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Abstract: The tribe Euglossini (orchid bees) is vital for tropical pollination,
making their diversity and distribution across altitudinal gradients crucial for eco-
logical studies and conservation. This study assesses Euglossini diversity in north-
ern Colombia’s Sierra Nevada de Santa Marta and Serrania del Perija, focusing on
altitudes from 600 to 2200 meters above sea level (m a.s.l.). Using Barcode In-
dex Numbers (BIN) and the COI gene, 1258 male specimens were collected, with
415 individuals sequenced. We identified 21 Molecular Operational Taxonomic
Units (MOTUs), from which BOLD: AEF4646 (Eufriesea) was identified as the
most variable, BOLD: AEF4645 (Eufriesea) as the most divergent molecular spe-
cies, and also species like BOLD: AAC0547 (Euglossa) are widely distributed in
both SNSM and SP at 800 and 1000 m a.s.l., while BOLD: AAC3172 (Euglossa) is
strongly associated with 800 m a.s.l. communities. Additionally, BOLD: ABY 5852
(Euglossa) prefers sites between 1400 m and 1800 m a.s.l. Diversity analyses re-
vealed no significant differences in species richness between the gradients, but rich-
ness declined with altitude. Fufriesea and Euglossa species were broadly distributed
in the Sierra Nevada, while Fuglossa and Fulaema dominated the Serrania del Peri-
ja. Beta diversity analyses showed distinct distribution patterns, with intermediate
elevations marking a transition zone. Above 2000 m a.s.l., evolutionary process-
es likely sustain Euglossini populations, emphasizing the role of these regions in
bee diversification.

Keywords: Alpha diversity, altitudinal gradient, beta diversity, distribution, DNA
Barcodes, Euglossini, turnover.

Resumen: la tribu Euglossini (abejas de las orquideas) es vital para la polinizacion
tropical, su diversidad y distribucion mediante gradientes altitudinales es crucial
para los estudios ecoldgicos y la conservacion. Este estudio evalua la diversidad
de Euglossini en la Sierra Nevada de Santa Marta y la Serrania del Perija, en el
norte de Colombia, centrandose en altitudes de 600 a 2200 metros sobre el nivel
del mar (m s.n.m..). Utilizando Numeros indices de Codigo de Barras (BIN) y el
gen COI, se recolectaron 1258 especimenes machos, con 415 individuos secuen-
ciados. Identificamos 21 Unidades Taxonomicas Operativas Moleculares (UTOM),
de las cuales BOLD: AEF4646 (Eufriesea) fue la mas variable, BOLD: AEF4645
(Eufriesea) como la especie molecular mas divergente, también especies como
BOLD: AAC0547 (Euglossa) estan ampliamente distribuidas tanto en SNSM
como en SP a 800 y 1000 m s.n.m.., mientras que BOLD: AAC3172 (Euglossa) esta
fuertemente asociada a comunidades de 800 m s.n.m.. Ademas, BOLD: ABY 5852
(Euglossa) parece preferir lugares entre 1400 y 1800 m.s.n.m.. Los andlisis de di-
versidad no revelaron diferencias significativas en la riqueza de especies entre los
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gradientes, pero la riqueza disminuy6 con la altitud. Las es-
pecies Eufriesea y Euglossa estaban ampliamente distribui-
das en Sierra Nevada, mientras que Fuglossa y Eulaema
dominaban la Serrania del Perija. Los analisis de diversidad
beta mostraron distintos patrones de distribucion, con eleva-
ciones intermedias que marcan una zona de transicion. Por
encima de los 2000 metros de altitud, es probable que los
procesos evolutivos sustenten las poblaciones de Euglossini,
resaltando el papel de estas regiones en la diversificacion de
las abejas.

Palabras clave: codigos de barras de ADN, distribucion,
Euglossini, gradiente altitudinal, diversidad alfa, diversidad
beta, recambio.

Introduction

Bees from the tribe Euglossini, or orchid bees, are key pol-
linators of various plant families and thrive in humid, low-
land areas (Abrahamczyk et al., 2011; Ascher & Pickering,
2020; Ramirez et al., 2002). However, studies such as those
by Gonzalez et al. (2005) have facilitated the observation
and collection of Euglossini along the Colombian Andean
Mountain range, primarily below 2000 meters above sea level
(m a.s.l.), with a few records extending up to 2500 m a.s.l.
Similarly, Nates-Parra et al. (2006) assessed the diversity of
bees of the family Apidae in the urban ecosystems of Bogota,
recording transient Euglossini species at elevations as high
as 3000 m a.s.l. This latter finding aligns with the results of
Parra-H. and Nates-Parra (2012). Colombia hosts around 134
Euglossini species across five genera: Aglae, Exaerete, Eulae-
ma, Eufriesea, and Euglossa (Parra-H. & Nates-Parra, 2012;
Parra-H. et al., 2016; Nates-Parra, 2016).

This study addresses a critical gap: the lack of data on
Euglossini diversity and altitudinal distribution in the Carib-
bean region of Colombia. While research in the Andes and
Pacific regions has provided valuable insights into their biol-
ogy and distribution, the northern parts of Colombia remain
largely underexplored (Gonzalez et al., 2005; Martinez-Puc
& Merlo-Maydana, 2014; Nates-Parra et al., 2006; Otero &
Sandino, 2003; Parra-H. & Nates-Parra, 2012). The Sier-
ra Nevada de Santa Marta (SNSM) and Serrania del Perija,
two isolated peripheral mountain systems in northern Co-
lombia, are particularly interesting due to their sharp altitu-
dinal gradients, unique climatic conditions, and geographical
isolation. These factors create distinct biodiversity patterns
and high levels of beta diversity, mainly in insects, making
them critical for understanding species distributions and
conservation strategies (Noriega & Realpe, 2018; Prieto et
al. 2024; Prieto et al. 2008; Prieto & Vargas, 2016; Prieto &
Rodriguez, 2007).

In Colombia, Parra-H. and Nates-Parra (2012) conducted
a preliminary evaluation of the biogeographical classification
of Euglossini species. Their study suggests that ecological fac-
tors such as flight efficiency, nectar intake, and social behav-
ior shape the geographic distribution of these bees (Parra-H.
& Nates-Parra, 2012). As habitat conditions shift, Euglossini
species exhibit varying levels of specialization. They recom-
mended including the Sierra Nevada de Santa Marta (SNSM)
within the Inter-Andean provinces, highlighting the limited
representation of the Caribbean province due to its low spe-
cies diversity. A related study by Pérez-Buitrago et al. (2022)
examined the seasonal distribution of Euglossini bees in the

Orinoquia region, finding higher species abundance during
the rainy season, corresponding to greater food and water
availability for plants.

Studies in Brazil have revealed highly generalist and spe-
cialized Euglossini species, with their distribution closely tied
to habitat characteristics (Oliveira & Campos, 1996; Sofia et
al., 2005; Tonhasca et al., 2002a). In northern Brazil, general-
ist species dominate over specialized ones (Dec & Alves-Dos
Santos, 2019). Ribeiro-Pinto et al. (2019) observed a marked
decline in species richness and abundance along the altitudi-
nal gradient of the Brazilian Atlantic Forest, primarily driven
by temperature changes. Similar patterns have been docu-
mented in other insect groups, such as dung beetles, where
richness decreases with altitude due to climatic and vegeta-
tion factors (Nunes et al., 2016). Rubio (2015) also observed
slight variations in spider diversity along altitudinal gradients
in the Argentine Yungas.

As isolated mountain systems, the SNSM and Serrania del
Perija, are ecological outliers compared to the main Andean
range. The SNSM, often described as a “mountain island,”
is separated from the Andes by surrounding lowlands, which
limit horizontal colonization and foster unique assemblages
of locally adapted species (Noriega & Realpe, 2018). Over
time, climatic changes and compressed vegetation zones have
created barriers for vertical migrations, further influencing
species distributions (Veldsquez-Tibata et al., 2012). Ac-
cording to Noriega and Realpe (2018), the sharp altitudinal
gradient of the SNSM leads to distinct transitions between
lowland, mid-elevation, and high-mountain faunas, with a no-
table turnover zone between 1,200 and 1,600 m a.s.l. These
patterns emphasize the importance of isolation and geography
in driving biodiversity and underscore the need for targeted
conservation efforts in these ecosystems.

Given these findings, further research along altitudi-
nal gradients in Colombia is necessary to document species
presence and habitat preferences. Such studies would clarify
relationships between habitat characteristics, species occur-
rence, and evolutionary processes (Parra-H. & Nates-Parra,
2012). For instance, studies on Euglossini and dung beetles
have shown that higher elevations are generally associated
with lower species richness. However, these trends are not
universal, highlighting the need for more specific, taxon-fo-
cused research.

Taxonomic challenges in Euglossini arise from morpho-
logical complexity, unclear descriptions, reliance on male
traits, and inconsistent data collection (Bonilla-Gomez &
Nates-Parra, 1992; Freitas et al., 2009; Parra-H. et al., 2016;
Sheffield et al., 2009; Silveira et al., 2002). Specimen identifi-
cation remains complex, and comprehensive taxonomic work
is constrained by limited resources and a shortage of special-
ists (Paz et al., 2011; Silveira et al., 2002). This study uses
Molecular Operational Taxonomic Units (MOTUs) and DNA
barcoding to investigate Euglossini diversity along altitudinal
gradients in the Sierra Nevada de Santa Marta and Serrania
del Perija. DNA barcoding, successful in other taxa, provides
a detailed overview of Euglossini diversity in Caribbean re-
gions and clarifies general distribution patterns (DeSalle et
al., 2005; Floren et al., 2020; McFadden et al., 2019; Prieto
et al., 2016; Prieto et al., 2008; Prieto et al., 2021; Janzen &
Hallwachs, 2019; Paz et al., 2011; Ratnasingham & Hebert,
2013; Sheffield et al., 2009; Smith et al., 2005; Wong et al.,
2009). DNA barcoding enhances the speed of ecological re-
search by allowing species to be studied without traditional
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Linnaean binomial names. This method facilitates the rapid
acquisition of biological knowledge and enables data compar-
ison with other studies that use COI sequencing. Consequent-
ly, it improves the alignment between morphological and
molecular identifications (Lopez-Uribe & Del Lama, 2007).
This research highlights the crucial role of Euglossini bees in
tropical forest pollination and their contribution to ecosystem
sustainability through essential cross-pollination (Parra-H. et
al., 2016; Ramirez et al., 2002; Murren, 2002).

Materials and methods

Study area

The study was conducted in two areas of the Colombian Ca-
ribbean region: the Sierra Nevada de Santa Marta (SNSM)
and Serrania del Perija (SP). The SNSM (10°52'N, 73°43'W)
is a pyramidal mountain system in Magdalena with diverse
ecosystems ranging from semi-desert scrublands to montane
forests and moorlands up to perpetual snow, spanning 0 to
5775 m a.s.l. (ProSierra, 2018; Tobias-Loaiza & Tamaris-Tur-
izo, 2019). The SP (10°00'N, 72°57'W) extends across Cesar,
La Guajira, and Norte Santander, bordering Venezuela, and
features ecosystems from tropical dry forests to montane rain-
forests and paramos (Aguilera Diaz, 2016; Andrade Correa et
al., 2019).

Sampling

Euglossine bees were collected under permit 2017094283-1-
000 from ANLA, granted to Universidad del Atlantico. Sam-
pling was conducted at 200-meter intervals along altitudinal
gradients from 600 to 2500 m a.s.l. In the Sierra Nevada de
Santa Marta (SNSM), stations ranged from Minca (600 m
a.s.l.) to La Tagua village (2200 m a.s.l.). In the Serrania del
Perija (SP), stations ranged from Poso Azul (600 m a.s.l.) to
El Cinco (2300 m a.s.l.). These elevations span multiple eco-
logical zones and bioclimatic floors, as described by Josse et
al. (2009), and transition from lowland tropical zones (infra-
tropical, below 1,200 m a.s.l.) to montane cloud forests (me-
sotropical to supratropical, 1,200-2,800 m a.s.l.). While our
analyses focus on individual elevations, we use these ecolog-
ical classifications to contextualize species distribution pat-
terns along altitudinal gradients.

Specimens were collected between 8:00 a.m. and 12:00
noon using baits of eucalyptol, cineole, and methyl salicylate
(Dressler, 1982; Pearson & Dressler, 1985; Tonhasca et al.,
2002b). 1258 male specimens were captured and preserved in
96 % ethanol. Each specimen was given an identification code
and recorded with capture details, including date, location, al-
titude, and coordinates, using a Garmin eTrex10 GPS (Annex
1). A duplicate sampling was performed at each station, 10
meters away, to avoid interference between baits.

DNA extraction, purification, and sequencing

For DNA analysis, 415 individuals from each area were sam-
pled. Each specimen was mounted on entomological pins,
and the left foreleg was removed and placed individually in
microplates of 95 samples with a drop of absolute ethanol.
DNA extraction, amplification, purification, and sequencing
of the mitochondrial COI gene barcode were performed at
the Canadian Center for Barcoding Development (CCDB)
in Ontario, Canada, following the protocol by Ivanova et
al. (2006).

Data analysis

Delimitation of MOTUs and BIN codes

(barcode index numbers)

¢ Delimitation of MOTUs: Operational Taxonomic Units
were delimited using the RESL algorithm on BOLDsys-
tems. The algorithm assigns each sequence a Barcode In-
dex Number (BIN), all the sequences with the identical
BIN constitute a molecular operational taxonomic unit
(MOTU). These MOTUs, representing species molec-
ularly delimited, were used for subsequent diversity and
community analyses. Detailed information on voucher
specimens, including photographs, electropherograms, and
sequences, is available under the DS-EUGCAR project
code on BOLD Systems (https://www.boldsystems.org/).

* Genetic divergence analysis: Divergence analyses uti-
lized Kimura 2-parameter (K2P) distances for sequences
exceeding 500 bp, using tools in BOLD (Ratnasingham &
Hebert, 2007) and MEGA version 11 (Tamura et al., 2021).

* Molecular diagnostics: Unique nucleotide changes in the
COI gene were used to characterize each MOTU, which
enhances species diagnostic capabilities alongside Linnean
identification. Neighbor Joining trees (NJ trees) were con-
structed to visualize genetic divergence among MOTUs
and haplotypes.

Euglossini MOTU diversity index

To analyze Euglossini community structure along Colombia’s

altitudinal gradients in the Caribbean using COI gene data, R

4.4.1 GUI 1.80 (R Core Team, 2021) was employed, utilizing

the following packages: Vegan (Oksanen et al., 2024), Bio-

diversity R (Kindt, 2024), BAT (Cardoso et al., 2015), and

ggplot2 (Wickham, 2016). EstimateS 9.1.0 (Colwell, 2013)

was used for descriptive community ecology.

* Diversity parameters: MOTU diversity was assessed
by quantifying the number of species (MOTUs) and their
representativeness. Species accumulation curves were gen-
erated, and non-parametric estimators including Chao 1,
Chao 2, Jackknife, and Bootstrap were calculated to es-
timate species richness and sample completeness (Burn-
ham & Overton, 1978; Moreno, 2001; Smith & van Belle,
1984). Rarefaction curves with confidence intervals were
constructed to compare community richness across vary-
ing sample sizes (Moreno, 2001).

e Alpha diversity: The structure and proportional distri-
bution of observed communities were evaluated through
rank-abundance curves and Hill series numbers (Hill,
1973; Moreno, 2001; Magurran, 2004; Rubio, 2015).

e Beta diversity: Jaccard and Serensen similarity coeffi-
cients were calculated to measure MOTU turnover across
altitudinal gradients (Magurran, 1988; Moreno, 2001).

Results

A total of 1258 specimens of the tribe Euglossini were col-
lected: 957 from the altitudinal gradient of the Sierra Nevada
de Santa Marta (SNSM) and 325 from the Serrania del Peri-
ja (SP). The collected euglossine bees belonged to four gen-
era, Fuglossa, Eufriesea, Eulaema, and Exaerete, and were
grouped into 21 MOTUs (Figure 1).
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Figure 1. Molecular species from the Sierra Nevada de Santa Marta and Serrania del Perija: a) The 21 MOTUs (greater than 500 bp)
recovered, organized by genera, and b) the sampling stations in each area.

Delimitation of MOTUs using BIN codes BOLD:AAC3172, BOLD:AAD1076, BOLD:AAL4038,

(Barcode Index Number)

218 DNA sequences were compiled and grouped into 21 BIN
numbers (MOTUs) from sequences of > 500 bp using BOLD
Systems. Of these, 13 species belong to the genus Euglossa
(BOLD:AEL8907, BOLD:AEM3190, BOLD:AAC0547,
BOLD:AEL8906, BOLD:AAC0545, BOLD:AAC1673,

BOLD:ABY5852, BOLD:AEL8904, BOLD:AELS8905,
BOLD:AEL8909), 4 to Eufriesea (BOLD:AEMS5056,
BOLD:AEF4646, BOLD:AAY3127, BOLD:AEF4645), 2 to
Eulaema (BOLD:AAMS5237, BOLD:ABY7873) and 2 to Ex-
aerete (BOLD:AAD9729, BOLD:AAD7618). Recognizing 6
molecular species exclusive from the SNSM, 2 from SP and
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13 present in both mountain configurations (Table 1). The
232 sequences obtained were easily aligned and analyzed in
BOLDSystems and MEGA, comparing the 21 MOTU s at the
inter- and intrageneric levels through paired genetic distances.

To establish barcode gaps, the maximum and minimum
inter- and intraspecific distances were calculated (Table 2).
The maximum intraspecific distance identified BOLD:
AEF4646 (Eufriesea) as the most variable MOTU. The inter-
specific distance analysis revealed BOLD: AEF4645 (Eufrie-
sea) as the most divergent molecular species.

A 6 % genetic distance with a 1 % average standard error
was used to establish a general barcode gap for Euglossini,
indicating the presence of distinct species when divergence
exceeds 6 %. NJ-trees (Annex 2) indicate that species like
BOLD: AAC0547 (Euglossa) are widely distributed in
both SNSM and SP at 800 and 1000 m a.s.l., while BOLD:
AAC3172 (Euglossa) is strongly associated with 800 m com-
munities. Additionally, BOLD: ABY5852 (Euglossa) appears
to prefer sites between 1400 m and 1800 m a.s.l.

Table 1. Taxonomic genera and BIN numbers. BIN numbers associated with each of the four Euglossini genera and the study area where

the taxa were collected are presented.

BIN Numbers for each genus in the study areas

Euglossa Eufriesea

Eulaema Exaerete

BOLD:AEL8907

BOLD:AEM5056

BOLD:AAMS5237 BOLD:AAD9729

SNSM BOLD:AEM3190

BOLD:AEF4646

BOLD:AAC0547

SP
BOLD:AEL8906

BOLD:AAC0545
BOLD:AAC1673
BOLD:AAC3172
BOLD:AAD1076

BOLD:AAY3127

BOLD:AAL4038
BOLD:ABY5852
BOLD:AEL8904
BOLD:AEL8905
BOLD:AEL8909

Shared

BOLD:AEF4645

BOLD:ABY7873 BOLD:AAD7618

Table 2. Inter- and intraspecific genetic distances for MOTUs from Sierra Nevada de Santa Marta (SNSM) and Serrania del Perija (SP)
were characterized, showing maximum and minimum values. The most variable species are highlighted with a dotted red border and col-
ored pink, while the most divergent species have a double border. DNA barcode gaps are marked in purple. Species colors are assigned as
follows: Euglossa in green, Exaerete in orange, Eulaema in yellow, and Eufiiesea in blue.

Max Intra.

BIN Code Distance

Min Intra. Distance

Min Inter. Distance

Closest MOTU Max. Inter. Distance Farthest MOTU

BOLD:AAC0545 0 0.0028 0.0289 BOLD:AAC0547 0.1756
BOLD:AAC0547 0 0.0084 0.0289 BOLD:AAC0545 0.1651
BOLD:AAC1673 0 0.0313 0.0212 BOLD:AEM3190 0.1830
BOLD:AAC3172 0 0.0611 0.0356 BOLD:AAC0547 0.1711
BOLD:AADI1076 0 0 0.0308 BOLD:AEL8907 0.1861
BOLD:AAD7618 0 0 0.0371 BOLD:AAD9729 0.1648
BOLD:AAD9729 SINGLEINDIVIDUAL  (0.0371 | BOLD:AAD7618 0.1858

BOLD:AAL4038 0 0.0084 0.0478 BOLD:ABY5852
BOLD:AAMS5237 SINGLEINDIVIDUAL  ().0856 0.1965

BOLD:ABY5852 0 0 4 BOLD:AEL8909
BOLD:ABY7873 0 0 0.0731 BOLD:AEL8905

0.2001 BOLD:AEL8905

BOLD:AEL8904 0 BOLD:AEL8909 0.1992
BOLD:AEL8905 0 0 0.0169 BOLD:AEL8907 0.2001
BOLD:AEL8906 SINGLEINDIVIDUAL  (0.0261 = BOLD:AEL8904 0.1965

BOLD:AEL8907 0 0.0198 0.0169 BOLD:AEL8905
BOLD:AEL8909 0 0.0084 0.0190 BOLD:AEL8907
BOLD:AEM3190 SsINGLEINDIVIDUAL  (0.0212 = BOLD:AAC1673 0.1789
_ SINGLE INDIVIDUAL  (0.0430 _ 0.1578
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The amplified sequences, recovered molecular diagnostic
characteristics for 15 species with three or more sequences
(Annex 3). 81 molecular characters were identified, with 54
being diagnostic or partial diagnostic for 12 of these species.
However, no diagnostic characteristics were found for spe-
cies like BOLD: AAC1673, BOLD: AEL8907, and BOLD:
AELB8909, potentially due to their high genetic variability.

An altitudinal distribution graph (Figure 2) and a species
abundance table for the 1258 individuals and 21 molecular
species from SNSM and SP illustrate the broad distribution
of the most common Molecular Operational Taxonomic Units
(MOTUs) and the elevation preferences of the species.

Estimates of sampling richness and completeness indicate
that expected species richness (SEst) increases with eleva-
tion in both regions. As elevation reaches 1400 m a.s.1. in our
study, these values rise; however, at higher elevations an su-
pratropical zones, species numbers are declining. This pattern
may be linked to environmental conditions and the availabil-
ity of resources such as food and shelter at different altitudes.
In SNSM, sampling completeness was about 98.3 % (Chaol)
and 77.8 % (Chao2), while in SP, it was 86.6 % (Chaol) and
75 % (Chao2). Suggesting, additional sampling is needed to
enhance representativeness in both, SNSM and SP.

Rarefaction curves indicated no significant differences in
species richness between SNSM and SP. Completeness was
higher at mesotropical zones (600-1600 m a.s.l.) and de-
creased as elevation was gained in both regions.

Communities structure (Alpha diversity):
Rank-abundance curves were constructed to analyze the com-
munity structure of SNSM and SP. In the SNSM, Eufriesea
and Euglossa species were broadly distributed along the alti-
tudinal gradient, with key MOTUs such as BOLD: AEM5056
(Eufriesea, n = 159), BOLD: AAY3127 (Eufriesea, n = 118),
BOLD: AAC1673 (Euglossa, n = 92), and BOLD: AAC0545
(Euglossa, n = 65) showing prominence.

Diversity indices (qD) and comparison graphs (Figure 3)
along the SNSM gradient revealed high species richness (q0)
at 800-1400 m a.s.l. This range corresponds to a transitional
zone where lowland tropical forests (infratropical zones) begin
shifting toward montane cloud forests (mesotropical zones).

Shannon diversity (ql) peaks at 800-1000 m a.s.l. and
2000 m a.s.l., suggesting that communities in these zones are
more balanced. Similarly, Simpson diversity (q2), which em-
phasizes the most abundant species and reflects dominance
within the community, also peaks at 800-1000 m a.s.l. (with
species such as BOLD: AEF4646 (Eufriesea) and BOLD:
AAC1673(Euglossa)) and 2000 m a.s.l. (represented by
BOLD: AEL8905 (Euglossa)).

In SP, rank-abundance curves reveal BOLD: AAC0545
(Euglossa, n = 128), BOLD: ABY7873 (Eulaema, n = 50),
and BOLD: AAC1673 (Euglossa, n =43) as dominant species,
indicating that Fuglossa and Eulaema dominate along the alti-
tudinal gradient. The highest species richness was observed at
600-1200 m a.s.l. (infratropical to lower mesotropical zones)
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Figure 2. MOTUS observed distribution in the Sierra Nevada de Santa Marta (SNSM) and the Serrania del Perija (SP). Presence/ab-
sence of MOTUs in each sampling site: a) Sierra Nevada de Santa Marta, b) Serrania del Perija, ¢) Both mountainous configurations.
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Figure 3. Comparison of Diversity Indices of Euglossini Communities in the Sierra Nevada de Santa Marta. a) Species richness (q0),
b) effective number of equally frequent or common species (ql), and c) the effective number of dominant species (q2) are shown.
Each point represents the estimated value of the respective diversity index for each sampling station.

and 1800-2000 m a.s.l. (upper mesotropical to supratropical
zones). At 800 m a.s.l., Shannon diversity (ql) reaches its
highest value, reflecting high species diversity combined with
a more even community structure.

The g2 peaks at 800 m and 2000 m a.s.l., suggesting that
dominant species, like BOLD: AACO0545, are primarily found
at lower elevations, while the upper montane cloud forests
within the supratropical zone experience harsh climatic con-
ditions that favor a few highly adapted, dominant species as
BOLD:ABY7873 (Figure 4).

Lower sampling completeness in SP, particularly at high
elevations, may limit the complete detection of species diver-
sity and beta diversity trends, emphasizing the need for fur-
ther sampling in these areas.

Replacement of molecular taxonomic units with
altitudinal gradients (B- diversity)

In the SNSM, the Jaccard index (IJ) and Serensen’s quantita-
tive similarity coefficient (IS) were used to assess species rich-
ness and similarity among communities based on presence/
absence and abundance (Villareal et al., 2004). The highest
similarity in species presence was observed between commu-
nities at 1600 m and 2000 m a.s.l. (IJ = 0.67), while the most
remarkable dissimilarity was between 600 m and 2200 a.s.l.

(IJ = 0). Regarding species abundance, most substantial simi-
larity was between 1200 m a.s.l. and 1400 m a.s.1. (IS =0.73).
This is due to the widespread presence and abundance of
dominant species such as BOLD: AEF4646, BOLD:
AEMS5056, BOLD: AAY3127 (all Eufriesea), and BOLD:
AACO0545 (Euglossa).

Dendrograms from 1J and IS analyses (Figure 5) show
consistent clustering, separating higher elevation commu-
nities (supratropical zones, 2200 m a.s.l. and above) from
those at lower and mid-elevations (infratropical to mesotrop-
ical zones, 800-1800 m a.s.l.). Communities at 1200 m and
1400 m a.s.l. (lower mesotropical zone), as well as those at
800-1000 m a.s.l. (upper infratropical to lower mesotropical
zones) and 1600-2000 m a.s.l. (upper mesotropical to supra-
tropical transition), share a high proportion of species.

In contrast, the community at 600 m (infratropical zone)
is distinct, showing significant differentiation from higher el-
evation communities, with very low IS and 1J values (supra-
tropical zone, 2200 m a.s.l.: IS = 0.0, IJ = 0.0; >2200 m: IS =
0.11, IJ = 0.2). These findings highlight clear habitat affinity
patterns along the SNSM altitudinal gradient, reflecting tran-
sitions between tropical lowland forests and montane cloud
forests as described by Josse et al. (2009).
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Figure 4. Comparison of Diversity Indices of Euglossini Communities in the Serrania del Perija. a) Species richness (q0), b)
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Figure 5. Grouping dendrogram for the Sierra Nevada de Santa Marta (SNSM) communities. a) Similarity between communities
along the altitudinal gradient based on the Jaccard index (1J). b) Similarity between the communities along the altitudinal gradient
based on the Serensen index (IS).
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The richness of SP communities, assessed using the 1J and
IS indices, revealed distinct patterns. The highest similarity
occurred between communities at 600 m and 800 m a.s.l. (in-
fratropical zone, 1J = 0.55, IS = 0.71) and between 600 m and
1000 m a.s.1. (transition from infratropical to lower mesotrop-
ical zones, 1J = 0.60, IS = 0.75), largely due to the dominance
of BOLD: AAC0545 (Euglossa). The greatest similarity was
found between 1800 m and 2000 m a.s.l. (upper mesotropical
to supratropical zones, 1J =0.67, IS = 0.80), linked to the pres-
ence of BOLD: ABY7873 (Eulaema) and BOLD: AAC0545
(Euglossa).

In contrast, communities at 2200 m a.s.l. and above (su-
pratropical zone) showed low similarity, likely due to limited
species documentation.

The 1J and IS grouping trees (Figure 6) for SP revealed
consistent clusters, with distinct elevation ranges. Intermedi-
ate elevations (800-1200 m a.s.1., upper infratropical to lower
mesotropical zones) together, showing notable species turn-
over (IJ = 0.42, IS = 0.59). At higher altitudes (2200 m a.s.l.
and above, supratropical zone), where few species are pres-
ent, resource availability is a limiting factor.

A comparison of SNSM and SP communities assessed
their similarity and species replacement. The results indicate
that community similarity is largely preserved within each
study area. SNSM communities exhibited greater shared spe-
cies richness than SP communities, though rarefaction curves
showed no significant differences between areas.

The highest similarity (IJ = 0.67) was observed at 600
m a.s.l. (infratropical zone), where species turnover is low.
Similarly, the highest similarity in species abundance (IS =
0.8) between SNSM and SP communities was recorded at 600
m a.s.l., mainly due to Euglossa MOTUs BOLD: AAC0545
and BOLD: AACI1673. High similarity (IS = 0.8) was also
observed within SP communities at 1800-2000 m a.s.l. (up-
per mesotropical to supratropical zones) and within SNSM
communities at 800-1000 m a.s.l. (upper infratropical to
lower mesotropical zones) (IS = 0.78).

a Jaccard Similarity Dendrogram
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The 1J and IS clustering trees (Figure 7) revealed consistent
patterns, distinguishing altitudinal ranges. Communities
above 2000 m a.s.l. (supratropical zone) and below 800 m
a.s.l. (infratropical zone) displayed high similarity, while those
at intermediate elevations (1000-2000 m a.s.l., mesotropical
zones) were more distinct, indicating clear differences in
community composition.

Discussion

Understanding the diversity of specialized pollinators, such
as Euglossini bees, is crucial for effective conservation plan-
ning due to their importance in tropical ecosystems. By an-
alyzing Euglossini diversity through Molecular Operational
Taxonomic Units (MOTUs) along altitudinal gradients in the
Sierra Nevada de Santa Marta and the Serrania del Perija,
we assessed their habitat preferences. We anticipated high-
er species diversity at lower elevations. This research, using
MOTU s for the first time in the Colombian Caribbean, high-
lights the effectiveness of DNA barcoding in ecological stud-
ies. DNA barcoding clarifies species boundaries and uncovers
hidden diversity and complements traditional methods, as
noted by Mohammadi and Ahmadzadeh (2024). It also aids
in documenting distribution patterns of these bees across alti-
tudinal gradients.

Delimitation of MOTUs using BIN codes (Barcode

Index Number)

The genetic distance analysis of Euglossini bees revealed sig-
nificant variation among Molecular Operational Taxonomic
Units (MOTUs), providing insights into species divergence
and population structure across the Sierra Nevada de Santa
Marta (SNSM) and the Serrania del Perija (SP).

The MOTU BOLD:AEF4645 (Eufriesea) emerged as the
most divergent, showing high interspecific distances com-
pared to other taxa. This divergence likely results from limit-
ed gene flow influenced by geographic isolation, fragmented
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Figure 6. Grouping dendrogram for the Serrania del Perija (SP) communities. a) Similarity between communities along the altitu-
dinal gradient based on the Jaccard index (1J). b) Similarity between the communities along the altitudinal gradient based on the

Serensen index (IS).
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Figure 7. Grouping dendrogram for the Sierra Nevada de Santa Marta (SNSM) communities and the Serrania del Perija (SP). a)
Similarity between communities along the altitudinal gradient based on the Jaccard index (1J). b) Similarity between the communities

along the altitudinal gradient based on the Serensen index (IS).

landscapes, and selective pressures across the mountainous
regions of the Colombian Caribbean (Malpica-Topete, 2012;
Stein et al., 2014). High-elevation zones, such as upper me-
sotropical, supratropical, and orotropical zones, with distinct
climatic conditions may further exacerbate isolation, driving
genetic differentiation and evolutionary divergence.

Conversely, BOLD:AEF4646 (Eufriesea) exhibited
significant genetic variability, particularly across montane
forests (800-2200 m a.s.l.) in the SNSM. The broader distri-
bution and higher variability suggest a capacity for migra-
tion along the altitudinal gradient, potentially facilitated by
the availability of floral resources and nesting habitats. This
aligns with findings by Parra-H and Parra-Nates (2012), who
reported that species adaptations to environmental gradients
allow for broader occurrence patterns in complex montane
systems.

These results underscore the role of geographic barriers
and environmental selection in shaping genetic diversity
within Euglossini bees. While geographic isolation drives
genetic divergence in species like BOLD:AEF4645, environ-
mental gradients promote intraspecific variability and popula-
tion structuring in taxa like BOLD:AEF4646. Together, these
patterns highlight the evolutionary processes operating within
the fragmented landscapes of the SNSM and SP.

Molecular diagnostic characters recovered for most MO-
TUs further confirm the utility of DNA barcoding in dis-
tinguishing closely related species and identifying cryptic
diversity. However, the absence of diagnostic characters in
highly variable species, such as BOLD:AAC1673, suggests
that additional data, including morphological traits, may be
needed to resolve taxonomic ambiguities effectively. Inte-
grating DNA barcoding with morphological analyses remains
essential for refining species boundaries and understanding
population structure (Ahmed et al., 2022 Kress; & Erickson,
2008; Will et al., 2005).

MOTU diversity indices

Communities structure (Alpha diversity):

Alpha diversity analysis revealed clear patterns of species
richness across the altitudinal gradients in both the Sierra
Nevada de Santa Marta (SNSM) and the Serrania del Perija
(SP). Richness consistently peaked at mid-elevations (800-
1200 m a.s.l.), corresponding to the upper infratropical and
lower mesotropical zones, where favorable climatic condi-
tions and high habitat heterogeneity promote species coexis-
tence (Josse et al., 2009). These findings align with Josse et al.
(2009), who reported that montane forests below 1500 m a.s.I.
in the Northern Andes exhibit species richness levels com-
parable to those of lowland forests. The transitional nature
of mid-elevations, which fosters overlaps between lowland
and montane communities, likely explains the observed peaks
in diversity.

In the SNSM, upper infratropical to lower mesotropi-
cal zones were dominated by species of the genera Eufrie-
sea and Euglossa, with BOLD:AAC1673 (Euglossa) and
BOLD:AEF4646 (Eufriesea) being particularly prevalent.
This reflects a balanced community structure, consistent with
findings by Noriega and Realpe (2018), who reported similar
trends of high species diversity and compositional overlap at
mid-levels before declining with increasing elevation. A com-
parable pattern was observed in the SP, where species like
BOLD:AACO0545 (Euglossa) and BOLD:ABY7873 (Eulae-
ma) strongly preferred preferences for upper infratropical to
lower mesotropical zones. Support high richness due to their
transitional nature, as observed in the results, offering optimal
climatic conditions and sufficient floral and nesting resourc-
es to sustain diverse orchid bee communities (Abrahamczyk
etal., 2011).

At higher elevations above 2000 m a.s.l. (the supratropi-
cal zone), species richness declined sharply in both regions.
This reduction reflects the influence of harsh environmental
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conditions, including lower temperatures, reduced humidity,
and limited resource availability, which impose strong eco-
logical filters. Such constraints favor specialized taxa capable
of adapting to these extreme environments, as evidenced by
the presence of BOLD:AAY3127 (Eufriesea) in the SNSM
(Josse et al., 2009; Noriega & Realpe, 2018).

In contrast, lower infratropical zone elevations (600-800
m a.s.l.) exhibited comparatively lower richness, likely due
to increased competition, resource homogenization, and high
temperatures and humidity. These factors may limit the
distribution of certain orchid bee species, resulting in the
dominance of fewer species such as BOLD:AAD7618 (Ex-
aerete), which further reduces community evenness (Ramos
et al., 2022).

Overall, the altitudinal patterns observed in both regions
emphasize the role of elevation and environmental gradients
in shaping species richness. Upper infratropical to lower
mesotropical zones provide ideal conditions for the coexis-
tence of diverse species, representing transitional areas, while
higher elevations are defined by environmental filtering and
specialization. The lower richness at low infratropical zone
further highlights the influence of competition and resource
distribution. These findings are consistent with broader trends
reported for montane ecosystems in the Northern Andes
(Josse et al., 2009) and underscore the importance of transi-
tional areas in maintaining alpha diversity.

Replacement of molecular taxonomic units with

altitudinal gradients (p- diversity)

Beta diversity patterns across the altitudinal gradients in the
Sierra Nevada de Santa Marta (SNSM) and the Serrania del
Perija (SP) reveal clear species turnover and community
differentiation driven by environmental gradients. Mid-el-
evations (800-1200 m a.s.l.) in both regions exhibit greater
species overlap and compositional similarity, reflecting the
transitional nature of these zones. The overlap likely results
from the coexistence of lowland and montane species, sup-
ported by favorable climatic conditions and high habitat het-
erogeneity (Josse et al., 2009).

At higher elevations (above 2000 m a.s.l., supratropical
zone), species turnover increases markedly, driven by the
influence of environmental filtering. Harsh climatic con-
ditions, such as lower temperatures, reduced humidity, and
limited resource availability, impose constraints on communi-
ty composition. These conditions favor specialized taxa like
BOLD:AAY3127 (Eufriesea), which are adapted to survive
in extreme environments. Similar patterns have been docu-
mented in other montane systems, where increasing altitude
leads to reduced species similarity and greater compositional
uniqueness (Josse et al., 2009; Nemésio & Vasconcelos, 2013;
Noriega & Realpe, 2018).

In contrast, lower elevations (600-800 m a.s.l., infratropi-
cal zone) show reduced beta diversity and higher dominance
of a few widespread species, such as BOLD:AAD7618 (Ex-
aerete). This reduced turnover may result from resource ho-
mogenization and competitive exclusion, which limit species
coexistence.

Geographical separation between the SNSM and SP fur-
ther amplifies beta diversity, as the isolation of these two
mountain systems has led to the development of distinct spe-
cies assemblages. For instance, BOLD:AAD9729 (Exaerete)
and BOLD:AAMS5237 (Eulaema) were found exclusively
in the SNSM, whereas BOLD:AAC0547 (Euglossa) and

BOLD:AEL8906 (Euglossa) were unique to the SP. These
patterns underscore the combined role of altitudinal gradients,
environmental filtering, and geographical barriers in shaping
species distributions and turnover across the two regions
(Nemésio & Vasconcelos, 2013; Prieto et al., 2021).

Overall, beta diversity reflects the dynamic interplay be-
tween elevation-driven climatic constraints and geograph-
ic isolation. Mid-elevations emerge as areas of high species
overlap, while higher altitudes promote uniqueness through
strong ecological filtering. The observed trends align with
broader findings in the Northern Andes, where environmental
gradients act as critical drivers of species turnover and com-
munity differentiation (Josse et al., 2009; Nemésio & Vascon-
celos, 2013; Prieto et al., 2021).

Conclusions

This study highlights the effectiveness of DNA barcoding as
a tool for delimiting Molecular Operational Taxonomic Units
(MOTUs) and assessing species diversity within the tribe Eu-
glossini. Applying DNA barcoding along altitudinal gradients
in the Sierra Nevada de Santa Marta (SNSM) and Serrania
del Perija (SP), 21 MOTUs were identified revealing complex
patterns of species distribution, genetic divergence and pop-
ulation structure.

Alpha diversity peaks at upper infratropical and lower me-
sotropical zones (800-1200 m a.s.l.), where transitional con-
ditions foster overlaps between lowland and montane species.
Species richness declines at higher elevations (supratropical
zone >2000 m a.s.l.) due to environmental filtering, favor-
ing specialized taxa. Significant beta diversity was observed
across altitudinal gradients and between mountain systems,
driven by geographical isolation and environmental variation,
promoting species turnover and evolutionary divergence.

The detection of significant genetic divergence, such as
in BOLD:AEF4645 (Eufriesea), and high variability in taxa
like BOLD:AEF4646, underscores the role of fragmented
landscapes and environmental selection in shaping diversity.
These findings highlight the importance of mountains as evo-
lutionary hotspots and emphasize the need to conserve transi-
tional and high-elevation habitats.

Our study advocates for integrative taxonomy, combining
molecular techniques like DNA barcoding with traditional
morphological methods, to improve species identification and
ecological research. Expanding this approach to other regions
and incorporating biogeographical analyses will further eluci-
date the evolutionary processes shaping Euglossini diversity.

In conclusion, this research enhances our understanding
of Euglossini diversity and distribution, demonstrating the
value of DNA barcoding in biodiversity studies and its po-
tential to inform conservation strategies in tropical montane
ecosystems.
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Annexes

Annex 1. Euglossini bees collected in the Sierra Nevada de Santa Marta and the Serrania del Perija. The individuals collected
are presented with their BIN code and information associated with the essence used and the location sampled. Where the
species of each genus are recognized: Euglossa in green, Exaerete in orange, Fulaema in yellow and Eufiiesea in blue.
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Country/ State/

Tribe Genus Collectors Collection Date A Region Sector Exact Site Lat Lon Elev
Ocean Province
Research Serrania
BOLD:AAL4038 2 Collection of Euglossini Euglossa J. Rodriguez 16-Jul-2021 Colombia  Cesar del Periia Manaure  El Cielo 10.399 -72.994 1600
Carlos Prieto J
LRl Serrania San
BOLD:AAL4038 1 Collection of Euglossini Euglossa J. Rodriguez 21-Jul-2021 Colombia  Cesar del Perii Manaure vt 10.361 -72.987 1800
Carlos Prieto ©l Ferya Ly
Research Serrania
BOLD:AAL4038 2 Collection of Euglossini Euglossa J. Rodriguez 14-Jul-2021 Colombia La Guajira del Periia Manaure Poso Azul 10.43 -74.044 600
Carlos Prieto v
Research
BOLD:AAL4038 3 Collection of Euglossini Euglossa J. Rodriguez 30-Jun-2021 Colombia Magdalena SNSM  Minca Minca 11.152 -74.112 600
Carlos Prieto
o Serrania El Hondo
BOLD:AAL4038 5  Collection of Euglossini Euglossa J. Rodriguez 22-Jul-2021 Colombia  Cesar .. Manaure . 10.392 -72.966 800
. del Perija del Rio
Carlos Prieto
Research Sierra
BOLD:AAMS5237 2 Collection of Euglossini Eulaema C.Prieto 25-Feb-2020 Colombia Magdalena Cienaga Nevada San Pedro 10.883 -74.067 1250

Carlos Prieto

Research .
BOLD:ABY5852 1 Collection of Euglossini Euglossa J. Rodriguez  19-Jun-21  Colombia Magdalena SNSM  Minca Lace\lf;z;:a. 11°07.384’ N 74°05.006° W 1200
Carlos Prieto
Research Sterra oo San
BOLD:ABY5852 7  Collection of Euglossini Euglossa C. Prieto  17-Mar-2020 Colombia Magdalena Nevada 11.1 -74.067 1450
. Nevada  Lorenzo
Carlos Prieto Sta. Marta
Research Serrania San
BOLD:ABY5852 1 Collection of Euglossini Euglossa J. Rodriguez 21-Jul-2021 Colombia  Cesar .. Manaure . 10.361 -72.987 1800
. del Perija Antonio
Carlos Prieto
Rescarch La Victoria.
BOLD:ABY5852 2 Collection of Euglossini Euglossa J. Rodriguez 17-Jun-2021 Colombia Magdalena SNSM  Minca El Cielo : 11.119 -74.064 1800
Carlos Prieto
LT Serrania Vda. El
BOLD:ABY5852 1 Collection of Euglossini Euglossa J. Rodriguez 15-Jul-2021 Colombia  Cesar .. Manaure . 10.371 -72.955 2200
: del Perija Cinco
Carlos Prieto
Research La Victoria
BOLD:ABY5852 1 Collection of Euglossini Euglossa J. Rodriguez 01-Jul-2021 Colombia Magdalena SNSM  Minca Quebr a,da. 11.128 -74.094 800
Carlos Prieto
Research Serrania
BOLD:ABY7873 6  Collection of Euglossini Eulaema J. Rodriguez 19-Mar-22 Colombia  Cesar de? Perijé Manaure La Planada 10°25.946’N 72°59.922°W 1000

Carlos Prieto

Cont.
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Country/ State/

Tribe Genus Collectors Collection Date A Region Sector Exact Site Lat Lon Elev
Ocean Province
Regseareld Serrania El Hondo
BOLD:ABY7873 8  Collection of Euglossini Eulaema J. Rodriguez 20-Mar-22 Colombia  Cesar .., Manaure q 10°23.545° N 72°57.946° W 1200
F del Perija del Rio
Carlos Prieto
el La Victoria.
BOLD:ABY7873 1 Collection of Euglossini Eulaema J. Rodriguez 5-Mar-22 Colombia Magdalena SNSM  Minca El Cielo © 11°07.259’N 74°04.205°'W 1600
Carlos Prieto
Rezemion Serrania San
BOLD:ABY7873 16  Collection of Euglossini Eulaema J. Rodriguez 21-Jul-2021 Colombia  Cesar del Perii Manaure Antoni 10.361 -72.987 1800
. el Perija ntonio
Carlos Prieto
Research
BOLD:ABY7873 2 Collection of Euglossini Eulaema J. Rodriguez 05-Jul-2021 Colombia Magdalena SNSM  Minca La Victoria 11.124 -74.09 1000
Carlos Prieto
Research Serrania
BOLD:ABY7873 1 Collection of Euglossini Eulaema J. Rodriguez 20-Jul-2021 Colombia  Cesar del Periia Manaure  El Cielo 10.399 -72.999 1400
Carlos Prieto J
Research Serrania Finca No
BOLD:ABY7873 7  Collection of Euglossini Eulaema J. Rodriguez 19-Jul-2021 Colombia  Cesar del Periia Manaure Hay Como 10.368 -72.984 2000
Carlos Prieto J Dios
Regemmon La Victoria,
BOLD:ABY7873 1 Collection of Euglossini Eulaema J. Rodriguez 21-Jun-2021 Colombia Magdalena SNSM  Minca El Ciclo ’ 11.092 -74.061 2000
Carlos Prieto
Research Serrania Vda,
BOLD:ABY7873 1 Collection of Euglossini Eulaema J. Rodriguez 15-Jul-2021 Colombia  Cesar .. Manaure L 10.371 -72.955 2200
. del Perija El Cinco
Carlos Prieto
Research Kglfnlzz
BOLD:ABY7873 1  Collection of Euglossini Eulaema J. Rodriguez 09-Jul-2021 Colombia Magdalena SNSM  Minca Cuchilla é;n 11.105 -74.059 2500
Carlos Prieto
Lorenzo
Research
BOLD:ABY7873 1 Collection of Euglossini Eulaema J. Rodriguez 30-Jun-2021 Colombia Magdalena SNSM  Minca Minca 11.152 -74.112 600
Carlos Prieto
Researeld La Victoria,
BOLD:ABY7873 5  Collection of Euglossini Eulaema J. Rodriguez 07-Jul-2021 Colombia Magdalena SNSM  Minca Quebra da. 11.128 -74.094 800

Carlos Prieto

Research Sabana Serrania

BOLD:AEL8904 1 Collection of Euglossini Euglossa C.Prieto 14-Nov-2019 Colombia  Cesar Rubia del El Cinco 10.367 -72.967 2300
Carlos Prieto Perija
Research Sierra

BOLD:AEL8904 1 Collection of Euglossini Euglossa C.Prieto  25-Feb-2020 Colombia Magdalena Cienaga Nevada San Pedro 10.883 -74.067 1250
Carlos Prieto
Research Sierra

BOLD:AEL8904 4  Collection of Euglossini Euglossa C.Prieto 12-Nov-2019 Colombia Magdalena Nevada SNSM  San Javier 10.883 -74.017 1450
Carlos Prieto Sta.Marta
Research Serrania El Hondo

BOLD:AEL8905 1 Collection of Euglossini Euglossa J. Rodriguez 20-Mar-22 Colombia  Cesar .., Manaure q 10°23.545° N 72°57.946’ W 1200

. del Perija del Rio

Carlos Prieto
Research Serrania

BOLD:AEL8905 4 Collection of Euglossini Euglossa J. Rodriguez 18-Jul-2021 Colombia  Cesar del Periia Manaure La Planada 10.432 -72.999 1000
Carlos Prieto 4
Research Serrania

BOLD:AEL8905 1 Collection of Euglossini Euglossa J. Rodriguez 20-Jul-2021 Colombia  Cesar & Pt Manaure  El Cielo 10.399 -72.999 1400
Carlos Prieto

Cont.
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Country/ State/

Tribe Genus Collectors Collection Date A Region Sector Exact Site Lat Lon Elev
Ocean Province
Research Sierra
BOLD:AEL8905 1 Collection of Euglossini Euglossa C.Prieto  04-Nov-2019 Colombia Magdalena Nevada SNSM  San Pedro 10.883 -74.083 1000
Carlos Prieto Sta. Marta
Research Serrania Finca No
BOLD:AEL8905 1 Collection of Euglossini Euglossa J. Rodriguez 19-Jul-2021 Colombia  Cesar del Periia Manaure Hay Como 10.368 -72.984 2000
Carlos Prieto J Dios
Research Serrania El Hond
BOLD:AEL8905 6 Collection of Euglossini Euglossa J. Rodriguez 22-Jul-2021 Colombia  Cesar CITanta y ronaure onco 10.392 -72.966 800
. del Perija del Rio
Carlos Prieto
Research Sierra
BOLD:AEL8905 10  Collection of Euglossini Euglossa C.Prieto  12-Nov-2019 Colombia Magdalena Nevada SNSM  San Javier 10.883 -74.017 1450
Carlos Prieto Sta. Marta
Research Serrania
BOLD:AEL8906 1 Collection of Euglossini Euglossa C.Prieto 13-Nov-2019 Colombia  Cesar ~ Manaure  del Manaure 10.383 -73 850
Carlos Prieto Perija
Research Sierra
BOLD:AEL8907 7  Collection of Euglossini Euglossa C.Prieto  05-Nov-2019 Colombia Magdalena Nevada SNSM Minca 11.117 -74.083 1000
Carlos Prieto Sta. Marta
Research Sierra
BOLD:AEL8907 1 Collection of Euglossini Euglossa C.Prieto  25-Feb-2020 Colombia Magdalena Cienaga Nevada San Pedro 10.883 -74.067 1250
Carlos Prieto
Research Sierra
BOLD:AEL8909 3 Collection of Euglossini Euglossa C. Prieto 43773 Colombia Magdalena Nevada SNSM  San Pedro 10. 883 -74.083 1000
Carlos Prieto Sta. Marta
Research Serrania
BOLD:AEL8909 1 Collection of Euglossini Euglossa J. Rodriguez 18-Jul-2021 Colombia  Cesar del Periia Manaure La Planada 10.432 -72.999 1000
Carlos Prieto J
Research Sierra
BOLD:AEL8909 6  Collection of Euglossini Euglossa C. Prieto  25-Feb-2020 Colombia Magdalena Cienaga Nevada San Pedro 10.883 -74.067 1250
Carlos Prieto
Research Sierra
BOLD:AEL8909 3 Collection of Euglossini Euglossa C.Prieto 12-Nov-2019 Colombia Magdalena Nevada SNSM  San Javier 10.883 -74.017 1450
Carlos Prieto Sta. Marta
ezl Serrania San
BOLD:AEL8909 3 Collection of Euglossini Euglossa J. Rodriguez 21-Jul-2021 Colombia  Cesar .. Manaure . 10.361 -72.987 1800
. del Perija Antonio
Carlos Prieto
Research Serrania Finca No
BOLD:AEL8909 1 Collection of Euglossini Euglossa J. Rodriguez 19-Jul-2021 Colombia  Cesar del Periia Manaure Hay Como 10.368 -72.984 2000
Carlos Prieto v Dios
Research Serrania
BOLD:AEL8909 1 Collection of Euglossini Euglossa J. Rodriguez 14-Jul-2021 Colombia La Guajira del Periia Manaure Poso Azul 10.43 -74.044 600
Carlos Prieto e
Research
BOLD:AEL8909 1 Collection of Euglossini Euglossa J. Rodriguez 30-Jun-2021 Colombia Magdalena SNSM  Minca Minca 11.152 -74.112 600
Carlos Prieto
NEE Serrania El Hondo
BOLD:AEL8909 8  Collection of Euglossini Euglossa J. Rodriguez 22-Jul-2021 Colombia  Cesar .. Manaure . 10.392 -72.966 800
. del Perija del Rio
Carlos Prieto
ez La Victoria
BOLD:AEM3190 11  Collection of Euglossini Euglossa J. Rodriguez 6-Mar-22 Colombia Magdalena SNSM  Minca Qe da' 11°07.709’ N 74°05.654°W 800
Carlos Prieto
¥z La Victoria,
BOLD:AEM3190 3 Collection of Euglossini Euglossa J. Rodriguez 19-Jun-21 Colombia Magdalena SNSM  Minca Cascada © 11°07.384’ N 74°05.006° W 1200
Carlos Prieto
e La Victoria,
BOLD:AEM3190 2 Collection of Euglossini Euglossa J. Rodriguez 17-Jun-2021 Colombia Magdalena SNSM  Minca El Ci:lo : 11.119 -74.064 1800

Carlos Prieto
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Annex 2. Neighbor joining tree for molecular species Sierra Nevada de Santa Marta (SNSM) and Serrania del Perija (SP), for
the Tribe Euglossini

Eufriesea EUGCO063-21|Eufriesea|Magdalena|Minca|1400.0| BOLD:AEM5056 2%

I Il-. ete| PLCOL 1425-21|Exaerete|Magdalena||650.0| BOLD:AAD7618

IEug]ossa\PLCOL]Z]Z-Zl |EuglossaMagdalena|Sierra Nevada|180.0|[BOLD:AEL8909
rEufriesea| EUGC0233-22|Eufriesea|Cesar[Manaure|1000.0[[BOLD:AEF4645
L Eufriesea EUGCO135-22 EufrieseaMagdalena|Minca|800.0|[BOLD:AEF4645

Euglossa| EUGCO015-21|EuglossaMagdalena|Minca|600.0|[BOLD:AAC0545

[Euglossa EUGCO0030-21|Euglossa|Magdalena|Minca|800.0|BOLD:AAC0545

Euglossa| EUGCO031-21|Euglossa]Magdalena|Minca|800.0|[BOLD:AAC0545

[Euglossa EUGCO037-21|Euglossa|Magdalena|Minca|1000.0/[BOLD:AAC0545

Euglossa| EUGC0239-22|Euglossa|CesarManaure|1400.0|[ BOLD:AAC0545

Euglossa EUGC0246-22|Euglossa|Cesar[Manaure|1600.0[BOLD:AAC0545

Euglossa| EUGC0247-22|Euglossa|CesarManaure|1600.0|[BOLD:AAC0545

Euglossa EUGC0248-22|Euglossa|Cesar[Manaure|1600.0[BOLD:AAC0545

Euglossa| EUGC0249-22|Euglossa|CesarManaure|1600.0|[BOLD:AAC0545

Euglossa EUGCO0256-22|Euglossa|Cesar[Manaure|1800.0[BOLD:AAC0545

Euglossa| EUGC0O268-22|Euglossa|CesarManaure[2000.0|[BOLD:AAC0545

[Euglossa imperialis PLCOL540-20|Euglossa|Cesar||850.0|[BOLD:AAC0545

Euglossa imperialisPLCOL541-20|Euglossa|Cesar||850.0[[BOLD:AAC0545

[Euglossa imperialis PLCOL542-20|Euglossa|Cesar||850.0[[BOLD:AAC0545

Euglossa| EUGCO056-21|Euglossa]Magdalena|Minca|1400.0[[BOLD:AAC0545

[Euglossa EUGCO057-21|Euglossa|Magdalena|Minca|1400.0/|BOLD:AAC0545

Euglossa| EUGCO069-21|EuglossajMagdalena|Minca|1600.0[[BOLD:AAC0545

[Euglossa EUGCO100-22|Euglossa|Magdalena|Minca|1000.0/[BOLD:AAC0545

Euglossa| EUGCO101-22|EuglossajMagdalena|Minca|1000.0[[BOLD:AAC0545

[Euglossa EUGCO102-22|Euglossa|Magdalena|Minca|1000.0/[BOLD:AAC0545

Euglossa| EUGCO115-22|EuglossajMagdalena|Minca|1000.0/[BOLD:AAC0545

[Euglossa EUGCO116-22|Euglossa|Magdalena|Minca|1000.0/[BOLD:AAC0545

Euglossa| EUGCO125-22|Euglossa]Magdalena|Minca|800.0|[BOLD:AAC0545

[Euglossa EUGCO126-22|Euglossa|Magdalena|Minca|800.0|BOLD:AAC0545

Euglossa| EUGCO127-22|Euglossa]Magdalena|Minca|800.0[[BOLD:AAC0545

[Euglossa EUGCO138-22|Euglossa|Magdalena|Minca|1600.0/|BOLD:AAC0545

Euglossa| EUGCO156-22|EuglossalLa Guajira|Manaure|600.0|[BOLD:AAC0545

[Euglossa EUGCO157-22|EuglossalLa GuajiraManaure|600.0 BOLD:AAC0545

Euglossa| EUGCO158-22|EuglossalLa Guajira|Manaure|600.0|[BOLD:AAC0545

[Euglossa EUGCO159-22|EuglossalLa GuajiraManaure|600.0 BOLD:AAC0545

Euglossa| EUGCO169-22|Euglossa|CesarManaure|800.0 BOLD:AAC0545

Euglossa EUGCO175-22|Euglossa|Cesar[Manaure|800.0[[BOLD:AAC0545

Euglossa| EUGCO176-22|Euglossa|CesarManaure|800.0 BOLD:AAC0545

Euglossa EUGCO181-22|Euglossa|Cesar[Manaure|1000.0[BOLD:AAC0545

Euglossa| EUGCO188-22|Euglossa|CesarManaure|1800.0|[BOLD:AAC0545

[Euglossa EUGCO191-22|EuglossalLa GuajiraManaure|600.0 BOLD:AAC0545

Euglossa| EUGCO192-22|EuglossalLa Guajira|Manaure|600.0|[BOLD:AAC0545

[Euglossa EUGCO193-22|EuglossalLa GuajiraManaure|600.0 BOLD:AAC0545

Euglossa| EUGCO194-22|Euglossa|La Guajira|Manaure|600.0|[BOLD:AAC0545

[Euglossa EUGC0209-22|Euglossa|Cesar[Manaure|800.0[[BOLD:AAC0545

Euglossa|PLCOL1186-21|Euglossa|]MagdalenalSierra Nevada|1250.0|BOLD:AAC0545

[Euglossa|PLCOL1195-21|Euglossa|Magdalena|Sierra Nevada|180.0|BOLD:AAC0545

Euglossa|PLCOL1185-21|Euglossa|]MagdalenalSierra Nevada|1250.0/|BOLD:AAC0545

[Euglossa EUGC0223-22|Euglossa|Cesar[Manaure|800.0[[BOLD:AAC0545

Euglossa| EUGC0229-22|Euglossa|CesarManaure|1000.0|[BOLD:AAC0545

1Euglossa\EUGCO103-22|Euglossa\Magdalena\Minca\1000.0||BOLD:AAC0545

Euglossa| EUGCO218-22|Euglossa|CesarManaure|800.0 BOLD:AAC0545

-|Euglossa\EUGC0204-22\Euglossa\Cesar\Manaure\BOOAO\\BOLD:AAC0545

Euglossa| EUGCO186-22|Euglossa|Cesar|Manaure|1400.0|BOLD:AAC0545

Euglossa imperialis PLCOL543-20|Euglossa|Cesar||850.0[BOLD:AAC0545

= Euglossa EUGCO079-21|Euglossa]Magdalena|Minca|1800.0[[BOLD:AAC0545

_[~Euglossa| EUGC0O029-21|Euglossa|Magdalena|Minca|800.0[[BOLD:AAC0545

Euglossa| EUGCO285-22|Euglossa|Cesar|Manaure|1800.0 | BOLD:AAC0545

Euglossa EUGC0237-22|Euglossa|Cesar[Manaure|1200.0 BOLD:AAC0545

Euglossa|PLCOL1194-21|Euglossa|Magdalena|Sierra Nevada|180.0[[BOLD:AAC0545

[Euglossa|PLCOL1196-21|Euglossa|Magdalenal|Sierra Nevada|180.0BOLD:AAC0545

Euglossa|PLCOL1193-21|Euglossa|Magdalena|Sierra Nevada|180.0[[BOLD:AAC0545

_|Euglossa\EUGCOI 19-22|Euglossa|Magdalena|Minca|800.0|BOLD:AAC1673
Euglossa mixta|PLCOL536-20|Euglossa|Magdalenal|[1000.0[BOLD:AAC1673

[—Euglossa|PLCOL1209-21|Euglossa|Magdalena|Sierra Nevada|180.0||BOLD:AEL8909

[—Eulaema|EUGCO0284-22|Eulaema|Cesar|Manaure|2200.0|BOLD:ABY 7873

—Euglossa aff. orellana|PLCOL556-20|Euglossa|Cesar||850.0 BOLD:AACO0547

[—Euglossa mixta|PLCOL557-20|Euglossa|Cesar||850.0[BOLD:AAC1673

—Euglossa sp.PLCOL648-20[Euglossa|Magdalenal|1450.0|BOLD:AEL8909

ssa sp.|PLCOL963-20|Euglossa|Cesar]|850.0|BOLD:AAL4038

—Euglossa sp.[PLCOL964-20|Euglossa|Cesar||850.0|BOLD:AAL4038

[— Euglossa sp.[PLCOL968-20|Euglossa|Magdalena||1000.0[[BOLD:AEL8907

— Eufriesea| EUGCO114-22|Eufriesea|Magdalena|Mincal1000.0| BOLD:AEF4646

Euglossa sp.[PLCOL971-20|Euglossa|Magdalenal[1000.0[BOLD:AEL8909

Euglossa|PLCOL1204-21|Euglossa|Magdalena|Sierra Nevada|180.0/[BOLD:AEL8909

Exaerete| EUGCO161-22|Exacrete|La Guajira|Manaure|600.0|[BOLD:AAD7618

Cont.
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Euglossa sp.PLCOL954-20|Euglossa|Magdalenal[1000.0[BOLD:AEL8905
Euglossa mixta|PLCOL561-20|EuglossaMagdalena||1000.0

— Euglossa aff. orellana|PLCOL550-20|Euglossa|Cesar||850.0[BOLD:AAC0547
Euglossa EUGC0230-22|Euglossa|Cesar|Manaure|1000.0 BOLD:AAC0547
Euglossa| EUGCO219-22|Euglossa|Cesar|Manaure[800.0| BOLD:AAC0547
Euglossa EUGC0205-22|Euglossa|Cesar|Manaure|800.0 | BOLD:AAC0547
Euglossa aff. orellana|PLCOL555-20|Euglossa|Cesar|[850.0 BOLD:AAC0547
Euglossa aff. orellanaPLCOL554-20|Euglossa|Cesar||850.0[BOLD:AAC0547
Euglossa aff. orellana|PLCOL553-20|Euglossa|Cesar|[850.0 BOLD:AAC0547
Euglossa EUGC0269-22|Euglossa|Cesar|Manaure[2000.0| BOLD:AAC0547
Euglossa| EUGC0224-22|Euglossa|Cesar/Manaure|800.0 BOLD:AAC0547
Euglossa EUGCO210-22|Euglossa|Cesar[Manaure|800.0[[BOLD:AAC0547

Euglossa| EUGC0O206-22|Euglossa|Cesar/Manaure|800.0 BOLD:AAC0547
Euglossa EUGCO197-22|Euglossa|La Guajira|Manaure|600.0|BOLD:AAC0547
Euglossa| EUGCO178-22|Euglossa|Cesar/Manaure|800.0 BOLD:AAC0547
Euglossa EUGCO166-22|Euglossa|Cesar[Manaure|800.0[[BOLD:AAC0547
Euglossa| EUGCO165-22|Euglossa|Cesar/Manaure|800.0 BOLD:AAC0547
Euglossa aff. orellana| PLCOL551-20|Euglossa|Cesar||850.0| BOLD:AAC0547
Euglossa aff. orellana|PLCOL549-20|Euglossa|Cesar||850.0 BOLD:AAC0547
Euglossa| EUGCO260-22|Euglossa|Cesar[Manaure|1800.0[[BOLD:AAC0547

Euglossa| EUGCO185-22|Euglossa|CesarManaure|1400.0 BOLD:AAC1673

Exaerete|PLCOL1424-21|Exaerete|Magdalena||650.0|BOLD:AAD7618
Euglossa| EUGCO198-22|Euglossa|La Guajira|Manaure|600.0[[BOLD:AAL4038
Euglossa| EUGCO128-22|Euglossa|Magdalena|Minca|800.0| BOLD:AAL4038
Euglossa EUGCO199-22|Euglossa|La GuajiraManaure|600.0[BOLD:AAL4038
EuglossaEUGC0255-22|Euglossa|Cesar|Manaure|1800.0||BOLD:AAL4038
Euglossa EUGCO208-22|Euglossa|Cesar|Manaure|800.0|[BOLD:AAL4038
EuglossaEUGCO211-22|Euglossa|Cesar[Manaure|800.0[[BOLD:AAL4038
EuglossaEUGCO0245-22|Euglossa|Cesar|Manaure|1600.0[BOLD:AAL4038
Euglossa| EUGCO014-21|Euglossa|Magdalena/Minca|600.0| BOLD:AAL4038
Euglossa EUGCO0257-22|Euglossa|Cesar[Manaure|1800.0[BOLD:AAC0545
EuglossaEUGC0203-22|Euglossa|Cesar|Manaure|800.0 | BOLD:AAC3172
Euglossa allostictaPLCOL547-20|Euglossa|Cesar||850.0[[BOLD:AAC3172
Euglossa EUGCO170-22|Euglossa|Cesar[Manaure|800.0[BOLD:AAC3172
Euglossa EUGCO124-22|EuglossaMagdalena|Minca|800.0|BOLD:AAC3172
Euglossa EUGCO105-22|Euglossa|Magdalena|Minca|1000.0[[BOLD:AAC3172
Euglossa allostictaPLCOL647-20|Euglossa|Magdalena||1450.0[[BOLD:AAC3172
Euglossa allosticta PLCOL548-20|Euglossa|Cesar||850.0BOLD:AAC3172
Euglossa allostictaPLCOL546-20|Euglossa|Cesar||850.0[[BOLD:AAC3172
Euglossa allosticta PLCOL545-20|Euglossa|Cesar||850.0[ BOLD:AAC3172
Euglossa allostictaPLCOL544-20|Euglossa|Cesar||850.0[[BOLD:AAC3172
EuglossaPLCOL1197-21|Euglossa|MagdalenalSierra Nevada|180.0| BOLD:AAC3172
Euglossa|PLCOL1226-21|EuglossaMagdalenalSierra Nevada|1450.0|[BOLD:ABY 5852
—1Euglossa EUGCO054-21|Euglossa|Magdalena|Minca|1400.0 BOLD:ABY 5852
Euglossa| EUGCO078-21|EuglossaMagdalena|Minca|1800.0[BOLD:ABY 5852
EuglossaEUGCO0258-22|Euglossa|Cesar|Manaure|1800.0/[BOLD:ABY 5852
Euglossa|PLCOL1210-21|Euglossa|MagdalenalSierra Nevada|180.0|BOLD:AAC1673
Euglossa EUGCO283-22|Euglossa|Cesar|Manaure|2200.0| BOLD:ABY 5852
Euglossa| EUGCO180-22|Euglossa|Cesar|Manaure|1000.0/[BOLD:AAD1076
[Euglossa| EUGCO144-22|EuglossaMagdalena|Minca|1800.0
Euglossa EUGCO011-21|Euglossa|Magdalena|Minca|600.0|[ BOLD:AAD1076
Euglossa EUGCO009-21|Euglossa|Magdalena|Minca|600.0[BOLD:AAD1076
Euglossa sp.[PLCOL973-20|Euglossa|Magdalenal[1000.0|[BOLD:AEL8907
_LEuglossa\EUGCO 104-22|Euglossa|Magdalena|Minca|1000.0||BOLD:AEL8907
Euglossa sp.[PLCOL969-20|Euglossa|Magdalena||1000.0[[BOLD:AEL8907
Euglossa championi|PLCOL654-20|Euglossa|Cesar||850.0|BOLD:AEL8906
— Euglossa maculilabris|PLCOL653-20|Euglossa|Cesar([2300.0 | BOLD:AEL8904
Euglossa sp.[PLCOL951-20|EuglossaMagdalenal|1450.0| BOLD:AEL8904
[Euglossa maculilabris| PLCOL645-20|Euglossa|Magdalena||1450.0/[BOLD:AEL8904
'Euglossa maculilabris| PLCOL644-20|EuglossaMagdalena||1450.0[ BOLD:AEL8904

Euglossa cybelia|PLCOL652-20|Euglossa|Cesar|[850.0] BOLD: AEL8905

[Euglossa EUGCO231-22|Euglossa|Cesar|Manaure|1000.0 | BOLD:AEL8905
[Euglossa EUGCO214-22|EuglossaCesar|Manaure|800.0|[BOLD:AEL8905
[Euglossa EUGCO213-22|Euglossa|Cesar|Manaure|800.0|[BOLD:AEL8905
[Euglossa EUGCO182-22|EuglossaCesar|Manaure|1000.0/[BOLD:AEL8905
[Euglossa EUGCO167-22|Euglossa|Cesar|Manaure|800.0|[BOLD:AEL8905
— [Euglossa EUGCO133-22|Euglossa|Magdalena|Minca|800.0|[BOLD:AEL8905
Euglossa EUGCO132-22|EuglossaMagdalena|Minca|800.0|BOLD:AEL8905
[Euglossa EUGCO108-22|Euglossa|Magdalena|Minca|1000.0/[BOLD:AEL8905
[Euglossa EUGC0099-22|EuglossaMagdalena|Minca|1000.0/[BOLD:AEL8905
[Euglossa EUGCO090-21|Euglossa|Magdalena|Minca|2000.0/[BOLD:AEL8905
[Euglossa cybelia PLCOL651-20|EuglossalCesar(|850.0[BOLD:AEL8905
[Euglossa cybeliaPLCOL650-20|EuglossalCesar(|850.0|BOLD:AEL8905
Euglossa cybelia PLCOL642-20|Euglossa|Magdalenal|1450.0[BOLD:AEL8905
[Euglossa EUGCO0273-22|EuglossaCesar|Manaure|2000.0/[BOLD:AEL8905

Euglossa EUGCO241-22|Euglossa|Cesar|Manaure|1400.0|BOLD:AEL8905

Euglossa maculilabris|PLCOL643-20|Euglossa|Magdalena||1450.0[BOLD:AEL8904

Euglossa cybeliaPLCOL1223-21|EuglossajMagdalena|Sierra Nevada|1450.0|BOLD:AEL8905

Cont.
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Euglossa sp.[PLCOL961-20|Euglossa|Cesar|[850.0|BOLD:AEL8909
Euglossa sp.[PLCOL966-20|Euglossa|Cesar||850.0/[BOLD:AEL8909
Euglossa sp.|PLCOL649-20|Euglossa|Magdalena||1450.0]|BOLD:AEL8909
m Euglossa| EUGCO010-21|Euglossa|MagdalenaMinca|600.0[[BOLD:AEL8909
Euglossa|PLCOL1206-21|Euglossa]MagdalenalSierra Nevada|180.0|BOLD:AEL8909
Euglossa| EUGCO048-21|Euglossa|Magdalena|Minca|1200.0[BOLD:AEM3190
Euglossa EUGCO065-21|Euglossa|Magdalena|Minca|1600.0[[BOLD:AAC1673
Euglossa EUGC0002-21|EuglossaMagdalenaMinca|600.0|BOLD:AAC1673
Euglossa mixta|PLCOL559-20(Euglossa|Cesar||850.0|BOLD:AAC1673
Euglossa EUGCO077-21|EuglossaMagdalena|Minca|1800.0|[BOLD:AAC1673
Euglossa EUGCO067-21|Euglossa|Magdalena|Minca|1600.0[[BOLD:AAC1673
Euglossa EUGCO005-21|Euglossa|Magdalena|Minca|600.0 | BOLD:AAC1673
EuglossaEUGCO179-22|Euglossa|Cesar|Manaure|800.0
1 Euglossa EUGCO035-21|Euglossa|Magdalena|Minca|1000.0[[BOLD:AAC1673
Euglossa EUGCO046-21|Euglossa|Magdalena|Minca|1200.0[[BOLD:AAC1673
Euglossa EUGCO045-21|EuglossaMagdalenaMinca|1200.0[[BOLD:AAC1673
Euglossa EUGCO008-21|Euglossa|Magdalena|Minca|600.0|[BOLD:AAC1673
Euglossa| EUGCO064-21|EuglossaMagdalena|Minca|1600.0[BOLD:AAC1673
Euglossa EUGCO006-21|Euglossa|Magdalena|Minca|600.0[BOLD:AAC1673
Euglossa|PLCOL1192-21|Euglossa|MagdalenalSierra Nevada|180.0|BOLD:AAC1673
Euglossa|PLCOL1180-21|Euglossa|Magdalena|Sierra Nevada|1250.0|BOLD:AEL8907
Exaerete| EUGCO215-22|Exacrete|Cesar|Manaure|800.0|[BOLD:AAD7618
Exaerete|PLCOL1423-21|Exacrete[Magdalena||650.0[|BOLD:AAD7618
Eulaema|PLCOL1189-21|EulacmaMagdalenalSierra Nevada|1250.0| BOLD:AAMS5237
Euglossa aff. orellana|PLCOL552-20|Euglossa|Cesar||850.0[BOLD:AAC0547
Eufriesea EUGCO093-21|Eufriesea|Magdalena|Minca|2200.0|BOLD:AAY3127
Eufriesea| EUGCO236-22|Eufriesea|Cesar|Manaure|1200.0|BOLD:AAY3127
Eufriesea| EUGCO274-22|EufrieseaCesar[Manaure|2000.0[[BOLD:AAY3127
r Eufriesea EUGCO060-21|Eufriesea|Magdalena|Minca|1400.0[[BOLD:AAY3127
F Eufriesea EUGCO153-22|Eufriesea|MagdalenaMinca|1800.0[BOLD:AAY3127
Eufriesea| EUGCO266-22|Eufriesea|Cesar|Manaure|1800.0|BOLD:AAY3127
Eufriesea EUGCO074-21|EufriesealMagdalena|Minca|1600.0|[BOLD:AAY3127
Eufriesea| EUGCO075-21|Eufriesea|]MagdalenaMinca|1600.0[BOLD:AAY3127
Eufriesea EUGCO091-21|EufrieseaMagdalena|Minca|2200.0[[BOLD:AAY3127
Eufriesea| EUGCO095-21|Eufriesea|Magdalena|Minca|2500.0/|BOLD:AAY3127
Eufriesea EUGCO117-22|Eufriesea]Magdalena|Mincal800.0[BOLD:AAY3127
Eufriesea| EUGCO151-22|Eufriesea|]Magdalena|Minca|1800.0/BOLD:AAY3127
- Eufriesea EUGCO073-21|Eufriesea|Magdalena|Minca|1600.0[|[BOLD:AAY3127
Eufriesea| EUGCO059-21|Eufriesea|Magdalena|Minca|1400.0/BOLD:AAY3127
Eufriesea EUGCO058-21|Eufriesea|Magdalena|Minca|1400.0|[BOLD:AAY3127
Eufriesea| EUGCO050-21|Eufriesea|]MagdalenaMinca|1200.0/BOLD:AAY3127
Eufriesea EUGCO040-21|EufriesealMagdalena|Minca|1000.0|[BOLD:AAY3127
1 Eufriesea| EUGC0092-21|Eufriesea|Magdalena|Minca|2200.0
_|Eufriesea\EUGC0089-21\Eufriesea|Magdalena\MincalZOOOD
Eufriesea| EUGCO110-22|EufrieseaMagdalena|Mincal1000.0|BOLD:AEF4646
Eufriesea| EUGCO062-21|Eufriesea|Magdalena|Minca|1400.0[[BOLD:AEF4646
Eufriesea| EUGCO082-21|Eufriesea|Magdalena|Minca|1800.0||BOLD:AEF4646
Eufriesea| EUGCO111-22|Eufriesea|Magdalena|Minca|1000.0[BOLD:AEF4646
Eufriesea EUGCO106-22|Eufriesea|Magdalena|Minca|1000.0||BOLD:AEF4646
Eufriesea| EUGCOO081-21|Eufriesea|Magdalena|Mincal1800.0 | BOLD:AEF4646
Eufriesea| EUGCO071-21|Eufriesea|Magdalena|Minca|1600.0|BOLD:AEF4646
Eufriesea| EUGCO097-22|Eufriesea|Magdalena|Minca|1000.0[BOLD:AEF4646
Eufriesea EUGCO032-21|Eufriesea|Magdalena|Minca|800.0|| BOLD:AEF4646
Euglossa mixtaPLCOL560-20|Euglossa|Magdalena||1000.0[BOLD:AAC1673
Eulaema|EUGCO042-21|Eulaema|Magdalena|Minca|1000.0|BOLD:ABY 7873
Eulaema|EUGC0094-21|EulaemaMagdalena|Minca|2500.0[BOLD:ABY 7873
Eulaema|EUGCO018-21|Eulaema|Magdalena|Minca|800.0[[BOLD:ABY 7873
Euglossa|PLCOL1222-21|Euglossa|MagdalenalSierra Nevada|1450.0[BOLD:AEL8905
Exaerete frontalis PLCOL1421-21|Exaerete(Magdalena||650.0|BOLD:AAD9729
Exaerete| EUGCO028-21|Exacrete|Magdalena|Mincal600.0[BOLD:AAD7618
Exaerete|PLCOL1233-21|Exacrete[Magdalena|Sierra Nevada|650.0[BOLD:AAD7618
I Exaerete| EUGCO044-21|Exacrete|Magdalena|Minca|1000.0| BOLD:AAD7618
Exaerete| EUGCO043-21|Exaerete[Magdalena|Minca|1000.0|BOLD:AAD7618
| Exaerete| EUGCO201-22[Exacrete|La Guajira|Manaure|600.0/[BOLD:AAD7618
Exaerete| EUGCO171-22|Exaerete|Cesar|Manaure[800.0 BOLD:AAD7618
Exaerete| EUGCO027-21|Exacrete|Magdalena|Minca|600.0[BOLD:AAD7618
Exaerete| EUGCO026-21|Exaerete[Magdalena|Minca|600.0|BOLD:AAD7618
Exaerete| EUGCO025-21|Exacrete|Magdalena|Minca|600.0[BOLD:AAD7618
Exaerete| EUGC0O024-21|Exaerete[Magdalena|Minca|600.0|BOLD:AAD7618
Exaerete| EUGCO163-22|Exacrete|La Guajira|Manaure|600.0[[BOLD:AAD7618
Exaerete| EUGCO162-22|Exacrete|La Guajira|Manaure|600.0BOLD:AAD7618
Exaerete[ EUGCO021-21|Exacrete|Magdalena|Minca|600.0[BOLD:AAD7618
Exaerete|PLCOL1235-21|Exaerete(Magdalena|Sierra Nevada|650.0[BOLD:AAD7618
Exaerete| EUGC0O020-21|Exaerete|Magdalena|Minca|600.0[BOLD:AAD7618
Exaerete| EUGCO019-21|Exaerete[Magdalena|Minca|600.0|BOLD:AAD7618
Euglossa|PLCOL1184-21|Euglossa|MagdalenalSierra Nevada|1250.0[[BOLD:AAL4038
EuglossaPLCOL1178-21|EuglossaMagdalenalSierra Nevada|1250.0[[BOLD:AEL8909

[ 'Euglossa EUGCO033-21|Euglossa|Magdalena|Minca|1000.0/|[BOLD:AEL8905
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Annex 3. Molecular diagnostic characters Euglossini bees from the Sierra Nevada de Santa Marta and Serrania del Perija.
Color gradients indicate the type of character identified from red, showing diagnostic characters, to white, for those that do not
provide relevant information for identification.

Legend
Diagnostic Character
Diagnostic or Partial Character
Partial Character
Partial or Uninformative Character
Imvalid Character
Uninfermative Character

Nucleotide Position
Group Name 42 54 66 99 111 114 120 123 131 132 135 138 139 142 144 153 156 171 192
Euglossa sp. BOLD:AELB90S
Euglossa sp. BOLD:AEL8904 [IFl
Euglossa sp. BOLD:AELB907
Eulaema sp. BOLD:ABY7873 BRET
Euglossa sp. BOLD:AACI673
Eufriesea sp. BOLD:AEF4646 [= 4
Euglossa sp. BOLD:AEL8909
Eufriesea sp. BOLD:AAY3127 =l s
Euglossa sp. BOLD:AAD1076
Exaerete sp. BOLD:AAD7618 &l
Euglossasp. BoLDaacsi 2[ENE I
Euglossa sp. BOLD:AAC0547 G
Euglossa sp. BOLD:AAC0545 & i3]
Euglossa sp. BOLD:AAL4038
Euglossa sp. BOLD:ABY5852 &

Group Name 199 217 231 243 249 264 279 282 307 313 315 318 327 328 330 331 345 348 357
Euglossa sp. BOLD:AELB90S

Euglossa sp. BOLD:AELB904

Euglossa sp. BOLD:AELB907

Eulaema sp. BOLD:ABY7873 |5} @
Euglossa sp. BOLD:AACIGT3

Eufriesea sp. EGLD:.AEF&G-!G- - B
Euglossa sp. BOLD:AELB90%

Eufriesea sp. BOLD:AAY3127 %)
Euglossa sp. BOLD:AAD1076

Exaerete sp. BOLD:AADTE18 [ A B 6

Euglossa sp. BOLD:AAC3172 [&]

Euglossa sp. BOLD:AACOS47

Euglossa sp. BOLD:AACO545 (-]

Euglossa sp. BOLD:AALA038 €2 & [} i 8]

Euglossa sp. BOLD:ABY5852

Group Name

Euglossa sp. BOLD:AELB905
Euglossa sp. BOLD:AEL8I04 [ BE
Euglossa sp. BOLD:AELB307

Eulaema sp. BoLD:ARY7873 [l (& I
Euglossa sp. BOLD:AACI673

Eufriesea sp. BOLD:AEF4646 EE [ )
Euglossa sp. BOLD:AEL8909

Eufriesea sp. BOLD:AAY3127 e

Euglossa sp. BOLD:AAD1076
Exaerete sp. BOLD:AADTE18 - 6 il
Euglossa sp. BOLD:AAC3172

Euglossa sp. BOLD:AACD547 =3

Euglossa sp. BOLD:AACO545

Euglossa sp. BOLD:AALA038 o B &
Euglossa sp. BOLD:ABYS852 [a]

361 363 364 384 406 408 410 423 426 441 456 475 477 480 483 498 501 503 524

Group Name 532 533 540 569 588 597 603 609 615 636 673 681 700 701 702 703 704 705 706
Euglossa sp. BOLD:AELB30S

Euglossa sp. BOLD:AEL8904

Euglossa sp. BOLD:AELBS07

eulaema sp. soto:asy7s73 | e
Euglossa sp. BOLD:AACTIGT3

Eufriesea sp. BOLD:AEF4646

Euglossa sp. BOLD:AEL8909

Eufriesea sp. BOLD:AAY3127

Euglossa sp. BOLD:AAD1076

Exaerete sp. BOLD:AAD7618

Euglossa sp. BOLD:AAC3172 6
Euglossa sp. BOLD:AACO547

Euglossa sp. BOLD:AACO545

Euglossa sp. BOLD:AAL4038 )

Euglossa sp. BOLD:ABYS852 [A] [t )

Group Name

Euglossa sp. BOLD:AEL8905

Euglossa sp. BOLD:AEL8904

Euglossa sp. BOLD:AELB907

Eulaema sp. BOLD:ABY7873
Euglossa sp. BOLD:AAC1673
Eufriesea sp. BOLD:AEF4646
Euglossa sp. BOLD:AELB909

Eufriesea sp. BOLD:AAY3127
Euglossa sp. BOLD:AAD1076
Exaerete sp. BOLDIAADTE18
Euglossa sp. BOLD:AAC3172
Euglossa sp. BOLD:AACOS47 ETUNAN
Euglossa sp. BOLD:AACDS45

Euglossa sp. BOLD:AALA4038

Euglossa sp. BOLD:ABY5852
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