiversity with a high threat degree by
humans; Myers, 1988; Kappelle, 2008). A very important
task of biogeography atlases is the study of diversity and
endemism patterns in order to protect rare and endangered
species. As Lomolino et al. (2006) indicate, 2 major tasks
of this process consist of documenting the intensities and

Kohlmann et al.- Biodiversity atlas of Costa Rica

locations of hotspots for a particular taxonomic group
and determining the degree to which different taxon-
specific hotspots overlap spatially. Although levels of
endemism and species richness are frequently positively
correlated (Balmford and Long, 1995), unfortunately,
many times such overlap does not exist (Bibby et al.,
1992; Prendergast et al., 1993; Araujo, 2002; Cox and
Moore, 2005; Lomolino et al., 2006). This fact compels
the analysis of distribution patterns to be conducted region
by region, in order to understand current scenarios and
hence being able to identify biodiversity hotspots (Myers
et al., 2000). As Gaston (2000) and Gaston and Spicer
(2004) indicate, species are not uniformly distributed
across the world and must therefore be mapped. Areas of
high diversity usually elicit questions about their origins
and possible conservation. However, other approaches
such as the Method of Systematic Conservation Planning
(Margules and Pressey 2000) is based on species rarity and
complementarity rather than diversity hotspots.

The study and knowledge of the aforementioned
situation in Costa Rica is of the utmost importance. Costa
Rica belongs to one (Middle America) of the 36 world
hotspots, as defined by Mittermeier et al. (2004). Costa

Rica is a country with a small area (Fig. 1); it has 51 100 km?
of continental and insular land

surface, representing 0.03% of
the Earth’s surface (Jiménez,
1995; Ministerio del Ambiente
y Energia, 2000). In the world’s
diversity ranking, Costa
Rica occupies the 20" place,
approximately. As such, it is
not considered a megadiverse
country, since only 12 countries
make up the list. However,
what makes Costa Rica special
is its species density (number
of species per unit of area)
(Valerio, 1999; Obando, 2002).
Using this measure, Costa

Figure 1. Geographical areas in
Costa Rica: C, Central Cordillera;
F, Coastal mountain range; G,
Guanacaste mountain range; H,
Herradura mountain; 1, Tilaran
mountain range; L, northern plains;
N, Nicoya peninsula (Pacific
Northwest); O, Golfo Dulce/Osa
Peninsula; P, Central Pacific; T,
Talamanca mountain range; U,
Turrubares mountain; V, Central
Valley. (Map taken from Kohlmann
et al., 2002).
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Rica’s place in the world is highly recognized (Valerio,
1999, 2006; Obando, 2002, 2007). This country contains
approximately 3.6% of the total expected world’s diversity,
and if the total number of described species is considered,
this number jumps then to 4.5%, with more than 90 000
known species (66 946 insect species, 11451 plant species,
and 5 253 other invertebrate species; Obando 2007). To
give a comparative idea of species density, Costa Rica has
234.8 plant species per 1 000 km?, whereas Colombia, in
second place, has only 43.8 plant species per 1 000 km?
(Obando, 2007). Similarly, Costa Rica has 28.2 species
of vertebrates (excluding fishes) per 1 000 km?, whereas
Ecuador, the second most biodiverse vertebrate country
per km? in the world, has 9.2 species per 1 000 km? and
the third most biodiverse vertebrate country, Malaysia, has
only 4.4 vertebrate species per 1 000 km? (Valerio, 2006).
This enormous biodiversity in Costa Rica is now under
protection by a world-class national system of protected
areas, which began in the 1970’s and today protects almost
27% (governmental and private) of the national territory
(Vaughan, 1994; Vaughan et al., 1998). Interestingly,
Costa Rica is also the country with most ecotourists per
km? worldwide, 22.47 international ecotourists/km? in the
year 2007, with the African sub-Saharan countries as the
next places with most ecotourists per km* (Kohlmann et
al., 2008).

Costa Rica is considered to have a moderate proportion
of endemics (Obando, 2007); approximately 1.3% of the
known species are endemics. It is estimated that around
10% of the total plant species are endemics (1 102
species), whereas the different vertebrate groups vary from
a minimum of 0.7% in birds to a maximum of 25% for the
amphibians (Obando, 2007). Using these 2 groups (plants
and vertebrates), 4 great areas of endemism have been
identified for continental Costa Rica: the Central Volcanic
Cordillera, the Talamanca Cordillera, the Central Pacific
Region and the Osa Peninsula Region (Fig. 1); a fifth area
has been identified on Cocos Island, in the Pacific Ocean
(Elizondo et al., 1989). From the ecosystem point of view,
the cloud forests are the most endemic ecosystems in the
country (Obando, 2002), as the present study concludes
too.

Adequate representation of biodiversity is ideally
achieved by the use of multiple taxonomic groups (Stork
and Samways, 1995; Halffter and Moreno, 2005; Pawar
et al., 2007). However, due to time, funding, collection
and taxonomic constraints for the majority of the groups,
especially in tropical regions, many area-prioritization
studies assume some similarity levels in species
geographical distributions and consequently available
groups are used as surrogates for others (Garson et al.,
2002; Rondinini and Boitani, 2006; Pawar et al, 2007).
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Despite the popularity of the surrogacy approach, its
efficacy remains unclear (Moore et al., 2003; Graham and
Hijmans, 2006; Lamoreux et al., 2006).

This paper is an attempt at analyzing the distributional
congruence of 4 different tropical taxonomic groups
(Araceae, Arecaceae, Bromeliaceac and Scarabaeinae)
and describing their overlap at a fine scale. A recurrent
question is whether plant and vertebrate distribution
patterns are reflected by those of invertebrates as well
(Howard et al. 1988). Moritz et al. (2001) found high
levels of congruence with data on tropical insects, snails,
plants, and vertebrates only in areas with a clear history of
geographical vicariance. In some other cases, like in tiger
beetles, there seems to be congruence; in other cases the
relationships are not clear (Mittermeier et al., 2004). The
present study identifies biodiversity provinces indicating
and analyzing the spatial correspondence of areas of high
species richness and endemism for Costa Rica, using dung
beetles (Coleoptera: Scarabaeidae: Scarabaeinae) and
plants (Araceae, Arecaceae and Bromeliaceae).

Our analysis focused on continental Costa Rica;
Cocos Island was not included because no Scarabaeinae
material has been collected from that locality and only
1 species of Aphodiinae has been found to date. This
analysis represents an effort to help define those areas
most in need of conservation and sustainable use in Costa
Rica. The study will also help define those areas that
have been under sampled and therefore future collecting
efforts can be directed. This study is also an expansion and
continuation of a previous study which used dung beetles
for a gap analysis (Kohlmann et al., 2007), considered a
pioneer study in Costa Rica (Arias et al., 2008), because it
represents the first attempt to use the actual distribution of
all species belonging to a specific taxonomic group.

Materials and methods

Taxon information. Regarding the 3 plant families, Araceae,
Arecaceae and Bromeliaceae, data on their distribution
(geographic coordinates) were taken from the collections
of the National Biodiversity Institute (INBio, www.inbio.
ac.cr) and from the Missouri Botanical Garden electronic
database (www.mobot.org), additional information was
incorporated from Hammel et al. (2003). This information
was further revised and updated by Drs. N. Zamora
(Araceae and Arecaceae) and J. F. Morales (Bromeliaceae).
The total number of plant species considered for this study
is as follows (Appendices 1-3): Araceae, 229 species;
Arecaceae, 107 species; Bromeliaceae, 187 species. No
introduced species were considered for this study.

Information  regarding Scarabaeidae  beetle
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distribution was also taken from the collections of
the National Biodiversity Institute. The Scarabaeinae
(Coleoptera: Scarabaeidae) have been particularly well
studied (Kohlmann et al., 2007). So far, 174 native taxa
of Scarabaeinae have been reported from Costa Rica
(Appendix 4).

Concluding, the 4 chosen groups have been
particularly well sampled in Costa Rica, as well as
systematically studied in great taxonomic detail; their
analyzed distributional areas are relatively smaller than
the study area, in accordance with Miiller’s (1981) 3
tenets for making these groups particularly well suited
for the present biogeographic analysis. We are aware that
the Araceae and Bromeliaceae tend to be hygrophilic by
nature in Costa Rica, thus introducing some bias into the
analysis, especially when discussing the drier northwest

85°
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Pacific areas. However, this situation is balanced by the
fact that the Arecaceae and the Scarabaeinae have radiated
in humid, as well as in dry areas, and are therefore good
representatives of the northwest Pacific.

Base vegetation map. One of the most popular systems used
in Costa Rica and in 12 other countries in the region (Meza,
2001) for vegetation classification is the Life Zone System
developed by Holdridge (1967). This system divides Costa
Rica into 12 Life Zones and 11 Transition Zones (Fig. 2)
based on environmental factors such as humidity, rainfall,
and temperature. This system is thus independent of
floristic relationships and the same zones can then appear
in different regions of the world. According to Hall (1984),
this system takes into account not only variations caused
by latitude, but also by altitude, and is therefore especially
useful for tropical mountainous countries (Meza, 2001).
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Figure 2. Numbering the Holdridge Life Zone polygons in Costa Rica. Numbers in red represent life zones with 5 or more years of

collecting, which are considered as well represented.
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The Life Zone System maps were directly taken from
the Atlas Costa Rica 2000 (Instituto Tecnolégico de Costa
Rica, 2000) and were not modified for the present study.
Sampling effort in this study is not proportional to polygon
size, due to the fact that most of the sampling was done by
INBio and this institution samples in national parks and
other conservation areas with original vegetation cover
and not in modified areas; therefore, one can argue that
polygon size did not bias neither the collecting effort, nor
the collecting site inclusion, which might have incorporated
possible changes in original vegetation or ground cover.

According to this classification, the 5 most extensive
vegetation types are: tropical wet forest (10.5% of the
total country area), premontane wet forest (7.2%), lower
montane wet forest (5.9%), premontane rain forest (5.6%)
and tropical moist forest (5.5%) (Obando, 2002).

There are some limitations to this system. Besides total
precipitation and temperature, the Holdridge Life Zone
system can potentially vary along other environmental
axes, such as the edaphic conditions, which could impact
species abundance and endemism. For example, bioclimatic
regions such as the Pacific dry forest consist of long belts
along mountain/volcanic ranges, and by assuming that
these long belts all share the same biodiversity category,
there would be a risk of losing resolution when assigning
conservation priority zones.

No standardized functional ecological classification

exists for Costa Rica (Obando, 2007). Some incomplete
attempts have been tried at establishing an ecoregion
system, without success. Very recently (Sistema Nacional
de Areas de Conservacién (SINAC), 2007 a) a new
system based on phytogeographic units has started to be
implemented in Costa Rica.
GIS Analysis. Some of the many advantages of using GIS
techniques are the storage of large amounts of spatial
information, the ease for mapping many map layers, and
their use in modeling and predicting species distributions.
For these reasons we have followed a GIS-oriented process
for the elaboration of our biogeographic analysis.

GIS and data analyses were carried out by using
ArcView ®3.1 (ESRI, 2002), ArcGIS®9.2 (ESRI, 2006)
and Microsoft Excel® (2002) following the process
outlined below:

1.- Assembling and cleaning of the database for each
taxon (taxon names, type of endemism and location of
collection sites). The great majority of the data came from
the National Institute of Biodiversity (INBio), and as
such is less than 20 years old and derives from protected
conservation areas. The Missouri Botanical Garden data
have similar characteristics. Data layers were generated
using the collection sites for each species.

2.- Refinement and geo-referencing of geographic
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location data consisted of transformation to coverage
format, correction of errors and inconsistencies such as
redundant polygons, homogenization of geographic data
bases, association of tables with the base map, addition
of new collection points to original collection data bases,
and elimination of redundant duplicate collection points.
The layers containing the National System of Coordinates
(Costa Rica Lambert North) were transformed to
geographic coordinates (the same datum was always used:
Fundamental de Ocotepeque, which is not compatible
with generic geographical coordinate systems and requires
specific parameters for its conversion). For distributional
referencing (Appendices 1-4), each Holdridge Life Zone
polygon was numbered (Fig. 2).

3.- For each taxon, the collection sites were
superimposed on the Holdridge Life Zones obtaining the
number of collection sites by taxa, as well as the total
number of taxa, endemics and endemism type (endemics
known to occur only in Costa Rica, shared with Panama,
shared with Nicaragua, shared with Nicaragua and
Panama, and total number for Costa Rica) for each life
zone polygon.

For this study we found the use of the Holdridge
system more amenable than distribution modeling for
several reasons. First, the life zones of the Holdridge
system have been well mapped, have been much used, and
are very popular in Costa Rica, besides being considered
very appropriate to the complexities of tropical vegetation
(Gentry, 1978). It has also been widely used by the
National Aeronautic and Space Administration (NASA)
(http://gemd.nasa.gov/records/GCMD_GNV00005.html).
The system has been compared to more sophisticated,
mechanistic simulation models, and the Holdridge
implementations generally showed similar or greater
climate sensitivity with respect to spatial distribution of
vegetation (Yates et al., 2000).

We did some preliminary comparisons with Maxent
(Phillips et al., 2004, 2006), a species habitat-modeling
program, using climate as a predicting variable. We found
that the program consistently predicted areas where studied
species do not occur. A Holdridge vs. Maxent comparison
would be interesting, but at present we believe that under
our circumstances of well-sampled taxa, computation
resources, and model expertise, simple correlational
models, such as Holdridge, may be of greater advantage.

4.- When overlaying collection sites on the Holdridge
Life Zones, we followed Morrone’s suggestions (2000)
regarding the formal preparation of a biogeographic atlas,
the elaboration of a distribution database and detailed
locality and endemism maps. The base electronic map was
derived from the one presented in Atlas Costa Rica 2000
(Instituto Tecnolégico de Costa Rica, 2000).
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5.- To create comparable maps for the different
taxonomic groups of this study, the ranking levels
of species richness and endemism by life zone were
calculated in accordance with the classification used for
the dung beetles of Costa Rica (Coleoptera: Scarabaeinae),
as defined by Kohlmann et al. (2007) in a previous study.
Accordingly, 5 species richness levels were established
arbitrarily: up to 7% of the maximum species richness in
a single life zone (class 1), up to 20% (class 2), up to 44%
(class 3), up to 70% (class 4) and more than 70% (class
5). For the sake of this analysis and comparative purposes,
only the 2 highest ranks (ranks 4 and 5) were shown and
discussed, allowing us to focus the analysis on the richer
and therefore more representative areas.

Concerning endemism, the limits for the 5 classes were
set up arbitrarily as: up to 12% of maximum number of
endemic species in a single life zone for class 1, with 24%,
46%,72%, and =72% for classes 2 through 5, respectively.
For each taxonomic group these relative values were
converted into absolute values of species richness and
endemism. Again, only the 2 most numerous ranks were
used, following the logic outlined in the previous section.

6.- A conservation priority map was elaborated by
overlaying maps of species numbers and endemics over
a protected areas map to calculate percentages of areas
under protection. Each of these 2 maps (number of species
and endemics derived from step 5) indicated 5 different
taxa classes with values 1-5, as defined by Kohlmann et al.
(2007) in a previous study, where class 5 is the class with
the highest number of taxa. Subsequently, the combination
of species richness and endemism ranks by life zones
was used to define 6 conservation priority areas in a gap
analysis map according to Table 1. This differs from our
previous approach (Kohlmann et al., 2007), where only 4
levels could be generated. The highest level (Priority 1)
is assigned to life zones with top ranks both in species
richness and endemism. The lowest priority level (Priority
6), results from a combination “rank 4 in species richness”
and “rank<4 in endemism”. Intermediate combinations
define the priority levels 2 to 5 (Table 1).

Table 1. Definition of priority zones

Priority level Species richness rank Endemicity rank

NN AW —
~

Kohlmann et al.- Biodiversity atlas of Costa Rica

This method of priority definition using
complementarity (degree to which an area contributes
otherwise unrepresented species to a set of areas), picturing
the combination of areas of greatest species and endemism
richness, was chosen following the suggestion made by
Williams et al. (1996). They found that the areas chosen by
using complementarity represented all the species many
times over rather than by either choosing species or areas of
endemism separately. They also found that it is also a well-
suited method for supplementing an existing conservation
network, in their case British birds. Equally, the decision to
prioritize endemism over species richness in the definition
process follows well-established recommendations
expressed by Mittermeier et al. (2004), which are based on
considering endemics as irreplaceable.

7.- Finally, a map showing the distribution of potential
conflict areas was elaborated, overlaying the previous
conservation priority areas map on a land use map. The
land use map is derived from a 1992 map that was taken
from the Terra Commission land ordination study for
Costa Rica (Cotera et al., 1998).

Results

Distribution of collection localities: The collection
localities indicate that the northern part of Costa Rica, as
well as the Central Pacific, are under sampled, due mostly
to the fact that these areas have been highly transformed by
agricultural activities. Other areas that also require more
collecting effort are the Nicoya Peninsula of northwestern
Costa Rica and the higher parts of the Talamanca Cordillera
to the southeast; the lack of roads in these regions is one of
the main barriers to collecting in these areas.

Unfortunately, not all areas of Costa Rica have been
collected with equal intensity. In order to deal with under
sampled areas, as well as to identify the areas with a good
collecting effort, and for comparative purposes, regions
with a collecting effort of 5 or more years were arbitrarily
chosen for this study. The subsequent analyses will be
based on these regions. Figure 2 shows the Holdridge Life
Zone polygons associated with these collection records.

Appendices 1-4 contain a list of all the taxa used in this
study and relate them to the number of life zones used for
mapping their distribution (Fig. 2). Additional information
is also provided (Appendices 1-4) for categorizing the
endemism status for each taxon, as well as giving the
complete list of the different life zones where each taxon
has been collected. Life zones areas depicted in grey (Figs.
3, 4), represent zones where no collecting efforts have
been undertaken, thus indicating regions where collecting
should be directed in the future.
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Figure 3. Distributions of species richness ranks for (a) Araceae, (b) Arecaceae, (c) Bromeliaceae, and (d) Scarabaeinae in Costa Rica.

Divortium aquarum = watershed divide.

Protection of life zone areas: Costa Rica has a total
mainland area of 51 042.8 km?. Out of these, 12 422.4
km? (24.3%), are under some sort of official governmental
protection. Noteworthy is that 100% of the total area of the
montane rain forest (lower montane transition) (rf-M LM)
and the subalpine rain paramo (rp-SA) are protected. Other
life zones with a high percentage of its area under protection
include the premontane rain forest (basal transition) (rf-P
Basal) (99.9%), montane rain forest (rf-M) (89.8%), and
lower montane rain forest (rf-LM) (78.6%). All other life
zones have less than 50% of their area under protection
(Table 2).

Distribution of species richness by life zone: It should be
noted that the highest species richness zones do not present
spatial correspondence for the 4 taxa at the same time.

Araceae and Arecaceae (Fig. 3a-b) show the same zones
of highest species richness in the tropical wet forest (wf-T)
along the border with Nicaragua and the Osa Peninsula.
On the contrary, Bromeliaceae and Scarabaeinae (Fig. 3c-
d) show highest species richness in the premontane wet
forest (wf-P), along the slopes of the Guanacaste, Tilardn
and Central mountain ranges.

In relation to second rank zones, all 4 taxonomic groups
correspond spatially with the tropical wet forest (wf-T)
(Fig. 3a-d); all 3 plant families do so in the premontane
rain forest; Araceae and Arecaceae in the lower montane
rain forest (rf-LM); Araceae and Bromeliaceae in the
premontane wet forest (wf-P); Araceae and Scarabaeinae
in the tropical moist forest (mf-T); and finally the
Arecaceae also show a second rank zone in the tropical



520 Kohlmann et al.- Biodiversity atlas of Costa Rica
86° 85° 84° 83° 84° 83
Hicaragua Nicaragua \
11°. . 117119 g : us
1 W Caribbean
't' Sea
10°. 10°109 il
Pacific
Divortium aquarum Divorth i
u vortium aquarum o
9 ——— Protected Area boundaries e o9 Protcted Area boundaries 9
Endemic species rank by Lite Zone Endemic species rank by Life Zone
1-4 .
5-7 34
B-13 5-T
| BIET R
. - @ 0w am [ RFERH] ® 0 2 o
[ without collected species | M —__ a A | Without collected species | Mam—__ b
8° | 8 a9 I l 8
86° 85° 84° 83°
86" 85° 84° 83°
\\ /5 [ Nicaragua
11° 119117 .
=
Y
N
107 10103 I
Pacific
Ocean
9 Divortium aquarum 9o of Divortium aquarum
——— Protected Area boundaries Protected Area boundaries
Endemic species rank by Life Zone Endemic spacies rank by Life Zona
1-3 1-3
4.5 4-6
711 7-1
. 1217 - 1218
. 1623 @ o m wm - 1925 = o
1] Without collected species | S—_ | Without collected species.
&) 8° g
86° 85° 84° 86° 5°

Figure 4. Distributions of endemism ranks for (a) Araceae, (b) Arecaceae, (c) Bromeliaceae, and (d) Scarabaeinae. Divortium aquarum

= watershed divide.

wet forest (premontane transition) (mf-T Prem). The
Pacific Northwest shows the lowest species richness ranks
for all 4 taxa, as expected for a drier region.

Distribution of endemism by life zone: We mapped the
total number of endemic species (strictly endemic plus
shared with Nicaragua and/or Panama) by life zone.

As was the case with the previous analysis, no spatial
correspondences of the highest endemism zones exist for
all 4 taxa (Fig. 4a-d). The only common zones are the
tropical wet forest (wf-T) of Osa Peninsula between the
Araceae and Arecaceae, the lower montane rain forest
(rf-LM) between Araceae and Bromeliaceae, and the
premontane rain forest (rf-P) between the Araceae and the
Arecaceae. Interestingly, no spatial correspondence exists
between the insect and the plant groups.

Several spatial correspondences occur for the
second rank (Fig. 4a-d). Arecaceae, Bromeliaceae and
Scrabaeinae in the premontane rain forest (rf-P); Araceae,
Arecaceae and Scarabaeinae in the tropical wet forest
(wf-T); Arecaceae and Scarabaeinae in the tropical wet
forest (premontane transition) (wf-T Prem); Araceae
and Scarabaeinae in the premontane wet forest (wf-P);
Bromeliaceae and Scarabaeinae in the lower montane rain
forest (rf-LM) and the lower montane wet forest (wf-LM);
and finally the Arecaceae shows a second rank area in the
tropical moist forest (mf-T).

Representativity of the protected areas: An analysis of
the totality of the species for each of the 4 studied groups
(Araceae, 29; Arecaceae, 107; Bromeliaceae, 187, and
Scarabaeinae, 174) indicates that 205, 95, 156, and 165
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Figure 5. Distributions of conservation priority zones for (a) Araceae, (b) Arecaceae, (c) Bromeliaceae, and (d) Scarabaeinae in Costa

Rica. Divortium aquarum = watershed divide.

species, respectively, are present in protected areas.
Likewise, an analysis for the total number of endemics for
each of the 4 groups under study (Araceae, 113; Arecaceae,
50; Bromeliaceae, 80, and Scarabacinae, 66) indicates that
97, 40, 64, and 64 species, respectively, are present in
protected areas.

Distribution of priority conservation areas: Six priority
conservation categories were previously defined; however,
not all priority levels necessarily exist for every taxon
under study (Fig. 5a-d).

Araceae (Fig. 5a) and Arecaceae (Fig. 5b) have priority
conservation areas 1 and 2 under official protection in
38% and 73% and 52% and 31,4% of their total areas,
respectively; Bromeliaceae (Fig. 5c) and Scarabaeinae

(Fig. 5d) have only priority conservation areas 1 (no
priority areas 2 are present) under official protection in
75% and 13% of their total areas, respectively.
Distribution patterns within transformed areas: Different
priority conservation areas were superimposed on a land
use map (1992) in order to correlate these areas with
possible land use threats (Fig. 6a-d).

The Araceae analysis (Fig. 6a) shows that priority
conservation area 1 has approximately 64% of its area as
forest; approximately 17% is now converted to pasture,
the main threat to this area. Priority conservation area 2
is approximately 93% forested and is under no apparent
threat.

For the Arecaceae (Fig. 6b), approximately 77.5% of
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Figure 6. Land use within identified priority areas for (a) Araceae, (b) Arecaceae, (c) Bromeliaceae, and (d) Scarabaeinae in Costa

Rica. Divortium aquarum = watershed divide.

priority conservation area 1 is forested and approximately
11% is under pasture use. Priority conservation area 2 is
approximately 70% forested, whereas the biggest possible
threat seems to derive from pasture, 23% of this zone being
under this type of use.

In the case of the Bromeliaceae (Fig. 6¢), approximately
91% of the priority conservation area 1 is forested and only
6% is under pasture use. Priority conservation area 2 is not
present for this taxon.

Finally, for the Scarabaeinae (Fig. 6d), only 35% of the
priority conservation area 1 is forested, whereas pasture
(approximately 31%) and agriculture (approximately
27.5%) have made strong inroads into this category.
Priority conservation area 2 is not present for this taxon.
Zones of highest species richness per life zone: There

were 4 zones with highest species richness (Fig. 7a)
according to the species richness overlay (Fig. 3a-
d): the first 2 are the tropical wet forests (wf-T) in the
northeastern corner, bordering Nicaragua (although most
probably the central and southern Caribbean coast might
also have high numbers that will become evident after a
more intense collection program is applied), and the Osa
Peninsula region. It would appear that the high species
richness of these lowland forests tends to diminish inland,
as is the case for the tropical moist forest (mf-T) in the
northern Caribbean plains, and the tropical wet forest
(wf-T) along the piedmont of the Caribbean versant. Both
versants share naturally a very high number of common
elements to the south with Panama. The third area of
highest species richness is the premontane wet forest
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(wt-P) (approximately 750-1 500 masl) along the Pacific
versant of the Guanacaste, Tilaran and Central mountain
ranges. This same approximate area was named the Pacific
mid-elevation region by DeVries (1987, 1997) and was
considered by him to be a very complex area because of
its multiplicity of habitats and microhabitats. The same
author considered this zone to be very species-rich and a
major migrational corridor between the Atlantic and Pacific
slopes, as well as a mixing zone for species of both slopes.
This area has more species than the Talamanca mountain
range to the South, which has a greater extension and is
much older (Eocene) than the mountain ranges to the North
(Eocene-Pleistocene) (Coates, 1997; Bergoeing, 1998;
Valerio, 1999; Alvarado, 2000; Denyer and Kussmaul,
2000), thus contradicting all the tenets (time, species-
area and modified species-area relationship) of the island
biogeography theory. The last and fourth area is very small
and is represented by the tropical wet forest (Premontane
transition) (wf-T Prem) on the Caribbean versant of the
Guanacaste mountain range.

The northwestern dry Pacific area of Costa Rica

has been well sampled by many institutions throughout
the years. However, it is evident that this area does not
have a species richness level (rank 3) comparable with
the Caribbean and South Pacific coasts or with the mid-
elevation areas of the mountain ranges. Clearly, a dry
climate with less precipitation can reduce the number of
species (Townsend et al., 2008).
Areas of highest endemismper life zone: The areas of highest
endemism (Fig. 7b) according to the overlay analysis (Fig.
4a-d), show great spatial correspondence with the previous
analysis, containing the same aforementioned 3 areas. A
similar situation had already been reported by Campbell
(1999), who found that the majority of amphibians’ species
are endemic to Middle America and therefore there is a
tendency of areas of high species diversity to overlap with
areas of high endemism.

However, for this analysis there is also a fourth area, the
lower montane rain forest (rf-LM) (approximately between
1 000 masl to 2 000 masl) on the Talamanca mountain
range. The northwestern Pacific with a dry tropical forest,
although well sampled, is not an area of high endemism
at least for dung beetles, contrary to the high dung beetle
endemism levels found in dry tropical forests along the
Mexican Pacific coast (Kohlmann and Solis, 2006).

Obando (2002) reports in her study the existence of 5
major areas of endemism in Costa Rica. These areas are
represented by Cocos Island, which was not considered
in this study; the Golfo Dulce region (Fig. 1, O), the
Cordillera Central (Fig. 1, C), the Talamanca mountain
range (Fig. 1, T), and the Central Pacific region (Fig. 1,
P), especially the coastal mountain ranges (Fig. 1, H and

Kohlmann et al.- Biodiversity atlas of Costa Rica

U, Herradura and Turrubares hills, respectively). The
Central Valley and Talamanca mountain range represent
the most important areas of endemism, containing around
an 80% of the endemic species, mostly conformed by the
herpetofauna, birds and flora, as well as the majority of
mammals threatened with extinction (Obando, 2002).
The Osa Peninsula had also already being identified as
an important endemism area by several authors (DeVries,
1987, 1997; Elizondo et al., 1989; Fogden and Fogden,
1997; Savage 2002). This tropical wet forest was isolated
from its Caribbean counterpart by the uplift of the
Talamanca mountain range through the subduction of the
Cocos Ridge beneath the Costa Rica — Panama Microplate,
a process that seems to have started about 3 million years
ago (Coates, 1997). This vicariant process has produced a
great number of vertebrate and insect sister species on the
Caribbean and Pacific sides (Kohlmann and Wilkinson,
2007).

This study supports previously proposed areas of

endemism, with the exception of the Central Pacific region,
which this study assigned a rank level of only 3 (Fig. 7b).
However, 3 new important areas of endemism are proposed
here: the premontane wet forests (wf-P) of the Tilardn and
Guanacaste mountain ranges and the tropical wet forest
(Wf-T) of the northeastern Caribbean (Fig. 7b). These last
results are important because they contradict a previous
study by Elizondo et al. (1989), based on vertebrates
and plants, in which the authors found no reasons to
support the hypothesis that the Tilardn and Guanacaste
mountain ranges could represent areas for the generation
of endemics. DeVries (1987) had already defined the
Guanacaste mountain range as a species pocket area- i.e. a
place with rare or unusual species (not necessarily an area
of endemism) and characterized by being small in area
and having unusual climatic patterns. At the same time,
the Caribbean lowlands have a relatively recent origin
(Pliocene-Pleistocene; Bergoeing, 1998), yet are rich in
endemics. The Tilardn and Guanacaste mountain ranges,
as well as the Caribbean lowlands, were reported for the
first time to be of importance in the generation of endemics
by using dung beetles (Kohlmann et al., 2007), which is
confirmed by this study’s results.
Life zones with highest overall species richness: Table 3
indicates the overall species and endemics richness per
group per life zone in Costa Rica. Only the life zones
highlighted with a star in Table 3 have been well sampled
(i.e. more than 5 years of collecting), therefore, they can
be adequately compared. Table 3 also clearly shows those
life zones where no members of the taxa under study have
been found so far.

According to these results, the premontane rain
forest (rf-P) life zone showing the highest total species
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richness for all plant taxa (second for the Scarabaeinae)
and premontane wet forest (wf-P) for the Scarabaeinae.
These life zones cover one of the largest geographical
areas in the country, at altitudes ranging from 500 masl to
1 700 masl, and temperatures varying between 17 °C and
24 °C (Valerio, 2006). The upper limit of this category
corresponds spatially with the frost line or with the so-
called “coffee line” (Valerio, 2006).

The second life zone with the highest number of
species is the tropical wet forest (wf-T) for the Araceae
and Arecaceae and the lower montane rain forest (rf-LM)
for the Bromeliaceae (Table 3). Tropical wet forest (wf-
T) is present on both slopes. Its altitude ranges from 0
masl to 500 masl, and it has an average temperature above
24 °C (Valerio, 2006). The tropical wet forest (wf-T) is

Table 4. Percentages of local and regional endemism

Araceae Number %
Total species 229 100
Non-endemic species 116 51
Endemic species 113 49
Exclusively Costa Rica 36 15
Shared with Panama 58 25
Shared with Nicaragua 5 3
Shared with Nicaragua and Panama 14 6
Arecaceae Number %o
Total species 107 100
Non-endemic species 57 54
Endemic species 50 46
Exclusively Costa Rica 21 19
Shared with Panama 19 18
Shared with Nicaragua 2 2
Shared with Nicaragua and Panama 8 7
Bromeliaceae Number %
Total species 187 100
Non-endemic species 107 57
Endemic species 80 43
Exclusively Costa Rica 40 21
Shared with Panama 39 20
Shared with Nicaragua 2 0.5
Shared with Nicaragua and Panama 4 1.5
Scarabaeinae Number %
Total species 177 100
Non-endemic species 109 62
Endemic species 68 38
Exclusively Costa Rica 32 18
Shared with Panama 25 14
Shared with Nicaragua 5

Shared with Nicaragua and Panama
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generally considered to be the most species rich ecosystem
in Costa Rica (Fogden and Fogden, 1997; Valerio, 1999);
however, this was not the case for the present study. These
results also confirm that the dry Pacific Northwest is not
a species-rich area for the studied groups, although some
groups, such as legumes and cacti, which are more adapted
to drier climates, are actually highly diversified in this
environment (Valerio, 1999; Lomolino et al., 2006).

Life zones with highest overall endemics richness:
Considering the overall number of endemics (Table 3),
we arrived, not surprisingly, to an identical result as the
previous analysis. The premontane rain forest (rf-P) is the
life zone with the highest total endemics richness for all
plant taxa (second for the Scarabaeinae) and premontane
wet forest (wf-P) for the Scarabaeinae. The premontane
rain forest (rf-P) is present on the Pacific, as well as on the
Caribbean slopes, and although Valerio (2006) indicates
that few endemic species are present in this forest type,
the Araceae and Arecaceae on the Talamanca mountain
range (Fig, 4a-b), and the Bromeliaceae on the Tilardn
mountain range (Fig. 4c), show here their highest levels
of endemism, thus supporting Obando’s (2002) conclusion
that the cloud forest is the most endemics-rich ecosystem
of Costa Rica.

As before, the second life zone with the highest

number of endemics is the tropical wet forest (wf-T) for
the Araceae and Arecaceae and the lower montane rain
forest (rf-LM) for the Bromeliaceae.
Number of local and regional endemics: Regarding the
percentage of endemics (Table 4), local (Costa Rica) and
regional (Nicaragua-Costa Rica-Panama) values are fairly
high, as compared to the local (12%) and regional (28%)
endemism that Savage (2002) reported for the herpetofauna
of Costa Rica, which was considered to be the group with
the highest endemism for the country (Obando, 2002).
These figures also compare well with the estimates that
Obando (2002) established for plant endemism (12%) in
Costa Rica and plant (30%) and insect (18%) endemism on
Cocos Island. Mammals and birds on the contrary present
low values of endemism of 0.8% and 2.5%, respectively,
according to Obando (2002), being this one reason for
not developing a conservation analysis using only these
groups.

The results also indicate that many endemic species
are shared with Panama. These results seem to suggest
that the use of insect and plants in particular, can give a
much more detailed picture of areas of endemism than
can be obtained by the sole use of vertebrates, as has been
the case lately. These groups should be used as often as
possible for conservation studies.
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Discussion

Representativity of protected areas: The representativity
analysis indicates that a high number (Araceae 89%,
Arecaceae 89%, Bromeliaceae 83%, and Scarabaeinae
95%) of the total species are already included by the
established protected area system. A similar analysis
concerning endemic species also shows the presence
of high numbers (Araceae 86%, Arecaceac 80%,
Bromeliaceae 80%, and Scarabaecinac 97%) in these
protected areas. It is possible that the numbers for plants
may be slightly underestimated, because the dung beetles
have been more thoroughly collected (Araceae, 2 108
localities; Arecaceae, 1 410 localities; Bromeliaceae,
1 571 localities; Scarabaeinae, 2 869 localities). It can
be argued that the representation of both species and
endemics in protected areas is already high. However, this
fact does not guarantee their safeguarding or viability in
the long run, because a range collapse could still occur.
The endemic population or the community, to which it
pertains, could still be marginal or vulnerable to natural or
human induced processes. At present we do not have the
necessary information in order to establish the minimum
required area to ensure species protection.

Distribution of priority conservation areas: Information
taken from the maps, which relate species and endemic
species richness with current conservation areas (Figs. 7a
and 7b) represented a basis for a gap analysis, by means
of a conservation priority map (Fig. 7c). Priority area 1
indicates congruence between the highest species richness
(rank 5) and the highest endemics (rank 5) numbers. Three
areas are defined in this category: the tropical wet forest
(wf-T) along the northeastern border with Nicaragua and
in the Osa Peninsula and the premontane wet forest (wf-
P) along the Guanacaste, Tilaran and Central mountain
ranges. Priority area 2 indicates the areas where the highest
endemism level (rank 5) corresponds spatially with areas
below the highest species richness level (rank<5). One
area is defined in this category: the lower montane rain
forest (rf-LM) on the Talamanca mountain range.

Priority area 1, the biggest zone of all, has 8 201 km?
and has 35% of its area under protection. Even though these
numbers could be interpreted as a false sense of security,
actually, the tropical wet forest is reasonably protected
as can be observed from Fig. 7b, especially the area of
the Osa Peninsula; however, the premontane wet forest
(1 593 km?), represented mainly by cloud forest, along
the Guanacaste, Tilardn and Central mountain ranges, is
protected, because only 13% of its area is under protection
(Kohlmann et al., 2007). Priority area 2 is represented by
a total of 2 278 km?and has the highest percentage under
protection (81%). The best-protected area in terms of
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surface area is represented by the Talamanca mountain
range. Priority area 3 is the smallest area (259 km?) with
65% of its area under protection, while priority area 6 (4 519
km?) is the least protected category with 21%. All priority
areas add up to 17 099 km?, of which 40% are under some
kind of protection, which overall could be considered a
number to be improved upon.

Distribution of conflict areas: The map showing the
distribution of potential conservation conflicts (Fig. 7d) is
an overlay of Figure 7c on a land-use map.

Ideally, most conservation effort should be devoted
to increase the area under protection for priority area 1,
although this might prove difficult. In principle, 60% of
it is still forested and could therefore allow an increase
in protected areas, whereas 19% is under pasture and 9%
under agricultural use. However, most of the potential
increase in protected areas is associated with the tropical
wet forest of the Caribbean and Osa Peninsula lowlands
(Fig. 7d). Again, the area located along the Guanacaste,
Tilaran and Central mountain ranges faces a very different
situation (Fig. 7d). This area has only 35% of its land
forested whereas 31% and 27% are under pasture and
agriculture use, respectively. Therefore, the area has
very limited possibilities of increasing protection areas
and great probabilities of being overrun by pastoral-
agricultural activities (Kohlmann et al., 2007). It should
be remembered that this area showed one of the highest
rankings in species richness for Bromeliaceae (Fig. 3c) and
Scarabaeinae (Fig. 3d) and endemism for the Scarabaeinae
(Fig. 4d). This area can be considered as a true biodiversity
hotspot for Costa Rica and should be paramount for the
official conservation planners.

Priority area 2 still has 96% of its area as forest, so
there is a great opportunity for taking effective protective
action. This is actually the protected area with the highest
amount of forested area and is mainly located in almost
uninhabited areas on the higher reaches of the Talamanca
mountain range, where already the biggest conservation
area, the international La Amistad Park, is located. This
area is also of great importance because it represents one of
the highest rankings in species richness for Bromeliaceae
(Fig. 3c) and in endemism for Araceae (Fig. 4a) and
Bromeliaceae (Fig. 4c).

Overall, of the 17 099 km? identified as priority areas,
67.5% are still forested and therefore show a promise of
an increase in protection. It is also clear from the data that
pastureland activities emerge as probably the main threat
to biodiversity conservation, because of their extension
(18.5%) and proximity to the priority areas, whereas
agriculture occupies the second place (7.2%), and urban
areas represent only a very small threat (0.16%).

A forest cover analysis showed that during the 2000-
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2005 period forest cover increased by 125 000 ha (2.4%
of the national territory), especially in the Guanacaste
Peninsula, while forest loss was in the order of 34 500
ha (Estado de la Nacién, 2007). It is to be hoped that this
trend may continue and contribute to the preservation of
the Costa Rican biodiversity.

Representativity and complementarity: In the past, the
majority of the species richness and endemism studies in
Costa Rica have relied basically on vertebrate distribution
analysis, especially birds and large vertebrates as indicators
of human impacts on biodiversity, and more recently plants
have also been employed for this purpose (Obando, 2002;
SINAC, 2007a). Insects have not been prominent in these
studies.

It is shown in this paper that a different and perhaps a
much more refined picture can be gained by using 3 plant
families and one dung beetle subfamily instead (Figs. 3-
7). This analysis suggests the existence of 3 previously
undetected areas of endemism (Fig. 7b) that had not been
registered by the use of vertebrates. Although overlap
between the different groups is nonrandom, it is not
perfect, thus the need for analyzing as many taxonomic
groups as possible. In this study, hotspots for species
richness tended to overlap with hotspots of endemism
(Fig. 7c), thus defining the different conservation priority
zones generated by this study.

Costa Rica is perhaps the best-collected country in
Central America, not only through the work of many
foreign scientists, but lately through the important work
done by the INBio (Obando, 2007). Still, some areas have
been under collected, but the available information allows
us to elucidate general patterns.

This analysis attempts to be a complementary
representation and contribution to the excellent proposal
presented by the National System of Conservation Areas
of Costa Rica (Sistema Nacional de Areas de Conservacién
(SINAC), 2007b). Such analysis, however, did follow a
different conceptual and methodological approach by
defining a conservation strategy oriented toward the
necessity of representativity of selected species (plant
and vertebrate species listed as endemic, red list and zero
extinction), ecological systems and connectivity of core
areas. The SINAC (2007b) thus proposed the undertaking
of the project entitled “Propuesta de Ordenamiento
Territorial para la Conservacién de la Biodiversidad de
Costa Rica” (Proposal of Territorial Ordination for the
Conservation of Biodiversity in Costa Rica). The aim of
the project is to maintain representative samples of the
natural richness of the country, correlating them with
productive activities of national or local importance that
are conservation-compatible by supporting its conservation
planning strategy mostly on a phytogeographic system
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that would act as a biodiversity surrogate. In the specific
case of the terrestrial environment the aim was to identify
vegetation types that are not adequately represented by the
present net of conservation areas.

However, a recent study by Rodrigues and Brooks
(2007) suggests that the use of environmental data
(forest types, vegetation systems, ecoregions, floristic
regions, species assemblages, abiotic data) as biodiversity
surrogates are substantially less effective than cross-taxon
surrogates (“extent to which conservation planning based
on complementary representation of species surrogates
effectively represents target species”, Rodrigues and
Brooks, 2007: 719), where surrogacy is defined as
the “extent to which conservation planning based on
a particular set of biodiversity features (surrogates)
effectively represents another set (targets)” (Rodrigues
and Brooks, 2007:714).

Additionally, Pawar et al. (2007) carried out a very
interesting conservation biogeography hierarchical analysis
of cross-taxon distributional congruence in northeast
India, using amphibians, reptiles, and birds from tropical
rainforest sites. They found that life-history characteristics
common to certain groups contribute to observed patterns
of congruence. Pawar et al. (2007) also found that the
analysis of biologically different subgroups can improve
the resolution of congruence analysis by unveiling fine-
scale differences between otherwise concordant groups,
thus providing a better resolution even with single-group
data. This congruence can then be used as a surrogate
simplifying the processes of area prioritization and
conservation. The present paper is thus a first attempt at
aiming in this direction in Costa Rica and will hopefully
shed some light on the urgent and necessary need for
cross-taxon analyses and the prioritization of conservation
areas.

Acknowledgements

We would like to thank foremost the Humboldt
Foundation, who graciously provided the principal
author with a Georg Foster stipend, which allowed the
time and conditions necessary for a sabbatical leave in
Germany, where the base of this study was laid in 1999
at the University of the Saarland and allowed for the
establishment of scientific contacts with the German
academic world. Subsequently, the principal author
enjoyed 2 more years of funding by the Research Office
of EARTH University, then under the coordination of Dr.
Carlos Hernandez, which helped the completion of this
work. The National Institute of Biodiversity has also been
most forthcoming in providing through the good offices



530

of Dr. R. Garcia the base information for this study, to
them our heartfelt thanks. Special thanks are due to Dr. N.
Zamora, who revised the Araceae and Arecaceae list, and
to Dr. J. F. Morales for checking the Bromeliaceae list.
We would also like to thank Jane Yeomans, Ramén Ledn,
Vilma Obando, and 2 anonymous reviewers for the critical
reading of this manuscript. Last but not least, we would
also like to thank NASA for the synthetic aperture radar
map (SAR) (Fig. 1) of Costa Rica.

Literature cited

Alvarado, G. 2000. Volcanes de Costa Rica. Editorial EUNED,
San José, Costa Rica. 269 p.

Araujo, M. B. 2002. Biodiversity hotspots and zones of ecological
transition. Conservation Biology 16:1662-1663.

Arias, E., O. Chacén, G. Induni, B. Herrera, H. Acevedo, L.
Corrales, J. R. Barborak, M. Coto, J. Cubero and P. Paaby.
2008. Identificaciéon de vacios en la representatividad de
ecosistemas terrestres en el Sistema Nacional de Areas
Protegidas de Costa Rica. Recursos Naturales y Ambiente
54:21-27.

Balmford, A. and A. Long. 1995. A cross-country analysis of
biodiversity congruence and current conservation effort in
the tropics. Conservation Biology 9: 1539-1547.

Bergoeing, J. P. 1998. Geomorfologia de Costa Rica. Instituto
Geografico Nacional, San José, Costa Rica. 409 p.

Bibby, C. J., N. J. Collar, M. J. Crosby, M. F. Heath, Ch.
Imboden, T. H. Johnson, A. J. Long, A. J. Stattersfield and S.
J. Thirgood. 1992. Putting Biodiversity on the Map: Priority
Areas for Global Conservation. International Council for
Bird Conservation, Cambridge, UK. 90 p.

Campbell, J. A. 1999. Distribution patterns of amphibians in
Middle America. /n Patterns of Distributions of Amphibians.
A Global Perspective, W. E. Duellman (ed.). The Johns
Hopkins University Press, Baltimore, USA. p. 111-210.

Coates, A. G. 1997. The forging of Central America. /n Central
America. A Natural and Cultural History, A. G. Coates (ed.).
Yale University Press, New Haven, USA. p. 1-37.

Cotera, J., J. M. Dengo, O. Liicke and D. Orlich. 1998. Propuesta
de Ordenamiento Territorial. Costa Rica en el Afio 2025.
Comisién Terra. San José, Costa Rica. 134 p.

Cox, C. B. and P. D. Moore. 2005. Biogeography. An Ecological
and Evolutionary Approach. Blackwell Publishing, Oxford,
UK. 428 p.

Denyer, P. and S. Kussmaul. 2000. Geologia de Costa Rica.
Editorial Tecnoldgica de Costa Rica, Cartago, Costa Rica.
508 p.

DeVries, P. J. 1987. The Butterflies of Costa Rica and their
Natural History, vol. I. Papilionidae, Pieridae, Nymphalidae.
Princeton University Press, New Jersey, USA. 327 p.

DeVries, P. J. 1997. The Butterflies of Costa Rica and their
Natural History, vol. II. Riodinidae. Princeton University
Press, New Jersey, USA. 288 p.

Elizondo, L. H., Q. Jiménez, R. M. Alfaro and R. Chaves. 1989.
Contribucién a la Conservacién de Costa Rica. 1. Areas de

Kohlmann et al.- Biodiversity atlas of Costa Rica

Endemismo. 2. Vegetacion Natural. Fundacién Neotrépica,
San José, Costa Rica. 107 p.

Estado de la Nacion. 2007. XIII Informe. Programa Estado de la
Nacion, San José, Costa Rica. 80 p.

Fogden, M. and P. Fogden. 1997. Wildlife of the National Parks
and Reserves of Costa Rica. Editorial Heliconia, San José,
Costa Rica. 166 p.

Garson, J., A. Aggarwal and S. Sarkar. 2002. Birds as surrogates
for biodiversity: an analysis of a data set from southern
Quebec. Journal of Bioscience 27:347-360.

Gaston, K. J. 2000. Global patterns in biodiversity. Nature
405:220-227.

Gaston, K. J. and J. L. Spicer. 2004. Biodiversity. An Introduction.
Blackwell Publishing, Oxford, UK. 191 p.

Gentry, A. H. 1978. Floristic knowledge and needs in Pacific
tropical America. Brittonia 30:134-153.

Graham, C. H. and R. J. Hijmans. 2006. A comparison for
methods for mapping species ranges and species richness
and climate. Global Ecology and Biogeography 15:578-587.

Halffter, G. and C. Moreno. 2005. Significado biolégico de las
diversidades alfa, beta y gama. /n Sobre diversidad biolégica:
el significado de las biodiversidades, G. Halffter, J. Soberdn,
P. Koleff and A. Melic (eds.). m3m-Monografias Tercer
Milenio, vol. 4. SEA, CONABIO, Grupo DIVERSITAS &
CONACYT, Zaragoza, Espaia. p. 5-15.

Hall, C. 1984. Costa Rica: Una Interpretacion Geogréfica con
Perspectiva Histdrica. Editorial Costa Rica, San José. 115 p.

Hammel, B. E., M. H. Grayum, C. Herrera and N. Zamora
(eds.). 2003. Manual de Plantas de Costa Rica. Volumen
II. Gimnospermas y Monocotiledoneas (Agavaceae-
Musaceae). Monographs in Systematic Botany from the
Missouri Botanical Garden, volume 92. St. Louis, Missouri,
USA. 694 p.

Holdridge, L. 1967. Life Zone Ecology. Tropical Science Center,
San José, Costa Rica. 124 p.

Howard, P. C., P. Viskanic, T. R. B. Davenport, F. W. Kigenyi,
M. Baltzer, C. J. Dickinson, J. S. Lwanga, R. A. Matthews,
and A. Balmford. 1988. Complementarity and the use of
indicators for reserve selection in Uganda. Nature 394:472-
475.

Instituto Tecnoldgico de Costa Rica. 2000. Atlas Costa Rica
2000. Cartago, Costa Rica. 1 CD.

Jiménez, J. 1995. Training parataxonomists and curators to
help conservation: the biodiversity inventory. /n Integrating
people and wildlife for a sustainable future: Proceedings of
the First International Wildlife Congress, J. A. Bissonette
and P. R. Krausman (eds.). The Wildlife Society, Bethesda,
Maryland, USA. p. 165-167.

Kappelle, M. 2008. Diccionario de la Biodiversidad. Editorial
INBio, Santo Domingo de Heredia, Costa Rica. 385 p.

Kohlmann, B. and A. Solis. 2006. El género Canthidium
(Coleoptera: Scarabaeidae) en Norteamérica. Giornale
Italiano di Entomologia 53:235-295.

Kohlmann, B. and J. Wilkinson. 2007. The Téarcoles Line:
biogeographic effects of the Talamanca Range in lower
Central America. Giornale Italiano di Entomologia 54:1-30.

Kohlmann, B., W. J. Mitsch and D. O. Hansen. 2008. Ecological
management and sustainable development in the humid



Revista Mexicana de Biodiversidad 81: 511- 559, 2010

tropics of Costa Rica. /n Ecological management and
sustainable development in the humid tropics of Costa
Rica, B. Kohlmann and W. J. Mitsch (eds.). Ecological
Engineering, Special Issue No. 34:254-266.

Kohlmann, B., J. Wilkinson and K. Lulla. 2002. Costa Rica from
Space. EARTH University, San José, Costa Rica. 198 p.
Kohlmann, B., A. Solis, O. Elle, X. Soto and R. Russo. 2007.
Biodiversity, conservation, and hotspot atlas of Costa
Rica: a dung beetle perspective (Coleoptera: Scarabaeidae:

Scarabaeinae). Zootaxa 1457:1-34.

Lamoreux, J. F., J. C. Morrison, T. H. Ricketts, D. M. Olson, E.
Dinerstein, M. W. McKnight and H. Shugart. 2006. Global
tests of biodiversity concordance and the importance of
endemism. Nature 440:212-214.

Lomolino, M. V., B. R. Riddle and J. H. Brown. 2006.
Biogeography. Sinauer Associates, Inc., Sunderland,
Massachussets, USA. 845 p.

Margules, C. R. and R. L. Pressey. 2000. Systematic conservation
planning. Nature 405:243-254.

Meza, T. A.2001. Geografia de Costa Rica. Editorial Tecnol6gica
de Costa Rica, Cartago, Costa Rica. 124 p.

Ministerio del Ambiente y Energia. 2000. Estrategia Nacional
de Conservacién y Uso Sostenible de la Biodiversidad. San
José, Costa Rica. 82 p.

Mittermeier, R. A., P. Robles Gil, M. Hoffmann, J. Pilgrim, T.
Brooks, C. Goettsch Mittermeier, J. Lamoreux and G. A. B.
da Fonseca. 2004. Hotspots. Biodiversidad Amenazada II.
CEMEX, México, D.F. 390 p.

Moore, J. L., A. Balmford, T. Brooks, N. D. Burgess, L. A.
Hansen, C. Rahbek and P. H. Williams. 2003. Performance
of sub-Saharan vertebrates as indicator groups for identifying
priority areas for conservation. Conservation Biology
17:207-218.

Moritz, C.,K. S.Richardson, S. Ferrier, G. B. Monteith, J. Stanisic,
S. E. Williams and T. Whiffin. 2001. Biogeographical
concordance and efficiency of taxon indicators for
establishing conservation priority in a tropical rainforest
biota. Proceedings of the Royal Society of London, Series B,
Biological Sciences 268:1875-1881.

Morrone, J. J. 2000. La importancia de los atlas biogeograficos
para la conservacion de la biodiversidad. In Hacia un
proyecto CYTED para el inventario y estimacién de la
diversidad entomoldgica en Iberoamérica: PrIBES 2000,
F. Martin Piera, J. J. Morrone, and A. Melid (eds.). m3m-
Monografias Tercer Milenio,vol. 1, Sociedad Entomolégica
Aragonesa (SEA), Zaragoza, Espaifia. p. 69-78.

Miiller, P. 1981. Arealsysteme und Biogeographie. Eugen Ulmer
GmbH and Co., Stuttgart, Germany. 704 p.

Myers, N. 1988. Threatened biotas: hotspots in tropical forests.
Environmentalist 10:243-256.

Myers, N., R. A. Mittermeier, C. G. Mittermeier, G. A. B. da
Fonseca and J. Kent. 2000. Biodiversity hotspots for
conservation priorities. Nature 403:853-858.

Obando, V. 2002. Biodiversidad de Costa Rica. Estado del
Conocimientoy Gestién. Instituto Nacional de Biodiversidad,
Santo Domingo de Heredia, Costa Rica. 81 p.

Obando, V.2007. Biodiversidad de Costa Rica en Cifras. Editorial
INBio, Santo Domingo de Heredia, Costa Rica. 26 p.

531

Pawar, S. S., A. C. Birand, M. F. Ahmed, S. Sengupta and T.
R. S. Raman. 2007. Conservation biogeography in North-
east India: hierarchical analysis of cross-taxon distributional
congruence. Diversity Distribution 13:53-65.

Phillips, S. J., M. Dudik and R. E. Schapire. 2004. A maximum
entropy approach to species distribution modeling. In
Proceedings of the 21* International Conference in Machine
Learning. ACM Press, New York, USA. p. 655-662.

Phillips, S.J, R. P. Anderson and R. E. Schapire. 2006. Maximum
entropy modeling of species geographic distributions.
Ecological Modelling 190:231-259.

Pimm, S. L. 2000. Conservation connections. Trends in Ecology
and Evolution 15:262-263.

Pimm, S. L., G.J. Russell, J. L. Gittleman and J. L. Brooks. 1995.
The future of biodiversity. Science 269:347-350.

Prendergast, J. R., R. M. Quinn and J. H. Lawton. 1999. The gaps
between theory and practice in selecting nature reserves.
Conservation Biology 13:484-492.

Prendergast, J. R., R. M. Quinn, J. H. Lawton, B. C. Eversham
and D. W. Gibbons. 1993. Rare species, the coincidence
of diversity hotspots and conservation strategies. Nature
365:335-337.

Rodrigues, A. S. L. and T. M. Brooks. 2007. Shortcuts for
biodiversity conservation planning: The effectiveness of
surrogates. Annual Review of Ecology, Evolution, and
Systematics 38:713-737.

Rondinini, C. and L. Boitani. 2006. Differences in the umbrella
effects of African amphibians and mammals based on two
estimators of the area of occupancy. Conservation Biology
20:170-179.

Savage, J. M. 2002. The Amphibians and Reptiles of Costa Rica.
A Herpetofauna between Two Continents, between Two
Seas. The University of Chicago Press, Chicago and London.
934 p.

Sistema Nacional de Areas de Conservacién SINAC del
Ministerio de Ambiente y Energia (MINAE). 2007a.
Programa de monitoreo ecoldgico de las Areas Protegidas
y corredores bioldgicos de Costa Rica (PROMEC-CR)
Etapa I (2007-2011): Resumen Ejecutivo/SINAC-MINAE.
Asociacién Conservacion de la Naturaleza, San José, Costa
Rica. 22 p.

Sistema Nacional de Areas de Conservacién (SINAC) Grias
II. 2007b. Propuesta de ordenamiento territorial para la
conservacion de la biodiversidad de Costa Rica: Vol. 1.
Analisis de vacios en la representatividad e integridad de
la biodiversidad terrestre/SINAC-MINAE. Asociacién
Conservacion de la Naturaleza, San José, Costa Rica.
100 p.

Stork, N. E. and M. J. Samways. 1995. Inventorying and
Monitoring. /n Global Biodiversity Assessment, V. H.
Heywood and R. T. Watson (eds.). Cambridge University
Press, Cambridge, UK. p. 453-543.

Townsend, C. R., M. Begon and J. L. Harper. 2008. Essentials of
Ecology. Blackwell Publishing, Oxford, UK. 510 p.

Valerio, C. E. 1999. Costa Rica. Ambiente y Sociedad. Instituto
Nacional de Biodiversidad, Santo Domingo de Heredia,
Costa Rica. 139 p.

Valerio, C. E. 2006. Costa Rica. Ambiente y Sociedad. 2



532

Instituto Nacional de Biodiversidad, Santo Domingo de
Heredia, Costa Rica. 151 p.

Vaughan, C. 1994. Management of conservation units: The
Costa Rican national system of conservation. /n Principles
of Conservation Biology, G. Meffe and C. R. Carroll (eds.).
Sinauer Press, Sunderland, Massachussetts, USA. p. 395-
404.

Vaughan, C., J. Fallas and M. McCoy. 1998. Conservation
mapping in Costa Rica. In GIS methodologies for developing
conservation strategies, B. G. Savitsky and T. E. Jr. Lacher
(eds.). Tropical Forest Recovery and Wildlife Management

Kohlmann et al.- Biodiversity atlas of Costa Rica

in Costa Rica. Columbia University Press, New York and
Chichester, West Sussex, UK. p. 13-25.

Williams, P., D. Gibbons, C. Margules, A. Rebelo, C. Humphries
and R. Pressey. 1996. A comparison of richness hotspots,
rarity hotspots, and complementary areas for conserving
diversity of British birds. Conservation Biology 10:155-
174.

Yates, D.N., T. G. F.Kittel and R. F. Cannon. 2000. Comparing the
correlative Holdridge model to mechanistic biogeographical
models for assessing vegetation distribution response to
climatic change. Climate Change 44:59-87.



533

Revista Mexicana de Biodiversidad 81: 511- 559, 2010

STWAPUD JON

vwIeuRd YIIM paIeys dIopuy

vwIeuRd YIIM PIIeys JIWIpUL

JIWAPUD JON
vWIRURg )IM PAIBYS JIUApUY
JIWAPUD JON

vwIRURd [)IM POIBYS JIWUApUY

vweueq pue
BNSBIBOIN )M PAILYS OTWAPUH

rwIeuRd Y)IM PaIRys JIUapuy
rwIeuRd Y)IM PaIRYS JIUApuy
SIWAPUD JON

BOIY ©ISOD) JO d1Uapuy
ewIRURd 1M POIRYS JIUApUY
vwIRURd 1M PAIBYS JIUApUY
©OIY ©ISOD) JO d1uapuy
SIWAPUD JON

BOTY BISOD) JO OTWIAPUF

BuIRURJ pUB
eNSeIBIIN )M PAILYS OTWAPUH

BOTY ©ISO)) JO OTWIAPUF]

SIWAPUD JON
engeredIN YIm paleys orwapuyg
ewIeURd 1M PAIRYS JIUApuy
BWERURJ [PIM PAIRYS OIWOPUF
SIWOPUD JON

©OIY IS0 JO JIUapuy

rwIeuRd Y)IM PaIeys dIuapuy

JTWAPUD JON

d-31

wald LM (LM ‘urel d-jm ‘d-J1 WM
d-J1 T ‘wLig L-jw

wald LM {L-Jm ‘[eseq d-Jm ‘d-Jm d-H
dJm g3

L-3m ‘reseq d-jm ‘d-jm ‘1w

dJm g3

wald I-JM (LM ‘d-Jm ‘Ljw

INTIM g N INTH

Lgm

wald I-Jm

L-JM ‘urel d-Jm reseq d-jm d-p Lo
dHINT-H

INTIM - INT-H

wald LM INTIM g INT-H

d-H

wald LM ‘LM ‘d-Jm ‘wald [-jw

urel

dJm dgm g T WRld LW Ljw
wald LM (LM ‘[esed d-Jm gL
T3

waId L-JM ‘1-Jm ‘urer J-Jm ‘qeseq

M g INTIM g N LW
wald LM (LM g NTH

T3

urelr J-Jam d-Jm WTIM g W
wald 1-Jm

wald LM (LM ‘[eseq d-Jm

wald J-Jm

LM ‘[eseq d-Jm ‘- ‘wald Joju g -ju
Wl I-JM {L-Ja ‘d-} ‘wald L-jw fL-jw

09

e s e s < OBE TLE
60€ ‘TLT 0T 01T “€0T “L61 ‘v61 ‘LLI "S91 “€F

¥0T “LLT ‘S91 ‘0T

o e s o LLEQPT 012 H0T F61
ST "6¥1 9¢€1 "CS IS "€V ¢y 6T ST L1 01

So1°11

$61 ‘981 ‘€81 08 ‘11 T

18T ‘0¥

TELESTLIITOI'6 T

THT ‘91T $0T ‘00T “LLT ‘66 ‘€L ‘0L
60¢ “LI

60€ “€9C ‘S91 ‘191 “9CT ‘IS ‘€Y 'STLL 01 ‘6 ‘T
YOT “LLT

69T ‘TPT ‘60T ‘00T ‘LLT ‘¥T

0T ‘01T ‘60T ‘0T “LLT ‘S91 ‘TS ‘¢¥
LIE

60€ ‘v61 ‘9€1 ‘ST 0T ‘11 °01 ‘6

0L €V ‘0¥ ‘0T €T 1T T

SO1 TV 'STLI T

LLT

. 98€ ‘I8€ ‘8LE “HLE ‘60E ‘69T “€9T ‘761 ‘S91
9€1°09 ‘IS “€p “LE 'ST ¥T LI €1 1016 T

S9T ¥ TS °L1

LLT

8S€ ‘T8T ‘69T “€9T ‘0¥T “€€T STT ‘01T ‘TOT “LLI
9¢l

98¢ ‘I8¢ YLE ‘60€

98¢ 9LE

‘LT€ “60€ ‘0LT ‘8ST ‘01T ‘P61 “€81 ‘8LI ‘091
01T “S9T ‘191 “9€1 “€¥ L€ ST 0T ‘61 ‘LI ‘01

1n2dp wininiypuy

HPUDANP WRLINYIUY

DIUOSPIADY WNLINYIUY

wnpp1dsnd wninyuy
wnypds1jnond wninyuy
2SUIGND WNLINYIUY

11SN1G0J0D WRLINYIUY

WNULIGOSUOD WNLINYIUY
WIIDUUIIUOD WRIINYIU
SOPI01UIPID WNLINYIUY
Wn1231AD]> WRLINYIUY
WIDAD]D WNLINYIU
WNSOUADD WNLINYIUY
wmp.12dpd winimyuy
11234NG WRLINYIUY
1HUMOLG WRLINYIUY

11S2U2.1q WNLINYIUE

wnuvapp.Lq wWninyjuy

142UIJ1q WIRLINYIU

LIYDq WNINYIU
NYIIUUS-ULISID WNLINYIUY

WNUDOIUOIUD WINLINYJUY
Xippdsysndup wnimnyjuy

DJOI1ID WnLINYIUY
wnppnounpadyplp wnLmyuy
wnijofinon wniinyuy

SSNRMRGNSUQ wnrniyjuy

wstuopusy

souoy afiy

suo3djod auoy afiT Jo Loquinn

s2102dg

"BOTY BISOD) UI smie)s wisrwapu pue ‘2d£) ‘requunu auoyz 9J17T Aq saroads oradery T xipuaddy



Kohlmann et al.- Biodiversity atlas of Costa Rica

534

SIWOPUD JON
BOIY ©ISOD) JO dIUapuy

SIWAPUD JON

JTWIPUD JON
STWAPUD JON

BOTY BISOD) JO OTWIAPUF

JTWIPUD JON
STWAPUD JON

BOTY ©ISO)) JO OTWAPUF
BWRUEJ [)IM PAIBYS OTWOPUH
BWRURJ )M PIIBYS OTWOPUH
BOTY ©ISOD) JO OTWIAPUF
OTWAPUD JON

JTWIPUD JON

JTWIPUD JON

STWAPUD JON

BUIRURJ [IIM PAIBYS OTWOPUF

ewIRURd 1M PAIBYS JIUApUH
SIWAPUD JON
SIWAPUD JON
SIWOPUD JON

SIWAPUD JON

SIWAPUD JON

vwIeURd 1M PAIBYS JIUapuy

©OIY ©ISOD) JO dIuapuy

vwIeuRd YIM PaIeys dIuapuy

dm
Wl LM “L-JM ‘Urel d-Jm ‘d-J4

wId LM L
-JM ‘uter g-jm ‘[eseq J-Jm ‘d-J1 ‘wold [-jur

wold L-jMm ‘I-Jm

‘urer g-jm ‘eseq d-jm NI (- LW
wald

L-Jm ‘urer g-jm ‘d-ym ‘d-J1 INT-H -y
WT-H

waId

L-Jm ‘urer g-Jm ‘d-Jjm INT-Jm d-HINT-H
wold J-jm

‘urer g-jym ‘reseq d-jm ‘d-ym ‘d-JNT-H
d-HNT-H

WT-H

d-J - L-ju

L-ju

wold LM ‘d-H -H IWT-H

waId

LM LM d-gm -1 NI L -
[eseq d-Jm ‘1-Ju

wold J-jm

Lo ‘Urer g-jm d-m d-Ji INT-H -
d-j

waId

L-Jm ‘urer g-Jm ‘d-jm INT-Jm d-HINT-H
L-jm ‘[eseq d-Jm ‘-1

L-jm ‘[eseq d-jm “L-ju

wald

LJM L-JM “urer g-Ja Creseq d-Ja NTH
wold L-jMm “I-Jm

‘Teseqd d-Jm ‘d-3m ANTIM d-H N INT-H
wald

LM “L-Jm ‘urer g-Jm ‘reseq J-Jm ‘d-Jm °d
AT ‘Wl -jw ‘wnyaed J-ju - ju
woald I-JM ‘d-jm ‘d-1 L-ju

wold L-JM L-Jm ‘[esed d-Jm ‘d-JH1

d-H

ol
98¢ ‘LI ‘O¥T “LET “€0T ‘L6T V61 ‘TOHI

et e s o OLE PLE 60 '€9T 161
€81 °9€1 0TI 1S "€ °6C 0T LT €1 01 '6°S

cear TOT et ) g cep o 8E 60E (€9 00T
€81 191 “9€1 €L ‘L9 € ‘Th "0F 7€ L1 01 T
e e o P OC A1

‘671 “6€1 9€T “09 “0S ‘€ ‘0% ‘ST PT 1101
vS

18 ‘692 ‘€9¢ ‘0¥ ‘60T ‘#0T ‘00T ‘T61 ‘LLT *S91
9161 €L 0L ‘S “€F 6T ¥T ‘61 €1 1101
98€ “LIE *S9T 09 ‘¥S ‘€F ‘OF S€ ‘6T ‘ST 11 °S

LLT *$91

LLY

$91 ‘191

ve

91T “H0T LLT *S91 ‘09 ‘TS

T - o >

L€ 60€ “POT “LLT ‘691 S91 191 ‘6¥1 9€1 "Ll
191 ‘16

60€ 671 “9ET “0S ‘€7 ‘0% ST $T 61 ‘L1 ‘01 ‘6
<91

. 98€'HLE ‘18T ‘69T ‘€9T ‘1ST ‘0BT
LET *8TT *$TT P1T 01T ‘00T ‘S9I ‘65 ¥S ‘€¥

18€ “SLE “60€ 01T ‘¥61 €81

08¢ “60€ ‘L9T ‘191 ‘IS “LELT 6 T

60€ “€0T V61 ‘9ET “9TT ‘¥S “Th “LE ‘L1

91T “v0T ‘00T “LLT ‘S9T ‘6¥1 ‘9€T ‘09 TS ‘IS ‘LI
J N ¢10)
Y61 "€81 "LLT "OLT "191 "0¥ 0T "L1 "€1 "1 "0
S91 ‘191 ‘6¥1 ‘9¢1

98¢ “VLE ‘L1€ “60€ ‘01T P61 ‘€81

01¢c

WNUD32)40 WNLNYIUY
WNUDIPDISLI0 WNLINYIUY

WnYIUD.AYI0 WNLINYIUY

wnsnIqo wnLInyuy
wnqojIsnIqo wnLinyuy

2SUIPA2AJUOU UUNTANYJUT,

X1podSoLo1ul Wiy
11]2Y 21U WNIANYIUE
11S110] WNLINYIUY
wnyppidysisuo] wninyjuy
SUDUD]] WNLANYIUF
2SUUOULT] WINLINYIUT
11U] WNLANYIUE
win1jofioun] wintnyuy
nyjuny wininyuy
winydn.aipul wntinyuy

aSU2J1UAL0Y Wn1nyjuy

nuubuffoy wninyuy
ASUDUNIDY WNLINYIUY
2]10D.43 WnLNYIUy
HppypsydLIpaLY wintinyuy

WNSOULIO) WnLINYIU Y
ap1xapf wnrnyuy
2SU20IDf WnLINYIU

WNIWIXD WNLINYIUY

wndyovysoayyia wnrinypuy



535

Revista Mexicana de Biodiversidad 81: 511- 559, 2010

BWEUBJ Y)IM PAICYS OIWAPUL]
BOIY ©ISOD) JO dIUapuy
eNnSeILdIN IIM PAIBYS OTWAPUL]
JIWAPUD JON

JTWPUD JON

BwIeuRq pue
BNSBIBOIN )M PAIRYS OTWIPUH

SIWAPUD JON
ewIRURd )IM PAIBYS JIUApUY
SIWAPUD JON

SIWAPUD JON

©OIY ©ISOD) JO d1uapuy

BOIY ©ISOD) JO d1uapuy

eweled pue

BNJBIBDIN )M PAILYS OTWAPUH
BWERURJ [PIM PAIRYS OIWOPUH
©OTY BISOD) JO dMUApuy

BOIY ©1ISOD) JO d1uapuy

STWAPUD JON
STWAPUD JON
JTWAPUD JON
BUWRURJ [)IM PIIBYS OTWAPUH
JTWPUR JON
BWRURJ [)IM PIIBYS OTWAPUH
JTWIPUD JON
BWRURJ [)IM PIIBYS OTWAPUH
STWAPUD JON
STWAPUD JON
STWAPUD JON
STWAPUD JON
BUIRURJ )M PAIBYS OTUIOPUF

BUIRURJ )M PAIBYS OTWIOPUF

urer J-Jm ‘d-Jm INT-Im

urer gJ-Jm ‘d-jm T g3 T

wold LM I-JM ‘-3 LJu

Lm

a3

wold I-jm

‘urer J-jm ‘g-ym ‘d-J1 NI ‘waid [ju
L-Jm ‘urer g-Jm d-gm INTIm g INTH
wald I-Jm ‘d-1

d-H

wald I-Jm L ‘reseq d-Jm

d-Jm INT-Im g

woald LM d-H

I-JMm ‘Teseq J-Jm INT-J

INT-IM INT-J

a3

wald I-Jm ‘Tesed d-jm ‘d-Jm ‘d-JH WT-H
. wdld LM L ‘dym T 'd
N NTH Wald I-JW f-Ju T
waId I-Jm ‘Tesed d-JM ‘JIm INTIM ‘g
wald I-Jm ..H..ﬁS Jmmmm d-Jm

dJm NTIM d-J NN

wald [-JM ‘I-Jm ‘urer J-Jm ‘Jeseq

dJm dgm - VT weld L-Jw L
dJm INTIM g1 INT-H

d-H

dHWTH

wId ,H..fS L

IACIIM NTIM JJE AT Wl L
I ‘Teseq J-Jm ‘d-J1 L-Jw
dIM g NT-H

feseq J-jm ‘[-Ju

NT-H

waId LM ‘g-J1 WT-H

18T ‘69¢ ‘€9C

0L “6S ‘S ‘¥ ‘0F ‘11

L9T *S91 ‘19T *9€T ‘9TT ‘LE ‘L1 ‘T

L1

0¥T 01T ‘s91

671 TS ‘€% “OF *PT 0T 61 ‘€1 ‘11 ‘01

69T ‘€9 “0¥T ‘LLT ‘0L ‘¥S ‘€1 “T1 6

$91 ‘9¢1

£p

9€T ‘I “LE “LT

791 “LT1 ‘€L

9€T ‘09

T L

69¢ ‘STT ‘00T ‘LI

£p

POT “LLT *S9T ‘9T 09 ‘6T ‘ST “T1 °S
L 60Ee9T
SET 2L 0L 65 BE Ehr0C Li el 10t 2
0VT ‘98T ‘€L 09 ‘6S ‘TS ‘€P ‘€1 ‘11

98€ ‘T8€ “60€ ‘P61 ‘€81 LT ‘€T *LI

91T ‘00T ‘LLT “§91 “OL ‘6§ ¥S ‘T1

10T “6v1 ‘0L ¥ "1 "€ ‘0 'S ‘02 61 L1 ¢
POT “LLT *S9T ‘SL €L 0L ‘09 “¥S ‘1

$91 ‘09

LLI ‘S91

PO €L °0L 65 *bS ‘£ 5T 0 61 ‘€1 11 01
60€ ‘8ST ‘01T “LOT ‘TS “€¥ °LI

SOT ‘6¥1 09 *¥S ‘€ ‘1

191 1S
0L
LLT *S9T ‘9€1

wnijofipipa wniinyuy
w104z wnimnyuy
asuanipdn wniinyuy
Wnyo2SLL WNLINYIUY
1ZNPUO] WNLINYIUY
2SUDUD.ID]1] WNLINYIUY
wWnaoD)$2) WNLINYIUY
2SUGLID] WINLINYIUY
WN12U2) WnLNYIUY
wnpUSISGRS WNLINYIUY
142)pun)s wninyuy
a[1qp122ds winiinyuy
wnjjdydiypds wninyjuy
111.42G12S WNLINYIUY
WnUD1IIOYDS WNLINYIUY

WNUDIAIZADYIS WUNIANYIU

SUPUDIS WINLINYIU Y
NUIAIDS WRLINYIUY
1NUBAD.A WNLINYIUY

WRUDOYIUD.A WNLINYIUY
SUDUOUIDL WINLINYIUY
winsuajod winrnypuy
wnnburdo.d wnrinypuy
wnyvjoad winiinyjuy
rnd winiinyuy
wnjjdydpuad wnrinypuy
auLiofiinpund wnrinyjuy
wnsopnyod wininyjuy
suajod winrmyuy

winuva3vd wintinyuy

wstuopusy

sauoy afiy

suo3djod auoy afiT Jo Loquinn

s2102dg



Kohlmann et al.- Biodiversity atlas of Costa Rica

536

ewIeuRd [IM PaIeys dIuapuy

vweuR pue
engeredIN YIM paleys JIwdpuyg

JTWAPUD JON
BOTY ©ISO)) JO OTWIAPUF]
JTWAPUD JON

JIWAPUD JON
JIWAPUD JON

BOTY BISOD) JO OTWAPUF
BWRUBJ [)IM PAIRYS OTWIPUH
JTWAPUD JON

JTWAPUR JON

JTWAPUD JON

BOTY ©ISO)) JO OTWIdPUF]
JTWAPUD JON

JTWIPUD JON

JTWIPUD JON

JTWIPUD JON

BOTY BISOD) JO OTWIAPUF]
en3eIedIN Yim pareys JIuapug]
JTWIPUD JON

JTWAPUD JON

vweueRd pue
enSeIedIN M pareys oluopusg

enSeIedIN M pareys oluopusg
BOIY ©ISOD) JO dIUapuy

©OIY ©ISOD) JO d1Uapuy

vwIeURd 1M PAIBYS JIUApUY
ewIRURd 1M PAIBYS JIUApUY
SIWAPUD JON

SIWAPUD JON

SIWAPUD JON

ewreuRd [IM PaIeys dIuapuy

d-HWT-H

L-m ‘Teseq d-Jm ‘d-J

woIg L-Jm ‘L-Jm

INTIM d-J

Lim

L-Jm ‘uter g-ym ‘g-im NT-Im AT
wald L-JM ‘d-JM INTIM ‘-3 IN-H T
L-Jm ‘1-ju

LI “ULRL g-JA “[eseq] d-Jm ‘d-jm ‘d-H

. . LM eseq dm dogm
d-H Weld LW p I-ju ] -ju eseq d-ju
L-3m ‘reseq d-jm ‘d-jm ‘g1

Lim

wold L-jm “L-JM

Lm

Wold -1 ‘L-IM ‘[eseq d-Jm ‘g-J1 “[-Jw
wald I-Jm L-jm ‘Teseq d-jm

eseq d-Jm

L-Jm ‘urer g-jm ‘wnytod J-Jw

L-Jm ‘Teseq J-Jm

[eseq d-jm

f o waIg oM U gogm
reseq d-Jm ‘d-Jm ‘d-J ‘wald I-jur ‘1 -jur
walg [§M LJM ‘g

Lo eseq] dgm ‘d-H1

L-IMm ‘[eseq J-Jm

L-IMm ‘[eseq J-Jm

LIm

wolg L-JM ‘I-Jm

woIg LM ‘d-Jx

L-Jm ‘eseq d-Jam ‘d-ju

wold 1-JM ‘Urer g-Jam ‘d-J WM

wald [-jm ‘Teseq J-Ja ‘d-Jm ‘d-HNT-H

LLT “S91

S91 ‘Th °L1

60€ ‘9€T ‘L1

60T ‘00T ‘T61 ‘€1

60€

60€ ‘€L PS ‘0% “LE LT ‘1

18T ‘69T ‘THT ‘01T ‘LLT ‘$91 ‘6F1 ‘09 ‘TS ‘€¥
60€ ‘191 ‘L1

60€ “€0T ‘L61 ‘€81 ‘09 ‘€% ‘61 ‘1

60€ ‘8¥T ‘01T “98T “TLT ‘79T 89 ‘0T 11
60€ “0LT *S9T “6¥1 ‘9TT ‘L1

60€

s L

60€

60€ ‘TLT ‘01T ‘191 ‘9€1 ‘TH ‘LE “L1 01 6
60€ ‘9€T ‘1§

€81

60€ “€0C P61 ‘LI

WL

s

o LIEOVT0IT L6 ‘981
€81 *6€1 ‘08 ‘09 ‘€% ‘0% '6C '0C ‘€1 ‘T1 ‘01 'S
9€1°09 °L1

09Tt ‘L1

WL

9LE *60€ “Th “L1

L1

60€ ‘TLT

9€1 ‘e¥

0LT ‘P61 *LT1 ‘Th “L1

LLT *S9T “9€T1 *0TT ‘TS

LLT *S9T “6¥1 *9ET 0L ‘09 *tS ‘1S

1jua] b.AL2)SUOIN

SU2252IND|3 DAIISUOP
DSOJUUD]Lf DAISUOPY
saprouwa.dida p.a2)suop
pIGNp DA2ISUOPN
DJO2SSIP DA2ISUOIT
DSOID1]2P D.42ISUOIN

SISUDINIDISOD DADISUOPN
142Snq D12ISUOP
11UOSUDPD DA2]SUOPA
1PUDIPUIMN DUUIOIDUIOET
pppango1d PUUIOIPUIOL]
11]2UUIDY DUIUIO]DUIOF]
sndo.ayyfia buaUOIPUOL]
p1]0f13u0]qo sisdo.idja]
WNUD2INAAS WNUOIDAC
WNDSNUOD0S WNIIUOIDAC]
r211d wnuodv.Aq
D313 WNJUOIDA]

11z1npuoy p1YIPUILIPIT

11p2}]s.420 DIYOPQUALII(T
pypds13uo] biyopquafjarq
Hpauuvy viyoLqURLJaIT
pupUundp.13 PIYoPqULJ1(T
PUUIDUO0D DIYODqUJJ21(]
pup1YOP2q PIYILqUILI21(T
DILRUD.IND DIYIDGULJ21(]
pup1IDO.LO PYIPAS010]Y )
40]021q WnpnIvy)
LI2SUIPUIMN WRLINYIU

ISUINDUA]DN WUNTANYJUT



537

Revista Mexicana de Biodiversidad 81: 511- 559, 2010

eweuRd Y)IM PaIeys dIuapuyg
rwIRURd Y)IM PAIRYS JIUApUH
rwIeURd Y)IM PAIRYS JIUApuy
BOIY ©ISOD) JO dIUapuy

BOIY ©ISOD) JO dIUapuy
vwIRURd 1M POIBYS JIUApUH
ewIRURd )IM PAIBYS JIUApUH
SIWAPUD JON

ewIRURd )IM PAIBYS JIUApUY
eweued pue

eNnSeILdIN YIIM PAIBYS OIWAPUL

BOIY ©ISOD) JO dIUApuy
JIWAPUD JON

BOIY ©ISOD) JO dIWapuy
JIWAPUD JON

JIWAPUD JON
BWERURJ )M PAIRYS OIWOPUL
JIWAPUD JON
JIWAPUD JON
JIWAPUD JON

tuweued pue

engeredIN YIm paleys druapuyg

BweuRq pue

engeredIN YIIM paleys JIwdpuyg

JTWAPUD JON
JTWAPUD JON
JTWAPUR JON
JTWAPUR JON
BUIRURJ [IIM PAIBYS OTWIOPUF
STWAPUD JON
BUIRURJ [IIM PAIBYS OTWIOPUF
BUIRURJ )M PAIBYS OTWOPUF

BOTY BISO)) JO OTWIAPUF

wald I-Jm ..Hu.fs Jmmmm d-Jm
dJNH T

Urel Jd-Jm ‘d-Jm INTIM (-

d-m

d-H

L-Jm ‘reseq d-Jm ‘d-Jm

d-H

Lm L

urer g-m ‘d-jm NI - NTH

d-3

L

L3 Loy utel d-ja ‘resed d-Jm dm
Ljm

urel d-Ja SNTIM g T T W
reseq 4-Jm

T3

L-Jm ‘[eseq d-Jm

L-Jm ‘[eseq d-Jm

Wl L-JM “L-Ja ‘Teseq d-Jm ‘d-Jm L-Ju
L3m g1 NT-H ‘Wl -jw

Lgm dgm g

L-3m ‘[esed d4m dm

L3 ‘ures g-jm d-ym

walg

L-JM L-Ja ‘urel d-Jm ‘reseq d-jm ‘d-J4
L-Ja ‘urel d-Jm ‘reseq d-jm ‘d-J4

urel d-Jm ‘d-Jm NTIM g N N
Ly

wald I-Jm

L-Jm ‘feseq d-jm

wold I-jm

TP ST L1 01

T YOT ‘LLT

LT€ *18T ‘69T €9C
18¢C

0ve

9LE ‘60€ TI1

(94

191 °LE LT

60T “LLT S91 “E€L VS ‘O ‘YT ‘11
£y ‘61

60€ ‘01T ‘¥61

60¢ ‘18T €81 “9€1 ‘0TI TV ‘L1
Ll

692 ‘0¥T 01T ‘60T ‘00T ‘6LT ‘€L ‘09 VS ‘€Y ‘OF
€81 Ty

LLT

18€ 60€ ‘TP “LI

L

T9T ‘LT ‘T1°01 'S °C

¥61 ‘LLT ‘€% ‘0T ‘L1 ‘€1

6V €y “LI

IS LT °TT

60€ ‘18T "€9C

98¢ ‘60€ “€0T ‘€81 “S9T ‘L1

LTE ‘60€ ‘L61 ‘Y61 ‘981

€9T “STT 91T “LLT “S9T “EL “6S ‘¥S ‘€1 ‘11
191

01

60€ V6T ‘€81

¥4

WNS012.4 UOLPUIPOJIYJ
wnypdsissp.ao uopuapojIyJ
2SUDUOJ0D UOIPUIPOJIY ]
2SUDSNIGOI0D UOLPUIPOLIYJ
2SUDOALLIIYD UOAPUIPOJIY ]
1123.4nq UoLPUPOIIYJ
2INDOIUUNLG UOLPUIPOLIYJ
wnynds1aa.q uopuapolyd

1152UDAG UOIPUIPO]IY ]

Ha3pq uoipuspoiyd
WIDINILIND UOPUIPOJIY J
Wn1jofinun.inD UOPUIPOJIY J
WNIDULOAD UOPUIPOJIY J
WRWOJOSIUD UOIPUIPOLIY J

wngoSn3up uopuapoIYyJ
D]021]D UOPUIPO]IY
WNA0pOIID UOIPUIPOLIY
SUDISILOGAD DIPADYILIUOPY

pIPINDA2qN) DADISUOI
SINUD] DAIISUOP

pUPA2IpUDIS DAISUOI
PUP2INAAS DA2ISUOP
pivjngound p.42]SUOI
1421331 D.12ISUOP
piavdipuuld v.12)SUO
]1yd02.10 2ISUOI
pnb1]qo v.4a1SUop
aDUI]OU DAIISUOIN
D2ODUDAQUIDUL DAIISUOI

11ud2)ny vA2)SUOP

wstuopusy

souoy afiy

suo3djod auoy afiT Jo Loquinn

s2102dg



Kohlmann et al.- Biodiversity atlas of Costa Rica

538

SIWAPUD JON
SIWAPUD JON
SIWAPUD JON

SIWAPUD JON

BuIeURq puR
eNSeIBIIN )M PAILYS OTWAPUH

JIWAPUD JON
ewIRURd )IM PAIBYS JIUApUY
JIWAPUD JON
SIWAPUD JON

vweued pue
enSeIedIN M pareys orwopusg

JTWIPUD JON
STWAPUD JON
STWAPUD JON
BOTY ©ISO)) JO OTWIAPUF

STWAPUD JON

eweued pue
enSeredIN YIM paleys drudpuyg

vwIRURd )IM POIBYS JIUApUH

JIWAPUD JON

SIWAPUD JON

JIWAPUD JON

JIWAPUD JON

JIWAPUD JON

euIRUR 1M PAIRyS JTWOPUF
JIWAPUD JON

SIWIAPUD JON

ewIeURd 1M PIRYS JIUApuy
SIWAPUD JON

©OIY ©ISOD) JO dIuapuy
SIWAPUD JON

ewIRURd 1M PAIRYS JIUApUY

-Im

wald I-Jm ¢ rr.%su,‘:w&

d-3m ‘resed d-gm g g IWTH (LW
wald

L Ly “[eseqd d-ym ‘dym ‘d- Lju
d-H

waId L3M L ‘esed d-m ‘d-Jt
wald J-Jm

L-3M ‘urel d-Jm reseq d-Jm ‘d-gm d-H
Logm drgm g3

Lgm

Wl L-§M L-Jm d3m NTIm -
LoJm ‘Urer g-ja

L-ym ‘esed d-ym ‘d-3

wald L \LJMm g

LM ‘urel g-jm ‘reseq d-ja ‘d-j

L-3a ‘Tesed d4m g

Lm

dojm Ly

d-3

WAl L-JM “L-JM ‘urer J-jm

) _Teseg dyM ‘dym T
M WL LW P LU [-JW Teseq J-ju

L-Jm ‘[eseq d-Jm ‘d-Jm ‘d-J wald -
Wl L-3M (L ‘eseq d-ja Ljw
L-Jm ‘[esed d-Jm ‘d-Jm

[eseq d-Ja ‘L-Jw

Wl LM 1-JM g

Ly S ju

waId L3M ‘dJm g

wald L-Jm ‘L-jm

INT3m

urer J-jm ‘d-J

Lim

Ll

9LE ‘PLE ‘60€ ‘18T “€9T ‘01T V61 ‘6¥1 ‘98 ‘LE T
18T °S91 ‘191 ‘09 ‘€Y TP “LE “T1 ‘01

LET

60€ L91 “9€1 09 ‘TP “LI

60€ ‘8TT €0T ‘v61 “9€T “09 “€¥ TP ‘L1

60€ ‘09 LT ‘TT

LE LT

98¢ “LI€ ‘60€ ‘18T “TLT ‘69T ‘01

60€ ‘L61 ‘¥61

LT€ ‘60€ “0LT ‘v61
09 ‘TS LT 6

60€ “€0T ‘Y ‘6T
9LE ‘60€ 01T ‘v61
Ll

6¥1 ‘v¢

0l¢

98¢ ‘60¢ ‘L61 ST

1ST 981 ‘€8T ‘09T ‘08 ‘89 “6S ‘T1 ‘€
9LE ‘60€ 981 ‘991 ‘6¥1 €V ‘Th ‘LI

191 ‘TS ‘T “LI

60€ ‘15T ‘€81

191 ‘IS

98€ ‘L1€ ‘60€ ‘Y61 “9€T ‘L1
60¢ ‘191

671 09 ‘¢ 01

9€T “LT ‘01

00¢

€92 ‘01T ‘0TI

Ll

2A2ULIDIDIS UOIPUIPOJIY ]
uin1]ofini3ns uopuapoliy g
WnUDIYNYISYIOL UOIPUIPO]IY ]

wnupisvlo. uopuapojiyq

wniofipiSid uoipuapoliyd
SIXDOPOUY.L UOIPUIPOJIY ]
wnupAp.4 UopUPOIY J
WpIPP.L UOIPUIPOJIY J

apruaoaund.ind uoipuapojiy g

wnjo421d uopuapojiy g

120uadod uo.ipuapojry g
wnypjonaddypyd uoipuapoyry g

wnondo uopuapojiy g
WII1ISOAIIUL UOIPUIPOJIY

wnpjn31] UOIPUIPO]IYJ

Huaj] uodpuspopiyd
aviddpupy uoipuapojiy g

wnupi1s1abpol uopuapoyiy g

numbov![ uoipuapojiy g
win4210j1mbavul uo.puapojIy J
UIN2ID Q1Y UOIPUIPOJIY
WN2ID.13PaY UOPUIPO]IYJ
nundp.43 uopuapojiyJ
sadipup.3 uopuapojiyJ
WNULSSIUDASD.Af UOIPUIPOJIY ]
suaputf uoipuapojryJ
wn1jofisua uopuapojIyJ
SUBIDIIUIULOP UOIPUIPOJIY
HUoSpop uopuspojiyd

Huospianp uoipuspojtyd



539

Revista Mexicana de Biodiversidad 81: 511- 559, 2010

BOTY BISOD) JO OTWIAPUF

JTWIPUD JON
BWRURJ [)IM PIIBYS OTWIPUH
BOTY ©ISOD) JO OTWIdPUF]
STWAPUD JON

BUIRURJ [JIM PAIBYS OTWPUF
JTWAPUR JON

JTWAPUR JON

JTWAPUD JON

BWRUEJ [)IM PIIBYS OTWAPUH
STWAPUD JON

STWAPUD JON

STWAPUD JON

JTWIPUD JON

BUIRURJ [)IM PAIBYS OTWIOPUF

rwieued pue
BNJBIBIIN )M PAIBYS OTWAPUH

STWAPUD JON
STWAPUD JON
JTWIPUD JON
BWRURJ [)IM PIIBYS OTWAPUH
STWAPUD JON
BUIRURJ [IIM PAIBYS OTWIOPUF
STWAPUD JON
STWAPUD JON
STWAPUD JON
STWAPUD JON
STWAPUD JON
STWAPUD JON

BUIRURJ [)IM PAIBYS OTWOPUF

wold I-jm

wald
LM “L-gm ‘eseq d-Im ‘d-Jm ‘d-J1 L-jwu
wald L-Jm ‘L-Jm ‘Teseq J-jm ‘d-H

wald L-Jm ‘L-Jm ‘Teseq d-Jm ‘d-jm
wald J-jm

‘LJm ‘uter g-jm ‘reseq d-ym ‘d-im ‘d-j1
d-Im d-3 T ‘wed LA

wald I-JM L-3m ‘Teseq d-Jm ‘d-J1

Lm d-J1

L-Jm ‘Teseq d-Jm ‘L-Jua

d-3m INT-IM d-H T ‘wald L
wald [-3m ",

Jm ‘Tesed d-Jm d-Im CINTIM IN-HINT-H
waId L-JM ‘I-Jm ‘Teseq J-Jm

waId [-JM ‘urer J-Jm ‘reseq J-Jm ‘d-Jm
L-Jm ‘Teseq d-Jm ‘d-Jm

‘wnyred -y p L-yur ‘L -jw [eseq d-ju
L-Jm ‘feseq d-Jm INTIM ‘d-J1INT-H
waId L-JM ‘1-Jm ‘Teseq J-Jm

d- 31 WT-H

wRId L-JM ‘L-Jm ‘urer J-jm ‘d-M

wald I-Jm “1-Jm

‘urer d-jm ‘reseq d-Jm ‘d-jm ‘d-J WT-H
INT-3M ‘g3 INT-H

walg

L-Im L-Jm ‘uter d-ym ‘reseq J-jm ‘d-1
1eseq d-Jm

I-Im ‘Teseq d-Jm ‘d-Jm ‘d-31 ‘wald L-ju
urer 4-jm ‘d-jm ‘d-j1

d-Im ‘-1

d-IM NTIM g T

wald L-Jm

waId L-JM ‘I-Jm ‘Teseq J-Jm

NTIm

94

ot o st oy 88 TLE ‘60E 10VT 61
€81 7291 191 "9¢T TS 1S ¢¥ 61 LT 01 6

60€ ‘01T 61 ‘€81 “L9T ‘9€T ‘IS

98¢ “18€ ‘YLE ‘60¢ “SOT V61

60€ ‘LET “€0T “L6T ‘Y61 ‘TS ‘1S ‘€T ‘T1
18T “0¥T “TOT “LLT “S9T 0L ‘0T ‘€1
S9T °6€T ‘IS “€F ‘TP ‘6T ST LI

09 ‘€¥ “LT

191 ‘IS LT T

18T "69T ‘98 ‘€% ‘0T ‘11

YLE ‘60€ ‘69T ‘91T “€8T ‘LLT ‘T1

9TI ‘TS “Th °L1

6¥1 9T 0TT ‘1§

60€ ‘9TT ‘€81 V9 ‘L1 ‘11°€°C

60€ “0LT ‘01T ‘v61 “LLT ‘SL €V ‘6T ‘L1
9€T ‘TS “LI

0T ‘01T “LLT “S9T “t¥ 6T

60€ ‘01 ‘09 ‘TS
o pLee0E E9T
SCC 01T L61 981 09 € '6C ST L1 1T 01
Y0T ‘00T ‘LLT “S9T “OL ‘vS ‘€¥

PLE ‘60€ ‘OF ‘61 “LT ‘0T °S

s

60€ ‘8TT 61 ‘991 ‘09 ‘€¥ Th “LI

012 ¥0T ‘L61 ‘6¥1

€111

LT€ *STT ¥0OT ‘671 09 ‘6S ‘tv

[43

1S°01°6

692 ‘00T

snibws uoypuLiddsoua)g

win1jofipsndup uonpuLdsoud)s
npubipuam wnjjAydiyipdg
pjoo1AJ1S winjjAydiyipdg
wngjoftuduyd winjjAydiypdg
winuvjuows win)jAydiynds
adan] wnjjdydiypds
sua.aiaoanf winjAydiynds
uppysyoLipary wnjdydiypdg
sua1aop wnjdydiypdg
1punjpuam piypdsopoyyy
ppronjjad pypdsopoyy
pupizjrou pyIpdsopoyy
§2)011D.418 DUSIJ

1RGN UOAPUBPOLLY ]

Hpubjpuam UoipuspojIyd
UNSOINAIDA UOIPUIPO]IY ]
1UYY2.421) UOIPUIPOJIYJ
wingipavdig uoapuapopy g
wWndISSDIDY) UOAPUIPOJIY J
2NUd) UOPUIPOJIY J
2[np212INS UOAPUIPOJIY J
WIS UoPUIPOIIY g
WL UOPUIPOJIY J
D[MDIIUIUUD.A]S UOIPUIPOJIY J
142]pun)s uopuapoyIyJ
a[npo1UNbS UOPUIPOJIY J
Hpoyos uoipuaporyd

WnUp1I0YdS UOIPUIPOJIY J

wstuopusy

souoy afiy

suo3djod auoy afiT Jo Loquinn

s2102dg



Kohlmann et al.- Biodiversity atlas of Costa Rica

540

OTWAPUD JON
OTWPUD JON

JTWAPUD JON

SIWAPUD JON
BOIY ©ISOD) JO d1uapuy
SIWAPUD JON

BOIY ©ISOD) JO dIuapuy
JIWAPUD JON

enSeIedIN YIM paleys Oruapuyg
JIWAPUD JON

ewIRURd 1M POIBYS JIUApUY

STWAPUD JON
BUIRURJ [IIM PAIBYS OTWIOPUF
BOTY BISO)) JO OTWIAPUF
BUIRURJ [JIM PAIBYS OTWIOPUF
STWAPUD JON

BUIRURJ [)IM PAIBYS OTUWIOPUF

ewIRURd 1M PAIRYS JIUApUY
BOIY ©ISOD) JO dIUapuy
BOIY ©ISOD) JO dIUapuy
©OIY ©ISOD) JO d1uapuy

SIWAPUD JON

JTWIPUD JON
BUIRURJ [JIM PAIBYS OTWIOPUF
STWAPUD JON

vweueRd pue
engeredIN YIM paleys oudpuyg

urer J-Jm ‘qeseg

d-Jm ‘d-jm ‘wald I-jw ‘] -ju ‘[eseq d-ju
L-jm ‘urer g-Jm ‘d-jm ‘d-31 ‘INT-H

wald [-Jm

reseq J-Jm ‘d-Jm ‘wnyrod
LW p LjwfL-jw ‘Teseg d-ju d-ju

L ‘urer g-jm ‘reseq J-jm

L-Jm ‘feseq d-Jm “L-jw

utel d-JM ‘feseq d-Jm ‘d-jm

L-Jam ‘urer g-Jam ‘[eseq d-Jm ‘d-j Ly
d-H

L-Jm ‘feseq d-Jm ‘d-

LJm g-1

walg
L-3a L-gm ‘uter d-jm ‘feseq d-Jm ‘d-Jm

L-Jm ‘feseq d-jm
L-Jm ‘[eseq d-jm ‘g3

d-jm

L-Jm g3

waId L-JM ‘I-Im

wId

L-Jm ‘urer g-Jm ‘d-jm INT-Jm d-HINT-H
L-im

L-im

wald L-Jm

J-jw ‘eseq d-jw

wald LM d-H Em:ﬁ

dIMdIN TN dH WTH WTHu
wald I3 (Lgm d-H

wald L-JM ‘I-JM ‘utel J-jm

‘Tesed d-Jm ‘d-Jm NTIM (d-J ‘wnld Ioju

€0T “L6T ‘€81 08 ‘LY ‘0T ‘11 ‘¢

60€ ‘€9T “LLT “S9T “6¥1 ‘09 ‘11

YLE

8ST €8T ‘LI ‘LTI ‘611 ‘16 ‘08 ‘89 “L¥ ‘T1
60€ “€9T ‘61 ‘€81

191 ‘TP “LI

TIT “€0T ‘€81 ‘291

9LE ‘60€ “L6T ‘Y61 ‘€8T ‘191 ‘IS ‘€ “LE T

94
€Y TV LT 6
01T “LI

60€ ‘€0T ‘P61 ‘981 “9€T ‘L1 ‘1T ‘01
IS°LT

9LE ‘LT€ “60€

1s¢

60€ ‘09 ‘LT ‘6

98¢ ‘60¢

18T ‘69T “OFT ‘LLT “9€T ‘€L €¥ ‘OF ‘€1 ‘I1
60¢

60¢

9¢l

€T

LLT “S91 ‘€¥ ‘ST
6LT ‘LLT “S9T 0L “6S ‘tv ‘0¥ ‘11
60€ “9€T ‘09 ‘€F

60€ ‘69T ‘T€T ‘991 ‘0TI ‘09 ‘TS ‘€Y 'STITL 01 °S

HPUDIPUINA DULOSOYIUDY
sadipun butosoyuvy

wnjsnqo.d buosoyjuvy

WNUDIIXIUL DULOSOYIUDY
wWnIpqIDaP PULOSOYIUDY
sipup.13 pypdso.n)
npubpUIM WNIUOSULS
win]jdydiy wniuo3udg
wnupdappup)s wnuoSuls
wnup1I0YIS WNIUOIULS

1404 wn1o3udg

winjjAydopod winiuosudg
winpn]oo1jod wn1uosudg
112gnpo wniuo3udg
WRUPONDUL WNIUOSUAS
winjjAydoovur winiuoSudg

WNIAULI2ID] WNIUOSUAS

nuubuifjoy wn1uoSudg
win.2f13svy wnuoSudg

1043802 WNIUOSULS
WN231UUAD WNIUOSUAG

wnInISN3uD WNIUoSulg

winupadn.Lds uoypuLddsoud)g
2]1852S UO1IPULIDASOUD)S

uInIsSNqo.d uoDULIASOUI]S

wnjofipun.aou UoPULIDASOU)S



541

Revista Mexicana de Biodiversidad 81: 511- 559, 2010

BWRURJ )M PAIBYS OTWOPUH
BOTY ©ISO)) JO OTWIAPUF
BWRURJ )M PAIBYS OTWAPUF

JTWAPUR JON

SIWAPUD JON

BOIY ©ISOD) JO dIUApuy

SIWAPUD JON
BOTY BISOD) JO onuapuy
SIWAPUL JON

enSeredIN YIm paleys drwuopuyg
vweued pue enSeIedIN YIImM paleys oruopusg

SIWAPUD JON

SIWAPUD JON

BUWRURJ )M PAIBYS OTWAPUF
JTWAPUR JON

BWRURd puR BNSRIBDIN )M PAIBYS OTWAPUF
BUWRURJ )M PAIBYS OTWAPUF

BOTY ISO)) JO OTWAPUF

STWAPUR JON
STWAPUD JON

BUWRURJ )M PAIBYS OTWAPUF
JTWAPUR JON

SIWAPUD JON
SIWIAPUD JON
SIWIAPUD JON
SIWAPUD JON

SIWIAPUD JON

L-jut

L-jut

Ly ‘[esed d-m Ljut

Lym Ljw

L-3m ‘resed d

-jm ‘wnyaad J-jw ¢ p-jun ‘feseq J-ju
L-Jm ‘wnyred I -jw

wald LM L-Jm
‘urer J-jm ‘reseq J-Jm ‘d-J1 ‘L

wald [-JM ‘1-Im

[eseq J-ju

wald I-jm (L-jm

waId

LM {L-3m ‘Teseq d-Jm ‘d-31 L-Ju
wald [-Jm ‘L-Jm ‘urex

d-Jm ‘eseq d-jm ‘d-J1 ‘wald J-ju
Lgm 1w

waId LM ‘d

I CNTIM g T ‘weld L-jw
wald I-Jm (L-m

d-J1 ‘wald -Ju

L-Jm ‘Teseq d-Jm ‘[eseq d-Jju

d-H

urer

d-Jm ‘[eseq J-Jm ‘L-jw ‘[eseq d-ju
[esed d-jm ‘L-ju

reseq J-Jm

wald L-Jm ‘L
M ‘Teseq d-ja ‘wnyaad [ -jur ¢ -ju

UERY R A F 1Y
‘Tesed d-jm ‘esed d-H ‘d-H ‘LW

d-H

Lom

[eseq d-Jm p LW L-jw \L-Jp
L-jut

191

191

0LT ‘19T LT
60€ ‘191

P8E ‘9LE ‘60€ €81 08 ‘L1 € T

L1°6'Y

60€ “€0T ‘P61 ‘€81 “L9T 19T ‘€1

09 ‘TS IS “€¥ “TH ‘0% "LE 6T ‘1T LT 01 °6 T

98¢ ‘60€ V61
ILT ¢
LETT LT 01

€91 ‘191 “9€1 ‘TS “T¥ L1 ‘01 ‘6

LT€ ‘60€ “TLT “€9T 01T “L6I “v61 €81 ‘991
60¢ ‘191

O¥T ‘01T P0T “LLT ‘65 ‘0T ‘€1 ‘11 ‘01
9€1 ‘TS °LI

991 ‘691

9LE ‘60€ V61 ‘€81 “1LI

01¢

€6 °€0T ‘€81 ‘08 ‘¢

9LE ‘61T ‘191

(44

€81 °L91 ‘191 01 ‘¥

L ,owm,wmm
€LE "60€ v6I 191 09 TS ¢v L€ vE LT 01 6
L1g

60¢

9LE ‘061 ‘89 ‘81

[4

pIDSUPU0D 2ULZ0.43dAv))
vdyovysdjod sryovg
SLIDIIJIUL S14JODG

vib.aput S14700g

Aofbut S14Jo00g

p1as13uoj SLODLG

SISU2ANPUOY S1IIODG
DUDADLIDY SLUIIDG
SISU22UINS S1IJODG

nundo.3 s14o0g

A01]12D.43 S14JODG

psonpup]8 sLyovg

sapdisp3 S1ovg

DANUDIP SLUODG
SIUOPD.10]0D S1LIODG
pIDPNDI SLODG
pupA2]10q S11ODG

avinl-pup s1iovg

p22p.4AINq P
wnupA2[pupis wndind0.4sy

winy.2fu0d wndip20.jsy
wnp o wWndip204Sy

pup1OUL 2ULZ0.42)S
pns.iy sauvydry
panoy sauvydiy
DID2]NID DIUOIOAIY

1Y 314m 2ydp.1.10]200}

wstopuy

sauoyz afi'7

suo3djod auoyz afiT Jo Loquinn

s2102dg

BOTY BISOD) UT SNIEL)S WISTWOPUD pue ‘ad£) ‘roquunu auoz oJ1T Aq so1oads oeadeoary g xipuaddy



Kohlmann et al.- Biodiversity atlas of Costa Rica

542

BUWRURJ )M PAIBYS OTWAPUH

JTWAPUR JON

JTWAPUR JON
BUWRURJ )M PAIBYS OTWOPUH

BOTY ©ISO)) JO OTWIAPUF]

SIWAPUD JON
BOTY BISO)) JO onuapuy

BUIBUR] YJIM PAIRYS JTWOPUL

vwIRURd )IM PAIRYS OIUSpUY

ewIeuRd )M PAIRyS OIUapuy

vwreued pue enSeIediN [Im paIeys SIudpug
BOTY BISO)) JO onuapuy

BOTY BISO)) JO onuapuy

eNnSeILdIN YIIM PAIBYS OIWAPU

SIWAPUL JON

vweued pue enSerediN Yim paieys oruopuyg

eweued pue engetedIN Yim pareys onuopug

BOIY IS0 JO dIwopuyg

SIWAPUD JON
ewIRURd )M POIBYS OIUSpUH

BOIY ©ISOD) JO OIUApuUy
ewIRURd Y)IM PAIBYS OIUSpUH

eweURd )M PAIBYS OIUSpUY

BOIY IS0 JO JIWopuyg

BOIY IS0 JO dIwapuyg

SIWAPUD JON

d-H

INTIM T

wald I-Jm

L3M Curel g-Jm S d-gm - WM
TN N

d-H

wald L-Jm

‘LM ‘urel g-jm ‘reseq d-Jm d-jm
NTIM d-J N NTH LW
T3 N-HINT-H

waid LM g T

wald

LM “1-Jm ‘urer d-Jm ‘reseq d-Jm
wRId L-JM L-Jm ‘urer

d-Jm ‘reseq d-Jm dgm INTIM g1
M N ‘WLl Lo Ljw fd-jw
wald

L-Jm “1-Jm ‘eseq d-jm ‘d-J LJjw
NT-H

d-JNTH

INT-H

wld LM ‘LM dgm g3 T
wald LM (L-jm

‘Teseq d-Jm ‘d-Jm g WTH ‘LJw
waId I-JM “L-Jm ‘urer J-jm

‘Tesed d-Jm ‘d-Jm g WTH ‘L
dIm T INTH

d-Im N

I N INTH fwRld Ljw
Wl LM “1-JM ‘UrRL d-Jm ‘d-}
L-Jm ‘urer g-jm

wald I-Jm ‘d-H

wald LM d-Jm ‘-1

wald

L-gm L-ga ‘eseq d-Jm ‘dgm (g1
d-H

WOl LM ‘LM ‘d-JM T

I g T ‘WRl] LW L Jw

09 ‘¢

69T ‘STT*LLI

YLE “LTE ‘60€

‘LETLLT ‘6¥1 °09 ‘TS “t¥ ‘0¥ “6T “9T ‘ST ‘61 ‘01
91T "00T

01¢

L1€ 18T

‘69T ‘€9 ‘0¥T ‘STT ‘91T ‘01T “Y0OT ‘00T ¥61 “T61
LLTTYT ‘191 ‘6¥1 “9CT 9CT ‘0TI SL ‘€L ‘0L ‘09
‘65 VS TS IS Ly ‘€Y TY STLT €1 ‘T1 01 'S T
692 91T 60T ‘00T ‘0L ‘6S ‘¥

LLT *S9T “9€T ‘0L 09

98¢ “VLE ‘60€ “€0T ‘Y61 ‘€81

YLE ‘60€ ‘18T ‘TLT €9T

‘0€T ‘01T ¥0T “€0T “L6T V61 ‘€8T “LLT “99T ‘S91
T9T ‘191 “9€T “LTI 0TI ‘66 ‘65 VS ‘t¥ ‘0T ‘I1
L9T ‘191 “9€1 ‘TS “€¥ “TH ‘ST LI

§ee

YOT “LLT ‘S91 ‘0L ‘09

LLT

PLE ‘60€ “STT “S9T ‘6¥1 ‘09

YLE ‘60€

P61 “LLT ‘191 “9€1 ‘TS “€¥ “TH ‘ST LI ‘11 ‘01
98¢ ‘60€ ‘61¢

‘€0T L6 P61 “T6I ‘€8T L91 “S9T ‘191 “9€T1 ‘09
IS '€V ‘0¥ “S€ 6T 'STPT 61 L1 €1 T1°01 ‘6
18T “69C ‘STT “LLI

8S€ 18T ‘69T

‘STT 91T POT “LLT ‘091 ‘6¥1 “€L 0L “¥S “€1 11
YLE “LTE ‘60€ “€9T ‘OVT ‘LET ‘Y61

€9C 61

S91 ‘01

6v1 ‘9¢1 ‘TS ey
S91 ‘€v ‘6T ‘61 ‘T1°01°6°S
91

SLE PLE “LTE ‘60€ ‘LLI
“T9T ‘09 “6S ‘TS ‘€ "LE “STIT 0T LT €1 ‘T1 01

11342904 D210OPILUIDY )

vavw3Ad paiopavuiny?)

pjiund vaiopavuiny?)
112131d Da.1opaDUIDY )

pijofiosid va.iopavuiny?)

suo.fiipuuid pa.iopavuivy’)
vijofiaavd vaiopavuiny)

puplLiduipd Da.10pIPUDY)

apIpUL D2UOPIDUIDY )

X1ppdso.opul pa.LopaLUIDY))

suo.fip1on] vaiopavuivy)
DIDISNADUL DILOPIDUIDY D)
11]op0Y P2LOPILUIDY))
pljofiuuip.3 P2.10paLUIDY)

SIULAOJTUOU0DT D2A0PIDUIDY))

DUD11YIP DILOPIDUIDY)

DUDLIDUWIUIDY D2IOPIDUIDY)

SISUDINLD DALOPIDUIDY))

DUDILIDISOD D2AOPIDUIDY)
ppp12AYoD.1q PaLOPIDUIDYD)

112pU1G D2IOPIDUIDY )
pjydowaup patopavupy)

S11gPWD D2LI0pPaDUDY ")

sdyovysoyory aud3o43dAp)

an.a..12Y aud3o.dn)

pup1IY32.49521Y3
aud3o.ndAn)



543

Revista Mexicana de Biodiversidad 81: 511- 559, 2010

SIWAPUD JON
SIWAPUD JON
SIWAPUD JON

ewIeURd Y)IM PAIRYS OIUapuy
SIWIAPUD JON

STWAPUD JON

JTWAPUR JON

SIWAPUD JON

BOIY ©ISOD) JO JIUApuy

SIWAPUD JON
SIWAPUD JON
BOIY ©ISOD) JO OIUApuUy
JIWAPUD JON

BOTY ©ISO)) JO OTWIAPUF]

eweued pue enSeredIN Yim paleys oruopuyg

ewIRURd )M POIRYS OIUSpUY

BOIY ©ISOD) JO OIUApuUy
JIWAPUD JON

vweued pue enSerediN Yim paieys Sruopuyg
BOIY ©ISO)) JO OIWUApUY

vWIRUR [)IM PAIRYS OIWUSpUL

BOIY ©ISOD) JO OIUApUY

STWAPUD JON

STWAPUD JON
BUWRURJ )M PAIBYS OTWAPUF
BUWRUEJ )M PAIBYS OTWIPUF

BOTY BISO)) JO OTWAPUF

wald 1-JM ‘L-Jm ‘Teseq

M g INTIM INTH L
I TINTIM E%EWAM..WK, @&%
d-Jm ‘reseqd d-Jm dgm g INTH
wald LM d-H

wald I-jm

AT N INTH
waId

L-3m L-gm ‘reseq d-ja ‘d-HCLJw
waId L-JM ‘1-Im

‘urer d-Jm ‘reseq d-Jm INTIM g
NI wnyrad -jur ¢ p-ju ‘g-ju
wald

LM 1-gm ‘eseq d-jam (- Ljw
[eseq J-jm

wald J-Jm

L-Jm ‘[eseq d-Jm ‘reseq -4 'd-
wold LM {L-JM L-jw ‘[eseq d-ju
wRId [-JM “L-Jm ‘urer J-yjm

walg

LM L-gm ‘eseq d-jm ‘g Ljw
wald LM (LM Ljw

walg

L3 L-Ja ‘feseq d-ja LJw d-jw
L-Jm ‘reseq d-jm

L-Jm ‘[eseq

d-Im ‘d-J ‘warg I-jw ‘wnyred I -juw
waId L-Jm ‘d-H

d-3

wald LM

LoJM ‘urel g-jm ‘reseq d-Jm INT-H
wdld L§M ‘dm WTIM g3
wald LM g3 WT-H

wald I-Jm

‘L-Jm ‘urel g-jm ‘reseq d-Jm d-jm
A INT Wl L-jwfL-jw g

d-H
Wl LM T d-3H WT-H
d-H
d-H

98¢ ‘60€ ‘00T

P61 ‘€8T ‘191 ‘0L ‘TS ‘IS “LE T LI TL 0L 'S
69T “STT 91T “00T “LLT ‘6¥1 ‘0L ‘T “¥S ‘11

S91 “T91 ‘611 ‘0L ‘09 ‘TS “€¥ ‘0¥ ‘ST ET “IT1 0L °S
09 ‘cS

69T ‘91T ‘00T “LLT ‘OL “¥S ‘YT €1 11 ‘01

98€ ‘9LE PLE “60€ ‘YOI 08 ‘09 ‘LT ‘€1 ‘01 ‘6 ‘T
98¢

‘60€ ‘69T ‘STT ‘01T "€0T V61 ‘€81 ‘9LT “S9T ‘191
‘OET LTI “6S ¥S TS 1S “€¥ ‘ST61 ‘LT 01 °S
SLE

‘60€ ‘Y61 ‘S91 ‘191 TS ‘1S TP “LE ‘STLL 01 ‘6
601

€LE “60€ “09 ‘TS ‘ST'LT S

¥61 ‘1L ‘191 ‘01

98¢ ‘60€ €9C

SLE 191 “TY "LE L1 01

60€ ‘Y61 ‘191 ‘9¢T ‘08

L9T 9€T *LTT TS TV ‘L1 01 T

TLE ‘60€ P61 “L91

60€ “0LT ‘01T €81 ‘9LT 0T

S91 °9¢1

<91

YLE “60€ STT “€0T “L6T V61 ‘€81

0¥Z ‘00T ‘9€T ‘09 ‘€Y ‘6T ‘11 ‘01

LLT 0L ¥S 6T ‘ST 01

60€ ‘Y0T 981 ‘€8T ‘LLT ‘L91 ‘991 T9T ‘191 ‘9¢1
‘LTT ‘0TI ‘08 ‘09 “¥S TS ‘IS “€¥ ‘TP L1 ‘11 0T ‘6
L1g

LLT *¥9T YL “0L ‘09 ‘TS ‘tv

0lc

S91

ppdn.L2)ul PUOUOIL)
puptuupulffoy buiouo2x)
DaULSN.LIDJ DUIOUOIL)

ppjonada PUIOUOIL)
S111pa PUIOUOIL)

DSA249p PUIOUOIL)

DIpoUnd bULOU0r)

p1§2310D pbuouoar)

1159U2.4q DUIOUOIL)

priopa.d ad.iangy
p.42fia]0 S120]57
SUb]S SNOUOUISI(]
nddiyos snouowsa(

SISUDI1AD]ISOD SNOUOUSI(]

11201M2984DM D]1Yyd0oS0L1)

p.4p3pn3 vjydosodi)

1nundo.13 vjiydosod.i))
11Y000 xDULIYI0d]0)
adounydp xputiyjodjo))
DAOUIDZ DILOPIDUIDY))
11Z21MDISADM D2UOPIDUIDY )

pIjOJ1LIDINPUN D2UOPIDUIDY )

210]1l2d2) pa.1opavUIDY)
pd.1p20Ud]S DaLOPILUIDY))
1412y Da1OPILUWIDY )
WINLO1UDISSOL D2AOPIDUIDY))

2D1]2q150.4 D2LOPIDUIDY))

wstuopu sy

sauoy afi7

suo3djod auoy afi7 Jo saquiny

sa122dg



Kohlmann et al.- Biodiversity atlas of Costa Rica

544

SIWAPUL JON

SIWAPUD JON
SIWAPUD JON
SIWAPUD JON

SIWAPUL JON

JTWAPUR JON
JTWAPUR JON

JTWAPUR JON

JTWAPUR JON
JTWAPUR JON

JTWAPUR JON

SIWAPUD JON

SIWAPUD JON

JTWAPUR JON

JTWAPUR JON

STWAPUD JON

STWAPUD JON

STWAPUD JON

STWAPUD JON

SIWAPUD JON
SIWAPUD JON
BOTY BISO)) JO onuapuy
BOTY BISOD) JO onuapuy

SIWAPUD JON

SIWIAPUD JON

eweURd )M PAIBYS OIUpU

vwreueq pue enSeIediN s paIeys oruopug

Wl L-§M Lgm gt

wald
L3 L-3m ‘reseq d-jm d-gm ‘g1
I-Jm ‘uter g-Jm ‘reseq d-Jm g1
Wl LM ‘L ‘g4 L

[esed d-Jm

wRId L-JM L-Jm ‘urer

d-Jm ‘reseq d-Jm ‘d-jm ‘g Ljw
wald LM LM

wnyted J-Jw ‘I -Ju

wald I-jm

‘L-Jm resed d-m ‘dm g INTH
L-Jm ‘feseq d-}

Lgm g

dJm INTIm

AN N ‘wLlg LA gy
L-Jm ‘eseq d-jm

wRId L-JM ‘L-Jm ‘urer

d-Jm ‘eseq d-Jm ‘d-} N LW
Wl LM WTIM d-H IWT-H
wald

L-3m L-gm ‘Teseq d-Ja d-J1 d-ju
L3n

wald [-Jm

‘L-Jm ‘urer J-jm ‘reseq J-Jm ‘Teseq
d-J g1 NTH wnyaad g -jur
L3n

wald

L-3a “L-gm ‘reseq d-ja ‘d-HCLJw
urer J-jm ‘d-J1

dJHWTH

L-Jm ‘reseq -4

WRld L “Lgm ‘d-H

wald I-JM ‘L-JM ‘urer J-jm

‘[esed d-Jm ‘d-Jm ‘d-} ‘waid Ly
d-J1dju

wald LM L-Jm

‘Tesed d-Jm ‘reseq d-} ‘-4 LW

60€ ‘L9T ‘09 ‘TS “LI

98¢ “VLE ‘L1€ ‘60€ ‘61T

‘01T “S9T “9€T “SET 09 TS ‘€ ST 61 L1 01 ‘6
€9T ‘691 °9TT ‘09 ‘IS “L1

L9T ‘191 09 ‘TS L1

61¢

60¢

L61 P61 “T91 “OET L9 1S “e¥ “vE ‘61 ‘L1 ‘T1 0L 'S
60€ LT 0T ‘6

vey

S91 “6€1 “9€T TS 1S €V ‘STYT LT ‘T1 01 ‘6
€LE ‘60€ “LE

L1€ 60€

69T “TYT ‘STT *LLT ‘691 S91 ‘09 “t¥ ‘0T ‘11
v61 ‘601

PLE ‘60€ “€0T ‘19T ‘0L ‘TS “€¥ ‘TH “ST 61 “L1 ‘01
8S€ ‘69T ‘00T “LLT “S9T “OL ‘L9 09

I18€ “LTT 09 TS “LI

60€ ‘61

YLE “€LE ‘60€

‘0LT “L6T ‘v61 ‘€8T “OLT ‘09 ‘€¥ ‘ST ¥T ‘61 01
LE

98€ ‘9LE 60€ ‘191 09 ‘TS “tv 01

S91 °0T1 09

LLT *S91

€LE “60€

61 °L1°01

60€ “L6T 991 ‘ST 09 TS “€¥ ‘ST LI ‘€T “IT°S
761 ‘881

SLE “ELE '60€ T9T ‘OCT “Th “LE *LT

131023 vifjoy
SNUDIZOINDISADM
SnYIUDYIIUAG
Sns0.4q1 SnyupY>2UlG
DZIY.110XD DIIDLIOS

SHULOfiLinpuL [pgng

xajduiis pypILYUIY
DIDISID] DYPADYUIDY

upfuydsoy pypDYUIY

S1]10D.43 DUPIOYUIDY
p.1231pav) vrydoy

DUDIZ]INYIS DIOJSIA]

pIpj0112da310] D20JSAL]

M.NSKQ\.;EQ pa0jSoid

SULINIIP DIOIS2A]
DIDUIUNID DIO)SAAJ
vayond sAyovisopijoyJ

v.iodpw sndipooua()

11UOS)DM DIUOS]OYIIUOIN

D.42[100DS DIIDIIUDJ\

DapLOJJoP DIUDLI]
suv3aja aypdsodry
DUPIUDUID]D] DUIOUOIL)
pLIDA0IS DUIOUOIL)

Suaquin20.4d puIoU0ax)

pd.p24X0 PUIOUOIL)

SQNBQMOQQS buouoar)

DIPUISPAISUO] DUIOUODL)



545

Revista Mexicana de Biodiversidad 81: 511- 559, 2010

SIWAPUD JON
SIWOPUD JON
SIWOPUD JON
SIWOPUD JON
SIWAPUD JON
SIWOPUD JON
SIWOPUD JON
SIWOPUD JON
SIWAPUD JON
SIWOPUD JON
SIWOPUD JON
SIWAPUD JON

BWERURJ )M PAIRYS OIWPUF

JTWAPUD JON

SIWOPUD JON
©OIY IS0 JO d1uapuy
SIWOPUD JON

SIWOPUD JON

SIWOPUD JON

engeredIN YIIm paleys druopug

STWAPUD JON
STWAPUD JON

SIWOPUD JON
SIWOPUD JON
JIWAPUD JON

JTWAPUD JON

SIWOPUD JON

WaId L3 “L-JM ‘Urel d-gm ‘Teseq d-3m ‘dgm ‘dH WTH
wald L3 L-jm ‘Tesed d-m ‘d-p

d-yw

woaId LM ‘L-Ju

d-Jm ‘L ‘eseq J-ju

woald L-juw ‘wnyiad [ p [ ‘eseq J-jul ‘L3P
Lm ggm

wald [-Jm

woaId L3 L-JM ‘Ures g-Jm ‘Teseq d-Jm ‘d-H

LM “urer d-4a ‘d-31 ‘WI-H

Lju

WTIM dH WTH

woId I3 ‘Urel g-jm ‘d-j1

Wl LM “L-3M d-Jm g1 M LW

Wl LM L-Jm ‘[eseq d-jm ‘d-Jm WTIM ‘d-J1 LJw
UTRT J-JM d-JM INT-JM *d-J ‘WAl L-Ju * [-Ju ‘[eseq d-jut
d-y

Wl LM L-Jm ‘Teseq d-jm ‘d-j L-Jw d-ju

WAl LM LM ‘dJM T ‘d-31 AR

WoId LM LM ‘d-J1 W T-H

Wl LM L-JM ‘[eseqd d-jm ‘d-jm LJw

wald LM ‘d-H “Ljw

L3 “Ures J-jm ‘[eseq d-jm AR LW

LJm ‘[esed d-Jm

L3 ‘L

woId I-jw

waId I (L ‘eseq d-m “Lyw

9LE

‘01T “€0T ‘P61 ‘€81 ‘6¥1 91 1S T
9€1 ‘09 ‘1S “LI

881

(494

8ST 08 ‘IT ‘€

TIT “PLT 8 “81 “ILI 89 0T ‘¢
v61 ‘T1

0s¢T

9LE “PLE ‘60€ ‘01T “€0T V61
LLT 0¥ ‘61 °LT

8SC

¥0T ‘00T ‘LLT “$91

98¢ “LI€ “€9T “0¥T ‘01T
98¢

PLE ‘60€ 91T V61 ‘191 ‘6¥1 ‘€b ‘L1 ‘T
98¢ ‘9LE PLE “60€

‘18T ‘69T ‘01T ‘¥61 ‘€81 L91 ‘191 ‘671
OET ‘TS IS €V "LE ST LT IT 0L 6 T
€6C ‘69T ‘0¥T ‘01T “L61 ‘191 091 ‘¢
€l

8¢ ‘191 OCT “Tv “LE "61 “L1

69T 91T 0T ‘v61 “TIT ‘6¥1 ‘9¢€1 ‘eF
LLT °L91 "9€1 TS “€¥ °LI

60€ “TLT "€81 ‘191 ‘OCT ‘08 “LE ‘T1 T
€1°01°C

61T ‘60€ 91T “€0T T

0LT ‘v61 ‘€81

191°L1°C

991

9LE ‘60€

TET P61 191 “9€T TS 1S “ve “L1 ‘01

pupiua.Liouw s1sdoip))
prjofioun( sisdoip)
uyvy sisdoip)
pUpIU0.121.12q S15d0Ip)
r2nunyd vijpuiolg
un3uid vijouioLg
poLydsIuaY p1jaUIoLg
sidajo.opw p13.12q)1g
snipurdad SnN2202020.4
ruUULys sidajoipuy
SaP10SSPUDUD SOUDUY
11421124 DIUWYID}

11Znpuo)] voully32}"

SapLOISPUD]II DIULYID

suadsaqnd pauiyday
r111d pawY >y
v.opfipnpuad vauiyday
SINOIPRU PIUWYII}
pUDIIXOU DIUYID}
2DULBD1-dDLIDUL DIUIYDD

avuUDPILUL DIUIYDDY
pUDIUDWIPPIN] DIUIYDD

pujd1onp PaUIYIDY
11ADU]DISDD DIULYID}
DID2IODAG DIULYII}

p3ajinbp vauiyd2y

p1jofiysn3up pauiyd2y

wsruopu sy

sauoy afiT

suo3djod auoy afi'7 Jo soquinN

sa102dg

"BOTY BISOD) UT SNJE)S WISTWopuo pue ‘adA) ‘roquunu auoyz oJ1T Aq sa10ads oeaoerjowolg ¢ xipuaddy



Kohlmann et al.- Biodiversity atlas of Costa Rica

546

BWERURJ )M PAIRYS OIWOPUH
JIWAPUD JON
eweuRd YIIM PaIeys dIuapuy
eweuRd Y)IM PaIeys dIuapuy
JIWAPUD JON
JIWAPUD JON
JIWAPUD JON

JTWAPUR JON

SIWOPUD JON

SIWAPUD JON
©OIY ©ISOD) JO d1uapuy
JIWAPUD JON

vweued pue

engeIedIN YIIM paleys dIwopuyg
ewreued Y)Im paIeys druapuyg
SIWOPUD JON

SIWOPUD JON

BweuRq pue
BNSeILDIN )M PAILYS JTWOPUH

JTWAPUR JON
BOTY ©ISO)) JO OTWIAPUF
JTWAPUL JON

BUIRURJ )M PAIBYS OTUIOPUF]

JTWAPUL JON
JIWAPUR JON

JTWAPUR JON
JTWAPUR JON

JTWAPUD JON
JIWAPUR JON

JTWAPUL JON

T3 d-3 N T-H

d-Jm g1

d-JNT-H

wald LM NT3M ‘d-H INT-H

wald LM {L-JM ‘urer d-ym ‘d-J1 INT-H
d-JNT-H

urer Jg-Jm ‘d-jm ‘d-J INT-H

woId I-3m ‘d-31
wald [-Jm

g ‘Teseq dJm NTIM (- Wl Lo L

waId L3 (Lgm g Lyw
wld I-ja ‘[esed d-Jm ‘dJm d-H
wald L-JM (LJm ‘eseq d-Ja T d- INTH

woId LM T3 ‘d-1 L

WoIg I3 ‘LM ‘Tesed d-3m ‘d-gm WTIm ‘g3 LW
Ures g-jm ‘dgm WM ‘d-3

INTI “d-31 WT-H

wald LM WTIM g Ljw

WT-H

INTIM g3 N T vs-d

wold LM NTIM g3 INT-H

dogm g N T Y S-d

N-H

[eseq d-Jm ‘d-Jm WTIM g NT-H INTIW
woId I-jm

LM resed d-gm dgm INTIM (o LW g
L-ju

wald LM T W T-H 'd-ju W
L3M urer g-ja
‘A3 CNTIM T N INTAH wang - L AT

dIm CNTIM -3 INT-H T

¥0T ‘00T “LLY “09 ‘¥S ‘t¥

€111

LLT ‘09 ‘€¥

Y0T ‘00T ‘LLT “S9T ‘6§ ‘vS ‘€ ST
08T ‘vLE ‘€9T ‘01T ‘v61 ‘LL1

Y0T ‘S91 ‘0L ‘t¥

LLT €y ‘0¥ ‘T1

S91 9¢1

¥0T ‘00T ‘v61

‘€81 ‘191 OCT “€L ‘TS ‘IS 0T L1 T
SLE '60€ ‘1€T

‘01T “v61 191 “9€1 TS “€¥ “LE “L1 ‘€1
61 €y ‘STIL'S

00T ‘LLT “S9T ‘1S ‘€ “L1 ‘01

69T ‘9€T ‘TS ‘v ‘61 ‘01 °C
69T 01T IS €V L1 T1°01 T
09 ‘6S €V ‘O ‘11

00T “LLT 09

00T ‘65 ‘€ ‘61 ‘01 ‘T

LLT

LTT 91T ‘01T “¥0T ‘00T ‘LLI ‘€¥ 6T
69T ‘0¥C ‘00T ‘9€1 ¥S ‘TS ‘eF
TSTTHT 91T “LLT S9T ‘OL ‘T1

YT 91T
69T ‘60T

0T ‘00T 981 “6L1 “LLT ‘€L ‘OL ‘T1
61T ‘YLE ‘60€ ‘69T ‘8TT ‘01T

POT ‘Y61 TOT ‘191 ‘9¢CT ‘IS ‘0S ‘LT ‘I1
[4

60T ‘6LT ‘LLT “9ET ‘LTI ‘€L ‘6S

91T ‘01T ‘60T “€0T ‘61

‘6LT “LLT TYT “EL'6S €Y 0T T1 T
Syl

P0T ‘00T ‘6L1 “T9T ‘€L ‘09 ‘6S VS ‘11

SUapupvdS PIUDUIZIL)

DAUINSUDS DIUDUWIZNL)
ppydaddjod prupwizne
prjofyporyd pruvwznr)
ppod prupwizng
pqoJISNIqO PIUDUIZNL)
SISUINSDADIIU DIUDUIZIE)

DOIDSNUL DIUDUIZIE)

DIYODISOUOUL DIUDUIZND)

pIpN3Ul] PIUDUWZNL)

ID.A2.412Y DIUDWZNE)
GNBXNEQNM. pruvuiznry

1YJIUS]]2UUOP DIUDUWIZIL)
115]21NDS2P DIUDUIZINL)
DAYIDISOLIOD DIUDWIZIL

DIPSUIPUOD DIUDUIZILL)

poLduiod prupwzY
DIDUUIDALD DIUDUIZILD
11SSD]q DIUDUWIZNL)
D1]0J1ISNSUD DIUDWIZIL)
p]021A]AS D1312.40)

pup1quUIn] 03 D1S12.45)
1nur123upm s1sdoip)

v.iopfijissas sisdoip?)
pypjjao1pad sisdoip?)

ppjnound sisdop))
suvjnu s1sdop))

ppyu s1sdoip))



547

Revista Mexicana de Biodiversidad 81: 511- 559, 2010

STWAPUD JON
STWAPUD JON

BOTY ©ISO)) JO OTWIAPUF
JIWAPUR JON

BWRURJ [JIM PIIBYS ITWIPUH
JTWAPUR JON

JTWAPUR JON

BOTY BISOD) JO OTWAPUF
JTWAPUR JON

JTWAPUL JON

BWRURJ [)IM PIIBYS ITWIPUH

SIWOPUD JON

JTWAPUR JON
BOTY BISO)) JO OTWIAPUF

JTWAPUR JON
BOTY BISOD) JO OTWAPUF

BOTY BISOD) JO OTWAPUF

SIWOPUD JON

STWAPUD JON
STWAPUD JON
STWAPUD JON

vweued pue
engeredIN YIIM paleys oruopuyg

SIWOPUD JON
ewreuRd Y)Im paIeys druapuyg
SIWOPUD JON

BOIY IS0 JO druapuy

BOIY IS0 JO d1uapuy

JTWAPUD JON

urer gy d-jm WTIM ‘g3 WTH IWTFw
dFWTH

dIm WH

Wl L§m ‘d-Jm T3 ‘g ‘wald [jw
Wl LM ‘d-J

WM

wRld 1-Jm

WM

L-Jm ‘[eseq d-jm ‘Teseq g4 LW

WL LJA LJM “UreT J-3a dJ0 T3 ‘g3 WTH
d

dIM I NTH T

LRl g-JA ‘dgm TN 4 INTH

L-Jn ‘eseq d-Jm ‘Teseq d-ju

WTH WTHu

wRld 1-Jm

d-3m ‘p L ‘eseq J-juw

WIg LI “LJM ‘g g3 W N T-H
wald [-Jm

LM UIRT dPMCdPM INTIM T LW
Wl IJm ‘LJM ‘dJm ‘g-H

doim g-p

Wl L34 L “Urel d-Ja ‘d-J4 -
wald I ‘d-H N TH

Wi L4 WTIM ‘I WT-H

waid I-3m ‘Tesed dJm d-H

L3 g NTH

dm d-H

waId L-3M L ‘eseq d-m ‘d3m ‘d-H

6L°01C

“‘POT 00T ‘6LT “LLY “6¥1 ‘€L ‘¥S ‘OF ‘T1
O¥T “LLI

91T ‘61

¥0T ‘00T 991 “S91 ‘6¥1 ‘9€1 ‘€

09 TS ‘v 6T

60¢

98¢

€L

€LE €ST ‘60€ ‘85T
98¢ ‘60€ ¥IT ‘01T ‘L6T T9T ‘65 ‘11
0T

L8T “b0T ‘6L1 ‘9T ‘vS
18¢

‘69T “€9C ‘01T ‘60T ‘TOI ‘€L ¥T ‘1 ‘11
61T ‘60€ ¥61 ‘1LI

6L1 “LLT

sz ol

16 ‘89 ¥9 ‘¢

0¥c

‘91T ‘01T POT “LLT L9T ‘09 ‘€T ‘T1 ‘01
60€ ‘18T ‘69T “€9¢

‘OYT “LLT 191 °09 “€¥ ‘6T ST 11 01
98¢ “LT€ ‘60€ 9CT ‘€¥ ‘11 01

01T ‘61

98¢ “VLE ‘60€ “€9T ‘91T ‘01T ‘¥61

€Y ‘6T vT 01

Y0T ‘00T ‘LL1 “S91 “€¥ ‘ST €1

9€1 ‘09 ‘1€ ‘¥ ‘S¢

¥61 ‘9T ‘0L

0T ‘6v1

60€ ‘01T “POT “9€T ‘TS ‘1S ‘€ “LT ‘11

pssaidpp apu1dY
psS0200} Ang
sapio1a1]Asop pdng
Hpuvjpusm I IIl
10142]DA DIUAIDIJI ]
D]OIIXDS DIUADIJI]
sapiojausanb viuiwIII g
p1jOfiUpAQUIDU DIUAIDIIL]
pipdasp3owt PIUAIDIIL]
p1OfIpIDUW DIUAIDIJL]
DUDIYIIUS-UDUIA] DIUNDIILJ

11242.4q]DY PIULADIIG

pj1Aydo.ajpy 1IN
vpydoppy iU
sap1roupwznd Il g
av1yunf PIUADIN

D]0212[DD DIUAIDIIIJ

DUDIUOIIAG DIUAIDIJI]

SUIQNA0ID DIUAIDIJIJ
DIDNIAD DIUAIDIIL]

pyo135012)d D1]OUIOIGOZI

nuypz PIUPWZNL
DSOqUIAL0DGNS DIUDWZID)
DAYODISOU]S DIUDUIZID)
120n.1ds prupwznL
s171qp1o2ds prupwzRL
11YD]0YS DIUDUWIZNL)

DUDLLIIZADYIS DIUDMZNE)

wsruopu sy

sauoy afiT

suo3djod auoy afi'7 Jo soquinN

s2102dg



STWAPUD JON

JIWAPUD JON
JIWAPUD JON
JIWAPUD JON
JIWAPUD JON
BWRUEJ Y)IM PAILYS OIWAPUL]
JIWAPUD JON

JTWAPUD JON

STWAPUD JON

Kohlmann et al.- Biodiversity atlas of Costa Rica

JTWAPUD JON

STWAPUD JON
STWAPUD JON

BOTY ©ISO)) JO OTWIAPUF]

JTWAPUR JON

JTWAPUR JON
JTWAPUD JON

JTWAPUD JON
JTWAPUD JON

JTWAPUR JON

SIWOPUD JON
SIWOPUD JON

©OIY IS0 JO d1uapuy
ewreueRd )M paIeys druapuyg
SIWOPUD JON

SIWOPUD JON

SIWOPUD JON

BweURq pue
BNSeILDIN )M PAILYS JTWOPUH

548

INTHN WTH

Wl L-JM “1-Ja “Urel d-Jm ‘d-Jm
INTIM 3 W INTH Wl LW gJu N T

INTIM T

LJm d-Jm NT-Im ‘d-J1 ‘wisld 1w
[eseq J-ju

wald LM d-Jm d-3 T

[eseq 4-jm

wId [-Jm ‘Teseq J-JM ‘d-Jm ‘Wi [-Jjw

wald LM (LM ‘Teseqd d-jm INTIM ‘- LW
L-Jm ‘urer g-jm

‘Tesed d-Jm ‘d-Jm NTIM ‘-1 ‘wald - ‘L -jw
LM g WTIM ‘g WT-H T

INTIM d-3 T

d-H

L-Jm ‘urer g-jm

‘[eseq d-Jm ‘d-J1 ‘wald I-ju {L-Jw ‘reseq J-ju ‘L-Jp

dJm WTIM T

wald I-jm

L Curel g-jm Ceseq d-jm (dgm g LW g
WL [-JM “L-Jm ‘urer J-jm ‘reseq J-Jm

‘- g fwRld LW P LW L ‘[eseg d-Jw ‘d-ju

INTIM N-HINT-H

I-Jm ‘Teseq J-Jm ‘wnyred J-Jw ‘I -Jua

wald LM (LM ‘Tesed d-Jm dgm g T LW
wald LM (LM ‘[esed d-Jm d-Jm d-H

dJm INTIm

wald [-jm LM ‘[eseqd d-Jm d-H

dIm WTIM g WT-H T

T WT-H

dm dju

waId [-JM ‘Teseq J-JM ‘d-H

60T ‘00T ‘LLT ‘€L
00T ‘60€ ‘69T ‘€€T

‘6TT 91T ‘01T “v0T “L6T ‘TOT “6LT ‘991
‘ST “TIT ‘6¥1 “9ET ‘09 ‘€ ‘L1 ‘€1 “T1
6L1 ‘€L

18T O¥T “v61 “TIT €L ‘65 “€¥ 0T ‘11
€

YOT ‘LLT S91 ‘09 VS “€v “STT1
9LE

991°6¥1 ‘TS ‘1

L9T ‘191

OET “EL IS ‘€ “YE ST 61 L1 ST
0vT ‘01¢

‘€0T ‘L6 ‘P61 ‘€81 08 “€L ‘0T ‘11 T
60€ ‘01T

‘6LT “LLT “S9T “€L "0L 09 “6S “¥S ‘11
00T “LLT ‘€L ‘09

0lc

81 ‘01T ‘€0T

‘L6T P61 ‘€81 “8LT “TLT ‘091 ‘LY “0T
SP1°69T ‘60T ‘6L1 ‘€L 6S ‘T1

€9 ‘1€T ‘01T ‘v61 ‘€81

‘691 “S9T ‘191 “9€T “OF ‘ST LI 11 °6 ‘T
60€ ‘TLT 01T

‘L6T V61 ‘€81 ‘LTI ‘08 ‘89 ‘0T ‘1T ‘¢
69T ‘TYT ‘91T ‘00T “LLT

08€ ‘60€ ‘8ST ‘€8T “OLT ‘L1 ‘T

9LE “PLE ‘60€ ‘01T ‘61

LLT TYT ‘191 “9€T ‘09 “€¥ “LE 01 ‘6
60€ ‘01T P61 ‘6v1 ‘TS ‘1S “LI

60T ‘T91 ‘€L

9€1 ‘09 TS ‘1S ‘TP °LI

6L “Y0T ‘00T ‘6L1 “LLT ‘6¥1 ‘€L 'tV
T6 ‘60T ‘00T “LLY “€L “OL

691 ‘671

9€1 ‘09 ‘TS ‘T¥ ‘01

110fi3uo] vispuvyji]

pupip|oqla] pISpubjij
ppodoiduip] vispunyyi]
paounl vispupjji]
pYIUDUOL DISPUD]]L]
SiuSisul DISpup]jif
psonxayf vispupjji]
vijofijy vispuvljig
sap10on1saf vispuv]L]

DIDINO1SLY DISpUD]IIL

DS]20X2 DISpUD]]LL
ppup]duiod piIspuv]jiy

p.olfiinpo vispup]L]

ansnpaui-indpo pispuv]iy
nzjng pIspubjjij,
psoqng vispupjji]
s01nP2AYoD.1q DISPUD|IIL
D.40}iq vIspuv]j1L
pupisiqipq vispuvyjij
sdaoub pispuvjjif
2D]S0ID PISPUD|]I
plipgo DISpUb]jL]
14bMay Y DISI2GUUOY
psonoids papu1dY
DUDIUUDUINYDS DIDUIDDY

buviynyd8yjo4 bavu1ony

DJA0JUOD DIDUIODY



549

Revista Mexicana de Biodiversidad 81: 511- 559, 2010

©OIY BIS0D) JO dnuapuy
©OIY BISOD) JO dnuapuy
©OIY BISOD) JO dnuapuy
©ONY BISOD) JO dnuapuy
©OIY BISOD) JO dnuapuy

©OIY BIS0D) JO dnuapuy

BUIRURJ 1M PAIBYS OTWAPUF

©OIY ©ISOD) JO JIUApuUy
©OIY ©IS0D) JO dIUApuyg

JIWAPUD JON

STWAPUD JON

STWAPUD JON

BNSBILOIN )M PAILYS JTWOPUH

BUIRURJ [)IM PAIBYS OTWIOPUF]

STWAPUD JON

STWAPUD JON

JIWAPUD JON

STWAPUD JON

JTWAPUR JON

BUIRURJ )M PAIBYS OTWIOPUF]

JTWAPUL JON

SIWAPUD JON
SIWOPUD JON

JTWAPUD JON

vwreueRd Y)IM paIeys druapuyg

JTWAPUD JON

SIWOPUD JON

STWAPUD JON

INT-IM
INT-Jw

INT-M - N3

INT- 34 T INT-Jw

[eseq d-jm ‘d-J1 T INT-Hu

d-Jm g}

d-m

INT- M T

L AT g0 NT-H T

wald LM LM Ljw

M NTM g NT-H N T

Wl L-jM ‘L-JM ‘UIRI -jm ‘[eseq d-jm ‘L-ju

Wl L-jm “L-JM ‘eseq d-jm ‘d-Jm ‘d-J1 INT-H
LJm ggm

d-J T dJw

Wl I-jM ‘d-ja ‘d-Jur ‘N T

L ‘[esed d-Jm d-Jm T L-ju d-ju N Ty
L d-Jm AT d-J d-jun AT

Lm “Ljw

wold L-jm ‘d-J1

[eseq d-Jm ‘d-JM g} wald LW p L ‘[ d-ju

dIm NN dH T W

L3 ureL g-ym d-pm g

[eseq d-Jm ‘reseq d-Jut “L-Jp

INTHM g3

dIm NTIM g NTH g T

Wi L-3M Ly ‘[eseq d-Ja ‘d-Jm ‘[eseq d-4 Ljw
Wl I -Ja ‘Wwald [-jwt ‘[eseq d-Jw LJP

60T ‘00

6L1

91T ‘00T ‘LLT ‘€L

00T ‘6L1 ‘LLT

6LT “LLT ‘0L ‘T ‘€1

€v 11

8¢CC

60T ‘6L1 ‘€L

60€ ‘00T ‘6LT “LLT “S9T ‘€1

9€1 ‘6T

SPI ‘6L ‘69T ‘0FC ‘01T

‘00T “6LT “LLT “S9T TOT ‘€L 09 'T1
60¢ “€0T “L61 ‘¥61 ‘€81 T91 OCT °LT ‘6
01T TOT “LLT “S9T “6¥1 “9€T ‘1S LT
61 LT 11

LLT ‘691 ‘v

8€ “6L1 ‘691 ‘6¥1 ‘ST

8¢ ‘9LE

‘60€ ‘00T ‘6L1 ‘6¥1 “€LTS PE L1 ‘T1
001 ‘LT1€

‘01T ‘60T ‘6L1 ‘691 ‘TIT 9TT “€L ‘11
60¢ ‘85T T

9€T ‘09 ‘€% ‘ST 01

€81 ‘8L1 ‘991

T91 091 ‘6¥1 “LTT ‘08 ‘89 ‘0T ‘€1 ‘11
SP1°69C ‘v1T

‘01T “60T 00T ‘LLT TOT ‘€L “0S ‘€T ‘I1
YL 691 ‘L1 ‘11

YLT ‘8°S €

L1€ 69T ‘0¥T ‘691

St1 ‘001 ‘18T

“P1T ‘60T ‘00T ‘6L1 ‘LLT ‘€L ‘0L ‘09 ‘T1
€LE “PLE “60€ ‘TET V61

191 “6¥1 ‘9€1 “9TI ‘STLL 01 '6°S T
¥L1 8T ‘0T 01 ‘¢

10UNAG DIYND.ASY
DS021oD.1q DIYND.ASH
10]021q DIYRDAY

1LIDG DIYND.ASY
p.oydoup)pg Py
DIDNUID DIYND.A3HY
pIIn21dD PIYND.A3Y
pdup prynv.aY
pILUIUNID DIYND.ABH

wnijsuout vasalig

DAUNDUL DISILLY
$2p101U0D1]2Y DISILLL
SISUIDIUOYD DISILLY
piSnuaA PISpUb]]I]
SIIGDLIDA DISpUD]LL

DIDINOLIN DISPUD]]LL
Sap102USN DISPUD]]LL

A0]0DL1) DISpUD|IL]
p.afijngns vispupjjiy

SLIDINSULS DISPUD|IL]
pUDIP2IYIS DISPUDIL]

pypjniound vispupiiy
psouin.id pispupjji
prjofionvd vispupjr]

DUDIPaISL20 DISPUD]]LL
siynvoynut bISpupyji

pydjappuout vispupjji]

puployput bISpUD]]LL

wsruopu sy

sauoy afiT

suo3djod auoy afi'7 Jo soquinN

s2102dg



Kohlmann et al.- Biodiversity atlas of Costa Rica

550

BUIRURJ )M PAIBYS OTWAPUF

BUIRURJ )M PAIBYS OTWPUF

SIWOPUD JON
BWERURJ )M PAIRYS OIWPUF

BOTY BISO)) JO OTWIAPUF]

BWERURJ )M PAIRYS OIWOPUF
©OIY ©IS0D) JO dIuapuy
JIWAPUD JON

BWERURJ )M PAIRYS OIWOPUF

BUIRURJ [)IM PAIBYS OTWIAPUF]
BOTY ©ISO)) JO OTWIAPUF]

BOTY ©ISO)) JO OTWIAPUF]

BOTY ©ISO)) JO OTWIAPUF

BOTY ©ISO)) JO OTWIAPUF]
BUIRURJ [)IM PAIBYS OTWIAPUF]
BUIRURJ )M PAIBYS OTWIOPUF]
BUIRURJ )M PAIBYS OTWIOPUF]
BUIRURJ [)IM PAIBYS OTWIOPUF]
BOTY BISO)) JO OTWAPUF
STWAPUD JON

BOTY ©ISO)) JO OTWIAPUF]

BOTY BISO)) JO OTWAPUF
STWAPUD JON

STWAPUD JON

STWAPUD JON

BOTY ©ISO)) JO OTWIAPUF

BOTY BISO)) JO OTWIAPUF
BUIRURJ )M PAIBYS OTWIOPUF]
BUIRURJ )M PAIBYS OTWIOPUF]
BOTY ©ISO)) JO OTWAPUF

BUIRURJ )M PAIRYS OTWIOPUF

INTIM N INT-H

INT-3m

INTIM g N INTH T
d-H

walg [-JM ‘I-Jm ‘Teseq J-Jm

[eseq d-Jm ‘d-Jm INTHM T INH N INT-H
TN WT-H NTIW

TN WT-H T

d-H

L3 ‘ures g-ym ‘d-H

wald LM INTIM ‘d-J INTH T
INTHM IN-H

dIm T INTH

N-H

INTIM WT-H

WT-H

WT-H

Wl LM Lgm d-H

T d-3 T

UrRl g-JM INTIM ‘g4 INTH T
IWTIM T

NT-H

dm d-H

esed dJm ‘d-J IWTH

wald LJm “LJm TN d-H
wId L-JM “L-Jm ‘urer J-ym ‘J-J1
dIm WTH

Wl LM NTIM ‘-3 WT-H

urel J-Jam ‘d-jm ‘d-H

INT-Hw

L-JM “urer g-jm ‘g-J1 - W T-H

692 ‘91T ‘60T ‘00T “LLT ‘66 ‘€L

€L

ore

‘91T ‘60T 70T ‘00T ‘6LT ‘LLT ‘€L ‘¥S
¥0¢

98¢ “9LE ‘60€ ‘Y61

SPI ‘0€T “€0l

‘TYT 91T 00T ‘€81 ‘611 ‘66 “€L ‘0L
6L1 “LLT 0L ‘6S

$1T ‘60T ‘00T ‘6L1 ‘€L

94

60€ ‘01T "L61 V61 ‘€
0FCT 1T ‘60T ‘6LT “LLT ‘€L “ET ‘01

TT "00T
6v1 ‘€L 0L
T 91T
00T ‘LLT
0L

0L

€ ‘ST LI

¥0T “00T ‘LLT ‘S9T ‘09 ‘€¥
LS *0TT ¥OT ‘6LT ‘LLT ‘S9T ‘SL ‘0L ‘¥S

00T ‘6L1
129
01T “ev ‘11

YOT ‘LLT ‘09 ‘IS ‘t¥
60€ ‘01T ‘¥61 ‘691 ‘6S ‘TS ‘€ ‘ST ‘L1
YLE ‘60€ ‘01T ‘L6 “TOT ‘09

0L °TT

¥0T ‘00T ‘LLT “S91 “6S ‘TS ‘€¥ ‘€1
€9 ‘591 ‘61

6L1

LT€ ‘€9T 91T 01T ‘¥61 “LLT ‘09

1421771d D1IYND.AY

ppo1d prynn.aay

pivj1201pad PIYND.12Y
pojno1upd piynp.a,y

SISUIDSO DIYNDAI Q|

SISUDLIOLO DIYNDAI Y
pIDIOU DIYND.I3Y
s1dajo.ydou prynp.ay

1152]D.A0UL DIYND.ASH]
127710150dD]
-A21UAIDUL DIYNDAD Y]

SAuD Y0000 DIYND.12Y
DYIUD.LODU DIYNDADH
nyus-upA] piynp.AaHy
1Zow03-511] DIYND.AY
pj1Aydoona] piynp.iay
DXD] DIYND.AIYY
DUISSIID] DIYNDAS Y]
pupiiaddny piynp.iay
andypy pryn.12Y
DOLPUIOLSAY DIYND.12Y
WIn.101S2UIDY DIYND.13Y
1L12GDY DIYND.12Y
113.42qU22.43 DIYND.AD|
D1jOfIUIUDAS DIYND.AD Y
p.0}fijo1pp]3 DIYND.AY
11UOSPOP DIYND.A2Y
pup1L12dood piynv.1a
DIDUIOD DIYND.A2 Y
piv11dpd PIYN.12Y
ppp]20)duind PIYnY.12Y

1123.nq DIYND.12Y



551

Revista Mexicana de Biodiversidad 81: 511- 559, 2010

BUIRURJ )M PIBYS OTWIOPUF
JTWAPUR JON

BOTY BISOD) JO OTWAPUF
JTWAPUR JON

BOTY BISOD) JO OTWAPUF

SIWAPUD JON
©OIY ©ISOD) JO d1uapuy
©OIY IS0 JO d1uapuy

eweued Y)Im paIeys druapuyg
©OIY IS0 JO d1uapuy
BOIY IS0 JO druapuy

ewreued Y)Im paIeys druapuyg
ewreued Y)Im paIeys druapuyg
BOIY IS0 JO druapuy
SIWOPUD JON

©OIY IS0 JO d1uapuy

BWERURJ )M PAIRYS OIWPUF

SIWOPUD JON

T N INT-H N T
dIm INTIM g1

T3

Wl L3 (LM ‘d-gm g1
INTIM N-HINT-H

Loga g WTIM I WTH

INTHw

T d-3 N

T d-3 INTH

dm T T LW T W
d-m

INTHN INTH

wold L-jm

dHWTH

Wl L-§M Lo “Urel d-Ja ‘[eseq d-Jm ‘L ‘d-ju
T N T

NTIm

wald L-Jm ‘L-jm

THT 91T 00T “6L1° LLT *EL 0L
18T ‘69T ‘01T “60T ‘€L ‘65 ‘11

¥

09 TS ‘e¥ “L1 ‘11

SP1°60T ‘66 ‘0L

60€ ‘69T ‘0¥T ‘01C

‘60T ‘0T ‘00T ‘P61 “LLT LT €1 ‘T1
6L1

91T ‘01T ‘00T

01T “LLT ‘6S ‘€1

01T ‘00T ‘6L1 “TIT “€L ‘0L ‘09 “€¥ 11 T

91

€L 0L ‘6

[43

LLT ‘09 ‘¥

8¢ “60€ ‘8ST “€0T ‘Y61 01 'S T
00T ‘6L1

€L

TSULL

HsSuD1 I DIYND.A34
DUDIYIM DIYND.L2HY
DJO2IUDIINA DIYND.L2Y

DIDIIIA DIYND.12HY

SIpLIIA DIYNDAd 4

DAOYIpLAIA DIYND.AHY
SLIOJ21A DIYND.L2
SLIOXN DIYND.L2
DSOAqUIN DIYND.LY
DUDIZNPUO] DIYND.AD,HY
sisua.nbiy viynp.iay
DpUNI2SqNS DIYNDA Y
pjjAydouals piynv.aa
p.10lfijn3u1s DIYnv.1dY
DU2]OUINSUDS DIYND.13)4
pso3n.a pIYnp.1aY
pAGNL DIYND.L3yY

SUa3U1LL DIYND.13,4

wsruopu sy

sauoy afiT

suo3djod auoy afi'7 Jo soquinyN

s2122dg



Kohlmann et al.- Biodiversity atlas of Costa Rica

5562

SIWAPUD JON

enSeIedIN YIm pareys oruopug
BOIY ©ISOD) JO dIUapuy
ewIRURd [)IM POIRYS OIUSpUH

SIWAPUD JON

SIWAPUD JON

STWAPUD JON

vureued pue enSeIediN YIm paIeys SIUdpug

SIWAPUD JON
SIWAPUD JON
BOIY ©ISOD) JO dIWUApUL

BOTY ©ISO)) JO OTWIAPUF]

JTWIPUD JON
JTWIPUD JON

BOTY BISOD) JO OTWIAPUF

BweURq puB BNSBIBJIN )M PAIBYS OTWAPUH

BOTY ©ISO)) JO OTWIAPUF]

JTWAPUR JON

STWAPUR JON

JTWAPUR JON

JTWAPUR JON

woIg I-JM ‘L-Jm ‘esed g
RLS R ZNs G RSN (N At AL A L)

reseq d-Jm ‘d-jm ‘wnyrad [ -ju
P Lojuw “L-juw [eseq d-yur \L-p
d-HWT-H

dJm T3 d-J1

Wl I-JM “L-Jm ‘urer g

M “[eseq d-jm ‘d-gm o LW
L-jm J.mm.mm—

d-jm g-gm g ‘wngrad -y
WAl L-JM ‘L-Jm ‘urer g-jm
‘Tesed d-JM ‘d-JM TN g
NT-H LU ‘eseq d-jw ‘d-ju

wald I-3m ‘L

-Jm ‘reseq d-Jm ‘d-3m ‘d-3 Loy
wald LM Lm

‘urer g-jm ‘reseq d-jm ‘d-j1 L-ju
wald I-JM LM ‘g3 T
wald I-Jm Lm d-H

wald I-Jm “I-jm

waId LM ‘L

-Jm ‘reseq d-Jm ‘d-Jm d-J1 ‘walg
J-yw ‘winyzed [y p [-jur
‘L-jw ‘[eseq d-jut ‘d-jw ‘1-Jp
L-Ja ‘[eseq d-Jm

d-3

wald L-jur ‘NT-H

d-Imd-J1

waId LM ‘L

-Jm ‘reseq d-Jm d-Jm d-3 LW

LM ‘urer g-ja ‘eseq d-jm ‘d-jm
woId L-jm
‘LM [esed d-ja doa S Ljw

eseq d-Jm ‘d-} ‘waig I-Ju
‘P L-jw ‘L-jw ‘feseq J-jut ‘L-Jp

98¢

‘60€ “L9T 191 “09 ‘TS "€ ‘T 6T 0T “L1 *€1 ‘11 01

11T ‘981 €81 ‘89 ‘81 ‘11 ‘¢ T

YOT “LLT

09 ‘6S ‘€v €1 °11

TLE “60€ ‘18T ‘61T €0T

‘€81 “L9T ‘191 “TS “Cv “Th "LE 6T ST L1 ‘11 °01 ‘6

9LE ‘60€ ‘61T ‘11T ‘€81 09 ‘€1 ‘I1

18€ ‘98¢ ‘60€ ‘18T “€9T ‘61T “€OT ‘€81 ‘LLT “LIT ‘191

‘LTT ‘09 “6S “€F TP “LE 6T LT €1 “TT 01 'S '€ T

L9T “T9T ‘09 ‘TS “€¥ TY “LE LT ‘€T “TT 01 T

98€ ‘60€ “€0T ‘€81 “LIT T 6T LT ‘€1 01 T
60€ “LLT °L9T “€¥ ‘6T 01

L91 TS ST E1 ‘01

L9101

‘T1T €81 091 “LTT 89 ‘LY ‘0T ‘81 ‘€1 ‘11 ‘01 mow
60¢ ‘€81

¢l

091 +¢

€111

L9T ‘191 “IS ‘T “€1 *11 01
TLE “60€ ‘18T “€0T ‘€81

60€ ‘18T “€81 “LT 0T T

€81 ‘091 ‘89 ‘6T ‘81 ‘¢ ‘T

ipjowy wniptyuv)

21SPODUDNS WNIPIYIUD))
11owd wnipryup))
a1p1p134doosip wnipiyyuv))

2IPLJUDD WNIPIYIUD))

Xof14np wnipLjIun))

SUDPAD WIIPIYIUD)

aD]21.1gDIPUUD WIIPIYIUD.)

sdaonsn3up wnipiyun)
snpnuuas snidjapg
142851q20zZ SnYonajy

181]08 snyonajy

12on314pod Snyonay
1WaPMOY SNYONA}Y
1SYd14pUdY SNYoNa1y
avu1d Snyonaly

142112f snyonayy

12Zopupnd snyonajy

SUDIIULOIUID SNYONI]

sisuawpupd sndotuiouy

soudwp] sndown3y

wstuopusyy

sauoyz afi7

suo3djod auoy afiT Jo Loquinn

sa122dg

“BOTY BISOD) UT SNJe)s WISTwopud pue ‘adA) ‘roquunu ouoyz oj1T Aq saroads deureeqereds p xipuaddy



553

Revista Mexicana de Biodiversidad 81: 511- 559, 2010

JTWAPUR JON

JTWAPUD JON

STWAPUD JON

BWIRURJ YIIM PATRYS JTWOPUL

STWAPUD JON

STWAPUD JON
STWAPUD JON

STwIApuUR

SIWAPUD JON

BWIRURJ YJIM PIIRYS JTWOPUL

BWERURJ )M PAIRYS OTWIPUH
BWRURJ )M PAIRYS OTWIPUH
STWAPUD JON

BOTY ©ISO)) JO OTWIAPUF]
BWRURJ [)IM PIIBYS OTWAPUH
JTWIPUD JON

BWRURJ )M PAIBYS OTWOPUH

BOTY BISOD) JO OTWIAPUF

BOTY ©ISO)) JO OTWIAPUF]
STWAPUR JON

BWRURJ )M PAIBYS OTWOPUH
JTWAPUD JON

JTWAPUR JON

waId L-JM ‘d-Jm ‘wald I-jur

P LJw “Ljw ‘[eseq d-jw ‘LJp
d-m

P LW LW feseq W Lyp
wald

L3m “L-gm “urel d-jm ‘reseq
dIm M INTIM g wRld
J-w ‘wnyred J-jur p -y L
- eseq d-Jw WTW L-Jp
Wl L-JM “L-Jm ‘[eseqg

d-ym “g-1 ‘wnyred J-jur -y
wald [-Jm

BB LA G TR UM, () B LU L
walg

L34 “L-gm “urel d-jm ‘[eseq d-Jm
I LN (R ARMUER S (AL A L
dIm T3 g3 INTH
INT-H d-J4

L-Jm ‘urer 4-jm ‘reseq

dm M NI g T
urel d-Jm ‘g NI T
Wl L-JM “I-JM “ULRL d-Jm d-Jm
NTIM d-3 T ‘WLl -
INTIM g T3

d-jm ‘L-jw

d-H

INT-IM N INT-H

urer g-ym ‘d-jm ‘NT-Jm ‘d-H
urer g-jm ‘d-ym T T3
L-m

waId

LM I INTIM -3 INT-H
LM d-Jm

urer g-Jm ‘d-Jm INT-IM ‘INT-H
d-jm p L-ju

‘L-Ju ‘reseq J-jur ‘d-ju ‘1-Jp
waId L-JM ‘L-Jm ‘urer g

-Jm ‘Teseq d-Jm d-Im ‘d-31 Loy

89 ‘0T ‘81 ‘11 ‘01 ‘€ ‘C

89 ST ‘11 °€ T

11T “€0T 981 ‘€81 “‘6L1 ‘L91
‘T9T €L °89 “€¥ TY "LE 0T 8T LT “TT 01 'S ‘€ T

98€ PLE ‘60€ ‘61T ‘T1T TOI ‘981 ‘€81 ‘08

60€ ‘L9T 191 ‘TS “LE ‘ST OT LT ‘T1°01 ‘T

98¢ ‘60€ ‘€0T ‘TOT ‘€81

“L9T “T9T ‘091 ‘TS ‘IS “Tr “LE ‘ST OT LT TT 01 6 T
YOT ‘LLT ‘0L ‘6S “€¥ ‘11

LLY *S9T

18T ‘69C

‘€9T ‘OYT POT “LLY “LIT ‘6S “€¥ ‘TP ‘6T LT €1 ‘T1
18T ‘69T “€9T “LLT

18T “69T “€9T ‘O¥T “LLT ‘091 ‘€ ‘6T ‘L1 ‘€1 ‘1 ‘01
60T ‘v0T ‘LLT ‘€L

e

6C

69T ‘91T ‘60T “LLI ‘€L
18T ‘€9 ‘6S ‘6T ‘C1 ‘I1
18T ‘69T ‘€9T ‘LLI

60¢

0L ‘65 ‘6T ‘€1 ‘11 01
60€ ‘18T

18T ‘69T ‘€9T ‘LLI

LTI 89 ‘8T ‘11 °€ T

60€ ‘€0T ‘€81
L91 ‘19T “9€T ‘TS “€v ‘T LE 6T L1 ‘TT 01 'S T

§1722844n2 UOYIUD)

12]]0.443p uoYIUD)

snjjoundd uoyupy)

Sn1javI UOYIUDY)

SIDISNSUD UOYIUD))

sypi20utnbap uoyuvy)
SUDLIDGD UOYIUD))

ds u wnipryun)

wnu12dsaA wnip1yIun))

WNSOJOLIDA WNIPIIUD))

SUOUfi12qN) WIIPIYIUDY)

WNS01qaUd) WNIPIYIUD)
aj102170undopnasd
wnpryun?)

avastid wnipypun))
wnggnaouv)d wniprypup))
a11qudadaad wnipryuny)
wmppopiypd wniplyaup)

avaLIDW WNIPIYIUD))

ID[UDIADU WNIPIYIUD)
2ADINI0LODU WUNIPIYIUD)

win42)doona) wnipyun)
wnjan] wnipIyIun))

1ap1ayuadsay wnipiypun?)

wis1opusy

sauoz afi

suo3djod auoy afi7 Jo soquinp

sa122dg



Kohlmann et al.- Biodiversity atlas of Costa Rica

564

OTWAPUD JON

JTWAPUD JON

BOTY ©ISO)) JO OTWIAPUF]

BWRURJ )M PAIBYS OTWOPUH

JIWAPUD JON

STWAPUD JON

STWAPUD JON

BWRUBJ )M PAIBYS OTWIPUH

OTWAPUD JON

STWAPUD JON
BOTY ©ISOD) JO OTWIAPUF]

JTWAPUD JON

OTWAPUD JON

JTWAPUD JON

JTWAPUR JON

JTWAPUD JON
JTWIPUD JON

SIWAPUD JON

SIWAPUD JON
BOIY ©ISOD) JO dIuUapuy

vWwIRURd )IM POIBYS JIWUApUY

waId L-JM ‘I-Im

dIM INTIM g-JT werd -
urex

dogm g NI d-H N
wald [-ju

INT-IM N-JT

INTH W W N T N T
wId

LoJM L-JM “urer g-jm ‘feseq d-jm
‘A NTHM d- Rl I-ju
‘winyrad [~y p -y ‘L
‘Teseq d-Ju ‘d-jur ‘WI-JW L-JP
Lm

waId

LJm LM ‘Teseq d-JM ‘g-J1
d-im

INT-JM g ward T-jul ‘-
d-im

INT-JM “d-J1 ‘Teseq d-Ju ‘d-Ju

waId [-JM ‘L-Jm ‘Teseq d

-JM fg-Im fg-3 weld L-ju fL-ju
L-Jm ‘Teseq d-Jm ‘L-Jua

d-Im 1-Ju

waId L-JM ‘I-Jm ‘Teseq

d-Im ‘-1 °p LW ‘L AT
reseq J-ja ‘wnyrad

J-jw ‘-ju ‘reseq J-jur ‘L-Jp
waId L-JM “L-Jm ‘urer g

-Jm ‘reseq d-Jm ‘d-im d-J LW

W L-JM ‘L-Jm ‘[eseqg

dJm ‘d-3m “‘d-31 ‘wngrad [ -jur
P L-jwr ‘L-jur ‘Teseq J-jur ‘L-Jp
Ly

L-jm ‘[eseq d-jm ‘L-ju

d-Im ‘waig

J-jur ‘wnyred [-yw p [ L,
-Jut ‘resed J-ju ‘INTJW 1P
LM ‘uter g-jm ‘reseq d-ym ‘d-j1
urel g-Jjm d-jm ‘d-J1 WI-H

09 ‘6S ‘TS ‘¥ ‘6T ‘0T ‘L1 ‘€1 ‘1101
18T “69T “€9T 0T “LLI
091

68 91T ‘6L1 ‘LTI €L ‘0L

611 ‘€€ ‘18T '€9T ‘61T

‘11T “€0T ‘P61 ‘€81 ‘6L1 ‘091 ‘LTI ‘08 ‘89 ‘6§ ‘TS ‘1§
‘CY TP LE 6T ST OT ‘8T LT ‘€T ‘TT 01 ‘6°S ‘€T
L9T LT

60€ ‘01T ‘€81 L9109 ‘TS ‘IS “€¥ ‘TP ‘ST LI ‘01
18T ‘69T ‘v0T “6LT ‘6S “€¥ ‘6T ‘0T ‘€1 ‘11

0T “v0T ‘S91 ‘6¥1 ‘LTI ‘6S ‘€ ‘6T ‘€1 ‘1 °¢

60€ ‘€8T ‘€Y ‘6T ‘0T ‘€T ‘1101 °C
L9T “T91 “IS ‘TP “LE LT
8ST ‘8TT

9LE “LT€ ‘60€ ‘8ST ‘6LT ‘89 01

11T €81 81 ‘€ ‘C
98¢ ‘LI€ ‘60€ ‘18T ‘85T
‘61T '€0T TOT ‘€8T “LIT ‘191 ‘TS “T¥ ‘LE L1 01 T

8ST ‘T1T ‘€81 ‘191 08 89 ‘09 ‘81 ‘LT ‘T1 01 ‘€ ‘T
8SC
60€ ‘85T ‘€ST

061 “6ST ‘6L1 ‘LT 89 ‘LY ‘0T ‘81 ‘11 ‘¢
18¢€ “60€ “€0T ‘T61 ‘€81
18T “€9T ‘LL1 *€1 “11

11138 snavpupydo.adoy)
sisuanbraryo snavuvydo.ado))
smpjuapry s11do>)

snppoundqns s1idoy)

s1ign3ny stido)
sdao1aap) s1.1do)

snp420u1 S14doy)

S1SUIILIDISOD
S1SU2ILIDIS0D S11d0))

avzanbzpa uoyun;)

snu1pdyqns
snulpAyqns uoypupy)
SNODAJIS UOYIUD))

wnpnovui)das uoyuny)

s1j1qpInW UOYIUDY)

1as1oul UoyIuv,)

Smprjiuout uoyjunr)

SIPUOIPLIDUL UOYIUD))
SnIDARJ1] UOYIUDY)
snouaan{ uoyun)

1D]04A2YD
SnaoD31pul UOYIUD))

Hpjoquiny uoyunyy
HUUDWILADY UOYIUD)



565

Revista Mexicana de Biodiversidad 81: 511- 559, 2010

BOTY ©ISO)) JO OTWIAPUF
STWAPUD JON

JTWAPUD JON

JTWAPUD JON
BWRURJ )M PAIBYS OTWAPUH
JTWIPUD JON
JTWIPUD JON
STWAPUD JON
JTWAPUR JON

JTWAPUR JON

JTWAPUD JON
JTWAPUR JON

JTWAPUR JON
BOTY ©ISO)) JO OTWIAPUF]
BOTY BISOD) JO OTWIAPUF]
BOTY BISOD) JO OTWIAPUF

BWRURJ )M PAIBYS OTWOPUH

JTWIPUD JON
BOTY BISO)) JO OTWIAPUF

BNJBIBOIN )M PAIRYS OTWAPUH

BWRURJ )M PIIBYS OTWAPUH

BwRURq pue BNSeIBdIN )M PAIBYS OTWAPU

Wl LJA 13 g ‘d-H
IOT[OMP QABD B SI

mo_ooam Y} ey oﬁn—_men— SIS I
d-3m “d-J wald Ly “p L
‘L ‘eseq d-Jw ‘d-Jw “1-§p
wald [-JM ‘L-JM ‘urer J-jm
‘Tesed d-JM ‘dgm TN dH
‘wald LW p Ly ‘L-Jw ‘eseq
dJu ‘d-Jw W N T 1P
Lm

‘urer g-gm ‘d-jm WTIm WTH
ures g-jm ‘eseq d-ja “Ljuw
L-JA ‘urel g-ja ‘feseq d-jm
L-jw

walg

LM LA ‘Ut g-ja ‘[eseq d-gm
‘A3 fd-H wald LW Ly
urer 4-Jm

A CINTIM dH N LW

WoId LM ‘UIel J-JA ‘dgm AT
I G N WTH WTIW
wld 1-Jm .mu,wa

‘P LJuw ‘L-jw ‘Teseq d-juwi LIp
wold I-jm

‘LM ‘UIRI ggm ‘eseq d-Jm (g3
d#

Ljm

Lm

WT-H d-3

wald

L-Im ”,Hnmk/ J.:.Nu d-Jm J.mm.mm
dIm dogm g-p waig [ojw p
L-Jw “L-ju [eseq d-ju 1P
LJm [eseq d-jam

dgm d-3

‘LU ‘eseq d-Juw ‘d-Ju 1-yp
wolg

LM LA ‘urer g-jm ‘eseq
dIM dIM NTIM d31 L

wald L-Jm ‘L-Jm ‘Teseq
dJm d-gm g ‘wald 1w

TSV STLIT1 01 ‘6
Kyeoor
[eUISLIO Q) Sk BTy BISO)) AJuo suonuaur adA) oy,

061 ‘091 ‘LTT ‘89 ‘L¥ ‘6T ‘0T ‘81 ‘11 ‘€ ‘T

68 “€0T ‘€8T ‘691 “L9T ‘191 ‘091 ‘6¥1 89 ‘09 ‘6
‘€Y TP LE "6T ST 0T ‘8T LT ‘€T ‘TT 01 ‘6 S ‘€ °C
60€ ‘18T ‘69T “€9T “€€T ‘00T ‘LLI

061 “€0T ‘€81

60¢ “€0T ‘€81 L1
08

98¢ ‘60€ ‘€9T

‘€0T “€81 “L9T ‘191 ‘09 TS ‘€ TP “LE ‘0T “LT ‘11 ‘01
182 ‘69¢

€9T 0¥ POT “LLT ‘6%1 ‘0L ‘09 ‘6S ‘€¥ ‘6T ‘T1 T
ST ‘18T 69T “€9T ‘THT ‘0¥T ‘91T v0T 00T

‘6LT “LLT “S9T “€L 0L "09 ‘65 ‘TS "€ ‘6T €1 ‘11 01
89 TS BT ‘11°€°C

98¢ ‘60€ ‘€0T ‘€81 “L9T ‘S91 ‘TS ‘T “STL1 01 ‘6
09

60¢

60¢

LLT “691

061 ‘60€ “€9T ‘8ST “€0T €81 “LII ‘191
‘61 ‘08 ‘89 ‘TS ‘TP “LE ‘6T ‘0T 81 ‘LI ‘11 01 ‘€ ‘T
60€ ‘€81

LTI 6T ‘ST ‘11 °€ T
98¢ ‘60€ ‘18T ‘69T “€9T “€0T ‘€8T “L91 ‘191 09 ‘11

09 ‘TS “€Y "TY 6T ST 0T L1 “E€1 1101

1]21UDp SNIUI0IOYII(T
SISUDDLIDISOD SNIUIOJOYII(T

S1DAJUID SHIULOJOYI1(]

anUUD SNIU0JOYII(T
2DIIDIUD SNIUIO]OYDI(T
A0UDID SNIUOIOYII(]

wWn3pa winj1y>01ja(q

WnNISnLIGDIS Wnj1y201ja(J

ajLindopnasd wnjrysoja

aj1ipd winjiys0112q

wnUDIIX2U UINj1Y20312(J
sad1qo] winjiys0112

wnsoqq13 wnj1ys011aq
181708 uoYyUP20dAL)
S1SU2DSO UOYIUPI0JdAL)
aDUDUWIPUI] UOYIUDIOIAALD)

wnnouap UOYIUDI0IdAL)

sniyjd10o
uow]ay snavuvydo.ido)

151708 snavupydoidoy)
1pApoNog
opnyd snavuvydoado))

1y02d snavuvydoido))

1uupuyoy snavuvydoido))

wis1opusy

sauoz afi

suo3djod auoy afi7 Jo soquinp

sa122dg



SIWAPUD JON
SIWAPUD JON
SIWAPUD JON

BOIY ©ISOD) JO dIUApuy

JTWAPUD JON

BOTY ©ISO)) JO OTWIAPUF]

OTWAPUD JON

JTWAPUD JON

Kohlmann et al.- Biodiversity atlas of Costa Rica

OTWAPUD JON

JTWAPUD JON
JTWAPUD JON
JTWAPUD JON
JTWIPUD JON

SIWAPUD JON

STWAPUD JON

SIWAPUD JON

SIWAPUD JON

STWAPUD JON

STWAPUD JON

SIWAPUD JON

BOIY ©ISOD) JO dIUApuUy

vweued pue enSerediN Yim paleys oruopuyg

556

TN N T3

urel g-Jm ‘d-jm ‘d-} ‘d-ju

dIM NTIM W AT T
d-Im INT-Im d-J1

waId

L3 L-3am ‘uter g-Jm ‘[eseq
d-Jm d-3m ‘d-J1 ‘wald I-ju ‘p
- ‘L-jw ‘reseq d-jw ‘1-Jp
wald [-Jm

‘L-jm ‘Teseq d-jm ‘d-jm d-H

wald I-Jm ‘L-Jam ‘urer g-jm
dIm TS d3WTH g
WL L-Jm ‘LM ‘Tesed d-3m

waId L-JM ‘I-Jm ‘Teseq

d-Im ‘d-Im ‘d-j1 ‘wald 1-jw
wald L-Jm

‘L-Jm ‘feseq d-Jm ‘d-Jm d-H

P L-jw ‘L-jw ‘[eseq J-jut ‘L-Jp
wald [-3m LM d-im ‘g
wald LM “L-m

wald I-Jm ‘L

- urer g-Jm ‘reseq d-Jm ‘d-jm
NTIm d-} ‘wald Ly Ly
wald L-Jm ‘L

- ‘urel g-jm ‘reseq d-jm ‘d-jm
‘d-J ‘weld I p Iojw -
wald J-Jm ‘urer J-Jjm

dIM CNTIM g T (dHw
IL-Jm ‘uter g-jm ‘reseq d-ym ‘d-j1
waIg

LM L-jm ‘urel g-jm ‘reseq dJ-jm
‘d-Jm ‘d-J ‘wald I-jw f-jw

W1 I-JA ‘Wl I-Ju °p L-Jw
‘LU ‘[eseq d-Ju d-Jw 1-3p

waId
L-3m L-3m ‘uter g-jm ‘feseq
d-Jm d-3m T g3 wRng
L-un ‘L g-Jun un -
wald LM LJm

L-jm ‘[eseq d-jm ‘L-jw

91T ‘00T ‘LL1 ‘€L

L1€ ‘18T €9T “LTI 09 ‘€¥ ‘6T ‘€1 ‘11
68 “6L1 ‘TIT ‘€L ‘6S ‘11

18T ‘6S ‘€1 ‘11

60€ ‘€9C ‘86T ‘€81 “L9T ‘191 ‘091

‘6t71 ‘89 ‘09 TS 16 “Th LE CTBI LI TT 0L ‘6°€°C
60€ ‘6¥1 ‘09 ‘TS ‘1S ‘6T ‘L1 ‘11

18T ‘69T ‘€9T ‘¥0T ‘00T ‘LLI ‘791

‘61 ‘LTI ‘€L ‘09 ‘6S ‘TS ‘€Y ‘6T ‘ST LT ‘€1 ‘IT1 01 ‘6
60€ ‘61T ‘01

€81 091 ‘LT ‘€T “TT ‘01

60€ “T6T ‘€81 “L91 ‘TS TP ‘L1 “TT1 01 ‘6
€889 81 ‘€T

60€ ‘6¥1 TS ‘v 01

98¢ ‘60¢

18€ ‘98¢ ‘60€ ‘69T ‘85T ‘61T ‘€0T

‘€81 “L9T 191 ‘091 09 TS 1S TP “LE LT “TT 01 T
60€ ‘85T ‘€0T “T6I ‘€81 “L91 ‘191 ‘091 ‘6¥1

‘89 09 TS ‘IS “€¥ ‘LE ‘6T ST OT L1 ‘€T “TT 01 ‘T
LT€ ‘18T ‘69T ‘€9T

‘0¥T $OT “LLT “S9T “6¥1 ‘LTI 09 ‘6S ‘6T €1 ‘T1 ‘01
60€ €0T T6T ‘€81

60¢ ‘18T ‘€0T “€81 “L9T ‘991 ‘9T ‘191 ‘091
‘611 ‘09 ‘TS “€¥ TP 6T ‘ST 0T LT ‘€1 ‘T1°01 6 T

LTT '89 0T 81 ‘01 ‘€ °C

68 “60€ ‘18T

‘€9T “Y0T €0T “T6I €81 L91 ‘191 ‘091 ‘6¥1 ‘LTI ‘09
‘65 ‘TS TS "€V TV ‘6T STOT LT ‘€1 IT 016 'S T
98¢ ‘60¢

L9T ‘191 “T¥ “L1

snaotiasopp sn3vydoypu)
snaqn)31up sn3vydoyuy
snupov.aypup sn3vydoyiuey

1os.iapup sn3vydoyuc)

snypuunop sn3oydoyu()

SnDINI42GNnIxXas SNAYJUC)

snudpipopnasd sn.pypu()

siuuadinaaq sniaiypug)

DI2)ZD SNAYJUC)

12zapupd uosodoyp3ap\y
XDUDAISD DJJ1UOIDIDI

SnuInjaA Snu2ISAIny
snjqa.ps snu23sAinsg

snloqajd snuiapsdinsg

Snunoixoul %::kmuw\mmxm

snusout Snu12)sAinzg

s17]021u0UDY SNUI2ISLINTT

SNaDQLIDD SNUAISCANTT

snupppond sniuiojoyd1(y

Sbuvjps sniuojoyd1y

1031pO. SRIUOJOYIL(T

1apf sniuojoyo1q



557

Revista Mexicana de Biodiversidad 81: 511- 559, 2010

BOIY ©ISOD) JO JIUApuy
BOIY ©ISOD) JO JIUApuy

BOIY ©ISOD) JO JIUApuy
SIWAPUD JON

eweued pue enSeredIN Yim paleys oruopuyg

STWAPUD JON

BOTY BISO)) JO OTWIAPUF

STWAPUD JON

STWAPUD JON

BWRURJ )M PAIBYS OTWOPUH
BOTY ©ISO)) JO OTWAPUF
BNJBIBOIN )M PAILYS OTWAPUH
BWRURJ [)IM PIIBYS OTWAPUH
STWAPUD JON

STWAPUD JON

BWRUEJ PUB BNSBIBDIN )M PAIBYS OTWAPUH

STWAPUD JON

JTWAPUD JON

BWRURJ )M PIIBYS OTWAPUH

JTWAPUR JON

JTWAPUR JON

JTWAPUR JON

dm g

wald I (LM ‘d-gm d-t
N IWTH

L-gm ‘feseq dJa d-J4p LW
“Lojw ‘eseq d-Jw ‘d-jw P
wald J-Jm

LA g T N LW
wald L3 ‘L

“JA ‘UrRL d-Jm ‘reseq d-Jm ‘d-im
INTHM ‘d-J1 ‘wdld L-jw p Ljw
‘LJw ‘reseq d-jw ‘W ‘L-Jp
INT-Im

wald J-Jm ‘urer J-Jjm

A INTIM g T Wl
Ljw gju W T N T
P LW ‘L-jw ‘Teseq d-jw ‘LJp
urex

dIm S dIm INTIM ‘4 IWTH
wald LM (Lgm d-gm ‘d-J
wald LM ‘d-Jm ‘d-J

WT-H

Ly ‘[eseq d-jm

doIm WTIM NH

NTH dw W N T N T

L-Im ‘Teseq d-Jm

wald I-jm

‘urer d-jm ‘reseq d-Jm ‘d-jm ‘d-j1
‘wald I-Jw ‘I -Ju ‘[eseq J-Jur
wald

LM {L-jm ‘urer J-Jm ‘reseq
d-Jm ‘d-Jm ‘ward I-jw fL-ju
L-m

‘Tesed d-Jm ‘d-Jm ‘wald [-ju

Wl I-JM ‘Urer J-jm

M NTHM g weld LW
[eseq d-jm

P LW LW feseq d-jw - Lp
wold [-Jm

L-Jm ‘[eseq d-Jm ‘d-jm p I-ju
Ljw eseq d-jwt dyw LJp

671 °09
L9T “6¥1 09 ‘TS ‘€ ‘6T ‘L1 €1 01
91T “LLT

061 ‘€¥1 ‘60€ ‘0LT ‘85T
‘01T ‘€81 “L91 ‘191 89 ‘1S “LY TV ‘81 ‘L1 ‘6 ‘S '€ T

18T LLT “L9T ‘19T ‘€L “LE LT ‘01

061 ‘60€ ‘18T 69T €9T

‘8CT ‘€8T ‘LTT ‘08 ‘89 ‘6T ‘ST 0T ‘81 ‘€1 ‘1101 ‘€ °C

69C

68 ‘18T ‘69T ‘€9T ‘0T ¥0T ‘00T ‘TO6L ‘6L1 “LLI
T91 ‘6¥1 ‘LTI “€L “0L “09 ‘6S ‘t¥ ‘6T ‘0T ‘€1 ‘11 ‘01
65189 “L¥ ‘81 ‘¢

18T ‘69T “€9T ‘0T ‘LLI TIT ‘€L

TS ey LTI

€11 ‘01

LLT

60€ ‘61T ‘€81
I8¢
‘69T 91T ‘00T “6L1 “LLT ‘TIT ‘8ST ‘LTI ‘68 ‘€L ‘T1

L9 ‘TP “L1

€0T ‘26T ‘€81 ‘091 ‘1T ‘01 ‘€ T

60€ ‘18T ‘61T
‘€0T 6T ‘€8T “L9T ‘091 TP “LE 0T LT ‘11 °01 T

60€ ‘T8T ‘€8T ‘091

18T ‘69T “€9C 09 ‘6T ‘0T ‘€1 ‘11 01
061 ‘€8T ‘89 ‘L¥ ‘81 ‘€ ‘T

60€ ‘18T ‘8ST ‘€81 ‘L91 ‘191
‘LT1°89 TS Ly TP ‘LEST'ST LTI ‘TT 01 '6°S‘€°C

saponou sn3vydoyu()
sn3variowadu sn3vydoypuy
snaapdo.onu sn3vydoypugy

s1j7021u1340u Sn3vydoyaue)

sisuauoutt) sndvydoyju0)

1yj0pun) sndvydoyuc)
snaapdpipaur sn3oydoyu()

snsuaoul sn3vydoyiu()
r1aufdoy sndvydoyu()
avuajoyavin.i3 sn3vydoyiu()
snuinua3 sndvydoyju()
snuijjazo3 sn3oydoyu()
snynpidis.op sn3oydoyucy
sniup.o1p sn3vydoyyu)y
snjjouvdd sn3vydoyiu()

smup.o1pordd1d
sn3vydoyu()

snuid sndvydoyiug)

snau12502 sn3vydoyu)

SNSOIQUINO2ID1I0D
sn3vydoypugy

sasdyo sn3pydoyu()

wordupyd sn3vydoyu()

15210q sn3vydoypu()

wis1opusy

sauoz afi

suo3djod auoy afi7 Jo soquinp

sa122dg



Kohlmann et al.- Biodiversity atlas of Costa Rica

558

JTWAPUR JON
JTWAPUD JON
JTWAPUD JON
JTWAPUD JON

ewIeuRd Y)IM PIeys JIuapuy

JTWAPUD JON

JTWAPUR JON
BOTY ©ISO)) JO OTWIAPUF]

BWRURJ [)IM PIIBYS OTWAPUH

JTWAPUR JON

engeIedIN )M pareys ofuopug

engeIedIN YIm pareys o[wopusg
SIWAPUD JON

BOIY ©ISOD) JO dIuapuy
BOIY IS0 0) OIWOPUF

SIWAPUD JON

BOIY ©ISOD) JO dIUApuy

ewIRURd [)IM POIRYS JIUApUY

SIWAPUD JON

ewIRURd [)IM PIRYS OIUApUY

SIWAPUD JON

BOIY ©ISOD) JO dIUApuUy

waId [-JMm ‘L-JM ‘urer g

- eseq d-gm d-m ‘-1 ‘wald
L-juw fL-jw ‘reseq djw d-ju
[eseq d-Jm ‘d-} Ly

d-m “L-jweseq d-juw L-gp

P L-jw ‘reseq d-Jwt ‘d-jw LJp
[esed d-jm

wald [-jm ‘L-Jm ‘Teseq

dJm d-gm - ‘wald 1w
walg

T-JM “L-gm “urel d-jm ‘reseq d-jm
s (R 2RSSR IR A AL A LA
[esed d-Jm ‘d-jm

L-ju

wald L-Jm

L S Lju

wald L-Jm

R ZU G TSRS TN o LU Rt LA
wald LM LM dgm Lo
wald [-jm ‘d-J ‘Wl J-ju
ward 1 -IMm

LJm ‘urer g
30 [eseg d-pm g Cdop LW

d-H

urer g-ga ‘d-jm
NTIM d-H T3 W N T

walg

L3 LM ‘ures g-Ja ‘reseq d-ym
‘d-Jm fg-31 ‘werd [-yw ‘wnyrad
L-Jw p L-ju fL-jw g-jut ‘L-Jp

urer g-ga ‘d-ym

NTIM d-J T3 W N T
wolg

L3 LM “utel g-am ‘eseq J-jm
‘g fd-J wald Lojw -

d-3

98¢ Moom Jw,m Mom Mmom rmmﬁ ,mf MHoH. ,owﬁ ,@E HBN.H
09 °CS €V Tv L€ 6C ST 0T LT €T 11 01 €T
8ST €ST ‘0¥

81°11°€°C

LTI ‘89 81 ‘¢

€81

TS IS €V ‘0T LT ‘1T ‘01

60€ “€9T “€81 “LIT TOT “091 “€¥ "LE ‘LT €T “TT 01 T
€81 ‘6¥1 ‘IS

191

9¢l

LELT'T

L9T ‘191 “9€T TS “LE ‘0T “L1 ‘11

L9T “T91 “T1°01

€7 ‘6T ‘0T ‘€1 ‘01

[43

60€ ‘18T ‘€9T “8ST ‘61T ‘€0T “T61 ‘€81 ‘6T ‘I1
6T ‘€1

68 ‘18T ‘69T ‘€9T ‘0¥T LLI ‘6S ‘T1

60€ ‘18T '€9T ‘8TT ‘61T ‘11T “€0T €81 “LIT ‘091
‘61 ‘LTI 89 ‘IS ‘€Y TP ‘6T ‘0T ‘81 ‘L1 ‘T1 01 'S T
68 ‘18T ‘69T ‘€9T ‘Y0OT ‘LL1 ‘6S "1 11

60€ ‘18T ‘€9T ‘€81

L9T ‘191 TS “€¥ TP ‘LE ‘6T ‘0T LT ‘€1 ‘TT1 01 ‘6
0re

s10.44d s1044d snavuvyJ
SauULIdY SNADUDY ]
SNIUIXD SNADUDY ]
SNS]2IX2 UOWBP SNIDUDY ]

1ZD1p3UnYd SnaLUDYJ

SnUD12q SNALULY ]

winsojid wniprivpaq
wn.1odApp.1q wnipLiopa g

1L12W1I0q WNIPLIDPD J
wnuIp3.ious
Snua|1s UOULISAX()

snsouiapriia sn3vydoypugy
snardpy sn3oydoyu()
1]]2:My0018 sn3vydoypuy
151708 sn3vydoypu(y
S1u10f1ipIn3uts
sn3vydoypugy

1davys sn3vydoypuy
sypzjanb sn3vydoyuey

suajjaoav.adoid
sn3vydoypugy

suajjasav.ad sn3vydoyu()

saprouyd.io sn3vydoypuy

sndopodu sn3vydoypuey
snjiqgnu sn3vydoyju0)



559

Revista Mexicana de Biodiversidad 81: 511- 559, 2010

SIWAPUL JON
SIWAPUD JON

SIWAPUD JON

SIWAPUD JON
SIWAPUD JON

vwIRURd [)IM POIBYS OIUApUY

SIWAPUL JON
SIWAPUD JON

vWwIRURd )IM PAIBYS OIUApUY

SIWAPUD JON

SIWAPUD JON

SIWAPUD JON

BOIY ©ISOD) JO JIUApuUy

STWAPUD JON

STWAPUD JON

STWAPUD JON

STWAPUD JON

STWAPUD JON

BWRURJ )M PAIBYS OTWOPUH

STWAPUD JON

STWAPUD JON

wald I-Jm (L-3m ‘d-jm ‘d-J1
wald LM LM
d-Jm g NT-H

wold L-Jm ‘d

M d-H wald - L-jw CL-gp
_mmmm— m..tt

d-jm

wald I-Jm

‘L3 ‘Teseq d-Jm ‘d-jm -
L-m

wold LM ‘d-Jm NTIM ‘d-H

wald L-JMm ‘urel
d-Im dAIm NTIM g AT
d-jm ‘L-jw ‘feseq J-Jur ‘1-Jp

wold I-Jm Ljm

‘Teseq d-Jm ‘d-Jm ‘INT-IM 'd-H
wald I-Jm

‘Tesed d-Jm ‘d-Jm ‘wald J-ju
waId

L-Jm ‘urel g-Jm ‘reseq J-Jam ‘d-jm
NTIM - INTJ weIg L-Ju
waId

LM LJm ‘Teseq J-Jm J-Jm

wald LM L-gad

LS R LER Y (N Al LLURN Bt LEURR Rt
d-m

P LW L-jw ‘Teseq J-jw L-Jp

wRId L-Jm ‘L-Jm ‘[eseqg

d-Jm ‘g-J1 ‘wald I-jw ‘I -Ju
wald L-jMm L-Jm

‘urer g-jm ‘d-jm ‘d-J1 ‘waid L-ju
[eseqd d-ju ‘INT-JW “1-Jp

. d-Im p L-ju
L-Ju ‘[eseq J-jur ‘d-ju ‘1-Jp

6¥1 ‘09 ‘TS ‘ev ‘L1
L9T ‘1T ‘01
YOT “LLT T91 ‘0L ‘6T

291 6T ‘0T ‘81 ‘1101 ‘T
€
94!

60€ ‘61T €81 “L9T “T91 ‘6¥1 TS ‘T “L1 ‘11 ‘01

60¢

T91 ‘€L “6S ‘€¥ €1 “I1 ‘01

18T “€9T “v0T “6¥1 “€L ‘0L ‘09 ‘6S ‘TS ‘€Y ‘6T ‘€1 ‘11
81°11°€°C

60€ ‘18T ‘€81 “LIT TIT ‘65 “tv ‘T “6T ‘L1 ‘€1 ‘11 01
TrST0T 1101

182 69T ‘€9T ‘0¥T ‘¥0T
‘LLT ‘ST ‘6¥1 ‘€L ‘0L “09 6S ‘TY ‘6T ‘0T €T ‘T1 ‘01

98¢ ‘60€ ‘18T ‘€81

L9T ‘091 ‘TS “€¥ ‘6T ‘0T ‘81 ‘L1 ‘€1 ‘11 °01 ‘T

89 ‘81 ‘11°€°C

60€ ‘85T ‘€ST ‘€8T ‘L91 ‘091 ‘TH ‘6T ‘ST ‘LI ‘€1 ‘01 ‘T
60€ ‘18T ‘€9T

L91 091 ‘6¥1 ‘09 ‘TS “t¥ “6T ‘ST L1 ‘€1 ‘1101 ‘6
6L1 ‘81 ‘¢

€V °LTT ‘89 “Li ‘81 ‘11 ‘€

SUOLJ1S424SUD.4) SAXOAN)
p34dApd sdxo.p)

snuinqau s4xoay)

soo1ut sAxo4)
SLIDIND021U SAXO01)

uo3.103v)oul SAX0.4)

u03.103 sdxo.4)

sisuaunip3 saxo.n)

150qdp sdxo.p)

suo.fissaidap sdxo.p)

10]1402p sAx0.41)

12u0q sdxo.p)

SN2UD WNJIYILLL

snuinjaa snapupydoomng
syoou s1oou snavupydodng

s17j0011dno
sioou snavupydodng

snupo1xaw snydAsig

SIPAO SN1IPOS

soduut1o snuipog

snxajd.iod uoyunoopnasg

LIUSDMN 112USDN SNIDUDY ]

wis1opusy

sauoz afi

suo3djod auoy afi7 Jo soquinp

sa122dg



