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Abstract

Bee communities were studied with three different conditions of land-use: 1) urban area; 2) crops and
livestock; and, 3) preserved vegetation. All three conditions have elements of tropical dry forest and are in
the "Sierra de Quila" Flora and Fauna Protection Area and its influence zone. Sampling was carried out
throughout the year (three days per month) for each land-use condition. Bee species and their abundance
were registered with the intention of knowing how changes in the vegetation are related to bee community
structure (richness, abundance, and o and B diversity).

A total of 14,054 individuals from 160 species were registered. A rarefaction analysis, showed that the
preserved areas had significantly greater richness and diversity. Beta diversity analysis revealed a species
turnover of nearly 32% among each pair of conditions. It is concluded that the changes in land-use
negatively affect richness and diversity and causes major changes in species composition of the bee
community. For this reason, it is recommended that the protection of the tropical dry forest, both for this
study area but also in general for Mexico, is essential to guarantee the conservation of this group of insects,
which are required for the reproduction of a great number wild and cultivated plant specie.
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Introduction

Pollinators are a key component for global biodiversity, because they assist in the sexual
reproduction of many plant species and play a crucial role in maintaining terrestrial
ecosystems and food security for human beings (Potts et al. 2010, van der Sluijs and
Vaage 2016). Approximately 80% of angiosperms depend on biotic pollination (Klein
etal. 2007, Quesada et al. 2012). Bees (Hymenoptera: Apoidea) are some of the most
important pollinators (Winfree et al. 2008). It is estimated that nearly 73% of culti-
vated plant species and more than 75% of global vegetation are pollinated by these
insects (Coro 2009), which are considered the principal pollinators in tropical regions
(O’Toole and Raw 1999, Nantes-Parra 2005).

Tropical dry forest present a great bee species richness in Mexico (Ayala 1988,
Ayala et al. 1996), which is explained by the high diversity of entomophilous plants
(Ayala 2004), and their differentiated phenology (generally, tree species flowering in
dry season while herbaceous and shrub species flowering in wet season), which pro-
vides to this group of organisms, resources for most of the year (Reyes-Novelo et al.
2009). This vegetation type covered approximately 270,000 km? in 1990 but currently
there are great pressures exerted on this type of forest. For example Trejo and Dirzo
(2000), reported that 50% was either fragmented or existed as relicts. Furthermore,
they found changes in land use on 23% of the surface and that only 27% of this type
of vegetation remained intact (Trejo and Dirzo 2000).

Land use change, such as degradation or fragmentation of tropical dry forest, could
have consequences on the richness and composition of bee communities. According
to previous studies, bees are susceptible to the loss of their natural habitats by the frag-
mentation and transformation of the landscape for agricultural, livestock and urban
purposes (Martins et al. 2013, Woodcock et al. 2013, Le Féon et al. 2016, Mogren
et al. 2016). For this reason, it is important to compare local bee communities from
disturbed environments with one from a preserved environment in the same region, as
this should provide useful information for making conservation-based decisions on bee
community management (Dalmazzo 2010).

Two of the most important factors for bee communities are food availability (nectar
and pollen) and nesting sites (Reyes-Novelo et al. 2009). Changes in land use are expected
to affect both and consequently alter the structure of these communities. Due to this, the
aims of this study were: 1) to ascertain whether landscape transformations affect bee com-
munity structure (richness, abundance, and o and § diversity) and, 2) to identify which are
the bee groups most susceptible to these changes, as well as those who benefit from them.

Material and methods

Study area

The study is located at Area de proteccién de flora y fauna Sierra de Quila, (here and after
APFFSQ) and its zone of influence, which is found in the south-central portion of Jalisco,
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Mexico (Fig. 1). It is located within the Trans-Mexican Volcanic Belt physiographic region.
The research was conducted in the municipalities of Tecolotldn, Tenamaxtldn, San Martin
Hidalgo and Cocula. Geographically, it is found between 20°14" and 20°22'N; 103°57'
and 104°07"W (DMS), with an area of 15,912 hectares (Villavicencio et al. 2012).

Data collection

Three conditions in tropical dry forest (TDF) with different land-use were selected.
The first was an urbanized area (U) at Tecolotldn, a municipality with 9,189 inhabit-
ants (IIEG 2015); the second was an agricultural area with crops and livestock (CL),
which begins on the area surrounding the town, and is characterized by the presence
of crops (mainly corn — Zea maysm L.) as well as cattle ranches, which were slightly
fragmented by secondary vegetation and some remaining trees of the TDE used as
living fences. The third was an area of preserved vegetation (P) of the TDF within the
APFFSQ. Some of the most common trees in this area are from the following gen-
era: Bursera, Ceiba, Erythrina, Heliocarpus, Lysiloma, Stenocereus and Viguiera (Fig. 1)
(Guerrero-Nufio and Lépez-Coronado 1997).

Sampling of wild bees was conducted throughout the year, with three sampling
days per month (one working day per condition, from 10:00 to 16:00 hours). Four
plots, 50 x 5 m, were randomly located for each land use condition and the bees were
sample walking along the transect during periods of 60 minutes per collection. Bee
species presences and their abundance were recorded. Bee species that could not be de-
termined in the field were collected using an entomological net with extension of 2.70
m on tree strata and an extension of 1.00 m for herbaceous strata. Specimens were pro-
cessed according to Michener et al. (1994). Bees were then identified as precisely as pos-
sible with the help of the specialized literature, whether at a species or genus level, and
then separated by morphospecies. The specimens were deposited at the Entomological
Collection of Centro de Estudios en Zoologia of Universidad de Guadalajara (CZUG).

Data analysis

Sampling efficiency and richness comparison

A species accumulation curve was performed to evaluate the sampling effort per site and,
as well as to compare the richness among the different conditions using ESTIMATES
9.1.0. (Colwell 2016). A rarefaction curve was also prepared using the same program.

Bees abundance

Bee abundances with and without Apis mellifera were compared via analysis of variance
(ANOVA) for the first case, and Kruskal-Wallis followed by the Nemenyi post-hoc test,



26 Alvaro E. Razo-Ledn et al. /| Journal of Hymenoptera Research 66: 23-38 (2018)

1041800000 1 OO0 PRS00 1047000000 BOOSA.000 0
M L i 4 i
T y T T T

HEMG.00N

KON
i
T

HEE0000N
F
o
:
Pty l oy ]

O Sampling sites
Clvittages

Matural protection ar=a
Trpes of vesstation

Fogbal g
h
T

.
bogha Lo

Arnievltvral and bivestoek
B Temperate forest 5 10 15 Km
- Tropical dry forest 1 1 |
e Py [T e 1o WPHL.0re

Figure . Location of the APFFSQ and sampling sites.

for the second case. Furthermore, Pearson’s chi-squared test and residual analysis were
used to compare the abundance of different bee families among the land-use condi-
tions using the R 3.2.5 Sofware (R Core Team 2016).

Diversity analysis

The Shannon-Wiener index was used to compare alpha diversity of sites via a confidence
interval obtained using bootstrap in PAST 3.15 software (Hammer et al. 2001). In or-
der to contrast the composition of tribes in the study areas, beta diversity index (8sim)
was estimated, while non-metric multidimensional scaling (NMDS) was used with the
R 3.2.5 software (R Core Team 2016) via the ‘vegan’ package (Oksanen et al. 2013).

Results
Sampling efficiency and comparison of specific richness
A total of 14,054 bees individuals were registered, belonging to five families, 52 gen-

era, and 160 species (Table 1) (Appendix 1). The richest (34.9 %) and most abundant
(83.3 %) family was Apidae and the poorest (7 %) and least abundant (1.2 %) fam-
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Table I. Richness and abundance of the bee families registered.

Family Genera Species Abundance
Apidae 23 60 12,170
Halictidae 8 33 759
Megachilidae 13 35 739
Andrenidae 5 20 214
Colletidae 3 12 172
Total 52 160 14,054

ily was Colletidae. The bee species with the highest number of individuals were all
eusocial species: Apis mellifera, with 7,030 individuals (49.9% of total abundance);
Partamona billineata, with 768 individuals (5.4%); Scaptotrigona hellwegeri with 718
individuals (5.1%); and, Trigona nigra with 529 individuals (3.8 %).

The richest condition was P, with 120 species, followed by CL with 98 species
and, finally U, with 81 species. The rarefaction curve among different land-use condi-
tions indicated greater richness in P than in U and CL, although they did not present
statistically significant differences (Fig. 2). Furthermore, a sampling efficiency of 88%
was obtained for P (135 spp.), 77% for CL (127 spp.), and 79% for U (102 spp.) in

accordance with the richness estimated by Chao 1).

Abundance of bees

The highest number of bee individuals was observed in P (5,067), followed by CL
(4,786) and U (4,202). The ANOVA (df = 2, F = 0.352, p = 0.704) showed no sig-
nificant differences between the registered abundance of bees for the different types
of land-use. If only wild bees are considered (excluding Apis mellifera), the greatest
abundance was in P (2,731), followed by U (2,418) and, finally, CL (1,876). In this
case, Kruskal-Wallis test (df = 2, K'= 7.265, p = 0.026) indicated significant differences
between median abundances, while the Nemenyi posz-hoc test demonstrated significant
differences (p = 0.023) only in terms of the abundances of bees between P and CL.

Pearson’s chi-squared test showed a dependency between land-use and bee family
abundance (df = 8, %% = 560.2715, p < 0.05) (Table 2), while residual analysis indicated
that abundance of Colletidae, Andrenidae and Megachilidae are positively related to I
The Halictidae was primarily associated with U where they were most abundant, while
the Apidae registered the highest abundance in CL (Fig. 3).

Diversity analysis

The Shannon-Wiener index (H') values presented significant differences with a p < 0.05,
P obtained a greater level of diversity compared to the other types of land-use, followed
by U and, finally CL. Evenness (J') is lower in CL, while U and P presented similar even-
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Figure 3. Residual analysis with Pearson’s chi-squared test to compare independence between bee family
and land use conditions.

ness. Moreover, when only wild bees were considered, diversity was higher in P This is
due to the elevated abundance of Apis mellifera (Table 3).

The beta diversity index (3sim) showed an average species turnover rate of about 32%
for each condition. In terms of bee species composition change, the highest was between U

and CL (36%), followed by P and U with 30% and finally between CL and P with 27%.



Changes in bee community structure under three different land-use conditions 29

Table 2. Abundance per bee family in different conditions of land-use. Abundance of Apidae without
Apis mellifera between parentheses.

Family U CL P
Apidae 3,545 (1,748) 4,345 (1,434) 4,279 (1,943)
Halictidae 427 141 192
Megachilidae 168 259 313
Andrenidae 57 24 133
Colletidae 5 17 150

Table 3. Shannon-Wiener diversity index (H') per land-use condition and their confidence intervals (IC
95%) via bootstrap, and maximum diversity (H'max), Evenness (J'), including Apis mellifera and exclud-

ing A. mellifera.

H' -CI 95% +CI 95% H'max T

Including A. mellifera

6] 2.605° 2.561 2.666 4.40 0.591
CL 1.933¢ 1.889 2.00 4.58 0.421
P 2.7552 2.703 2.813 4.79 0.574
Excluding A. mellifera

8] 3.3420 3.313 3.403 4.39 0.760
CL 3.225° 3.187 3.319 4.57 0.704
P 3.830° 3.790 3.878 4.78 0.800

Measurements with the same letter do not differ statistically, according to the confidence intervals.

The indirect ordination performed with NMDS resulted in a stress value of 0.1326,
that shows a gradual separation of the three different land-use conditions along the first
axis, where on the left side are located U sites, CL sites in the center, and P sites on the
right side. The tribe Anthophorini and tribes of the Halictidae were associated with
the U, while tribes of the Apidae and one megachilid tribe were located principally
between the U and CL areas. The Lithurgini, two tribes of the Andrenidae and two
cleptoparasite tribes (Ericrocidini, Epeolini) were associated with the CL, while the
Xylocopini was associated with the P and CL areas. Tribes of Colletidae, Andrenidae,
and Megachilidae and two apid tribes were found in P (Fig. 4).

Discussion

The highest bee richness was registered in P while the only significant differences were
recorded between U and P. The results indicate a gradient in richness related to the
habitat conservation. This finding is supported by different studies which show that
the destruction of the habitat, for agriculture or urbanization, is principally respon-
sible for bee species reduction, up to the point of local extinction for some species
(Frankie et al. 1997, Martins et al. 2013). Furthermore, in a meta-analysis, Winfree
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Figure 4. Ordination diagram derived from NMDS for the different land-use areas and bee tribal data.

etal. (2009), report that bee richness decreases with increasing anthropogenic distur-
bance, while Ricketts et al. (2008), found that on average the richness of pollinators
(principally bees) in crops decreased by half as the distance from preserved habitat
increased to 1500 m.

The decrease in bee richness is related to their dependence on various resources to
complete their lifecycle, such as food resources (pollen and nectar) and nesting sub-
strates (either from the soil or vegetation), and materials for constructing their nests
(Winfree 2010). The reason that a greater number of bee species is registered in the
preserved area is possibly due to a greater availability of plant species for food, being
that bee richness has been positively related to the richness of flowers (Carper et al.
2014) and to a great floral diversity, which provide food to a great variety of specialist
and generalist bee species (Martins et al. 2013).

The abundance of bees did not differ significantly between the three land-use condi-
tions. This agrees with various studies that report a similar or greater abundance in human
modified areas (Carper et al. 2014, Mallinger et al. 2016, Nantes-Parra et al. 2008, Olalde-
Estrada et al. 2015, Otero and Sandino 2003, Tonhasca et al. 2002); this occurs in sites
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with moderate disturbance with gaps on forest canopy, which facilitate grow of herbaceous
layer (Carper et al. 2014). This also shows that urban areas could be important for bee
communities, despite the modification of vegetation, because they offer ornamental and
wild flowers, particularly because they are watering them in times when native vegetation
is diminished, as well as nesting resources associated to human constructions (Dalmazzo
2010). The differences in abundance between the P and CL when Apis mellifera is excluded
from analysis could be due to the same reasons that affect bee richness in addition to the
use of pesticides in the crops which affect wild bees (Winfree 2010).

The number of individuals per family varied, Andrenidae, Megachilidae and
Colletidae being far less abundant than the Apidae and Halictidae. Potts et al. (2003)
found the Andrenidae positively associated with annual plant diversity, and Megachile
with plant richness, pollen and available nectar. Vergara (2005) suggests that, in areas
with agricultural activity, bee genera that nest in the soil, including andrenids and
colletids, are under-represented due to plowing for agricultural activities and the pres-
ence of livestock, which affect nesting. While Halictidae presented greater abundance
in the urban area, this is possibly because most of the registered bees of this family are
small (<1 cm) and most of them are polilectic (Michener 2000).

Banaszak-Cibicka and Zmihorski (2012), reported that urban areas contain small
green isolated island (parks and gardens), that promote the abundances of small bees,
which require only a small amount of food. Winfree et al. (2009), indicate that they
do not have problems in finding nesting sites in disturbed areas.

Total bee abundance tends to decline at disturbed sites, while individual species
present different responses, some of them show drastic reduction in their populations,
while others remain stable or even increase with land-use change (Winfree et al. 2008).
For this reason, the use of the habitat according to bee species plays an important role.
Bees that require specific conditions for their development, become the most vulner-
able to the disappearance of their habitat. On the other hand, if the resources gener-
ated by the modification of the habitat is exploited by the bees, they could survive in
disturbed areas (Winfree 2010). That is the reason why bees that can use a wide variety
of resources are often able to compensate when circumstances change, although some
species disappear due to land use changes. The higher richness and evenness patterns
in preserved areas is supported by Reyes-Novelo et al. (2009), who explain that in
disturbed areas some species disappear locally and the abundance of others decreases,
which modifies dominance.

Finally, 8 diversity showed a medium level of species turnover rate among condi-
tions, despite the maximum distance between sampling sites was 6 km. The structure
of bee community contrasts with P and U, in which tribes such as Halictini and An-
thophorini (due to the high abundance of Anthophora squammulosa) are associated
with the urban area. The tribes of the Andrenidae, Colletidae, Megachilidae and Api-
dae, such as bumblebees (Bombini), are strongly associated with P, while the CL area
is found at the mid-point of the gradient. This suggests that disturbance, with its vari-
ations in micro-environments and food and nesting resource has a significant effect on
bee community species composition.
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The bee fauna of the TDF in Mexico is one of the richest and most diverse in the
country (Ayala 2004), so, the protection of this type of vegetation is crucial for the
conservation of this group of insects, given that the reduction of these native pollina-
tors could have a negative economic impact on crops (Maass et al. 2005). As the ex-
pansion of human settlement and the population growth or production activities have
led to the process of deforestation, fragmentation and degradation of this forest (Maass
et al. 2010), Trejo and Dirzo (2000) report that approximately 3.7% of the TDF of
the total area of Mexico (72,850 km?) remains relatively intact and with a high annual
deforestation rate of 2.02% of the total coverage.

Conclusions

The APFFSQ is an important site for maintaining wild bee diversity, given that 200 spe-
cies of bees were registered in the area, of which 160 are present in the TDF (Razo-Leén
2015). According to Ortega, (2007), the TDF covered 19.84% of APFESQ (2,797 ha) in
1993, by the year 2000, it only covered 15.25% (2,149 ha), this means that the TDF lost
23.2% of its area in seven years, because it is rounded by agricultural or livestock produc-
tion areas which make it more vulnerable to transformation. This leads to the conclusion
that change in land-use negatively affects the richness, abundance, and diversity of species
of bee community, for this reason it is recommended that the TDF in Mexico should be
protected in order to guarantee the conservation of this group of insects.
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Appendix |

Table Al. Number of individuals per bee species registered in different land use conditions.

Species U CL P
Agapostemon leunculus Vachal, 1903 20 6 21
Agapostemon nasutus Smith, 1853 9 0 1
Ancyloscelis apiformis (Fabricius, 1793) 35 2 8
Andrena sp. 1 0 0 25
Andrena sp. 2 0 0 12
Andrena sp. 3 0 0 1
Andrena sp. 4 0 1 0
Anthidiellum apicale (Cresson, 1878) 1 13 42
Anthidiellum azteca (Urban, 2001) 0 0 2
Anthidium parkeri Gonzdlez & Griswold, 2013 0 0 8
Anthodioctes gualanensis (Cockerell, 1912) 0 0 1
Anthodioctes sp. 1 0 4 7
Anthophora capistrata Cresson, 1878 0 0 1
Anthophora squammulosa Dours, 1864 160 39 0
Anthophorula serrata (Friese, 1899) 0 31 26
Apis mellifera Linnaeus, 1758 178 2910 2336
Ashmeadiella bucconis (Cresson, 1878) 0 29 0
Ashmeadiella opuntiae (Cockerell, 1879) 0 0 1
Augochlora aurifera Cockerell, 1897 42 0 0
Augochlora quiriguensis Cockerell, 1913 6 17 28
Augochlora sidaefolia Cockerell, 1913 9 6 4
Augochlora smaragdina Friese, 1917 13 11 12
Augochlora sp. 1 29 2 34
Augochlora sp. 2 37 0 0
Augochlora sp. 3 0 0 2
Augochlorella neglectula (Cockerell, 1897) 25 28 3
Augochloropsis ignita (Smith, 1861) 4 1 0
Augochloropsis metallica (Fabricius, 1793) 30 11 39
Aztecanthidium xochipillium Michener & Ordway, 1964 0 0 2
Bombus diligens Smith, 1861 0 1 3
Bombus steindachneri Handlirsch, 1888 0 1 9
Calliopsis hondurasica Cockerell, 1897 0 2 0
Calliopsis sp. 1 1 0 0
Calliopsis sp. 2 0 0 1
Centris agilis Smith, 1874 0 0 3
Centris aterrima Smith, 1854 0 6 0
Centris atripes Mocséry, 1899 0 1 4
Centris flavofasciata Friese, 1899 0 4 0
Centris nitida Smith, 1874 37 30 68
Centris trigonoides Lepeletier, 1841 125 14 3
Centris varia (Erichson, 1848) 18 0 0
Ceratina arizonensis Cockerell, 1898 1 3 5
Ceratina capitosa Smith, 1879 1 1 6
Ceratina eximia Smith, 1862 3 0 7
Ceratina sp. 1 1 47 42
Ceratina sp. 2 20 9 12
Ceratina sp. 3 20 5 10
Ceratina sp. 4 7 0 0
Coelioxys aztecus Cresson, 1878 1 1 1
Coelioxys sp. 1 0 1 0
Coelioxys sp. 2 0 1 0
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Colletes maconnelli Metz, 1910 0 0 16
Colletes sp. 1 0 0 42
Colletes sp. 2 1 1 5
Colletes sp. 3 0 0 1
Colletes sp. 4 0 0 1
Colletes sp. 5 0 0 8
Diadasia australis (Cresson, 1878) 56 159 5
Diadasia sp. 1 0 1 0
Dianthidium macrurum (Cockerell, 1913) 0 70 20
Dianthidium sp. 1 0 1 10
Dieunomia micheneri (Cross, 1958) 0 1 0
Epicharis elegans Smith, 1861 6 0 0
Eufriesea micheneri Ayala and Engel, 2008 0 0 3
Euglossa viridissima Friese, 1899 76 8 66
Eulaema polychroma (Mocscdry, 1899) 6 0 11
Exomalopsis similis arida Cockerell, 1929 0 1 0
Exomalopsis similis moesta Timberlake, 1890 51 25 2
Exomalopsis sp. 1 0 21 33
Exomalopsis sp. 2 26 2 3
Exomalopsis sp. 4 8 0 7
Exomalopsis sp. 5 0 0 4
Frieseomelitta nigra Cresson, 1878 122 320 87
Halictus ligatus Say, 1837 113 0 3
Heriades bruneri Titus, 1904 0 0 1
Heriades variolosa Cockerell, 1929 0 6 20
Hylaeus sp. 1 2 5 26
Hylaeus sp. 2 1 4 0
Hylaeus sp. 3 0 0 4
Hylaeus sp. 4 1 0 0
Hylaeus sp. 5 0 0 4
Hypanthidium mexicanum (Cresson, 1878) 0 0 1
Lasioglossum acarophyllum McGinley, 1986 1 0 11
Lasioglossum desertum Smith, 1879 1 0 0
Lasioglossum sp. 1 0 3 0
Lasioglossum sp. 2 0 3 0
Lasioglossum sp. 3 2 0 2
Lasioglossum sp. 4 0 18 2
Lasioglossum sp. 5 0 4 0
Lasioglossum sp. 6 0 0 5
Lasioglossum sp. 7 1 3 0
Lasioglossum sp. 8 0 2 4
Lasioglossum sp. 9 0 0 5
Lasioglossum sp. 10 1 0 6
Lasioglossum sp. 11 3 16 3
Lasioglossum sp. 12 0 0 3
Lasioglossum sp. 13 9 0 0
Lasioglossum sp. 14 2 1 1
Lasioglossum sp. 15 4 1 0
Lasioglossum sp. 16 0 0 1
Lithurgopsis apicalis Cresson, 1875 0 52 5
Megachile albitarsis Cresson, 1872 13 0 8
Megachile concinna Smith, 1879 2 5 2
Megachile exilis Cresson, 1878 38 0 11
Megachile flavibirsuta Mitchell, 1939 2 1 14
Megachile frugalis Cresson, 1872 0 17 10
Megachile gentilis Cresson, 1872 23 13 62
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Megachile otomita Cresson 1878 69 0 0
Megachile parallela Smith, 1853 2 1 2
Megachile petulans Cresson, 1878 5 4 9
Megachile reflexa (Snell, 1990) 8 36 4
Megachile sp. 1 0 0 1
Megachile sp. 2 1 0 0
Megachile zapoteca Cresson, 1872 0 1 16
Melissodes morrilli Cockerell, 1918 46 18 8
Melissodes sp. 1 0 1 0
Melissodes sp. 2 3 6 7
Melissodes sp. 3 20 12 12
Melissodes sp. 4 0 2 0
Melissodes tepaneca Cresson, 1878 1 28 7
Melitoma marginella (Cresson, 1872) 70 1 49
Mesocheira bicolor (Fabricius, 1804) 0 5 0
Mexalictus sp. 1 0 0 3
Mydrosoma serratum (Friese, 1899) 0 7 43
Paranthidium jugatorium (Say, 1824) 0 2 14
Paranthidium vespoides (Friese, 1921) 3 0 54
Paratetrapedia moesta (Cresson, 1878) 0 4 9
Partamona bilineata (Say, 1837) 439 84 245
Peponapis azteca (Hurd and Linsley, 1966) 125 49 1
Peponapis utahensis (Cockerell, 1905) 1 0 0
Perdita sp. 1 0 2 20
Plebeia cora Ayala, 1999 0 0 145
Protandrena sp. 1 12 1 41
Protandrena sp. 2 37 0 16
Protandrena sp. 3 0 11 0
Protandrena sp. 4 3 3 0
Protandrena sp. 5 0 0 2
Protandrena sp. 6 1 0 0
Pseudaugochlora graminea (Fabricius, 1804) 66 6 2
Pseudopanurgus sp. 1 1 1 14
Pseudopanurgus sp. 2 0 2 0
Pseudopanurgus sp. 3 1 0 0
Pseudopanurgus sp. 4 0 0 1
Pseudopanurgus sp. 5 1 1 0
Scaprotrigona hellwegeri (Friese, 1900) 134 388 196
Stelis costaricensis Friese, 1921 0 0 1
Tetraloniella balluca LaBerge, 2001 0 2 1
Tetraloniella donata (Cresson, 1878) 0 6 19
Tetraloniella pomonae (Cockerell, 1915) 5 14 22
Tetraloniella salviae LaBerge, 1989 0 2 32
Tetrapedia maura Cresson, 1878 0 23 8
Trachusa pectinata Brooks and Griswold, 1988 0 1 38
Triepeolus sp. 1 2 0 25
Trigona fulviventris Guérin, 1835 0 14 172
Xenoglossa gabbii (Cresson, 1878) 1 0 0
Xylocopa guatemalensis Cockerell, 1912 0 1 214
Xylocopa mexicanorum Cockerell, 1912 134 43 124
Xylocopa muscaria (Fabriceus, 1775) 1 1 53
Xylocopa tabaniformis tabaniformis (Smith, 1854) 0 0 108
Total 4202 4786 5067
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