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Abstract – Euglossine bees are an ecologically important group, which due to their diverse resource needs act as
pollinators of many neotropical plants. Male euglossines collect fragrant compounds used in mating displays from
diverse sources, including the flowers of orchids and other plants. This aspect of euglossine biology has proven
exceptionally useful for studies of euglossine bee populations, because male bees can be readily attracted to
fragrance baits deployed in natural habitats. We synthesise the data accumulated over the 50 years since the
introduction of euglossine bee baiting inventories and make these data openly available in the EUGCOMM
database. By fitting hierarchical joint species distribution models to presence-absence and abundance data, we
reveal that the assemblages of bees attracted depend on the baits used in interaction with species-specific fragrance
preferences and that bee assemblages are most diverse at sites in landscapes characterised by partial but not complete
forest cover. We suggest that these results reflect the diverse resource needs of euglossine bees and are consistent
with the hypothesis that male euglossines establish home ranges incorporating multiple habitat types. These results
may have important consequences for the design of nature reserves in the tropics, if these iconic pollinators are to be
conserved for the future.

Atlantic Forest / euglossini /Mata Atlântica / orchid bee / plant-pollinator interactions

1. INTRODUCTION

Euglossine bees (‘orchid bees’; Hymenoptera:
Apidae: Euglossini) are important pollinators of
many neotropical plants (Dressler 1968; Janzen
1971; Williams and Dodson 1972; Armbruster
and Webster 1979; Ramírez et al. 2011). Male

euglossines collect fragrant compounds from or-
chids and other floral and non-floral sources to
assemble species-specific ‘perfumes’ emitted dur-
ing courtship displays (Eltz et al. 2005;
Zimmermann et al. 2009; Eltz et al. 2015; Weber
et al. 2016; Pokorny et al. 2017). This behaviour
may play a role in intraspecific mate choice as
well as species recognition and speciation (Brand
et al. 2015). This characteristic feature of
euglossine biology has proven exceptionally use-
ful for studies of euglossine communities, because
male bees can be readily attracted to artificial
fragrance baits deployed in natural habitats. Fifty
years after the introduction of fragrance baits as a
census tool (Dodson et al. 1969), our knowledge
of male euglossine populations has increased
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tremendously (Roubik and Hanson 2004). Baiting
inventories have now been conducted across most
of the range of euglossine bees and have been
especially frequent in Brazil over the last 20 years.

The ecological importance of euglossine bees
arises in part from their diverse foraging ecology.
Both sexes forage for nectar from a large number
of plant species (Dressler 1982). Furthermore,
female euglossines collect plant resins for use in
nest construction and pollen to provision larval
nest cells (Dressler 1982; Armbruster 1984;
Rocha-Filho et al. 2012; Villanueva-Gutierrez
et al. 2013), and male euglossines collect fra-
grances from diverse sources including rotting
wood, fragrant fungi, faeces, and the flowers of
orchids and other plants (Whitten et al. 1993;
Roubik and Hanson 2004; Ramírez et al. 2011).
Because a given habitat may not contain stable
supplies of all these resources (nectar, pollen,
resin and fragrances), Janzen (1981) suggested
that male euglossines have large home ranges
incorporating multiple habitat types, within which
they would exhibit a nomadic ‘vagabond’ lifestyle
and find fragrances, nectar and mates (females) in
different habitats (see also Ackerman et al. 1982;
Armbruster 1993).

Inventories of euglossine bee assemblages on
fragrance baits are valuable not only for under-
standing the structure of euglossine communities
but also as an index of environmental quality and
for predicting the reliability of the pollination
service provided by the bees. Ackerman (1983)
has shown that variation in bee abundance on
baits tracks variation in visitation rates of male
euglossine bees to orchids. More recently, Opedal
et al. (2016, 2017) have shown that the abundance
of male euglossine bees on baits predicts the reli-
ability of pollination by female euglossine bees,
suggesting that male bee inventories are informa-
tive, at least in some cases, about the abundance of
females. Thus, data on male euglossines on baits
may provide valuable insights into local pollina-
tion environments for euglossine bee–pollinated
plants, serving as a predictor of both euglossine
bee abundance and potential pollination reliability
for euglossine-pollinated plants.

The rapid increase in availability of community-
level biodiversity data has been paralleled by recent
development of statistical methods allowing in-

depth analysis of these data. Recently developed
joint species distribution models now allow the joint
modelling of entire species assemblages, while ex-
plicitly considering the multivariate nature of spe-
cies’ responses to their environment (Warton et al.
2015; Ovaskainen et al. 2017). Currentmethods also
allow assessment of the influence of species’ traits
on their response to the environment or other covar-
iates (Abrego et al. 2017).

Here, we synthesise data on euglossine bee as-
semblages accumulated over the last 50 years. We
compiled data on euglossine assemblage composi-
tion from published studies conducted using fra-
grance baits, resulting in the largest openly available
database of euglossine bee community samples col-
lected at fragrance baits (EUGCOMM, introduced
here), facilitating further studies of assemblage struc-
ture, geographic distributions, and effects of land-
scape structure. To assess the structure of euglossine
assemblages and to identify drivers of variation in
diversity and abundance, we fitted a series of hier-
archical joint species distribution models to subsets
of the data. First, we used data from throughout the
range of euglossine bees to assess the importance of
bait use, species’ bait preferences and sampling
effort in determining the assemblage of bees
attracted. Second, we used data collected in the
Brazilian Atlantic Forest, the most intensively sam-
pled region, to assess environmental drivers of
euglossine bee–species richness and abundance.
The Atlantic Forest biome has gone through severe
deforestation, which has resulted in a highly
fragmented landscape. We therefore focus in partic-
ular on the effect of landscape structure on
euglossine bees.

2. MATERIALS AND METHODS

2.1. Literature survey

To build the database of euglossine bee assem-
blages (defined here as a sample of a community),
we compiled data on bee abundances from pub-
lished fragrance bait inventories. We started from
the lists provided in Ramírez et al. (2015) and
Faleiro et al. (2018) and added studies by tracking
references within studies and by searchingWeb of
Science and Google Scholar. We included those
studies that reported all recorded species,
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sufficient information about sampling methods
and effort, and the number and identities of baits
used. Nomenclature follows Nemésio and
Rasmussen (2011). We entered species identities
as reported in the original studies, except that we
corrected obvious typos and inconsistencies.
Thus, we chose not to make decisions regarding
potential taxonomic problems in the EUGCOMM
database.

2.1.1. Sampling effort

We compiled a series of variables describing
sampling effort, including sampling method (in-
sect nets, traps, observations, or combinations of
these), duration of the study (number of months
from first to last sampling day), the number of
censuses, the duration of each census (in minutes),
the number of baiting stations and/or traps per
census, and the number and identities of baits
used.

2.1.2. Trait data and bait preferences

We built an additional dataset containing data
on phenotypic traits and bait preferences for each
species. Bait preferences were quantified as the
number of times (i.e. inventories) the species has
been collected on a given bait. We included only
data for those studies explicitly reporting which
bee species were collected on which baits.

2.2. Description of the EUGCOMM
database

The EUGCOMM database comprises samples
of 297 euglossine bee communities collected at
131 study sites distributed throughout most of the
range of euglossine bees, from Mexico to
Southern Brazil (Figure 1). The 297 assemblages
comprise 132,798 individual bees of 172 species
representing all five euglossine genera (Euglossa ,
n = 107 species; Eufriesea , n = 37 species;
Eulaema , n = 21 species; Exaerete , n = 6 spe-
cies; Aglae , n = 1 species). Each study is associ-
ated with metadata including the location of the
study sites, sampling method and effort, and baits
used (Table I). The associated trait database in-
cludes a limited amount of trait data (body size,

tongue length) and data on the bait preferences of
152 species. The current version of the
EUGCOMM database is hosted at GitHub
(github.com/oysteiop/eugcomm).

2.3. Joint species distribution models

We analysed several subsets of the data by
fitting latent variable joint species distribu-
t i on mode l s u s i ng t he H i e r a r ch i c a l
Modelling of Species Communities (HMSC)
framework of Ovaskainen et al. (2017), im-
plemented in the Hmsc 3.0 R package
(Tikhonov et al. 2020).

2.3.1. Effects of bait use and species’ relative
bait preferences

Euglossine species differ in the volatiles to
which they are attracted, and the assemblage
of bees attracted in a study could therefore
depend on the set of baits used. To assess these
effects, we fitted a HMSC model to presence-
absence data for 100 species and 296 samples
at 128 sites (Figure 1), excluding very rare
species occurring in less than 5 samples. As
fixed effects, we included baiting method (net,
traps, net + traps, observations), sampling ef-
fort, and the use (yes/no) of the seven most
commonly used baits (1,8-cineole, eugenol,
methyl salicylate, methyl cinnamate, benzyl
acetate, vanillin and skatole). As a joint mea-
sure of sampling effort, we computed the total
duration of sampling as number of censuses ×
duration of each census in minutes × the num-
ber of baiting stations.

To further assess whether the effect of bait use
on the probability of attracting individual species
depends on their bait preferences, we included
relative bait preferences for the same seven baits
as species’ traits in the model. This allowed us to
estimate what proportion of the bait effects can be
explained by species’ relative bait preferences
(see Abrego et al. 2017 for details about
including traits in the HMSC model). We defined
relative bait preference as the number of times a
species has been collected on a bait divided by the
number of times the species has been collected on
any of the baits included in the analysis.
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We fitted the model with binomial errors
(probit link function) and sampled the poste-
rior distribution with two replicate MCMC
chains of 300,000 iterations each, with the
first 100,000 discarded as burn-in and a thin-
ning interval of 200, yielding 1000 posterior
samples.

2.3.2. Effects of climate and landscape
s t ru c t u r e on eug l o s s i n e b e e
assemblages

To explore environmental predictors of
euglossine bee assemblage structure and abun-
dance, we fitted a HMSC model to the data from
sites within the Brazilian Atlantic Forest (Mata

Figure 1.Map of sampling sites included in the EUGCOMMdatabase. The major biomes of Brazil are highlighted.

Table I. Summary of euglossine bee community samples included in the EUGCOMM database

Variable Units Range Description

Latitude Degrees (°) − 26.3–15.2 Latitude in decimal degrees

Longitude Degrees (°) − 92.3–− 34.8 Longitude in decimal degrees

Area m2 8300–92 × 107 Area in square metres of forest fragment sampled

Start year 1977–2016 First year of sampling

Study duration Months 0.03–77 Duration of the study in months

Sampling times Count 1–77 Number of sampling occasions

Bait number Count 2–17 Number of baits used

Sample duration Min 120–10,080 Duration in minutes of each sampling period

Station number Count 1–33 Number of simultaneous sampling stations

Individuals Count 3–10,268 Number of bee individuals

Species richness Count 1–41 Number of bee species

Genus richness Count 1–5 Number of bee genera
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Atlântica) and neighbouring areas, the most
densely sampled region (Figure 1). We excluded
very rare species occurring in less than 6 sampling
units. This subset of the data comprised 178 sam-
pling units from 72 study areas and a total of
65,008 individuals of 58 species. In this
analysis, we pooled Euglossa cordata with
Eg. carolina , Euglossa townsendi with Eg.
aratingae , and Eulaema cingulata with El.
marcii .

We included study site and sampling unit as
hierarchical random levels. Study sites were rep-
resented by spatially structured latent factors
(Ovaskainen et al. 2016), allowing us to model
spatial patterns in unmeasured environmental var-
iation. Sampling units within study sites repre-
sented either repeated samples over time or sam-
ples replicated in space when these were collected
along a transect or otherwise intended to represent
comprehensive sampling of the study site by in-
corporating possible within-site heterogeneity
(Armbruster 1993).

We extracted altitudes and a set of climate
variables (mean annual precipitation, mean annual
temperature, precipitation seasonality and temper-
ature seasonality) for each site from WorldClim
(Hijmans et al. 2005). We also extracted percent-
ages of land use categories within a 5000-m radius
of the sampling site, at 500-m resolution, namely
water, urban, pasture, savannah, forest and agri-
culture (Soares-Filho et al. 2013). From these
variables, we computed a measure of land use
heterogeneity as the Shannon diversity of the land
use categories at each site, i.e. -∑i p i ln p i , where
p i is the proportion of land cover belonging to
land use category i . The measures of land use
heterogeneity and proportion of forest cover were
only moderately correlated (r = − 0.34), and we
included both in the model because we were in-
terested in the effects of these variables on
euglossine bee distributions and abundances.
While our main questionwas how euglossine bees
respond to variation in landscape structure, we
included the altitude and climate variables to con-
trol for differences in bee assemblages along cli-
matic gradients.

To assess whether the four euglossine genera
present within the Atlantic Forest (Euglossa ,
Eufriesea , Eulaema , Exaerete ) differ in their

responses to any of the covariates included in the
model, we included genus as a species ‘trait’ in the
model. This allowed us to assess what proportion
of variance in species responses to covariates can
be explained by euglossine bee genus and to
assess whether the genera differ, for example, in
their response to landscape structure or climate.

We initially attempted to fit the model with
Poisson log-normal errors but experienced poor
mixing properties of the MCMC sampling
scheme, a known problem in MCMC-based joint
species distribution models (Tikhonov et al.
2020). We therefore chose to analyse the data
using a ‘hurdle’ approach, where we fitted one
model with binomial errors (probit link) to data
truncated to presence-absence and a secondmodel
with Gaussian errors to log-transformed species
abundances conditional on presence (i.e. with all
absences set to NA ).

We sampled the posterior distributions with
two replicate MCMC chains of 150,000 iterations
each, with the first 50,000 discarded as burn-in
and a thinning interval of 100. We confirmed
convergence by computing effective sample sizes
and potential scale reduction factors and by visual
inspection of posterior trace plots. We evaluated
explanatory power for the presence-absence mod-
el by computing species-specific coefficients of
discrimination (Tjur’s r 2) and area under curve
(AUC) values and for the abundance model by
computing species-specific r 2 values on the log
scale.

3. RESULTS

3.1. Range-wide diversity patterns

The euglossine bee community samples
contained between 1 and 41 species (mean =
13.9 species, median = 12, SD = 7.7) of 1–5 gen-
era (mean = 3.2 genera, median = 3.0, SD = 0.81).
Average species richness was consistent across
mid-tropical latitudes (between 10°S and ~
10°N) and declined to the south of 10°S
(Figure 2a). We observed only a weak tendency
for a similar decline to the north of 10°N, most
likely due to very limited sampling. The most
common species, Eulaema nigrita , occurred in
284 (85%) of the community samples, while the
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27 least common species were sampled only once
(Figure 2b).

3.2. Effects of bait use and species’ bait
preferences

The model assessing effects of bait use and
preferences discriminated well between presences
and absences (mean coefficient of discrimination
[Tjur r2] = 0.53, mean AUC = 0.98). Of the ex-
plained variance, bait use explained 30.0%.
Species’ responses to the inclusion of individual
baits in the sampling design ranged from positive
to negative for all baits, with an overall tendency
towards positive effects (Figure 3). The strongest
positive marginal effects (i.e. independently of
other baits and covariates) were observed for van-
illin (mean increase in occurrence probability on
probit scale = 1.22) and methyl cinnamate (mean
across species = 0.70), while the estimated effect
of including 1,8-cineole tended to be negative
(mean across species = − 0.89). In turn, species’
bait preferences explained 18.5% of the variance
in predicted species occurrences and 26.0% of the
variance in species responses to bait use, largely
reflecting positive relationships between bait pref-
erences and responses.

3.3. Effects of climate and landscape
s t r u c t u r e o n e u g l o s s i n e b e e
assemblages

The explanatory power of the models fitted
to the Atlantic Forest data was reasonably high
for both the presence-absence and abundance
models, with a mean coefficient of discrimina-
tion for presences of 0.48 (range = 0.12–0.89,
mean AUC = 0.97) and a mean r 2 for abun-
dances conditional on presence of 0.52 (range
= 0.02–0.94). Greater proportions of variance
in bee distributions and abundances were ex-
plained by climate and altitude than by land-
scape structure (Figure 4, and see Fig. S1 for
abundance results).

Euglossine species differed in their response
to forest cover, and while some species were
most common in forested or non-forested hab-
itats, many species were most common at sites
located in landscapes characterised by partial
but not complete forest cover, as indicated by
negative quadratic effects of forest cover
(Figure 5). The four euglossine genera present
in the study area also differed in their response
to forest cover (Figure 5b, Fig. S2). For exam-
ple, genus explained 32.1% of the variance
among species in the shape of the response to

Figure 2. a Latitudinal patterns of euglossine bee–species richness on fragrance baits. The solid line illustrates a
thin-plate spline regression and the dashed lines illustrate the 95% confidence interval of the regression fit. The
histogram indicates the distribution of the data. b Rank abundance curve of 172 euglossine bee species across 297
samples.
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forest cover, as represented by the square term
for forest cover.

4. DISCUSSION

Fifty years after the discovery that males of
most euglossine bee species can be readily

attracted to fragrance baits (Dodson et al. 1969), a
substantial amount of data has accumulated on the
distribution, diversity, and abundance of
euglossine bees. When combined with the power-
ful analytical tools now available to community
ecologists, the product of this long-term effort
allows meaningful analyses of the diversity,

Figure 3.Marginal effects of including seven common fragrance baits in euglossine bee baiting inventories on the
probability of attracting each of 100 species. Thick lines within boxes indicate medians, boxes extend from the first
to third quartile, range bars extend to 1.5× the inter-quartile range, and data points outside this range are shown as
open circles.
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Figure 4. Variance partitioning for presence-absence of 58 euglossine bee species from the Brazilian Atlantic forest.
Colours indicate the contribution of each variable group to the total variance explained by the model for each
species. Means in parentheses indicate the mean contribution in percent to the total explained variance. SA, study
area, SU, sampling unit.
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distributions, and assemblage structure of these
ecologically important bees. Furthermore, the
standardised and efficient sampling made possible
by attracting male euglossines to baits makes the
data presented here useful for asking general ques-
tions about community structure and species-
environment relationships.

4.1. Bait effects on bee attraction reflect
species-specific fragrance preferences

Species-specific fragrance preferences are
thought to play a central role in the ecology of
euglossine bees (Eltz et al. 2005; Zimmermann
et al. 2009; Weber et al. 2016; Pokorny et al.
2017). If species differ in the fragrances to which
they are attracted, we expect the number of species
sampled to increase when more baits are included.
The tendency towards positive bait effects detected
in our analysis suggests that, unsurprisingly, more
species are attracted when additional baits are de-
ployed. This result confirms that the choice of baits
used affect the outcome of euglossine baiting inven-
tories by modifying which subset of the local
euglossine fauna is attracted. The baits usually de-
ployed in euglossine baiting inventories are impor-
tant constituents of the floral fragrances of many
plants, including species of orchids, Anthurium ,
and Dalechampia (Ramírez et al. 2011). However,
many of these plant species attract only one or a few
species of euglossine bees (Armbruster et al. 1992;
Ramírez et al. 2011). During their initial experiments
with euglossine baiting, Dodson and colleagues

(Dodson et al. 1969; Williams and Dodson 1972)
noticed that while certain compounds such as euge-
nol and eucalyptol (1,8-cineole) acted as strong
attractants when deployed in pure form, others
attracted few or no bees. Furthermore, when mix-
tures of the pure compounds were deployed, the
attractiveness to bees decreased. These observations
were interpreted in the light of specificity in chem-
ical communication as a mechanism ensuring repro-
ductive isolation among co-occurring plants through
partitioning of pollinator resources. Since these
pioneering studies, essentially all euglossine baiting
inventories have deployed series of baits rather than
mixtures. It is essentially unknown whether mixing
that occurs in the environment surrounding the
baiting site affects the attractiveness of individual
baits, although it seems likely that bees are able to
distinguish distinct compounds even when these are
deployed near other compounds, as shown for tor-
tricidmoths (Potting et al. 1999). Therefore, it seems
unlikely that the negative effects observed for spe-
cific baits for some species reflect repellent effects,
although we encourage further studies assessing
potential interactive effects of fragrance composition
on attractiveness to male euglossine bees (see also
Nemésio 2012). The tendency towards negative
effects of including 1,8-cineole is surprising, given
that this compound is a strong general attractor.
Note, however, that the effects shown in Figure 3
are marginal effects, i.e. effects after controlling for
all other variables included in the model, and the
effect of including 1,8-cineole in isolation was
strongly positive. Finally, while we chose here to

Figure 5. Effect of forest cover (proportional forest cover within 5 km of the study site) on a total euglossine bee–
species richness, b species richness of four euglossine genera and c occurrence probabilities of 58 euglossine bee
species on fragrance baits. Predictions weremade while holding sampling effort constant, and with samplingmethod
set to ‘Net’. Other covariates were set to vary according to their observed relationship with forest cover.
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analyse only effects of bait use and preferences on
the presence of each bee species at baits, the
EUGCOMMdatabase would allow further analyses
taking advantage of abundance data.

4.2. The euglossine communities of the
Brazilian Atlantic Forest

Euglossine bees are thought to be highly suscep-
tible to forest fragmentation and other anthropogenic
disturbances. In Southern Costa Rica, for example,
euglossines are common within forest fragments but
nearly absent from the deforestedmatrix (Brosi et al.
2008; Brosi 2009). The Brazilian Atlantic Forest
(Mata Atlântica) is extremely fragmented, with al-
most half of the forest cover within less than 100 m
from the nearest edge (Ribeiro et al. 2009). Many
taxa appear to respond negatively to this forest
fragmentation and its drivers (e.g. Chiarello 1999;
Uezu and Metzger 2011; Bovendorp et al. 2018),
with impacts expected to escalate in the future due to
time-lagged responses (Metzger et al. 2009). Our
analysis of the euglossine assemblages of the
Atlantic Forest revealed that diversity was greatest
at sites located in landscapes characterised by high
but not complete forest cover. Greater diversity in
more heterogeneous environments could arise from
a pure additive effect of sampling more diverse
habitat types. However, our analysis also revealed
that not only species richness but also many individ-
ual species exhibited unimodal responses to forest
cover.We therefore suggest that the observed greater
diversity within heterogeneous landscapes reflects,
to some extent, the diverse resource needs of
euglossine bees. Indeed, while euglossine bees are
famously known as pollinators of certain orchids
(hence the common name ‘orchid bees’), it is clear
that the ‘perfumes’ assembled by male euglossine
bees originate from diverse floral and non-floral
sources (Whitten et al. 1993; Pemberton and
Wheeler 2006; Ramírez et al. 2011) and that male
euglossines visit yet another set of plant species for
nectar. The greater diversity and abundance of
euglossine bees at sites characterised by mixed land
use could therefore arise from the diverse habitat
affinities of these plants if, say, some occur in forests,
other on forest edges, and yet others in disturbed
shrublands. Euglossine bees are known to be excep-
tionally strong flyers (Janzen 1971; Wikelski et al.

2010; Pokorny et al. 2015), facilitating foraging over
large areas. These results suggest that while com-
plete deforestation is without doubt detrimental to
euglossine bees and most other wildlife, a certain
degree of land use heterogeneity may benefit
euglossine bees by allowing multiple resources to
be obtained within short distances.

4.3. Possibilities and limitations of the
EUGCOMM database

The standardised sampling made possible by
attracting male euglossines to fragrance baits sug-
gests that with appropriate controls for sampling
effort and method, these data can be readily com-
bined across sampling sites, periods, and studies.
This makes such data well suited for testing ecolog-
ical and biogeographic hypotheses relevant beyond
the bees themselves, such as edge and fragmentation
effects (e.g. Nemésio and Silveira 2006; Brosi
2009), latitudinal diversity patterns (Abrahamczyk
et al. 2014), and effects of euglossine bee abundance
on the plants they pollinate (Opedal et al. 2016). The
extensive data from the Brazilian Atlantic Forest can
be easily combinedwith other biodiversity data from
this well-studied ecoregion. Indeed, the Atlantic
Forest has been the subject of extensive biodiversity
inventories, with data increasingly made openly
available (see the ATLANTIC data paper series;
https://github.com/LEEClab/Atlantic_series). The
data on euglossine bees presented here adds to
openly available data for this region, allowing joint
analyses of euglossine bees and other taxa. In con-
trast to the dense samplingwithin the Atlantic Forest
region, our literature survey also revealed several
regions where data are currently scarce, notably
central parts of Brazil and northern South America
(Venezuela, The Guianas).

Most euglossine bee baiting inventories have
been conducted and reported in a way meant to
represent the overall communities of euglossine bees
at the sampling site, or even in the larger study area.
While collections are nearly always made over sev-
eral days, and often several months, data are typi-
cally combined into overall data tables. This dictates
the level of analysis to the sampling site level rather
than individual sampling events. Thus, with the
current data, we can ask questions about variation
in euglossine assemblages across sites, but it is hard
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to study, for example, seasonal variation in bee
abundance or bait effects (see Ackerman 1983;
Abrahamczyk et al. 2012; Castro et al. 2013).
State-of-the-art methods such as the joint species
distribution models used here can also be used to
assess species associations, i.e. whether some spe-
cies tend to occur together more or less often than
expected from their responses to the environment
(Pollock et al. 2014; Ovaskainen et al. 2017). When
data from multiple sampling events are pooled, this
reduces the power of such analyses because we
cannot ascertain whether certain species tend to
occur together in the same samplesmore or less than
expected but only whether species tend to occur at
the same site. Similarly, data are sometimes collect-
ed at multiple sampling stations within apparently
homogeneous habitat, yet it has been long known
that euglossine assemblages may differ over short
distances due to, for example, variation in flowering
of preferred species (Armbruster 1993). Without
explicit reporting of the raw data, it becomes hard
to quantify within-habitat variation with meta-
analytical methods. Thus, we strongly encourage
making the data from individual samples available
in online repositories in future euglossine bee
inventories.

4.4. Conclusions: bee assemblages on baits
reflect diverse resource needs?

Our initial synthesis of the data accumulated over
50 years of euglossine baiting inventories has re-
vealed that the assemblages of bees attracted to fra-
grance baits deployed in natural habitats depend on
the baits used in interactionswith the bait preferences
of the local bee fauna. Furthermore, bees were most
diverse and abundant at sites located in landscapes
characterised by partial but not complete forest cover.
These results are consistent with species-specific fra-
grance preferences of male euglossine bees and sug-
gest that males of at least some euglossine species
prefer areas characterised by diverse habitat types,
assumingly because these provide a greater range of
resources (nectar plants, fragrance plants, nesting
sites and resources for females). This view is consis-
tent with Janzen’s hypothesis that male euglossines
establish large home ranges including diverse habitat
types that jointly provide all necessary resources
(Janzen 1981). Therefore, euglossine bees may

benefit from consideration of habitat diversity when
planning nature reserves and other landscape man-
agement in the tropics.
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