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Abstract

Euglossini, or orchid bees, are Neotropical bees known for their fragrance harvesting behavior. This review, done by experts and
conducted under Preferred Reporting Items for Systematic Reviews and Meta Analyses guidelines, summarizes four decades (1966-
2022) of literature on their biology in Panama, including taxonomy, ecology, behavior, and conservation. Research has mostly explored
floral preferences, learning behaviors, and the impact of resoutce availability on foraging. Orchid flowering phenology matches
peaks of male bee abundance. Over 50 new species have been described, with variations in species composition across habitats
and seasons. There is a higher genetic polymorphism in colonial genera, and a debate on diploid males and social evolution. Studies
have focused on colonial social structure, parasites, fragrance harvesting, geographic vatiation, and nesting behavior. Phylogenetic
analyses have shed light on social behavior evolution, and comparative phylogeography has indicated recent speciation. Physiology
has linked body mass and flight performance. There are conflicting reports on higher biodiversity in the understory versus the canopy.
Population changes ate influenced by environmental and anthropogenic factors. Molecular phylogenetics has dated bee diversification
to 27-42 million years ago. Flight muscle membrane composition has been linked to metabolic rate evolution, and historical nest
remnants have aided floristic diversity reconstruction. Long-term monitoring indicates a stable or increasing species diversity,
despite climate change. Research in Panama has provided a vast field of knowledge on these bees, deepening our understanding and
justifying their protection in the Neotropical region. Urgent research is needed on Euglossini bee genetics, fragrance roles, orchid
pollination, metabolic rates, climate impacts, plant-pollinator dynamics, evolutionary history, and effective conservation strategies.

Additional keywords: Euglossini, Neotropical bees, fragrance harvesting, taxonomy, ecology, behavior, diversity, genetics, physiology, Panama.

Resumen

Las Euglossini, o abejas de las orquideas, son abejas neotropicales conocidas por su comportamiento de recoleccién de fragancias.
Esta revision, realizada por expertos y conducida segin las directrices de los Preferred Reporting Items for Systematic Reviews
and Meta Analyses, resume cuatro décadas (1966-2022) de literatura sobre su biologfa en Panama, incluyendo taxonomia, ecologfa,
comportamiento y conservacion. Se han estudiado preferencias florales, comportamientos de aprendizaje e impacto de la disponibilidad
de recursos, con variaciones en la composicion de especies a través de habitats y estaciones, y se han descrito mas de 50 especies nuevas.
La fenologfa floral de las orquideas coincide con los picos de abundancia de abejas macho. Hay mayor polimorfismo genético en géneros
coloniales y se debate sobre los machos diploides y la evolucion social. Los estudios se han centrado en la estructura social colonial,
parasitos, recoleccion de fragancias, variacién geografica y comportamiento de anidacion. Los analisis filogenéticos han arrojado luz
sobte la evolucion del comportamiento social, y la filogeograffa comparativa ha indicado una especiacion reciente. La fisiologia ha
vinculado la masa corporal y el rendimiento de vuelo. Hay informes contradictorios sobre una mayor biodiversidad en el sotobosque o
en el dosel. Los cambios poblaclonales estan influidos por factores ambientales y antropogénicos. La filogenética molecular ha datado
la diversificacion de las abejas en 27-42 millones de afios. La composicion de la membrana del musculo de vuelo se relaciona con la
evolucién de la tasa metabdlica, y los restos histéricos de nidos han ayudado a reconstruir la paleodiversidad flotfstica. EI monitoreo
a largo plazo indica una diversidad de especies estable o en aumento, a pesar del cambio climatico. La investigacién en Panama ha
proporcionado un vasto campo de conocimiento sobre estas abejas, profundizando nuestra comprension y justificando su proteccion
en la region neotropical. Urge investigacion sobre genética de las abejas, fragancias, polinizacion, tasas metabolicas, efectos climaticos,
dinamica planta-polinizador, historia evolutiva y estrategias de conservacion.
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RINCON ET AL. Euglossini orchid bees in Panama

Introduction

Euglossini are an exclusively Neotropical tribe of
intriguing bees, known as ‘orchid bees’ for the male
behavior of fragrance harvesting from orchids and
other sources. Euglossines have interactions with a
plethora of tropical flowers, for example, the Snow
White Stanhopea (Stanbopea candida); the Monkey
Goblet (Catasetum macrocarpun). Warczewitzii’s Clowesia
the
(Catasetum saccatum) and the Five-Lined Gongora (Gongora
guinguenervis) (Roubik and Hanson 2004, Roubik and
Moreno 2021).

Orchid bees, known for their wide-ranging flower

(Clowesia  varcgewitzir), Sack-shaped Catasetum

attraction and male response to chemical lures,
have been extensively studied in Panama, including
pioneering studies on taxonomy (Dressler, 1978a),
ecology (Ackerman, 1983a, 1983b, 1983c), behavior
(Zimmerman and Madrifian, 1988), diversity (Roubik
1989, Vega-Hidalgo et al. 2020), genetics (Roubik et
al. 1996) and physiology (Darveau et al. 2005a, 2005b).
Such literature provides valuable information but, until
now, has defied a critical summary. Here we present a
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta Analyses), method state of the art
for the scientific literature on Euglossini in Panama. The
objective of this systematic review is to comprehensively
analyze the existing literature on tropical Euglossini
bees in Panama, including all aspects of their biology,
like their taxonomy, ecology, behavior and conservation
status.

Materials and Methods

A systematic search was carried out following the
guidelines set forth by the PRISMA method which
standardizes the collection of studies information
(Moher et al. 2009). Our search was based on a clear
question: what does the existing literature on tropical
bees, basically tells us about all aspects of their biology,
including their taxonomy, ecology, behavior and
conservation status?

For the compilation of the studies, we created an academic
profile on Google Scholar to save all the results of a search
that used the keywords ‘Euglossini’, ‘Euglossinae’, ‘abejas
de las orquideas’, ‘orchid bees’, ‘abelhas das orquideas’,

‘Euglossa’, ‘Exaerete’, ‘Eufriesea’, ‘Eulaema’ and “Aglae’.
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We carried out web scraping to the profile (Afiino et
al. 2021) by means of the software ‘Publish or Perish’,
which creates a database in csv format for use in
Excel. We used our expert criteria to manually curate
the database by debugging duplicates, and removing
articles not related to Euglossini. Eleven publications by
Robert L. Dressler were not available on the web and
were added to the database, for a total of 73 articles. We
added twelve articles from David W. Roubik that were
also missing and did a generalized search in Dimensions
to exclude the possibility that some articles were missing
from the Google Scholar search. All the articles found in
Dimensions were already included in the Google Scholar
profile. Finally, the 73 articles were classified by decade
for their temporal sequential reading and subsequent
thematic summary, and we included articles published
until May 2022.

State of the Art: Euglossini in Panama

As a biodiversity hotspot, Panama is rich in the complex
biological phenomena associated with the evolution of
Euglossine orchid bees and, in 1966, Dodson was the
first author to publish on the ethology of Euglossini,
when the topic was mostly unknown, highlighting
their importance in the pollination of many species of
orchids; together with the description of their nests,
nest-building behavior, mating behavior and pollination
specificity of certain species (Dodson 19606).

In 1969, orchidologist Robert Dressler and collaborators
(Rickefs et al. 1969), pioneered the study of Euglossini
diversity in Panama, providing morphological
descriptions, data on relative abundance patterns in four
locations, and suggesting that there are differences in
the proportions of long-tongued and/or large-bodied
species across locations. In the 1970s, Williams and
Dressler (1976) highlighted the importance of the aromas
emitted by plants in pollination by male euglossines, as
in the case of the genus Spathiphyllum, which produces
floral odors similar to those of some orchids.

Dressler contributed significantly to the taxonomy of
this group; he described the morphological characters
of Euglossa that allowed to regroup these species into
four subgenera. Subsequently, he described seven new
species and one new subspecies from Mexico and

Central America (Dressler 1978b). He also explained the



ENTOMOTROPICA, 39: 30-39

Miillerian mimetic complex of Eaulaema bombiformis, E.
meriana and E. seabrai in the Amazon basin, where they
are extremely similar, while in the east coast of Brazil
the mimetism does not occur and the three species are
casily distinguished. In other places such as the coast of
Venezuela and northern Central America, these species
form a distinct mimetic complex, which the author
suggests that it evolved in isolation (Dressler 1979).

1980-1989: Taxonomic and Natural History Studies of
Euglossini

Fifteen studies were published during this decade, with
the review by Dressler (1982a) as the most cited work,
in which he describes generalities about orchid bees:
distribution and classification, the structure of their nests,
sociality, nest parasites, seasonal variation in population
abundances, reproductive behavior, courtship and
mating. He also describes the characteristic structure of
males and describes the resources that they collect from
the plants, such as nectar, pollen, resins, and the role
these compounds play in their biology.

Dressler (1982b, 1982c¢) described eleven new Euwglossa
species and provided a key for the identification of
males of the Euglossa analis, E. cybelia and E. piliventris
species groups, and added six new geographic records
of the Euglossa cordata group, and six of the E. purpurea
group, compared with their closest ally species. Together
with Lynn Kimsey, he provided a detailed list of species
in the tribe, including synonymy, complete type data and
complete references (Kimsey and Dressler 1980).
Ackerman (1983) also made important contributions on
their diversity and ecology, comparing the composition
of species between lowland and highland sites of the
tropical humid forest of Barro Colorado Island, defining
the ranges of dominance, the phenological profiles
of the species and seasonal changes on richness and
abundance. Years later, Ackerman (1989) examining
variation in fragrance availability and preferences,
reported interspecific and intraspecific variations in
fragrance choice among an assemblage of Euglossini
in Barro Colorado Island and Campana National Park.
Ackerman made valuable behavioral observations, like
the pollination mechanism of the plant Cochleanthes
lipscombiae, in which euglossines extend their long tongues
inside the flower in search of nectar, which, once loaded
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with pollinaria, deposits them on the stigma and obtains
a new charge of pollinaria by dislodging the anther
(Ackerman 1983b). He also performed an expetiment on
nectar-seeking behavior in Barro Colorado Island, using
two species that feed on Calathea latifolia, discovering
that euglossine bees learn the specific locations of the
inflorescences in which they forage, with fidelity to the
site; however, when changes in resource availability
occur, these bees adjust their feeding habits (Ackerman
et al. 1982).
Subsequently, Ackerman (1983c) examined the
seasonal and geographic relationships and the possible
interdependence in the orchid-euglossine relationship.
Otrchids require euglossines for pollination and their
flowering matches the maximum activity of their
pollinators; however, these bees do not show host
specificity, indicating that the orchid-male euglossine
interaction does not seem to represent a mutually
obligatory relationship. On the other hand, Ackerman
and Montalvo (1985) explore the largely unknown
topic of longevity, through cage breeding experiments
with and without fragrances. They found that fragrance
compounds increased longevity, perhaps as nutritional
requirements and as pheromone precursors, and these
bees are long-lived with an increase in longevity related
to increases in body size.

Zimmerman and Madriflan (1988) corroborated the
long lifespan of euglossines found by Ackerman and
Montalvo (1985) but adding that they may show an age-
dependent decrease in the reproductive activity of males.
The search for chemical products was not restricted
to the youngest bees, all bees leave their territories
periodically throughout their lives to search for these
compounds. In 1989, Zimmerman, et al, confirmed
that most orchids that are pollinated by euglossine males
fit the predictions of the Pollinator Tracking Hypothesis,
because the flowering times match the peak abundance
of the males that pollinate them. A later study confirmed
this by monitoring the growth patterns and flower
production of the orchid Aspasia principissa, determining
the relative importance of the pollinator and the
limitation of resources in fruit production (Zimmerman
and Aide 1989).

The contributions of David Roubik and Ackerman
during this decade consist of an extensive 7-year study
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on Barro Colorado Island and the cloud forest at 900m
near the Pacific Ocean (Cerro Campana Protected
Area), where the abundance patterns of these bees
were monitored. By studying 51 local orchid species,
they found that bee populations were stable, that
larger populations were more stable, and that the most
abundant bees visited more orchid species (Roubik et al.

1982, Roubik and Ackerman 1987).

1990-1999: A new discipline for the study of Euglossini in
Panama

During this decade, genetic studies of this group were
introduced and work by authors such as David Roubik
and Thomas Eltz meant the first advances to understand
genetics, evolution, fragrances, behavior, and eusociality.
Orchid bees had not been studied for population genetic
traits, and, interestingly, none of the approximately
200 species have social behavior (Roubik and Hanson,
2004), a characteristic that sets them apart from other
cotbiculate bees, some of which form colonies with caste
differentiation. Roubik et al. (1996) found almost no
polymorphism in Exfrieseaand Exaerete, while Englossaand
Eulaema, the colonial genera, are highly polymorphic and
have high proportions of diploid males. However, one
year later, Eltz et al. (1997) reported haploid karyotypes
in males and no cases of diploidy in Euglossa hyacinthina
and E. ¢yanaspis. Advances in genetics allowed elucidated
phylogenetic relationships, starting by the fact that the
Euglossini tribe belongs to the Apinae subfamily, and
is related to the tribes Meliponini, Apini and Bombini
(Koulianos et al. 1999). The issue of eusociality and
diploidy in Euglossini remains controversial.

On the other hand, Roubik studied the behavior of these
bees in mixed colonies, analyzing the limits of sociality
in a mixed colony of Ewlaema polychroma and E. cingnlata,
from which the kleptoparasite mutilids and Exaerete
emerged and did not interact aggressively. This nest, and
one reported in a previous study, both in natural forest,
had around 75% parasitism, a high rate that may promote
sociality in euglossine as a strategy to cope with parasites.
However, the lack of relatedness in the mixed E#laema
colony suggests that non-kin tolerance could decrease
kin selection and the evolution of eusociality (Roubik
1990). Still, it is now known that increased diversity
within colony members can provide large benefits in
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bees and other social insects; for instance, by increasing
colony performance and disease resistance, among
others (Tarpy 2003, Olroyd and Fewell 2008, Soper et al.
2021). Therefore, euglossine bees may provide unique
systems to explore evolutionary trends of sociality (e.g
Saleh and Ramirez 2019).

Kato et al. (1992) also studied foraging and food
preferences by males in four Euglossa species in captivity,
with a strong preference for solutions with 51% and
34% of sucrose as compared to solutions with 17% or
only water. The preference for high proportions of sugar
was corroborated by Roubik et al. (1995), by analyzing
the concentration of sugar in the nectar consumed
by Euglossini species (35-65%); which is relevant for
pollination services, since heterogeneity and optimal
nectar sweetness are likely key mechanisms causing
collector fidelity (Roubik et al. 1995).

Eltz and Roubik made important contributions through
analysis of two Euglossa species, discovering the ability
of males to store highly variable amounts of a complex
and specific mixture of scents in their hind tibiae (Eltz
et al. 1999). They proposed that these compounds may
serve as markers of “good genes” for potential mates,
and males can even steal the fragrances from corpses:
Eulaema meriana males extracted and stored chemicals
from a recently killed male (Eltz et al. 1999). Roubik
did experiments with three dead males of this species
and observed that they attracted another male, but no
females, which led him to consider that the chemical
harvesting behavior is an indicator of age, feeding
capacity and suitability as a mate (Roubik 1998).

Roubik et al. (1993) also explored preferences for
understory or canopy strata in a study of 20 species
from 10 genera, that included non-euglossine bees,
and found that large euglossines tend to forage high,
which is related to their better ability to lose heat during
flight. Some medium-sized diurnal forest bees avoid the
exposed upper canopy, while some nocturnal bees can
forage there.

2000-2009: Genetics and behavior

This decade is characterized by a considerable increase
in the number of studies developed on orchid bees,
including the relationship of male diploidy with the
evolution of eusociality. In a first study, Roubik et al.
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(1996) found that, in nine species, only four had diploid
males (in total, 55 were diploid and 144 were not
diploid). Diploid males had previously been found in
other groups of bees with populations experiencing a
loss of allelic variation and hence inbreeding (Roubik
et al. 1996). However, Takahashi et al. (2001) found in
Brazil that euglossines have low numbers of diploid
males. Roubik (2001a) attributed this difference to
geographic variation, suggesting that migration plays a
role and that low eusociality is a protection mechanism
against polymorphic females cooperating with abundant
diploid males (Roubik 2001b).

To examine non-social behavior in Euglossini, Soucy
and Giray (2003) investigated natural nests of Euglossa
hyacinthina, a species that can nest in solitary or in groups
(i.e. communal nesting but without social organization).
In this case, the production of offspring is lower in
group nests, but solitary females must leave their nests
to forage, favoring the attacks of some natural enemies.
This agrees with what was observed by Riveros et al.
(2009) in Euglossa dodsoni, whose form of behavior in the
colony is similar to E. hyacinthina, although the latter has
larger and more resistant nests.

Zayed et al. (2004) proposed the use of the frequency
of diploid males as a criterion to assess the sustainability
of bee populations, because several studies report high
abundances in the populations, but without the high
levels of sterile diploid males. One example is Euglossa
imperialis, with a high production of diploid males, yet the
most abundant bee in the forests of Panama; however,
genetically, its long-term persistence is limited. Kawakita
etal. (2008) built a robust phylogeny of the four tribes to
understand the evolution of eusociality, corroborating
that Bombini and Meliponini are putative monophyletic
groups, and restricting Meliponini and Apini.

The first studies of comparative phylogeography
involving Panamanian species, were based on mtDNA of
14 species from the Andes and the Amazon basin. The
mtDNA divergences within species were consistently
low in 12 monophyletic species, and reference to closely
related outgroups suggested recent speciation for most
species (Dick et al. 2004). The first studies on physiology,
beginning with Darveau et al. (2005a), found that body
mass strongly affected the specific metabolic rates of the
hovering flight mass, and that the flutter rate variation is
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explained by the variation in wing loading, Furthermore,
the effect of body size on flight energy is influenced by
the relationship between wing shape and kinematics,
which directly influence their scale of metabolic rate.
Borrell (2004) demonstrated that the four major
genera (Eufriesea, Euglossa, Eunlaema and Exaerete) ate
suction feeders, which led to a lower optimal sugar
concentration that is required by these bees. This was
experimentally corroborated with work on Euglosssa
imperialis that showed in fact that orchid bees maximize
their rate of energy intake by feeding on nectars with
sugar concentrations between 30 and 40%. Suarez et al.
(20052, 2005b) used orchid bees as an alternative system
to other bees to investigate the metabolic fuel used by
bees for flight and corroborated that flight depends
on the oxidation of carbohydrates. These authors
evaluated the relative importance of variation in enzyme
concentration and metabolic regulation, a topic that
remains little studied, iz vitro flight measurements of 14
species and revealed that the flapping frequencies, and
metabolic rates decrease in heavier bees.

Another common topic was the collection and storage
of floral fragrances. In experiments on the detection
of fragrance components, Schiestl and Roubik (2003)
concluded that the detection mechanism is based on
peripheral and central nervous processes. They have an
innate preference for certain odors, showing memory
when collecting odors, and accuracy in the amount
they collect as a result of negative feedback (Eltz et al.
2005). Moreover, there is a species-specific attraction
within species where each one recognizes the fragrance
complex to which it belongs (Zimmermann et al. 20006).
The hypothesis that fragrance storage is an indicator of
genetic quality in males and have evolved through sexual
selection was tested experimentally by Eltz et al. (2003)
but did not find evidence that the amount of fragrances
stored by the male correlated with number of matings
achieved. In fact, display activity was the only factor
correlating with mating frequency. Interestingly, they
discovered that males display a leg-crossing movement
possibly related to odor release. Therefore, at the time,
the relevance of fragrance collection by males to improve
mating success had not experimental support.

Finally, large-scale diversity monitoring was carried out
to study the spatial distribution of arthropods, including
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euglossines (Basset et al. 2007). In Panama, Roubik
(2001b) showed an oscillation in species abundance and
diversity from 1979 to 2000 as a result of climatic events
such as El Nifio. Ramirez et al. (2002) provided a review
on taxonomy, distribution, and behavior, among others
during this decade; but this review is now outdated by
two decades.

2010-2019: A diverse and productive decade

As in the previous decade, there was a large volume
of articles on subjects such as diversity and vertical
stratification. In the Darién National Park, a five-year
study found that the bees decreased in richness and
abundance over time, probably from environmental
factors that included a reduction of resources (Santos et
al. 2018). Overall, clear trends in stratum distribution were
difficult to establish, studies varied in their outcomes: 22
species of Eufriesea, Englossa and Eulaema were identified
in the humid tropical forest of Monte Fresco, with the
highest values of richness and abundance in the canopy
(Santos et al. 2011). In the submontane broadleaf forest
of Guna de Madugandji, higher values were observed in
the understory (14 species; Santos et al. 2012). In the
Darién National Park, the understory had the greatest
diversity and abundance (Santos 2014).

Guardia and Santos (2014) described diversity and
vertical stratification in the cloud forests of the Omar
Torrijos National Park, sampling for 6 months in the
rainy and dry seasons and finding 31 species of 3 of
the 4 genera reported for Panama. From 2006 to 2015,
cighteen species from four genera were reported from
the Azuero Peninsula, with population decreases caused
by agriculture and livestock production (Santos and
Afino 2016). Other localities such as the Ustupu (Kuna)
community produced similar results to the other studies
(Osotio and Santos 2018).

Koo and Santos (2015) found 4 genera of Euglossini
at Chagres National Park, where Englossa was the most
diverse and abundant; they were present in Cerro Azul
and Cerro Jefe, but the highest number of species and
individuals occurred in Cerro Jefe. They suggested that
high richness and abundance in these cloud forests could
reflect lower human activity; however, Elizondo (2015)
stated that Cerro Azul was affected by fragmentation
from poultry production, plantations, and urbanization;
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and Cerro Jefe from telecommunication antennas,
tourism, and urban development. However, other
studies in the Neotropics found that abundance and
diversity are not affected by habitat fragmentation and
disturbance, in part thanks to their large foraging ranges,
with, for example, Exaerete frontalis males traveling up to
5 km (Wikelski et al. 2010).

In this decade, progress was also made in understanding
the specificity in plant-pollinator relationships, as a
factor that in the long term favors the stability of the
pollinator populations, and flowering abundance and
duration. Ackerman and Roubik (2012) did a continuous
7-year census, with flowering and pollination phenology
data from 37 plant species: pollinator specificity was not
related to any of these variables.

Roubik and Knudsen (2017) studied courtship odors
of Euglossa mixta in the island of Coiba and mainland
Panama; fragrances seem analogous between orchids and
bees: through female choice, they can reduce interspecific
interference or competition, promote crossbreeding
and favor adornments. Shorter reports indicate that
Euglossa bemichlora and Euglossa imperialis are the hosts
of Pappognatha panamensis (Parasitoid wasps) (Cambra et
al. 2015) and that Apiomerus hirtipes (Hemiptera) prey on
some Euglossa species (Santos et al. 2010).

Another topic studied in depth in this period was the
evolutionary history of these bees. Authors such as
Ramirez et al. (2010) did molecular phylogenetics of the
entire Euglossini tribe, with five genera, eight subgenera
and 126 of the approximately 200 known species.
Extant bees shared a more recent common ancestor at
27-42 Mya. The first episodes of diversification shared
a history on both sides of Mesoamerica, where the
orchid bees dispersed in the Caribbean, and through the
isthmus of Panama, matching the hypothesis that recent
geological events contributed to the diversification of
the rich Neotropical biota. Tongue length and body size
changed in coincidence with the origin of Euglossa and
Eufriesea. Later, studies of a taxonomic and physiological
nature, such as those by Francoy etal. (2012), provided an
efficient morphometric mechanism for the identification
of Euglossa species.

Rodriguez et al. (2015) found that the composition of
the flight muscle membrane plays an important role in
the diversity of flight metabolic rate, with an effect of
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body mass and phylogeny in a lesser degree. These bees
illustrate the correlated evolution between membrane
composition and metabolic rate, supporting the proposed
functional link in the Membrane Pacemaker Hypothesis.
Finally, this decade ends with the work of Galgani-
Barraza et al. (2019), who based on pollen from the
remains of large nesting aggregations, made in 1871-1876
by Eufriesea surinamensis and found in a restoration of the
Basilica Cathedral, reconstructed the floristic diversity of
Panama City during the 19" century, with stored pollen
from 48 plant species (43 genera, 23 families).

2020-2022: Studies continue

In this ecarly part of the decade, work on diversity,
richness and abundance extends to more localities.
For example, in Darién National Park, Vega-Hidalgo
et al. (2020) found that variation between understory
and canopy was higher in the dry season and found no
difference in richness and abundance between strata.
This contrasts with Reyes et al. (2020), who found
richness and abundance to be slightly higher in the
understory in Coclé. Afiino et al. (2022) recently carried
out a meta-analysis, including all the studies comparing
strata in the neotropics, finding that abundance tends to
be higher in the understory; however, diversity is similar
in both strata. Roubik et al. (2021) found that 75% of the
species were stable, or increasing, despite climatic events
in Pipeline Road (Soberania National Park) and Barro
Colorado Island. Abundance and biomass remained
stable for 50% of the species, but half of the species
were rare.

This comprehensive review of Panamanian Euglossini
answers our original question about what the existing
literature tells us about all aspects of their biology, including
their taxonomy, ecology, behavior and conservation status.
We found that, from their unique fragrance harvesting
to their role as pollinators, they have an intricate web
of interactions, remarkable adaptations and a complex
evolutionary history. Research in Panama has been varied
and can be useful to understanding and protecting these
bees in the rest of the Neotropical region. Other countries
with orchid bees and significant research are Brazil,
Colombia, Costa Rica, and Mexico (Roubik and Hanson,
2004), but considering the country sizes, the contributions
of Panama and Costa Rica seem remarkable.
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Concrete fields in particular need of new research
This comprehensive review indicates that efforts can now
be focussed on male diploidy and haploidy; fragrance
chemical composition, impacts of habitat change; Long-term
monitoring; and phylogenetics of species outside Panama.
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